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Dear Participants,

On behalf of the German Physical Society and also personally, | would like to welcome you to the virtu-
al ,85. Jahrestagung der DPG und DPG-Friihjahrstagung” (85th Annual Conference of the DPG and DPG
Spring Meeting) in Erlangen of the Atomic, Molecular, Quantum Optics and Photonics Section (SAMOP)
and the working groups involved.

| am very pleased that this Spring Meeting continues to take place despite the pandemic. Maintaining
scientific exchange cannot be valued highly enough. Just as important in these times are the DPG confer-
ences once again as outstanding symbols of the importance of scientific thinking in our society: Natural
science produces hypotheses that have to be verified experimentally — that is the core of basic research.

| agree with Niels Bohr, who is said to have said: “Forecasts are difficult, especially when they concern the
future.” Nevertheless, | see physics and the DPG in particular as having a special responsibility to enter
into a dialogue with politics on the basis of the findings from basic research in order to meet the major
challenges facing society - and thus also to enable future generations to live well on this planet. For this
dialogue, the solidarity of the scientific community with the colleagues who dare to go public and stead-
fastly represent their results is particularly crucial.

| would like to express my great and heartfelt thanks to all those responsible for the success of this Spring
Meeting. My special appreciation goes to the Friedrich-Alexander-Universitat Erlangen-Nirnberg for its
support as well as the programme committee — consisting of the chairpersons of the divisions and work-
ing groups involved - for the outstanding programme of this conference. | would also like to thank the
staff of the DPG Head Office for their support and supervision of all meetings.

| would also like to express my sincere thanks to the Wilhelm and Else Heraeus-Stiftung for again providing
generous financial support to our young members.

| wish you all an exciting conference and many new insights.

Dr. Lutz Schroter

President of the
Deutsche Physikalische Gesellschaft e.V.
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Deutsche Physikalische Gesellschaft e. V.
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Scientific Organisation

Chair of the Atomic, Molecular, Plasma Physics and Quantum Optics Section (SAMOP)
Prof. Dr. Gereon Niedner-Schatteburg
Technische Universitat Kaiserslautern
FB Chemie - Physikalische Chemie
Erwin Schrodinger Strasse 52, 67663 Kaiserslautern
Email gns@chemie.uni-kl.de

Chairs of the Participating Divisions
Atomic Physics (A)
Prof. Dr. Thomas Fennel
Institut fir Physik
Universitat Rostock
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Short Time-scale Physics and Applied Laser Physic (K)

Dr. Andreas Gortler

A.B. von Stettensches Institut — Gymnasium
Am Katzenstadel 18A, 86152 Augsburg
Email Agoertler@gmx.de

Mass Spectroscopy (MS)

Prof. Dr. Yuri A. Litvinov

GSI Helmholtzzentrum fir
Schwerionenforschung
Planckstr. 1, 64291 Darmstadt
Email y.litvinov@gsi.de

Molecular Physics (MO)

Prof. Dr. Stephan Schlemmer

I. Physikalisches Institut

Universitat zu Koln

Ziilpicher Weg 14, 50354 Hiirth

Email schlemmer@ph1.uni-koeln.de

Quantum Optics and Photonics (Q)
Prof. Dr. Gerhard Birkl

Technische Universitdat Darmstadt
Institut fir Angewandte Physik
Schlossgartenstr. 7, 64289 Darmstadt
Email gerhard.birkl.fvg@online.de




Chairs of the Participating Working Groups
Physics and Disarmament (AGA)
Prof. Dr. G6tz Neuneck
Institut fir Friedensforschung u.
Sicherheitspolitik an der Uni Hamburg
Beim Schlump 83, 20144 Hamburg
Email neuneck@me.com

Information (AGI)
Dr. Uwe Kahlert

Institut fir Theorie d. statist. Physik

RWTH Aachen
Sommerfeldstr./Otto-Blumenthal-StralRe, 52074 Aachen
Email kahlert@physik.rwth-aachen.de

Energy (AKE

Dr. Karl-Friedrich Ziegahn
Weingarten (Baden)

Email ziegahn@kit.edu

Young DPG (AKjDPG)
M.Sc. Dominik Rattenbacher

FAU Erlangen-Nirnberg
Email dominik.rattenbacher@fau.de

Symposia

SYAD - SAMOP Dissertation Prize 2022

SYLA - Laboratory Astrophysics

SYPD - Solid-state Quantum Emitters Coupled to Optical Microcavities
SYQC - Quantum Cooperativity of Light and Matter

SYRY - Rydberg Physics in Single-Atom Trap Arrays

Programme
The scientific programme consists of 986 contributions:

10 Plenary talks
1 Evening talk
2 Prize talks
72 Invited talks
530 Talks
366 Posters
4 Tutorials
1 Group Report

Acknowledgement
The Deutsche Physikalische Gesellschaft (DPG) wants to thank the following institutions for supporting
the conference:

«  Wilhelm and Else Heraeus-Foundation, Hanau
« and all staff who make the success of the conference possible.



Information for Participants
The virtuell conference will be held in the period 14-18 March, 2022.

Conference Location
Web-based Conference - Login information will be provided a few days before the event starts.

Conference Time Zone
All times mentioned on the website and in the programme are in Central European Time (CET), UTC+1.

Conference Website
https://erlangen22.dpg-tagungen.de/

Conference Office

The virtual conference office is situated on the conference platform and will be open daily from 08:30 -
16:00 (Friday 08:30 — 12:00) for questions round the conference. You will find it on the conference plat-
form under the ,Welcome” tab immediately after signed up.

Technical Requirements
The MeetAnyway platform will be used for the conference. In order to participate in the conference, you
need a MeetAnyway account with which you can register on the conference platform.

If you do not have a MeetAnyway account yet, please create one on meetanyway.com in good time before
the start of the conference — using the email address you used for participant registration. To do this, click
on ,Create New Account” and follow the instructions on the screen. During registration, you will receive a
6-digit code by email from MeetAnyway to activate your account.

After creating the account, please add a profile picture and your affiliation to your personal profile.

To use all features of the conference platform, you need an up-to-date browser. Chrome is currently the
most stable and reliable browser for using the conference platform. Firefox and Safari are browsers that
should work but are often less performant. MeetAnyway support staff is highly trained in resolving Chrome
issues. If you are using a different browser (e.g. Firefox, Safari or Edge), the support staff cannot provide
in-depth troubleshooting support for you.

In case you have not received the activation code for your MeetAnyway account or you have technical
difficulties on the meeting platform please contact the MeetAnyway support staff

+ by email: support@meetanyway.com
+ via the participant helpdesk: https://help.meetanyway.com or
- directly on the conference platform via the (?) symbol at the right top.

All lectures will be held and broadcast via Zoom video conferencing service. For the best experience we
recommend that you download or update to the latest version of the Zoom client for meetings before the
start of the conference. A Zoom account is not required to use the application. Alternatively, joining the
Zoom Meetings is also possible via all common browsers (Chrome, Firefox, Safari and Edge).

A video chat room is linked to each poster, where you can discuss in small groups during the poster ses-
sions.

In addition, numerous video chat rooms are offered for exchange and networking.

For video chats, permission to access your microphone and camera is required. Please note that firewalls
of company or institute networks can also limit the functionality.



How to use the Conference Platform MeetAnyway
For using the platform, you will find detailed step-by-step instructions at erlangen22.dpg-tagungen.de/ta-
gungsplattform.

Notice Board

All changes regarding the schedule of the conference will be updated currently. The information is iden-
tical to the programme updates of the scientific programme and available at the scientific programme in
other formats as well (ordered by publication date, filterable by conference part and as an rss-feed). Please
use the form at https://erlangen22.dpg-tagungen.de/programm/notice-board-form to submit amendments,
cancellations, etc.

Wilhelm and Else Heraeus Communication Programme

Within this programme, the active participation by young DPG members — from Germany and abroad - at
the virtual DPG Meetings is financially supported.

For the virtual DPG-Meetings, the conference fee (exclusively the “early bird rate”) is subsidised at 100%
(submission of an application was open until 10 February 2022. Subsequent applications are not possible).
After the conference, your participation in the conference will be checked on the basis of the login data
and the funding will be finally confirmed or rejected if no participation took place. Payment will be made
— after prior notification by email — by the end of April 2022 at the latest by bank transfer to the account
you specified in your application.

The Deutsche Physikalische Gesellschaft thanks the Wilhelm and Else Heraeus-Stiftung for the generous
financial support of young academic talents. We hope that young physicists will continue to seize the
offered opportunity for active scientific communication at scientific conferences. A total of about 37,800
young academics were supported by this programme so far.

Information for Speakers

All speakers are invited to use our offer for a test session one week before the conference starts. The
necessary information for the test session about day, time and login information will be sent out by email
to the speakers. We would like to ask you to consider the following points for your presentation:

+ Please use the same equipment with which you successfully completed your technical check to avoid
technical problems during your presentation.

* Please be in the Zoom session of the virtual room where you will give your presentation at least 10
minutes before the session starts. Access — for session chairs, speakers and participants - to the indi-
vidual sessions is via the virtual rooms on the conference platform (via the ,Join" option). No separate
login information will be sent to presenters.

+ Please signin at Zoom with your full name so that the technical support and the conference organisers
can identify you as a speaker and give you the rights to share your screen, microphone and camera in
Zoom.

+ Please make sure that you respect your presentation time!

Information for Poster Presentations
A poster presentation can consist of up to six files — directly visible to the poster visitor — with the follo-
wing requirements:

+ Poster file as PDF without format restriction up to a size of 10 MB
+ Image file as PNG, JPG or GIF in 4:3 format (min.1600x1200) up to a size of 10 MB
+ animated GIF file in 4:3 format (min.1600x1200) up to a size of 10 MB

The criteria are based on the technical requirements of the conference platform. Therefore, different file
formats are unfortunately not possible.

We recommend creating an image file as a preview image and creating the poster as a PDF file in classic
portrait format (DIN AQ). If only a poster file is created, this also functions as the preview image.

In addition, up to six further files (in all common formats) of 100 MB each can be attached as downloads



to the presentation. Upon receipt of the login data — a few days before the start of the conference — the
upload of the created file(s) is possible for the authors.

Once the uploads have been approved by the conference organisers, the posters will be available to all re-
gistered conference participants throughout the conference via the password-protected conference plat-
form.

Presenting authors are requested to be available to answer questions and discuss via group video chat
during the entire poster session at their poster.

Social Events

Opening

by the Chair of the AMOP Section (SAMOP)

Prof. Dr. Gereon Niedner-Schatteburg, Universitat Kaiserslautern
Monday, 14 March, 08:25, Audimax. All participants are kindly invited.

Award Presentation of the SAMOP Dissertation Prize
Four selected finalists will give their presentations at the SAMOP Dissertation Prize 2022 symposium
(SYAD). The Award Presentation will take place on Wednesday, 16 March at 18:50 in the Audimax.

Annual General Meetings of the DPG Divisions and Working Groups

Division / Working Group Date Time Location
(A)  Atomic Physics Monday, 14 March 16:30 — 17:00 A-MV
(K)  Short Time-scale Physics and

Applied Laser Physics Wednesday, 16 March 15:30 - 16:00 K-MV
(MO) Molecular Physics Wednesday, 16 March ~ 12:45 - 13:15 MO-MV
(MS) Mass Spectrometry Wednesday, 16 March ~ 13:00 - 14:00 MS-MV
(Q)  Quantum Optics and Photonics ~ Thursday, 17 March 13:00 - 14:00 Q-MV
(AGA) Physics and Disarmament Thursday, 17 March 17:00 - 18:00 AGA-MV
(AGI) Information Thursday, 17 March 16:30 — 18:00 AGI-MV



Synopsis of the Daily Programme

Monday, March 14, 2022

08:25 Audimax Opening
Plenary Talks, Prize Talk

08:30 Audimax PV I Imaging the quantum world in real space
«Tilman Pfau

09:15 Audimax PV I Introducing the All-Optical Attoclock
+ Uwe Morgner

10:30 Audimax PV I High resolution laser mass spectrometry in isotope physics applications —
balancing selectivity against sensitivity and vice versa
« Klaus Wendt (Laureate of the Robert-Wichard-Pohl-Prize 2022)

SYLA

Invited Talks

14:00 Audimax SYLA 1.1 Probing chemistry inside giant planets with laboratory experiments
*Dominik Kraus

14:30 Audimax SYLA 1.2  Inner-shell photoabsorption of atomic and molecular ions
+Stefan Schippers

15:00 Audimax SYLA 1.3  Molecular Astrophysics at the Cryogenic Storage Ring
*Holger Kreckel

15:30 Audimax SYLA 1.4  Observing small molecules in stellar giants — High spectral resolution infra-
red studies in the laboratory, on a mountain, and high up in the air
*Guido W. Fuchs

16:30 Audimax SYLA2.1  State-to-State Rate Coefficients for NH,-NH, Collisions obtained from
Pump-Probe Chirped-Pulse Experiments
+Christian P. Endres, Paola Caselli, Stephan Schlemmer

17:30 Audimax SYLA 2.4 A multifaceted approach to investigate the reactivity of PAHs under electrical
discharge conditions
*Donatella Loru, Amanda L. Steber, Johannes M. M. Thunnissen, Daniél B.
Rap, Alexander K. Lemmens, Anouk M. Rijs, Melanie Schnell

18:00 Audimax SYLA 2.5 Exploring the Femtosecond Dynamics of Polycyclic Aromatic Hydrocarbons
Using XUV FEL Pulses
«Jason Lee, Denis Tikhonov, Bastian Manschwetus, Melanie Schnell
Sessions

14:00 Audimax SYLA1 Laboratory Astrophysics

16:30 Audimax SYLA 2 Laboratory Astrophysics

SYPD

Invited Talks

16:30 AKjDPG-H17 SYPD 1.1  Fiber-based microcavities for efficient spin-photon interfaces
*David Hunger

17:00 AKjDPG-H17 SYPD 1.2 A fast and bright source of coherent single-photons using a quantum dot in
an open microcavity
*Richard J. Warburton

17:30 AKjDPG-H17 SYPD 1.3  New host materials for individually addressed rare-earth ions
*Sebastian Horvath, Salim Ourari, Lukasz Dusanowski, Christopher Phenicie,
Isaiah Gray, Paul Stevenson, Nathalie de Leon, Jeff Thompson

18:00 AKjDPG-H17 SYPD 1.4 A multi-node quantum network of remote solid-state qubits
*Ronald Hanson
Session

16:30 AKjDPG-H17 SYPD 1 Solid-state quantum emitters coupled to optical microcavities




Monday, March 14, 2022

SYRY
Session
11:00 AKjDPG-H17 SYRY 1 Tutorial Rydberg Physics
A
Invited Talk
14:00 A-H1 A 2.1 Attosecond pulse control with sub-cycle, infrared waveforms
*Miguel Angel Silva-Toledo, Yudong Yang, Roland E. Mainz, Giulio Maria Ros-
si, Fabian Scheiba, Phillip D. Keathley, Giovanni Cirmir, Franz X. Kartner
Sessions
11:00 AKjDPG-H18 A1l Tutorial Strong Light-Matter Interaction with Ultrashort Laser Pulses
14:00 A-H1 A2 Interaction with strong or short laser pulses |
14:00 A-H2 A3 Precision spectroscopy of atoms and ions |
14:00 MO-H5 A4 X-ray FELs
16:30 A-MV A5 Annual General Meeting of the Atomic Physics Division
MO
Invited Talk
16:30 MO-H5 MO 3.1 Electronic Properties of Small Gold Cluster Cations
*Marko Forstel, Kai Pollow, Taarna Studemund, Nima-Noah Nahvi, Nikita
Kavka, Roland Mitric, Otto Dopfer
Sessions
10:30 MO-H5 MO 1 Quantum-Control
14:00 MO-H5 MO 2 X-ray FELs
16:30 MO-H5 MO 3 Electronic |
MS
Invited Talks
14:.00 MS-H9 MS 1.1 Direct high-precision measurement of the electron capture Q-value in '*Ho
for the determination of the effective electron neutrino mass
Christoph Schweiger, Martin Bral, Vincent Debierre, Menno Door, Holger
Dorrer, Christoph E. Dillmann, Sergey Eliseev, Christian Enss, Pavel Filianin,
Loredana Gastaldo, Zoltan Harman, Maurits W. Haverkort, Jost Herkenhoff,
Paul Indelicato, Christoph H. Keitel, Kathrin Kromer, Daniel Lange, Yuri N.
Novikov, Dennis Renisch, Alexander Rischka, Rima X. Schiissler, Klaus Blaum
16:30 MS-H9 MS 2.1 lon Laser InterAction Mass Spectrometry with fluoride molecular anions
*Martin Martschini, Karin Hain, Maki Honda, Johannes Lachner, Oscar March-
hart, Silke Merchel, Carlos Vivo-Vilches, Robin Golser
Sessions
14:00 MS-H9 MS 1 Penning-Trap Mass Spectrometry
16:30 MS-H9 MS 2 Mass Spectrometry Methods
Q
Invited Talks
14:00 Q-H10 Q2.1 Matter-wave microscope for sub-lattice-resolved imaging of 3D quantum
systems
*Christof Weitenberg
14:.00 Q-H14 Q6.1 Quantum Cooperativity: from ideal quantum emitters to molecules
+Claudiu Genes
16:30 Q-H11 Q9.1 Rotation sensors for planet Earth: Introducing ring laser gyroscopes

*Simon Stellmer, Oliver Heckl, Ulrich Schreiber

10



Monday, March 14, 2022

Q
16:30 Q-H13 Q11.1 Quantum-state engineering with optically-trapped neutral atoms
Vladimir M. Stojanovic, Gernot Alber, Thorsten Haase, Sascha H. Hauck
Sessions
11:00 AKjDPG-H17 Q1 Tutorial Rydberg Physics
14:.00 Q-H10 Q2 Quantum Gases (Bosons) |
14:00 Q-H11 Q3 Precision Measurements and Metrology |
14:00 Q-H12 Q4 Quantum Information (Concepts and Methods) |
14:00 Q-H13 Q5 Quantum Technologies |
14:00 Q-H14 Q6 Quantum Optics (Miscellaneous) |
14:00 A-H2 Q7 Precision spectroscopy of atoms and ions |
16:30 Q-H10 Q8 Quantum Gases (Bosons) Il
16:30 Q-H11 Q9 Precision Measurements and Metrology |l
16:30 Q-H12 Q10 Quantum Information (Concepts and Methods) II
16:30 Q-H13 Q11 Quantum Technologies I
16:30 Q-H14 Q12 Quantum Optics (Miscellaneous) II
AKjDPG
Tutorials
11:00 AKjDPG-H17 AKjDPG 1.1 From the Rydberg Formula to Rydberg arrays
-Jan Michael Rost
12:00 AKjDPG-H17 AKjDPG 1.2 Quantum simulation and quantum computation with Rydberg atom arrays
-Johannes Zeiher
11:00 AKjDPG-H18 AKjDPG 2.1 Atoms and molecules in strong fields and how to observe times and phases
*Manfred Lein
12:00 AKjDPG-H18 AKjDPG 2.2 Ultrafast light-matter interaction: Measuring and controlling quantum dyna-
mics with attosecond and femtosecond flashes of light
*Christian Ott
Sessions
11:00 AKjDPG-H17 AKjDPG 1  Tutorial Rydberg Physics
11:00 AKjDPG-H18 AKjDPG 2  Tutorial Strong Light-Matter Interaction with Ultrashort Laser Pulses

11



Tuesday, March 15, 2022

Plenary Talks
08:30 Audimax PV IV Reduce, Reuse, 'Restore’. GHG Emissions from the Viewpoint of a Rock Physicist
Frank R. Schilling
09:15 Audimax PVV Chirality differentiation and manipulation using tailored microwave fields
*Melanie Schnell
SYAD
Invited Talks
14:00 Audimax SYAD 1.1 New insights into the Fermi-Hubbard model in and out-of equilibrium
*Annabelle Bohrdt
14:30 Audimax SYAD 1.2  Searches for New Physics with Yb* Optical Clocks
*Richard Lange
15:00 Audimax SYAD 1.3  Machine Learning Methodologies for Quantum Information
*Hendrik Poulsen Nautrup
15:30 Audimax SYAD 1.4  Precision Mass Measurement of the Deuteron's Atomic Mass
*Sascha Rau
Session
14:00 Audimax SYAD 1 SAMOP Dissertation Prize Symposium
A
Invited Talk
10:30  A-H1 A6.1 Synthetic chiral light for control of achiral and chiral media
Nicola Mayer, David Ayuso, Misha lvanov, Olga Smirnova
Sessions
10:30  A-H1 Ab Interaction with strong or short laser pulses Il
10:30 A-H2 A7 Ultra-cold atoms, ions and BEC |
16:30 P A8 Atomic systems in external fields
16:30 P A9 Collisions, scattering and correlation phenomena
16:30 P A10 Interaction with strong or short laser pulses
16:30 P A1 Ultra-cold plasmas and Rydberg systems
16:30 P A12 Ultracold Atoms and Plasmas
16:30 P A13 Precision Measurements and Metrology |
K
Sessions
10:30 K-H4 K1 Laser Systems
16:30 P K2 Poster
MO
Invited Talk
10:30 MO-H6 MO 5.1 Extending coherent multidimensional spectroscopy to new target systems
and new light sources
Lukas Bruder
Sessions
10:30 MO-HS MO 4 Electronic Il
10:30 MO-H6 MO 5 Femtosecond Spectroscopy |
10:30 MO-H7 MO 6 Theory
10:30 MO-H8 MO 7 Cold Molecules
16:30 P MO 8 Poster 1

12



Tuesday, March 15, 2022

MS
Invited Talk
10:30 MS-H9 MS 3.1 Two-photon decay of nuclear isomers
*Wolfram Korten
Session
10:30 MS-H9 MS 3 Studies of Nuclear Metastable States
Q
Invited Talks
10:30 Q-H12 Q151 A hybrid quantum classical learning agent
Sabine Wolk
10:30 Q-H14 Q171 Superradiant lasing in presence of atomic motion
*Simon B. Jager, Haonan Liu, John Cooper, Murray J. Holland
Sessions
10:30 Q-H10 Q13 Quantum Gases (Bosons) Il
10:30 Q-H11 Q14 Precision Measurements and Metrology Il
10:30 Q-H12 Q15 Quantum Information (Quantum Computing and Simulation)
10:30 Q-H13 Q16 Quantum Effects |
10:30 Q-H14 Q17 Quantum Optics (Miscellaneous) IlI
10:30 Q-H15 Q18 Laser and Laser Applications
10:30 A-H2 Q19 Ultra-cold atoms, ions and BEC |
16:30 P Q20 Quantum Gases |
16:30 P Q21 Ultracold Atoms and Plasmas
16:30 P Q22 Precision Measurements and Metrology |
16:30 P Q23 Quantum Information |
16:30 P Q24 Quantum Effects
16:30 P Q25 Ultra-cold plasmas and Rydberg systems
AKE
Invited Talks
10:30 AKE-H16 AKE 1.1 Ammoniak als Schiffsantrieb
*Angela Kruth
13:30 AKE-H16 AKE 2.1 Systemstudien von Fusionskraftwerken
«Jorrit Lion
Sessions
10:30 AKE-H16 AKE 1 AKE 1
13:30 AKE-H16 AKE 2 AKE 2
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Wednesday, March 16, 2022

Plenary Talks
08:30 Audimax PV VI Topology meets strong-field physics
Dieter Bauer
09:15 Audimax PV VII Quantum simulation of dissipative collective effects on noisy quantum com-
puters
*Sabrina Maniscalco, Marco Cattaneo, Matteo Rossi, Guillermo Garcia Perez,
Roberta Zambrini
SYRY
Invited Talks
10:30 Audimax SYRY 2.1 Many-body physics with arrays of Rydberg atoms in resonant interaction
+Antoine Browaeys
11:00 Audimax SYRY 2.2 Optimization and sampling algorithms with Rydberg atom arrays
*Hannes Pichler
11:30 Audimax SYRY 2.3 Slow dynamics due to constraints, classical and quantum
«Juan P. Garrahan
14:30 Audimax SYRY 3.3  New frontiers in quantum simulation and computation with neutral atom arrays
*Giulia Semeghini
15:00 Audimax SYRY 3.4  New frontiers in atom arrays using alkaline-earth atoms
+Adam Kaufman
15:30 Audimax SYRY 3.5  Spin squeezing with finite range spin-exchange interactions
*Ana Maria Rey
Sessions
10:30 Audimax SYRY 2 Rydberg Physics in Single-Atom Trap Arrays 1
14:00 Audimax SYRY 3 Rydberg Physics in Single-Atom Trap Arrays 2
A
Invited Talks
10:30  A-H1 A14.1 Synchrotron radiation experiments with highly charged ions
-Jose R. Crespo Lépez-Urrutia, Steffen Kiihn, Moto Togawa, Marc Botz, Jo-
nas Danisch, Joschka Goes, René Steinbriigge, Sonja Bernitt, Chintan Shah,
Maurice A. Leutenegger, Ming Feng Gu, Marianna Safronova, Jakob Stierhof,
Thomas Pfeifer, Jorn Wilms
14:00 A-H1 A17.1 Isomer depletion via nuclear excitation by electron capture with electron
vortex beams
*Yuanbin Wu, Christoph H. Keitel, Adriana Palffy
Sessions
10:30  A-H1 A4 Interaction with VUV and X-ray light
10:30 A-H2 A15 Ultra-cold atoms, ions and BEC I
10:30 Q-H11 A1l6 Precision Measurements and Metrology IV
14:00 A-H1 A17 Collisions, scattering and correlation phenomena
14:00 Q-H11 A18 Precision Measurements and Metrology V
14:00 A-H2 A19 Precision spectroscopy of atoms and ions I
16:30 P A 20 Precision spectroscopy of atoms and ions
16:30 P A21 Highly charged ions and their applications
K
Invited Talks
14:.00 K-H4 K 3.1 Leistungsimpulstechnik: Im Riickblick und mit Blick auf aktuelle und kiinftige
Anwendungen

*Klaus Frank
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Wednesday, March 16, 2022

K
14:30 K-H4 K3.2 Technischer Stand der Pulsed Power in medizinischen Excimer Lasern
+Claus Strowitzki
16:30 K-H4 K 5.1 Physikalische Information und Naturkonstanten
‘Rudolf Germer
Sessions
14:00 K-H4 K3 Pulsed Power — XUV and EUV Sources and their Applications
15:30 K-MV K4 Annual General Meeting of the Short Time-scale Physics and Applied Laser
Physics Division
16:30 K-H4 K5 New Methods and Laser Diagnostics
MO
Sessions
10:30 MO-H5 MO 9 Femtosecond Spectroscopy |l
10:30 MO-H6 MO 10 XUV-spectroscopy
10:30 MO-H7 MO 11 Photochemistry |
12:45 MO-MV MO 12 Annual General Meeting of the Molecular Physics Division
14:30 MO-H5 MO 13 Femtosecond Spectroscopy Il
14:30 MO-H6 MO 14 Photochemistry
16:30 P MO 15 Poster 2
MS
Invited Talks
10:30 MS-H9 MS 4.1 Isobar separation with cooled ions and laser light for compact AMS facilities
-Johannes Lachner, Stefan Findeisen, Robin Golser, Michael Kern, Oscar
Marchhart, Martin Martschini, Anton Wallner, Alexander Wieser
14:00 MS-H9 MS 6.1 PUMA: nuclear structure with low-energy antiprotons
+Alexandre Obertelli
Sessions
10:30 MS-H9 MS 4 Accelerator Mass Spectrometry
13:00 MS-MV MS 5 Annual General Meeting of the Mass Spectrometry Division
14:00 MS-H9 MS 6 New Developments
16:30 P MS 7 MS Poster Session
Q
Invited Talks
10:30 Q-H11 Q271 Searching for physics beyond the Standard Model with isotope shift spec-
troscopy
*Elina Fuchs
10:30 Q-H13 Q29.1 Quantum rotations of levitated nanoparticles
*Benjamin A. Stickler
10:30 Q-H14 Q 30.1 Optical properties of porous crystalline nanomaterials modeled across all
length scales
*Marjan Krstié¢
14:.00 Q-H14 Q371 Nanophotonic structure-mediated free-electron acceleration and manipulati-
on in the classical and quantum regimes
*Roy Shiloh
Sessions
10:30 Q-H10 Q26 Quantum Gases (Fermions)
10:30 Q-H11 Q27 Precision Measurements and Metrology IV
10:30 Q-H12 Q28 Quantum Information (Quantum Communication) |
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Wednesday, March 16, 2022

Q
10:30 Q-H13 Q29 Optomechanics |
10:30 Q-H14 Q30 Quantum Optics (Miscellaneous) IV
10:30 Q-H15 Q 31 Photonics |
10:30 A-H2 Q32 Ultra-cold atoms, ions and BEC Il
14:00 Q-H10 Q33 Quantum Gases
14:00 Q-H11 Q34 Precision Measurements and Metrology V
14:00 Q-H12 Q35 Quantum Information (Quantum Communication) Il
14:00 Q-H13 Q36 Optomechanics Il
14:00 Q-H14 Q37 Quantum Optics (Miscellaneous) V
14:00 Q-H15 Q38 Photonics Il
14:00 A-H2 Q39 Precision spectroscopy of atoms and ions I
16:30 P Q40 Optomechanics and Photonics
16:30 P Q41 Nano-Optics
16:30 P Q42 Laser and Laser Applications
16:30 P Q43 Quantum Technologies
16:30 P Q44 Precision spectroscopy of atoms and ions
AKE
Invited Talk
14:00 AKE-H16 AKE 3.1 The perspective of plasma conversion within the Power-to-X initiative
Ursel Fantz, Ante Hecimovic, David Rauner
Session
14:00 AKE-H16 AKE 3 AKE 3
AKjDPG
Sessions
14:00 AGI-H20 AKjDPG 3 Hacky Hour |
16:00 AGI-H20 AKjDPG 4 Hacky Hour Il
AGA
Invited Talks
14:00 AGA-H19 AGA 1.1 Missile Hype: Modelling the Performance of Hypersonic Boost-Glide We-
apons
«Cameron Tracy, Wright David
14:45 AGA-H19 AGA 1.2 Hypersonic Weapons in North Korea — A Game Changer?
*Markus Schiller
Session
14:00 AGA-H19 AGA 1 Missiles and Hypersonic Weapons
AGI
Invited Talks
14:00 AGI-H20 AGI 1.1 Practical semantic data management with CaosDB
+Alexander Schlemmer, Ulrich Parlitz, Stefan Luther
16:00 AGI-H20 AGI 2.1 Physicist in IT: Physics in Advent
*André Wobst
Sessions
14:00 AGI-H20 AGI 1 Hacky Hour |
16:00 AGI-H20 AGI 2 Hacky Hour Il
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Wednesday, March 16, 2022

18:50

Audimax

Award Presentation of the Dissertation Prize 2022
of the AMOP Section

19:00

Audimax

PV Vil

Prize Talk

Amazing light that brightens our research
-Jun Ye (Laureate of the Herbert-Walther-Prize 2022)

Thursday, March 17, 2022

08:30

09:15

Audimax

Audimax

PV IX

PV X

Plenary Talks

Time-resolved coherent spectroscopy of dilute samples

Frank Stienkemeier

Secure Communications using Quantum Continuous Variables.
+Philippe Grangier

10:30

12:00

14:00

15:30

10:30
14:00

Audimax

Audimax

Audimax

Audimax

Audimax
Audimax

SYQC 1.1

SYQC 1.6

SYQC 2.1

SYQC 2.6

SYQC 1
SYQC 2

sSYQC

Invited Talks

Super- and subradiant states of an ensemble of cold atoms coupled to a
nanophotonic waveguide

*Arno Rauschenbeutel

Cooperative Effects in Pigment-Protein Complexes: Vibronic Renormalisation
of System Parameters in Complex Vibrational Environments

*Susana F. Huelga

Quantum simulation with coherent engineering of synthetic dimensions
*Paola Cappellaro

Quantum Fractals

+Cristiane Morais-Smith

Sessions

Quantum Cooperativity of Light and Matter — Session 1
Quantum Cooperativity of Light and Matter — Session 2

10:30

10:30

10:30

AH1

A-H2

A-H3

A221

A23.1

A241

Invited Talks

Optimizing large atomic structure calculations with machine learning

Pavlo Bilous, Adriana Palffy, Florian Marquardt

Chemistry of an impurity in a Bose-Einstein condensate

«Arthur Christianen, Ignacio Cirac, Richard Schmidt

Spectroscopy of a Highly Charged lon Clock with Sub-Hz Uncertainty
Lukas J. Spiel}, Steven A. King, Peter Micke, Alexander Wilzewski, Tobias
Leopold, Erik Benkler, Nils Huntemann, Richard Lange, Andrey Surzhykoy,
Robert Miiller, Lisa Schmaoger, Maria Schwarz, José R. Crespo Lépez-Urrutia,
Piet O. Schmidt
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Thursday, March 17, 2022

A
Sessions
10:30  A-H1 A 22 Charged ions and their applications
10:30 A-H2 A 23 Ultra-cold atoms, ions and BEC IlI
10:30 A-H3 A24 Precision spectroscopy of atoms and ions ll|
10:30 Q-H10 A 25 Ultracold Atoms and Molecules |
14:00 A-H1 A 26 Ultra-cold plasmas and Rydberg systems
14:00 Q-H10 A 27 Ultracold Atoms and Molecules Il
16:30 P A28 Interaction with VUV and X-ray light
16:30 P A 29 Ultra-cold atoms, ions and BEC
16:30 P A 30 Precision Measurements and Metrology |l
K
Invited Talk
10:30 K-H4 K6.1 Front and rear surface ablation within gold films with variable film thickness
induced by ultrafast laser radiation
*Markus Olbrich, Theo Pflug, Alexander Horn
Sessions
10:30 K-H4 K6 Laser-Beam Matter Interaction — Laser Applications |
14:00 K-H4 K7 Laser-Beam Matter Interaction — Laser Applications Il
MO
Invited Talks
10:30 MO-H5 MO 16.1 Infrared Spectroscopy of lonic Hydrogen-Helium Complexes
*Oskar Asvany, Stephan Schlemmer
14:30 MO-H5 MO 18.1 High-resolution spectroscopic studies of transient carbon-rich species
Sven Thorwirth, Oskar Asvany, Stephan Schlemmer
Sessions
10:30 MO-H5 MO 16 lons
10:30 MO-H6 MO 17 Precision
14:30 MO-H5 MO 18 High-Resolution Spectroscopy
16:30 P MO 19 Poster 3
MS
Invited Talks
10:30 MS-H9 MS 8.1 Present and future prospects for MRTOF-based mass spectroscopy at KEK
and RIKEN
Peter Schury, Michiharu Wada, Toshitaka Niwase, Marco Rosenbusch, Yos-
hikazu Hirayama, Hironobu Ishiyama, Daiya Kaji, Sota Kimura, Hiroari Miya-
take, Kouji Morimoto, Momo Mukai, Hiroari Miyatake, Aiko Takamine, Yutaka
Watanabe, Hermann Wollnik
14:00 MS-H9 MS 9.1 Isochronous mass spectrometry and beam purification in an electrostatic
storage ring
+Viviane C. Schmidt
Sessions
10:30 MS-H9 MS 8 Multi-Reflection Time-of-Flight Spectrometers
14:00 MS-H9 MS 9 lon Storage Rings
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Thursday, March 17, 2022

Q
Invited Talks
10:30 Q-H11 Q 46.1 Nanoscale heat radiation in non-reciprocal and topological many-body systems
*Svend-Age Biehs
14:00 Q-H10 Q521 Self-bound Dipolar Droplets and Supersolids in Molecular Bose-Einstein Con-
densates
*Tim Langen
Sessions
10:30 Q-H10 Q45 Ultracold Atoms and Molecules |
10:30 Q-H11 Q46 Nano-Optics |
10:30 Q-H12 Q47 Quantum Information (Quantum Communication and Quantum Repeater)
10:30 Q-H13 Q48 Quantum Effects Il
10:30 A-H2 Q49 Ultra-cold atoms, ions and BEC IlI
10:30 A-H3 Q50 Precision spectroscopy of atoms and ions llI
13:00 Q-MV Q 51 General Assembly of the Quantum Optics and Photonics Division
14:00 Q-H10 Q52 Ultracold Atoms and Molecules Il
14:00 Q-H11 Q53 Nano-Optics Il
14:.00 Q-H12 Q54 Quantum Information (Quantum Repeater)
14:00 Q-H13 Q55 Quantum Effects llI
14:00 A-H1 Q 56 Ultra-cold plasmas and Rydberg systems
16:30 P Q57 Quantum Gases Il
16:30 P Q58 Matter Wave Optics
16:30 P Q59 Precision Measurements and Metrology |l
16:30 P Q60 Quantum Information I
16:30 P Q61 Quantum Optics (Miscellaneous)
16:30 P Q62 Ultra-cold atoms, ions and BEC
AGA
Invited Talks
10:30 AGA-H19 AGA 2.1 15 Jahre physikalische Friedensforschung am ZNF: Riick- und Ausblick
*Gerald Kirchner
14:00 AGA-H19 AGA 3.1 What does archaeology have to do with nuclear disarmament, and why is
this something for physicists?
‘Malte Gottsche
14:45 AGA-H19 AGA 3.2 Parametric Estimate of Nuclear Material Usage in North Korea's Last Nuclear
Test
‘Robert Kelley, Vitaly Fedchenko
Sessions
10:30 AGA-H19 AGA 2 Disarmament Verification | — Science and Peace Research, Nuclear Detection
14:00 AGA-H19 AGA 3 Fissile Materials and Detection
17:00 AGA-MV AGA 4 Annual General Meeting of the Working Group on Physics and Disarmament
AGI
Session
16:30 AGI-MV AGI 3 Mitgliederversammlung der Arbeitsgemeinschaft Information
Evening Talk (Max-von Laue Lecture)
19:00 MVL PV XI Risikokompetenz - informiert und entspannt mit Risiken umgehen

*Gerd Gigerenzer
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Friday, March 18, 2022

Plenary Talks
08:30 Audimax PV Xl Photonic graphene and beyond - topological features of optically created
artificial matter
Cornelia Denz, Haissam Hanafi
09:15 Audimax PV Xl The KATRIN experiment: latest results and future perspectives
+ Susanne Mertens
SYQC
Session
10:30 Q-H15 SYQC 3 Quantum Cooperativity
A
Invited Talks
10:30  A-H1 A31.1 Cavity-enhanced optical lattices for scaling neutral atom quantum technolo-
gies
«Jan Trautmann, Annie J. Park, Valentin Kliisener, Dimitry Yankelev, Immanu-
el Bloch, Sebastian Blatt
10:30 A-H2 A 321 High-resolution DR spectroscopy with slow cooled Be-like Pb7®* ions in the
CRYRING@ESR storage ring
*Sebastian Fuchs, Carsten Brandau, Esther Menz, Michael Lestinsky, Alexan-
der Borovik Jr, Yanning Zhang, Zoran Andelkovic, Frank Herfurth, Christophor
Kozhuharov, Claude Krantz, Uwe Spillmann, Markus Steck, Gleb Vorobyev, Re-
gina HelB, Volker Hannen, Dariusz Banas, Michael Fogle, Stephan Fritzsche,
Eva Lindroth, Xinwen Ma, Alfred Miiller, Reinhold Schuch, Andrey Surzhykoyv,
Martino Trassinelli, Thomas Stohlker, Zoltan Harman, Stefan Schippers
Sessions
10:30  A-H1 A 31 Ultra-cold atoms, ions and BEC IV
10:30 A-H2 A 32 Precision spectroscopy of atoms and ions IV
10:30 Q-H14 A 33 Rydberg Systems
Q
Sessions
10:30 Q-H10 Q63 Matter Wave Optics
10:30 Q-H11 Q64 Nano-Optics IlI
10:30 Q-H12 Q65 Quantum Information (Miscellaneous)
10:30 Q-H13 Q66 Quantum Effects IV
10:30 Q-H14 Q67 Rydberg Systems
10:30 Q-H15 Q68 Quantum Cooperativity
10:30  A-H1 Q69 Ultra-cold atoms, ions and BEC IV
10:30 A-H2 Q70 Precision spectroscopy of atoms and ions IV
AGA
Invited Talk
10:30 AGA-H19 AGA 5.1 International Diplomacy and the Iran Nuclear File
*Tariq Rauf
Sessions
10:30 AGA-H19 AGA 5 Nuclear Verification, Iran, Comprehensive Test Ban Treaty
11:45 AGA-H19 AGA 6 Disarmament Verification || = Nuclear Detection
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Plenary talks (PV)

Plenary, Prize, and Evening Talks

Plenary Talk PVI Mon8:30 Audimax
Imaging the quantum world in real space — *TILMAN PFAU — 5. Physikalis-
ches Institut and Center for Integrated Quantum Science and Technology, Uni-
versitit Stuttgart, Pfaffenwaldring 57, 70550 Stuttgart, Germany

To observe matter waves optical microscopy is a standard tool. As long as the
temperature is lower than the kinetic energy change caused by a single scattered
photon the matter wavelength can be resolved in real space. In this ultracold
regime in situ images allow for the observation of previously elusive new states
of matter like the supersolid. Analyzing the fluctuations in hundreds of such im-
ages the structure factor can be mapped out, that reveals elementary excitations
like sound or so called roton modes.

Optical techniques can also resolve single atoms via their fluorescence. This
technique is used as readout for quantum computers or simulators. In optical
quantum gas microscopes stunning pictures of e.g. antiferromagnetic order or
the Pauli hole have been reported. An alternative microscope for ultracold single
atoms is based on fast photoionization of atoms. An ion microscope combined
with an ultracold atom setup recently allowed for the spatially resolved obser-
vation of a molecular ion bound by a previously unknown mechanism. Based
on these images the bond length and the alignment of the molecule could be
determined.

With the help of such ever improving imaging techniques we will continue to
gain new insights into the two, few- and many-body quantum physics of syn-
thetic materials.

Plenary Talk PVII Mon9:15 Audimax
Introducing the All-Optical Attoclock — «UwE MORGNER — Institute of
Quantum Optics and Cluster of Excellence PhoenixD, Hannover, Germany
Theoretical physics and extensive computer simulations reveal the dynamic in-
teraction of atoms and molecules with strong laser fields on attosecond time-
and Angstrom length scales. However, experimental access is quite limited to
indirect methods such as high-harmonic or electron spectroscopy.

Now, a novel method is introduced: The Optical Attoclock. After ionization,
the free electron is accelerated in the strong field of the light pulse; its exact tra-
jectory depends on the field profile of the laser pulse, on the dynamic details of
the tunnel ionization process, and on the local charge distribution in the atomic
environment. The accelerated electrons emit light, the Brunel radiation, located
in the VIS/UV spectral range. A precise analysis of this radiation opens up a
novel window of access into the interaction dynamics of atoms, molecules, and
solids.

The lecture introduces the theoretical and experimental state-of-the-art for
exploring a topical area of today’s physics.

Prize Talk PVIII Mon 10:30 Audimax
High resolution laser mass spectrometry in isotope physics applications - bal-
ancing selectivity against sensitivity and vice versa — «Kraus WENDT — In-
stitut fiir Physik, Johannes Gutenberg-Universitit, D-55099 Mainz — Laureate
of the Robert-Wichard-Pohl-Prize 2022

Based entirely on historical atomic physics technologies, as developed by J.J.
Thomson and E Atkins much more than 100 years ago in the Cavendish labo-
ratories and few others, mass spectrometry (MS) has delivered a significant part
of our understanding of the nature of matter, specifically allocating individual
elements and their isotopes. Since then, numerous MS methods were developed
and have revolutionized investigations in analytics, e.g., in chemistry, biology
and medicine. Similarly, our knowledge in fundamental atomic, quantum, nu-
clear and particle physics has been put forward tremendously by ion manipula-
tion and storage based on MS techniques. On one side MS is severely limited by
isobaric interferences caused by the variety of stable and radioactive isotopes of
all the elements of the Periodic Table, on the other side, the specific investiga-
tion of rare isotopes and the prevention of this effect is of high relevance for a
variety of research fields. As will be discussed, the use of resonant laser light for
element- and isotope-selective ionization not only opens up new perspectives for
MS far beyond routine applications, but represents an independent research tool
for precision, atomic and nuclear structure physics, where MS is just used as a
background free and sensitive detection unit.

Plenary Talk PVIV Tue&8:30 Audimax
Reduce, Reuse, ’Restore. GHG Emissions from the Viewpoint of a Rock
Physicist — «FRANK R. SCHILLING — Technische Petrophysik (AGW), KIT,
Karlsruhe, Germany

To reduce the anthropogenic contribution of greenhouse gases on global warm-
ing, different perspectives are debated. In this contribution, three major strate-
gies and their potentials are discussed: To reach the goal set by COP21" in Paris
(2015) by reducing GHG in the Earth’s atmosphere, some 100 billion tonnes of

21

CO, will have to be reduced, reused or (re)stored by the end of the century.

In view of this great challenge, different potentials will be discussed. The fo-
cus will be the underground storage option for CO,. What are the potentials,
how safe is storage, what are possible trapping mechanisms (structural, chemi-
cal, physical) in the underground, and why caverns seem no option for long-term
storage. Insights from the first European Onshore Project and recent develop-
ments will be used to address some hurdles that need to overcome in the next
decades if some hundred million tons of GHG should be (re)stored underground
safe and secure.

*COP21: United Nations Climate Change Conference 2015. The key result of
the 196 parties was an agreement to set a goal of limiting global warming to *well
below 2 °C’ compared to pre-industrial levels.

Plenary Talk PVV Tue915 Audimax
Chirality differentiation and manipulation using tailored microwave fields —
MELANIE SCHNELL — DESY, Hamburg, Germany — CAU Kiel, Germany
Chirality is ubiquitous in nature and involved in many aspects of life, making it
an important phenomenon to understand. The enantiomers of chiral molecules
have identical physical properties (despite the predicted small contributions due
to parity-violating weak interactions), while their chemical and biochemical
properties can differ dramatically. Due to these different behaviors, the develop-
ment of sensitive spectroscopic methods that can differentiate and/or separate
molecules of opposite handedness, particularly in complex sample mixtures, are
of utmost importance.

In recent years, there is tremendous development in chiral molecule research.
Powerful methods to analyse and control chirality in the gas phase have been
developed, up to the attosecond range. In my group, we focus on characteriz-
ing, controlling, and manipulating chirality using microwave radiation. Using a
coherent, non-linear, and resonant microwave three-wave mixing approach, we
can differentiate enantiomeric pairs of chiral molecules using tailored microwave
pulses. The technique is uniquely mixture-compatible and allows for enantiomer
separation, as will be discussed.

Plenary Talk PVVI Wed830 Audimax
Topology meets strong-field physics — ¢DIETER BAUER — Institute of Physics,
University of Rostock, 18051 Rostock, Germany

Strong-field physics was developed to describe the non-perturbative interaction
of intense laser pulses with atoms and molecules in the gas-phase and led to
the discovery of prominent phenomena such as above-threshold ionization and
high-harmonic generation, including the creation of attosecond pulses. About
ten years ago, strong-field physics in condensed matter started to attract more
and more attention. In particular, it was found that intense laser fields can be
used to steer ultrafast currents in solids and that high-harmonic generation of-
fers an attractive approach to “image” condensed matter non-invasively on ultra-
short time scales (without destroying the target). As modern condensed matter
physics involves topological effects to a large extent, natural questions are “How
do topological effects manifest in typical strong-field observables?” and “How
can topological effects be created with lasers in the first place?” In my talk, I
will give an introduction into topological strong field physics, discuss recent ad-
vances, and address the above questions.

Plenary Talk PVVII Wed9:15 Audimax
Quantum simulation of dissipative collective effects on noisy quantum com-
puters — SABRINA MANISCALCOI’ZA, MARCO CATTANE01’4, MATTEO R05512’3,
GUILLERMO GARCIA PEREZ!?, and ROBERTA ZAMBRINT* — 1QTF Centre of Ex-
cellence, Department of Physics, University of Helsinki, P.O. Box 43, FI-00014
Helsinki, Finland — 2Algorithmiq Ltd, Kanavakatu 3C 00160 Helsinki, Finland
— 3Instituto de Fisica Interdisciplinar y Sistemas Complejos (IFISC, UIB-CSIC),
Campus Universitat de les Illes Balears E-07122, Palma de Mallorca, Spain —
“QTF Centre of Excellence, Department of Applied Physics, School of Science,
Aalto University, FI-00076 Aalto, Finland

I will present the first fully quantum simulation of dissipative collective effects
on a near-term quantum computer. We employ a recently introduced algorithm
based on a collision model to implement the superradiant and subradiant dy-
namics of two qubits on a near-term quantum device.

Our experimental outcomes successfully display the emergence of dissipative
collective effects on a near-term device. Furthermore, full process tomography
allows us to compare different figures of merit for the gate errors. We show that
a common procedure broadly employed in the literature to estimate the experi-
mental average gate fidelity, namely randomized benchmarking, may not always
be reliable. In addition, rigorous computation of the gate errors shows that the
thresholds for fault-tolerant computation are still orders of magnitude away in
near-term devices.



Plenary talks (PV)

Prize Talk PV VIII Wed19:00 Audimax
Amazing light that brightens our research — «Jun YE — JILA, National Insti-
tute of Standards and Technology and University of Colorado — Laureate of the
Herbert-Walther-Prize 2022

Increasingly precise control of light-matter interactions has enabled break-
throughs in science and technology over centuries. Recent innovations in quan-
tum and laser technologies are providing emerging opportunities for fundamen-
tal discovery and practical application. We are probing matter with novel spec-
troscopy to develop new sensing tools, testing fundamental laws to search for
new physics, and exploring quantum complexity to harness its power.

Plenary Talk PVIX Thu830 Audimax
Time-resolved coherent spectroscopy of dilute samples — «FRANK STIENKE-
MEIER — Institute of Physics, University of Freiburg, Hermann-Herder-Str. 3,
79104 Freiburg

In the infrared to visible spectral range, coherent nonlinear spectroscopy is an
important concept for the real-time study of ultrafast dynamics in complex quan-
tum systems, and has been a driving force for the understanding of biological
light harvesting and opto-electronics. The technique exploits the wave properties
of matter detecting interference phenomena, in this way obtaining fine details of
the probes. However, corresponding experiments on dilute atomic or molec-
ular systems on the one hand, and on XUV or X-ray wavelength on the other
hand, have been hindered by severe experimental challenges. In this talk recent
progress will be presented, demonstrating unprecedented sensitivity for dilute
samples and sub-cycle phase stability even at XUV and soft X-ray wavelength,
entering the attosecond domain for corresponding interferometric experiments.

Plenary Talk PVX Thu9:15 Audimax
Secure Communications using Quantum Continuous Variables. — «PHILIPPE
GRANGIER — Laboratoire Charles Fabry, Institut d'Optique, CNRS, Université
Paris-Saclay, Palaiseau, France

During the last 20 years Quantum Continuous Variables have emerged as a valid
and interesting alternative to the usual qubits for quantum information process-
ing. We will briefly review these developments, and focus on continuous vari-
able (CV) quantum key distribution (QKD) [1-2], which is much closer to stan-
dard optical telecommunication techniques than discrete variable (DV) QKD.
In particular, CVQKD does not use photon counters, but coherent (homodyne
or heterodyne) detections, which are now very usual in high-speed commercial
telecom systems. In addition, using a truly local oscillator allows one to sim-
plify security issues, and to eliminate potentially unsecure side channels. We
will present recent developments in CVQKD using Probabilistic Constellation
Shaping, also related to recent security proofs [3], and to hardware improve-
ment [4]. This talk will illustrate the potential of CVQKD, and of CV in general,
for a widespread use in secure communication networks.

[1] F Grosshans, G V Assche, ] Wenger, R Brouri, N J Cerf and P Grang-
ier, Nature 421, 238 (2003). [2] P Jouguet, S Kunz-Jacques, A Leverrier, P
Grangier and E Diamanti, Nat. Photonics 7, 378 (2013). [3] A Denys, P
Brown, A Leverrier, Quantum 5, 540 (2021). [4] F Roumestan, A Ghazisaeidi,
] Renaudier, L Trigo Vidarte, E Diamanti, P Grangier, ECOC 2021, Bordeaux,
France. doi:10.1109/ECOC52684.2021.9606013t

Evening Talk PVXI Thul9:00 MVL
Max-von-Laue Lecture: Risikokompetenz - informiert und entspannt mit
Risiken umgehen — *GERD GIGERENZER — Direktor des Harding-Zentrums
fiir Risikokompetenz an der Universitit Potsdam — Direktor emeritus des For-
schungsbereichs ,,Adaptive Behavior and Cognition“ (ABC) am Max-Planck-
Institut fiir Bildungsforschung, Berlin

22

In dieser Welt ist nichts gewiss, auler dem Tod und den Steuern - so schrieb Ben-
jamin Franklin vor mehr als 200 Jahren. Dennoch suchen noch heute Menschen
nach Gewissheiten die nicht existieren und vertrauen auf Horoskope und Markt-
vorhersagen. Statt der Illusion der Sicherheit und dem Wunsch nach Nullrisi-
ko braucht eine lebendige Demokratie Menschen, die kompetent und entspannt
statt angstlich und verunsichert mit Risiken umgehen konnen. Risikokompetenz
kann man lernen - und dariiber geht dieser Vortrag.

Risikokompetenz ist die Fihigkeit, die Gefahren und Moglichkeiten einer
technologischen Welt zu verstehen statt diese zu verdriangen, und mit Unsicher-
heit emotional entspannt leben zu lernen. Unsere Gesellschaft ist von einem ra-
tionalen Umgang mit Risiken noch weit entfernt, ein Zustand, der jedes Jahr
betrichtliche finanzielle Mittel, Angste und das Leben von Biirgern kostet. In
diesem Vortrag berichte ich iiber die mangelnde Fihigkeit von Arzten, Rich-
tern, Journalisten und Politikern, Risiken zu verstehen und zu kommunizieren.
Dann zeige ich anhand meiner Forschung, wie man mit nachhaltigen Methoden
diese allgemeine Konfusion in Einsicht verwandeln kann.

Plenary Talk PVXII Fri830 Audimax
Photonic graphene and beyond - topological features of optically created arti-
ficial matter — «CORNELIA DENZ and Ha1ssaM HANAFI — Institute of Applied
Physics, University of Muenster

Graphene with its hexagonal band structure of the energy spectrum has been
celebrated in the past years as a wonder material due to its intriguing features.
Among them, its topological phases are attributed to singular points in the band
structure, the so-called Dirac points, and flat bands. Varying the lattice structure
beyond graphene extends these topological phases of matter, leading for exam-
ple to topological insulation. While condensed matter systems are difficult to
adapt, optically created artificial dielectric photonic lattices represent an ideal
testbed for these 2d materials. This has led to the area of topological photon-
ics, an emerging field in which geometrical and topological concepts are imple-
mented to design and control the behavior of complex light. In our contribution,
we summarize fabrication techniques of photonic lattices with structured light
based on additive femtosecond laser machining in fused silica or on optical in-
duction in nonlinear photonic crystals. We demonstrate topological features of
artificially created 2d graphene and twisted bilayer materials and showcase first
realizations of photonic borophene, the optical equivalent of the new rising star
of solid-state physics, and fractal lattices. Further, we demonstrate numerous fas-
cinating topological effects ranging from light localization in flat bands to robust
edge-mode transport and nonlinear light localization in higher-order topologies.

Plenary Talk PVXII Fri9%15 Audimax
The KATRIN experiment: latest results and future perspectives — sSUSANNE
MERTENS — Max Planck Institute for Physics and Technical University Munich
From the discovery of neutrino oscillations we know that at least two neutrino
mass eigenstates have a nonzero rest-mass. However, the absolute scale of the
neutrino masses cannot be assessed from oscillation experiment. A direct way
to probe the absolute neutrino mass scale is via the single beta decay, where the
neutrino mass manifests itself as a small spectral distortion close to the endpoint.
The Karlsruhe Tritium Neutrino (KATRIN) experiment is designed to measure
the effective electron anti-neutrino mass with a sensitivity of 0.2 eV at 90% con-
fidence level. The talk will focus on the latest KATRIN result, which reaches for
the first time in the history of direct neutrino mass experiments a sub-eV sen-
sitivity, and limits the neutrino mass to less than 0.8 eV (90% confidence level).
Moreover, new results on sterile and relic neutrino searches with KATRIN will
be presented. The presentation will conclude with an outlook to upcoming data
sets and future perspectives of KATRIN.
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jointly organized by all divisions of the section AMOP

Gereon Niedner-Schatteburg
Fachbereich Chemie
Technische Universitit Kaiserslautern
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The divisions of the section AMOP award a PhD prize 2022. The prize acknowledges outstanding research
from a PhD work and its excellent written and oral presentation. Eligible for nomination were outstanding
PhD theses from the research fields of AMOP completed in 2020 or 2021. Based on the nominations, a jury
formed by representatives of the AMOP research areas selected four finalists for the award. The finalists are
invited to present their research in this dissertation prize symposium. Right after the symposium, the awardee
will be selected by the prize committee.

Overview of Invited Talks and Sessions
(Lecture hall Audimax)

Invited Talks

SYAD 1.1 Tue 14:00-14:30 Audimax New insights into the Fermi-Hubbard model in and out-of equilibrium —
*ANNABELLE BOHRDT

SYAD 1.2 Tue 14:30-15:00 Audimax Searches for New Physics with Yb" Optical Clocks — «RICHARD LANGE

SYAD 1.3 Tue 15:00-15:30 Audimax Machine Learning Methodologies for Quantum Information — «HENDRIK POULSEN
NAUTRUP

SYAD 14 Tue 15:30-16:00 Audimax Precision Mass Measurement of the Deuteron’s Atomic Mass — «SAscHA Rau

Sessions

SYAD 1.1-1.4 Tue 14:00-16:00 Audimax SAMOP Dissertation Prize Symposium
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Symposium SAMOP Dissertation Prize 2022 (SYAD)

Tuesday

Sessions
— Invited Talks —

SYAD 1: SAMOP Dissertation Prize Symposium

Time: Tuesday 14:00-16:00

Invited Talk SYAD 1.1 Tue 14:00 Audimax
New insights into the Fermi-Hubbard model in and out-of equilibrium —
*ANNABELLE BOHRDT — Harvard University, Cambridge MA, USA
Understanding the phase diagram of the two-dimensional Fermi-Hubbard
model - and by extension, high temperature superconductivity in the cuprate
materials — poses one of the biggest challenges in condensed matter physics. In
this talk, I will show how the recent advances in experiments with cold atoms in
optical lattices, naturally suited for quantum simulation of the Fermi-Hubbard
model, offer a completely new perspective on this decades old problem. I will
present a microscopic description of a single hole in a quantum antiferromag-
net — a first and crucial step to unravel the underlying physics of the enigmatic
Hubbard model. In particular, I will discuss numerical as well as experimental
results for the interplay of spin and charge degrees of freedom in the dynamics
of a single hole. As an outlook, I will demonstrate how the understanding of
a single hole yields insights into the finite doping regime and a mechanism for
pairing at unprecedentedly high temperatures.

Invited Talk SYAD 1.2 Tue 14:30 Audimax
Searches for New Physics with Yb* Optical Clocks — sRICHARD LANGE —
Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig,
Germany

The most advanced atomic clocks are based on laser-cooled trapped atoms or
ions and employ forbidden optical transitions as the reference. "' Yb* provides
two such transitions, an electric quadrupole (E2) and an electric octupole (E3)
transition, that are particularly well suited to search for physics beyond the Stan-
dard Model.

In my talk, T will describe how a comparison of two Yb*(E3) clocks with
4x107'8 uncertainty is used to improve limits on a violation of Lorentz symmetry
for electrons by about two orders of magnitude. I will also present a long-term
comparison of the E3 and E2 transition frequencies that tightens the limit on
temporal variations of the fine structure constant & by more than a factor of 20
to below 107'#/yr. The excited state of the E3 transition features an exception-
ally long lifetime which we measure with a new method to 1.58(8) years. Finally,
novel interrogation methods enable the suppression of clock shifts, for instance
by excitation of the ion in the dark center of Laguerre-Gaussian modes. By intro-
ducing these techniques and an advanced experimental setup, I will show how
the performance of Yb" optical clocks is improved in the quest to unveil new
physics.
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Location: Audimax

Invited Talk SYAD 1.3 Tue 15:00 Audimax
Machine Learning Methodologies for Quantum Information — <HENDRIK
PouLseN NauTRUP — Institute for Theoretical Physics, University of Innsbruck,
6020 Innsbruck, Austria

Machine learning technologies already permeate our everyday life. In the wake
of this rapid progress, we naturally expect machine learning to consolidate its
impact on basic research as well. However, with the attention largely on big data
and problem solving, machine learning has fallen short of this expectation.

In my talk, I will present three complementary approaches to facilitate the
mutual development of machine learning and basic quantum information sci-
ence. Specifically, I am not only interested in machine learning as a numerical
tool to solve complex problems, but also to establish machine learning method-
ologies as general-purpose tools for scientific research. In this way, we will see
how researchers can learn from artificial intelligence (AI), how researchers have
to adapt their methods to integrate Al, and how quantum information can facil-
itate the development of AI for research.

Invited Talk SYAD 1.4 Tue 15:30 Audimax
Precision Mass Measurement of the Deuteron’s Atomic Mass — sSASCHA Rau
— Max-Planck-Institut fiir Kernphysik, Saupfercheckweg 1, 69117 Heidelberg,
Germany

The rest masses of many light nuclei, e.g. the proton, deuteron, triton and he-
lion are of great importance for testing our current understanding of physics as
well as in metrology. One example are comparisons of rotational and vibrational
spectra in HD" molecular ions with theory, which can be used to test 3-body
QED calculations [1]. There, the masses of the involved particles are required
as input parameters. Recently discussed discrepancies in measurements of these
masses, carried out at different mass spectrometers and termed light ion mass
puzzle, strongly call for investigation through independent measurements.

In my talk, I will present a mass measurement of the deuteron’s atomic mass
[2] carried out at LIONTRAP, a high-precision spectrometer dedicated to light
ions. There, a newly implemented superconducting magnetic field-shaping coil
enabled overcoming the leading systematic uncertainty for light ion mass mea-
surements. This enabled us to reach a precision of 8m/m = 8.5 x 10™'2, the most
precise measurement in atomic mass units so far. The observed 5 ¢ discrepancy
to the previous best measurement does not only reduce the light ion mass puzzle
significantly, but is also confirmed by a series of systematic checks, including a
direct measurement of the HD* mass and comparisons with HD" spectroscopy.

[1] M. Germann et al., Phys. Rev. Reas. 3, L022028 (2021)

[2] S. Rau et al., Nature 585, 43-47 (2020)
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Symposium Laboratory Astrophysics (SYLA)
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Stephan Schlemmer
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After the formation of atoms and molecules in the universe they send out their radiation and as such they
are ambassadors of distant regions in the universe which are observed from earth. They also act as probes
for the physical and chemical conditions in these places and astrophysicists use laboratory spectra not only to
identify theses species in their observations but to determine their abundance. Conclusions drawn on their
formation and destruction routes give intimate information on the development of stars, molecular clouds, on
the atmoshperes of extrasolar planets and other places in the universe. Laboratory astrophysics is providing
the necessary microphysics data for this endeavor. The German community is rather active in this field and
this symposium addresses some recent technical developments and scientific highlights.

Overview of Invited Talks and Sessions

Invited Talks

SYLA1.l1 Mon 14:00-14:30 Audimax
SYLA12 Mon 14:30-15:00 Audimax
SYLA 13 Mon 15:00-15:30 Audimax
SYLA14 Mon 15:30-16:00 Audimax
SYLA2.1 Mon 16:30-17:00 Audimax
SYLA24 Mon 17:30-18:00 Audimax
SYLA25 Mon 18:00-18:30 Audimax
Sessions

SYLA1.1-1.4 Mon 14:00-16:00

SYLA 2.1-2.5 Mon 16:30-18:30

(Lecture hall Audimax)

Probing chemistry inside giant planets with laboratory experiments — «DOMINIK
KraAus

Inner-shell photoabsorption of atomic and molecular ions — «STEFAN SCHIPPERS
Molecular Astrophysics at the Cryogenic Storage Ring — «HOLGER KRECKEL
Observing small molecules in stellar giants - High spectral resolution infrared
studies in the laboratory, on a mountain, and high up in the air — «Guipo W. FucHhs
State-to-State Rate Coefficients for NH;-NH, Collisions obtained from Pump-
Probe Chirped-Pulse Experiments — ¢CHRISTIAN P. ENDRES, PaorLA CASELLI,
STEPHAN SCHLEMMER

A multifaceted approach to investigate the reactivity of PAHs under electrical dis-
charge conditions — ¢«DONATELLA LORU, AMANDA L. STEBER, JOHANNES M. M.
THUNNISSEN, DANIEL B. RaAP, ALEXANDER K. LEMMENS, ANOUK M. R1js, MELANIE
SCHNELL

Exploring the Femtosecond Dynamics of Polycyclic Aromatic Hydrocarbons Us-
ing XUV FEL Pulses — «JasoN LEE, DENIS TIKHONOV, BASTIAN MANSCHWETUS,
MELANIE SCHNELL

Audimax  Laboratory Astrophysics
Audimax  Laboratory Astrophysics
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Symposium Laboratory Astrophysics (SYLA)

Monday

Sessions
— Invited and Contributed Talks —

SYLA 1: Laboratory Astrophysics

Time: Monday 14:00-16:00

Invited Talk SYLA 1.1 Mon 14:00 Audimax
Probing chemistry inside giant planets with laboratory experiments —
eDoMINIK KraUus — Institut fiir Physik, Universitit Rostock — Institut fiir
Strahlenphysik, Helmholtz-Zentrum Dresden-Rossendorf

The interiors of giant planets exhibit extreme conditions: High temperatures and
enormous pressures create environments which are not fully understood and
hard to encompass for state-of-the-art physics models. Applying the largest and
most brilliant laser light sources, it is now possible to investigate such conditions
in the laboratory. Recent efforts provide seminal insights into chemistry and
phase transitions occurring deep inside giant planets such as carbon-hydrogen
phase separation and the formation of superionic water. At the same time, highly
interesting materials can be formed via these conditions, such as nanodiamonds
or hexagonal diamond, so-called lonsdaleite, which, in its pure form, is predicted
to exceed the hardness of cubic diamond. I will present a showcase of recent ex-
periments investigating these topics and provide an outlook for future develop-
ments.

Invited Talk SYLA1.2 Mon14:30 Audimax
Inner-shell photoabsorption of atomic and molecular ions — «STEFAN SCHIP-
PERS — Justus-Liebig-Universitit Gieflen

Recent experimental work on the photoabsorption of atomic and molecular ions
will be reviewed that has been carried out at the photon-ion merged-beams setup
PIPE [1], a permanently installed end station at the XUV beamline P04 of the
PETRA III synchrotron radiation source operated by DESY in Hamburg, Ger-
many. Selected results [2] on, e.g., single and multiple L-shell photoionization
of low-charged iron ions and on single and multiple K-shell photoionization of
negatively and (multiply) positively charged carbon and silicon ions will be dis-
cussed in astrophysical contexts as well as inner-shell photoabsorption of molec-
ular ions. These experimental results bear witness of the fact that the implemen-
tation of the photon-ion merged-beams method at one of the world’s brightest
synchrotron light sources has led to a breakthrough for the experimental study
of inner-shell photoabsorption processes with ions.

[1] S. Schippers, T. Buhr, A. Borovik Jr., K. Holste, A. Perry-Sassmannshausen,
K. Mertens, S. Reinwardt, M. Martins, S. Klumpp, K. Schubert, S. Bari, R. Beer-
werth, S. Fritzsche, S. Ricz, J. Hellhund, and A. Miiller, X-Ray Spectrometry 49,
11 (2020) (doi: 10.1002/xrs.3035).

[2] S. Schippers and A. Miiller, Atoms 8, 45 (2020) (doi: 10.3390/atoms8030045).

Location: Audimax

Invited Talk SYLA 1.3 Mon 15:00 Audimax
Molecular Astrophysics at the Cryogenic Storage Ring — *HOLGER KRECKEL
— Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany

Ever since the first molecular species were detected in interstellar space, more
than 80 years ago, their abundance and formation mechanisms have challenged
the curious minds of molecular physicists. Today, the molecular composition of
the universe is at the forefront of observational astronomy, as modern telescopes
target molecular transitions from infrared to millimeter wavelengths. Besides
the observational efforts, reliable laboratory data and comprehensive modeling
are required to gain insight into the life cycle of molecules in space. The Cryo-
genic Storage Ring (CSR) was designed as a versatile test bench to prepare atomic
and molecular ion beams for detailed merged beams experiments at cryogenic
temperatures and extremely low pressure. We will give an overview of the exper-
imental capabilities of the CSR and present recent results for state-selected reac-
tion studies of molecular ions with free electrons and neutral atoms. These pro-
cesses are of paramount importance for the chemistry of the interstaller medium
and the formation of the first stars in universe.

Invited Talk SYLA 1.4 Mon 15:30 Audimax
Observing small molecules in stellar giants - High spectral resolution in-
frared studies in the laboratory, on a mountain, and high up in the air —
*Guipo W. FucHs — 1Laboratory Astrophysics, University of Kassel (Germany)
Close to the end of their lifetime giant stars lose much of their mass in form
of stellar winds and outflows. Opposed to carbon-rich (C-type) stars, the pro-
cesses of molecule and dust formation in oxygen-rich (M-type) or intermediate-
type (S-type) stars is not well understood. Small molecules made of refractory
material, like metal, carbon, or silicon, seem to play an important role for the
chemistry in these environments. The molecular inventory of circumstellar en-
vironments is mostly investigated via radio observations. However, infrared (IR)
observations can also be performed as these stellar objects shine brightly in the
IR range. In this work, the focus is set on IR observations of prototypical M-
type and S-type stars as well as accompanying laboratory investigations on the
spectra of small metall bearing molecules. The astrophysical observations were
done using high resolution spectrographs like TEXES at the IRTF on Mauna Kea
(Hawaii) or EXES onboard the SOFIA airplane. In the laboratory, molecules like
TiO, VO, Al20 and other species have been investigated to determine their IR
spectra. In this talk, the combined laboratory- and observational approach to
identify and analyze small molecules made of refractory materials in circumstel-
lar environments is presented.

SYLA 2: Laboratory Astrophysics

Time: Monday 16:30-18:30

Invited Talk SYLA2.1 Mon16:30 Audimax
State-to-State Rate Coefficients for NH;-NH; Collisions obtained from
Pump-Probe Chirped-Pulse Experiments — ¢CHRISTIAN P. ENDREs', PaoLA
Caserir', and STEPHAN SCHLEMMER? — 'MPI fiir extraterrestrische Physik,
Garching, Germany — 2Universitit zu Koln, Kéln, Germany

The kinetics of rotational inelastic NH3-NHj collisions is studied using pump-
probe experiments, which are carried out with a Ku-band waveguide chirped
pulse Fourier transform microwave spectrometer by observing the ammonia in-
version doublets in the ground vibrational state. The population of one ammo-
nia inversion doublet of a single rotational state is altered by a resonant pump
pulse. Due to collisions, the resulting deviation from thermal equilibrium prop-
agates to other states and is interrogated by probe pulses as a function of the
pump-probe delay time. The bandwidth of the spectrometer allows to probe the
intensity of many inversion transitions within a single chirped pulse excitation
(probe pulse) on sub-microsecond timescales as a function of the pump pulse
conditions. State-to-state rates are obtained by simulations of all coupled states
fitted to the temporal behavior of the complete pump probe experiments where
many individual (J,K) rotational states are addressed step by step by separate
pump pulse sequences.
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Location: Audimax

SYLA22 Mon17:00 Audimax
Optical Absorption and Photodissociation Properties of Small Silicon-
Containing Clusters - Si;O; — +TAARNA STUDEMUND, MARKO FORSTEL, KA1
PoLLow, JuLIAN Voss, ROBERT G. RADLOFF, and OTT0 DOPFER — Institut fiir
Optik und Atomare Physik, Technische Universitat Berlin, Hardenbergstrasse
36, D-10623 Berlin
Interstellar dust consists to a significant fraction of ym-sized silicate particles.
Origin and formation mechanisms of such dust, which can form solar systems,
are still poorly understood. Si/O-containing molecules may be precursors to the
larger silicate particles found. So far, only silicon monoxide (SiO) has been de-
tected in the interstellar medium (ISM) [1]. Larger intermediates remain elusive
but should exist if the larger grains are formed from the bottom up.
To understand the photodissociation and optical absorption behavior, struc-
tures, and energies of Si/O-containing molecules, we measure optical spectra
of mass-selected Si, O}, clusters and compare them to quantum chemical cal-
culations. Our experimental setup is based on mass spectrometry and resonant
laser photodissociation [2]. Initial data show competing fragmentation channels,
their appearance energies and branching ratios. In addition, we present the first
optical spectrum of Si;O; . The results are discussed in an astrophysical context.

[1] R. Wilson et al, 1971, Astrophys. J. 167, L97.
[2] M. Forstel et al, Rev. Sci. Instrum. 2017, 88, 123110.



Symposium Laboratory Astrophysics (SYLA)

Monday

SYLA 23 Mon17:15 Audimax
The Optical Spectrum and Astrochemical Relevance of 1-Cyanoadamantane®
— oPARKER CRANDALL, ROBERT RADLOFF, MARKO FORSTEL, and OTTO
DoprrER — Technische Universitdt Berlin, Berlin, Germany
Astrochemical measurements have demonstrated similarities between the IR
spectra of diamondoids and unidentified infrared emission (UIR) bands seen in
the spectra of young stars with circumstellar disks."?! Due to their low ioniza-
tion energy and open-shell character, it is also suggested that the radical cations
of these molecules might be responsible for features in the well-known diffuse
interstellar bands (DIBs).!*! However, the optical spectra of these cations have
not been measured experimentally until recently. Here, we present the first op-
tical spectrum of the 1-cyanoadamantane cation (C;; H;5N") and compare it to
the recently reported spectrum of the adamantane radical cation.] These spec-
tra were recorded in the gas phase at 5 K using a cryogenic 22-pole ion trap.
The experimental results are compared to time-dependent DFT calculations for
interpretation. Geometric changes due to Jahn-Teller distortion and the astro-
physical implications of these ions will also be discussed.

[1] O. Guillois, et al., Astrophys. J., 521, L133 (2009).

[2] O. Pirali, et al., Astrophys. J., 661, 919 (2007).
[3] M. Steglich, et al., Astrophys. J., 729, 91 (2011).
[4] P. B. Crandall et al., ApJL, 900, L20 (2020).

Invited Talk SYLA2.4 Mon17:30 Audimax
A multifaceted approach to investigate the reactivity of PAHs under electrical
discharge conditions — eDONATELLA LorU’, AMANDA L. STEBER "2, JOHANNES
M. M. THUNNISSENS, DANIEL B. RAP3, ALEXANDER K. LEMMEN53’4, ANOUK M.
RI]SS, and MELANIE ScHNELL"® — !Deutsches Elektronen-Synchrotron DESY,
Notkestrasse 85, 22607 Hamburg, Germany — “Departamento de Quimica
Fisica y Quimica Inorganica, Facultad de Ciencias, Universidad de Valladolid,
47011 Valladolid, Spain — 3Radboud University, Institute of Molecules and Ma-
terials, FELIX Laboratory, Toernooiveld 7c, 6525 ED, Nijmegen, The Nether-
lands. — “Van't Hoff Institute for Molecular Sciences, University of Amster-
dam, Science Park 904, 1098 XH, Amsterdam, The Netherlands — °Division of
BioAnalytical Chemistry, AIMMS Amsterdam Institute of Molecular and Life
Sciences, Vrije Universiteit Amsterdam, De Boelelaan 1108, 1081 HV Amster-
dam, The Netherlands — ®Institute of Physical Chemistry, Christian-Albrechts-
Universitit zu Kiel, Max-Eyth-Strafle 1, 24118 Kiel, Germany

Polycyclic aromatic hydrocarbons (PAHs) are a class of molecules whose pres-
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ence in the interstellar medium (ISM) has been established via the aromatic in-
frared bands (AIBs), mid-IR emissions (3 — 20 ym) detected in several inter-
stellar objects. The ubiquitous nature of the AIBs suggests that PAHs are widely
spread in the ISM and, as such, they are expected to play an important role in in-
terstellar physics and chemistry. Despite their importance, little is known about
the reactivity of PAHs under the harsh energetic conditions of the ISM. To ex-
plore the reactivity of PAHs under laboratory conditions, we coupled an electri-
cal discharge nozzle with spectroscopic techniques. Under plasma conditions,
PAHs are expected to undergo fragmentation processes and/or recombination
chemistry. The species formed are then detected via their mass and their IR
signature by IR-UV ion dip spectroscopy, and via their microwave signature by
broadband rotational spectroscopy.

Here, we present our results obtained from the electrical discharge experi-
ments on the PAHs naphthalene (C,,Hg) and phenanthrene (C,4H,,) with ace-
tonitrile (CH;CN). The different sensitivity of the two spectroscopic techniques
revealed an interesting diversity in the resulting species from the electrical dis-
charge experiments of the two investigated PAHs.

Invited Talk SYLA 2.5 Mon 18:00 Audimax
Exploring the Femtosecond Dynamics of Polycyclic Aromatic Hydrocar-
bons Using XUV FEL Pulses — «JasoN LEEI’Z, DEenis TikHONOV™ , BAs-
TIAN MaNscHWETUs!, and MELANIE ScHNELL — !Deutsches Elektronen-
Synchrotron DESY, Hamburg, Germany. — “The Chemistry Research Labora-
tory, University of Oxford, Oxford, United Kingdom. — >Institute of Physical
Chemistry, Christian-Albrechts-Universitat zu Kiel, Kiel, Germany.

Satellite infrared measurements show signatures of aromatic vibrations in prac-
tically every corner of the universe, attributed to polycyclic aromatic hydrocar-
bons (PAHs) in the interstellar medium (ISM). These PAHs account for up to
20% of carbon in space and have long been proposed as carriers of the Diffuse
Interstellar Bands and Unidentified Infrared Bands.

Given their abundance, PAHs have been the subject of laboratory experiments
for many decades, exploring their interaction with a wide range of photon ener-
gies. Our experiments utilise XUV pulses at 30.3 nm (40.9 eV) from the Free-
Electron-Laser FLASH at DESY, Hamburg to replicate some of the harsh radia-
tion of the ISM. The femtosecond laser pulses allow us to investigate the ultrafast
relaxation and fragmentation of PAHs. Combining the ion time-of-flight data,
ion imaging data and electron imaging data provides a detailed insight into the
various molecular processes occurring after the initial photoionisation.
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Solid-state emitters have gained interest as a platform for scalable quantum technologies. However, the solid-
state environment imposes new challenges to experiments. Compared to emitters trapped in vacuum, the solid-
state environment causes spectral diffusion, decoherence and unfavorable branching ratios. These problems
can be solved by resonantly enhancing the interaction of light with a selected transition of the quantum emitter.
In particular cavities in which the light is concentrated within a small volume (microcavities) are well suited
for this purpose. Applications range from the exploration of otherwise weak transitions to the construction of
bright coherent single photon sources. Some experiments even reach the regime of strong coupling, in which
a photon emitted by the quantum system is stored in the cavity long enough to be reabsorbed by the quantum
emitter. The aim of this symposium is to provide an overview over different cavity architectures and quantum
emitters as well as concrete use-cases and upcoming applications.

Invited Talks
SYPD 1.1 Mon
SYPD 1.2 Mon
SYPD 1.3 Mon
SYPD 1.4 Mon
Sessions

SYPD 1.1-1.4 Mon

Overview of Invited Talks and Sessions

16:30-17:00 AKjDPG-H17

17:00-17:30  AKjDPG-H17

17:30-18:00 AKjDPG-H17

18:00-18:30  AKjDPG-H17
16:30-18:30

(Lecture hall AKjDPG-H17)

Fiber-based microcavities for efficient spin-photon interfaces — ¢DAvID
HUNGER

A fast and bright source of coherent single-photons using a quantum dot in
an open microcavity — ¢sRICHARD J. WARBURTON

New host materials for individually addressed rare-earth ions — «SEBASTIAN
HORVATH, SALIM OURARI, LUKASZ DUSANOWSKI, CHRISTOPHER PHENICIE, IsA-
IAH GRAY, PAUL STEVENSON, NATHALIE DE LEON, JEFF THOMPSON

A multi-node quantum network of remote solid-state qubits — «RoNALD HAN-
SON

AKjDPG-H17  Solid-state quantum emitters coupled to optical microcavities
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PhD Symposium - Solid-state Quantum Emitters Coupled to Optical Microcavities (SYPD)

Monday

Sessions
— Invited Talks —

SYPD 1: Solid-state quantum emitters coupled to optical microcavities

Time: Monday 16:30-18:30

Invited Talk SYPD 1.1 Mon 16:30 AKjDPG-H17
Fiber-based microcavities for efficient spin-photon interfaces — eDaAviD
HuNGeR — Physikalisches Institut, Karlsruher Institut fiir Technologie, Karl-
sruhe, Germany

Optical microcavities are a powerful tool to enhance light-matter interactions
and offer the potential to realize efficient interfaces for spins and photons. To
achieve large cavity enhancement on a flexible platform, we have developed mi-
croscopic Fabry-Perot cavities based on laser-machined optical fibers [1]. We
employ such cavities to realize efficient readout of individual solid-state quantum
emitters such as NV centers in diamond [2,3] and rare earth ions [4,5,6], with the
goal to realize a quantum repeater for long-distance quantum communication,
and optically addressable multi-qubit registers as quantum computing nodes.
[1] Hunger et al., New J. Phys. 12, 065038 (2010) [2] Kaupp et al., Phys Rev Ap-
plied 6, 054010 (2016) [3] Benedikter et al., Phys Rev Applied 7, 024031 (2017)
[4] Casabone et al., New J. Phys. 20, 095006 (2018) [5] Casabone et al., Nature
Commun. 12, 3570 (2021) [6] Serrano et al., Nature, in print (arxiv:2105.07081)

Invited Talk SYPD 1.2 Mon 17:00 AKjDPG-H17
A fast and bright source of coherent single-photons using a quantum dot in
an open microcavity — ¢RICHARD ]. WARBURTON — Department of Physics,
University of Basel, Switzerland

A semiconductor quantum dot is a potentially excellent source of single photons:
billions of photons per second can be created; the interaction with phonons is
relatively weak such that successively emitted photons exhibit a high degree of
two-photon interference. Significant challenges are to create an efficient source,
and to reduce the noise such that photons created far apart in time also exhibit
a high degree of two-photon interference. We show how these challenges can be
met by embedding a gated quantum-dot in an open microcavity.

In our gated devices, quantum dots exhibit near transform-limited linewidths,
both at wavelengths in the near infrared (920-950 nm) and in the near-red
(around 780 nm). A microcavity is constructed using a planar semiconductor
bottom mirror (part of the semiconductor heterostructure) and a curved top
mirror. With a very high-reflectivity top mirror, a single quantum-dot enters the
strong-coupling regime of cavity-QED with a cooperativity exceeding 100. Clear
vacuum Rabi-oscillations are observed. With a modest-reflectivity top mirror,
an efficient single-photon source is demonstrated. The end-to-end efficiency,
the probability of creating a single photon at the output of the experiment’s fi-
nal optical-fibre following a trigger, is 57%; the photon purity (1 — g(z)(O)) is
97.9%; the two-photon interference visibility is 97.5% and is maintained even
on interfering photons far apart in time (1.5 ys in the experiment).

Invited Talk SYPD 1.3 Mon 17:30 AKjDPG-H17
New host materials for individually addressed rare-earth ions — ¢SEBASTIAN
HORVATH, SALIM OURARI, LUKASZ DUSANOWSKI, CHRISTOPHER PHENICIE, ISA-
IAH GRAY, PAUL STEVENSON, NATHALIE DE LEON, and JEFF THOMPSON — De-
partment of Electrical and Computer Engineering, Princeton University, Prince-
ton, New Jersey 08544, USA
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Location: AKjDPG-H17

Erbium ions in crystalline hosts, which have an optical transition at 1.5 ym,
are promising as single photon sources and quantum memories for quantum
repeater networks operating directly in the telecom-band. Rare-earth ions can
be incorporated into a wide range of host materials; however, the choice can
dramatically impact the spin and optical coherence properties. Two key fac-
tors determining these properties are the presence of species with a magnetic
dipole moment, as well as the point-group symmetry of the substitutional site.
From this we develop a set of design principles for an optimized host material,
which leads us to a detailed investigation of the hosts MgO and CaWO4. Sin-
gle erbium ions were isolated using heterogeneously integrated silicon photonic
crystal cavities, and both the optical and spin properties were probed using sin-
gle shot readout. With this approach, we have studied sources of decoherence for
both Er:MgO and Er:CaWO4, and developed materials processing techniques to
improve the performance of this platform. I will discuss refinements to our de-
sign considerations developed from our results to date and share the current sta-
tus of our single erbium ion platform for the efficient generation of spin-photon
entanglement.

Invited Talk SYPD 1.4 Mon 18:00 AKjDPG-H17
A multi-node quantum network of remote solid-state qubits — sRONALD
HaNsoN — QuTech and Kavli Institute of Nanoscience, Delft University of Tech-
nology, The Netherlands

Future quantum networks [1] may harness the unique features of entanglement
in a range of exciting applications. To fulfill these promises, a strong worldwide
effort is ongoing to gain precise control over the full quantum dynamics of multi-
particle nodes and to wire them up using quantum-photonic channels.

Here, we present our most recent work on the realization and application
of a three-node entanglement-based quantum network based on diamond NV
centers. We demonstrate several quantum network protocols without post-
selection: the distribution of genuine multipartite entangled states across the
three nodes, entanglement swapping through an intermediary node [2], and
qubit teleportation between non-neighbouring nodes [3]. This work establishes
anovel platform for exploring, testing, and developing multi-node quantum net-
work protocols and a quantum network control stack [4]. Moreover, we will dis-
cuss future challenges and prospects for quantum networks, including the role
of next-generation integrated devices.

[1] Quantum internet: A vision for the road ahead, S Wehner, D Elkouss,
R Hanson, Science 362 (6412), eaam9288 (2018). [2] M. Pompili, S.L.N. Her-
mans, S. Baier et al., Science 372, 259-264 (2021). [3] S.L.N. Hermans, M.
Pompili et al., arXiv:2110.11373 (2021). [4] M. Pompili, C. Delle Donne et al.,
arXiv:2111.11332 (2021).
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Symposium Quantum Cooperativity of Light and Matter (SYQC)
jointly organised by
the Quantum Optics and Photonics Division (Q),
the Atomic Physics Division (A), and
the Molecular Physics Division (MO)
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Staudtstrafle 1 Staudtstraf3e 7
91058 Erlangen 91058 Erlangen
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Cooperative behavior is ubiquitous in nature. It can be understood as the enhanced response of a system
of many particles with respect to isolated entities such that the ensemble behaves differently than a single
unit. In the quantum domain the collective response is brought about by some mutual coupling among the
particles establishing non-local and long-range quantum correlations in space and time. Quantum collective
behavior induced by the buildup of quantum spatio-temporal correlations in mesoscopic light-matter systems
is the topic of the Symposium Quantum Cooperativity of Light and Matter. The symposium brings together
leading scientists with expertise in theoretical and experimental quantum optics and condensed-matter physics
to investigate a wide variety of experiments and platforms.

Overview of Invited Talks and Sessions
(Lecture hall Audimax)

Invited Talks

SYQC1.1 Thu 10:30-11:00 Audimax Super- and subradiant states of an ensemble of cold atoms coupled to a nanopho-
tonic waveguide — ¢ ARNO RAUSCHENBEUTEL

SYQC1.6 Thu 12:00-12:30 Audimax Cooperative Effects in Pigment-Protein Complexes: Vibronic Renormalisation of
System Parameters in Complex Vibrational Environments — «Susana E HUELGA

SYQC2.1 Thu 14:00-14:30 Audimax Quantum simulation with coherent engineering of synthetic dimensions — «PaoLa
CAPPELLARO

SYQC2.6 Thu 15:30-16:00 Audimax Quantum Fractals — ¢CRISTIANE MORAIS-SMITH

Sessions

SYQC1.1-1.6 Thu 10:30-12:30 Audimax Quantum Cooperativity of Light and Matter - Session 1
SYQC2.1-2.6 Thu 14:00-16:00 Audimax Quantum Cooperativity of Light and Matter - Session 2
SYQC 3.1-3.8 Fri 10:30-12:30 Q-HI15 Quantum Cooperativity (joint session Q/SYQC)
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Symposium Quantum Cooperativity of Light and Matter (SYQC)

Thursday

Sessions
— Invited and Contributed Talks —

SYQC 1: Quantum Cooperativity of Light and Matter - Session 1

Time: Thursday 10:30-12:30

Invited Talk SYQC 1.1 Thul10:30 Audimax
Super- and subradiant states of an ensemble of cold atoms coupled to
a nanophotonic waveguide — ¢ARNO RAUSCHENBEUTEL — Department of
Physics, Humboldt-Universitét zu Berlin, Germany

We experimentally and theoretically investigate collective radiative effects in an
ensemble of cold atoms coupled to a single-mode optical nanofiber. Our analysis
unveils the microscopic (i.e., atom per atom) dynamics of the system, showing
that collective interactions gradually build up along the atomic ensemble in the
direction of propagation of the nanofiber-guided excitation light pulses. Our the-
oretical results are supported by time-resolved measurements of the light trans-
mitted and reflected by the atomic ensemble. In particular, when the excitation
pulse is switched off on a time scale much shorter than the atomic lifetime, a su-
perradiant decay up to 17 times faster than the single-atom decay rate is observed
in the forward direction, while no speed-up occurs in the backward direction.
For longer time scales, our measurements reveal the evolution of the ensemble
from the superradiant state to a set of states that are fully subradiant with re-
spect to the nanofiber-guided mode. Notably, our theoretical model identifies
this complex dynamics as a key feature of the time evolution of one-dimensional
systems prepared in a timed Dicke state. Our results highlight the unique op-
portunities offered by nanophotonic cold-atom systems for the experimental in-
vestigation of collective light-matter interaction.

SYQC 1.2 Thull:00 Audimax
Cooperative effects in dense cold atomic gases including magnetic dipole
interactions — *N1co BassLEr"?, MARVIN PROSKE®, ISHAN VARMA®, NIELS
PETERSEN3’4, PATRICK WINDPASSINGER3’4, Kar PHILLIP SCHMIDTl, and
CLAUDIU GENES® — 'Department of Physics, Friedrich-Alexander-Universitit
(FAU) Erlan§en Niirnberg — “Max-Planck-Institut fiir die Physik des Lichts,
Erlangen — "QUANTUM, Institut fiir Physik, JGU Mainz — 4Graduate School
Materials Science in Mainz
We theoretically investigate cooperative effects in cold atomic gases exhibiting
both electric and magnetic dipole-dipole interactions, such as occurring in Dys-
prosium gases. In the quantum non-degenerate case, a quantum optics path is
taken to show the emergence of tailorable XXZ quantum spin models in the high
excitation limit. In the opposite case of the low excitation limit, we aim to pro-
vide analytical and numerical results detailing the effect of magnetic interactions
on the directionality of scattered light and characterize sub- and superradiant
effects. In the quantum degenerate case, we consider a many body physics ap-
proach in order to show the interplay between sub- and superradiance and the
fermionic or bosonic quantum statistics of the gas.

SYQC 1.3 Thull:15 Audimax
Collective photon emission patterns from two atoms in free space — sSTEFAN
RICHTERI, SEBASTIAN W0L1=2, JoACHIM VON ZANTHIERI, and FERDINAND
ScumIDT-KaLER® — Institut fiir Optik, Information und Photonik, Universitat
Erlangen-Niirnberg, Staudtstrale 1, 91058 Erlangen — ZQUANTUM, Institut
fiir Physik, Johannes Gutenberg-Universitat Mainz, 55128 Mainz, Germany
Modification of spontaneous decay in space and time is a central topic of quan-
tum physics. It has been predominantly investigated in cavity quantum electro-
dynamic systems. However, altered spontaneous decay may equally result from
correlations among the emitters in free space, as observed in super- and subra-
diance. Yet, such projective preparation of an entangled quantum state and the
resulting modified emission pattern has not been observed due to the lack of
ultra-fast multi-pixelated cameras. Using two trapped ions in free space, we pro-
jectively prepare atoms and observe the corresponding collective photon emis-
sion. Depending on the direction of detection of the first photon, we record
fundamentally different emission patterns, including super- and subradiance.
Our results demonstrate that the detection of a single photon may fundamen-
tally determine the subsequent collective emission pattern of an atomic array,
here represented by its most elementary building block of two atoms.

SYQC 1.4 Thull:30 Audimax
Modified spontaneous emission rates in free space via conditional measure-
ments — ¢ MANUEL BO)ERI, Lukas GGTZENDGRFERI, RomaINn BACHELARDZ,
and JOACHIM VON ZANTHIER' — ' Institut fiir Optik, Information und Photonik,
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Location: Audimax

Universitit Erlangen-Niirnberg, 91058 Erlangen, Germany — “Departamento
de Fisica, Universidade Federal de Sdo Carlos, Rodovia Washington Luis, km
235 - SP-310, 13565-905 Sao Carlos, SP, Brazil

We study the emission properties of three identical two-level atoms initially pre-
pared in the excited state by measuring Glauber’s third-order intensity correla-
tion function. Assuming two of the three atoms located close to each other, such
that they are subject to the dipole-dipole interaction, while the third one is placed
several wavelengths away, we observe super- or subradiant emission behavior
for the last recorded photon. Differently from the case where no conditional
measurements are performed and/or no remote atom is present, the emission
pattern presents both spatial and temporal modifications. In fact, the first two
conditional photon measurements associated with the three-photon correlation
function entangle the remote atom with the two other atoms while the dipole-
dipole interaction between the two close atoms allows manipulating the decay
rates, leading to a rich interference pattern for the last recorded photon with ef-
fective symmetric and antisymmetric decay rates depending on the direction of
observation.

SYQC 1.5 Thu11:45 Audimax
Coulomb interactions in pulsed laser-triggered electron beams from tung-
sten needle tips — «STEFAN MEIER, JONAS HEIMERL, and PETER HOMMELHOFF
— Department Physik, Friedrich-Alexander-Universitdt Erlangen-Nirnberg
(FAU), 91058 Erlangen
Tungsten needle tips represent well-suited electron sources for various applica-
tions, including electron diffraction, electron microscopy or electron hologra-
phy. In cold field emission, these tips provide a highly coherent electron beam,
with coherence being the key parameter for most electron-optical applications.
When femtosecond laser pulses are focused on the tip, electrons can be emitted
promptly, leading to an ultrafast pulsed electron source. Previously, we could
show that femtosecond pulsed electron emission is spatially as coherent as cold
field emission from the same tip when operated with currents well below one
electron per pulse on average [1]. In this talk, we show that the spatial coherence
decreases when more than one electron per pulse is emitted on average, start-
ing already at below one electron per pulse. These results are quantitatively well
supported by numerical point-particle simulation results. Last, we show that the
coherence decrease can be interpreted as an effective source size growth [2]. We
will conclude with an outlook on the current status of correlation measurements,
which might allow us to enter the quantum correlation regime and might, ulti-
mately, yield quantum limited electron beams.
[1] S. Meier et al., Appl. Phys. Lett. 113, 143101 (2018).
[2] S. Meier and P. Hommelhoff, manuscript submitted.

Invited Talk SYQC 1.6 Thu 12:00 Audimax
Cooperative Effects in Pigment-Protein Complexes: Vibronic Renormalisa-
tion of System Parameters in Complex Vibrational Environments — «SUSANA
F. HueLGga — Institute of Theoretical Physics and IQST, Ulm University, Ger-
many

The primary steps of photosynthesis rely on the generation, transport and
trapping of excitons in pigment-protein complexes (PPCs). Generically, PPCs
possess highly structured vibrational spectra, combining many discrete intra-
pigment modes and a quasi-continuous of protein modes, with vibrational and
electronic couplings of comparable strength. The intricacy of the resulting vi-
bronic dynamics poses significant challenges in establishing a quantitative con-
nection between spectroscopic data and underlying microscopic models. By
considering two model systems, namely the water-soluble chlorophyll-binding
protein of cauliflower and the special pair of bacterial reaction centers, we show
how to address this challenge using numerically exact simulation methods. We
demonstrate that the inclusion of the full multi-mode vibronic dynamics in nu-
merical calculations of linear optical spectra lead to systematic and quantitatively
significant corrections to electronic parameter estimation. These multi-mode vi-
bronic effects are shown to be relevant in the longstanding discussion regarding
the origin of long-lived oscillations in multidimensional nonlinear spectra.



Symposium Quantum Cooperativity of Light and Matter (SYQC)

Thursday

SYQC 2: Quantum Cooperativity of Light and Matter - Session 2

Time: Thursday 14:00-16:00

Invited Talk SYQC2.1 Thu14:00 Audimax
Quantum simulation with coherent engineering of synthetic dimensions —
ePaoLA CAPPELLARO — Nuclear Science and Engineering Department, Mas-
sachusetts Institute of Technology (MIT), Cambridge, USA

The high controllability of engineered qubit systems can be leveraged to explore
exotic condensed matter systems by simulating synthetic topological phases of
matters. Observation of novel effects can be achieved even in small quantum
systems by exploiting their periodic driving, which can mimic the properties of
spatially periodic materials and elucidate their symmetry and topological fea-
tures. Two challenges have so-far prevented such exploration, the lack of an
experimentally accessible characterization protocol and of strong-enough driv-
ing fields. Here I'll show how to overcome both challenges to achieve the first
experimental study of dynamical symmetries and the observation of symmetry-
protected selection rules * and their breaking. I will further show how these
methods can be used to synthesize and characterize a tensor monopole in the
4D parameter space described by the spin degrees of freedom of a single solid-
state defect in diamond. These results demonstrate the power of coherent control
and Floquet engineering for quantum simulation.

SYQC2.2 Thul4:30 Audimax
Excitonic tonks-girardeau and charge-density wave phases in monolayer
semiconductors — eRAFAL OLDZIE]EWSKII'Z, ALESsI0 CHIOCCHETTA , Jo-
HANNEs KNORZERM?, and RicHARD ScumIpT? — 'Max-Planck-Institute of
Quantum Optics, Hans-Kopfermann-Strafle 1, D-85748 Garching, Germany —
2Munich Center for Quantum Science and Technology (MCQST), Schellingstr.
4, D-80799 Miinchen, Germany — 3Institute for Theoretical Physics, University
of Cologne, Ziilpicher Strasse 77, 50937 Cologne, Germany
Excitons in two-dimensional semiconductors provide a novel platform for fun-
damental studies of many-body interactions. In particular, dipolar interactions
between spatially indirect excitons may give rise to strongly correlated phases of
matter that so far have been out of reach of experiments. Here, we show that
excitonic few-body systems in atomically thin transition-metal dichalcogenides
confined to a one-dimensional geometry undergo a crossover from a Tonks-
Girardeau to a charge-density-wave regime. To this end, we take into account
realistic system parameters and predict the effective exciton-exciton interaction
potential. We find that the pair correlation function contains key signatures of
the many-body crossover already at small exciton numbers and show that pho-
toluminescence spectra provide readily accessible experimental fingerprints of
these strongly correlated quantum many-body states.

SYQC 2.3 Thu14:45 Audimax
Propagation of ultrashort pulses in resonant X-ray waveg- uides — *PETAR
ANDRE]Iél, LEON MERTEN LOHSE2’3, and ADRIANA PALFFY! — !Friedrich-
Alexander Universitit Erlangen-Niirnberg — “Deutsches Elektronen-
Synchrotron — 3Georg—August-Universitéit Gaottingen
Thin film structures are a well established and powerful platform for coupling
and control of X-rays with resonant Mossbauer nuclei. Existing formalisms de-
scribe well the collective nuclear response in grazing incidence experiments, in-
cluding for inhomogeneous hyperfine splittings [1], however, these formalisms
assume long duration, well collimated synchrotron pulses, such that the problem
can be considered quasi-monochromatic, with uniform amplitude.

Here, we show that ultrashort X-ray pulses coupled into to a thin film waveg-
uide can propagate as guided modes over millimetre scale distances. The guided
wave spectrum and spatial profiles are obtainable using the existing Green’s func-
tion formalism. The coupling of the guided modes to the resonant nuclei embed-
ded within the waveguide leads to a set of first order, few-mode Maxwell-Bloch
equations, from which we obtain the transmission spectra of the waveguide. We
discuss the properties of these spectra, including the role of the resonant nuclei
in coupling otherwise orthogonal guided modes to each other, as well as the con-
nection with the super-radiance decay and the collective Lamb shift previously
observed in grazing incidence.

[1] P. Andreji¢ and A. Palffy, Phys. Rev. A 104, 033702 (2021)

SYQC 2.4 Thu15:00 Audimax
A systematic study of entanglement mediated by a thermal reservoir. —
«SAYAN RoY, CHRISTIAN OTTO, RAPHAEL MENU, and GIOVANNA MORIGI —
Theoretical Physics, Department of Physics, Saarland University, 66123 Saar-
briicken, Germany

Location: Audimax

Entanglement is the main reason that allows quantum protocols to surpass
the classical ones [1]. However, because of its quantum nature, it gets de-
stroyed due to decoherence processes that occur as a result of interaction of
the system with its surrounding environment [2]. Here, we investigate a model
where environment-induced entanglement is observed. We consider two non-
interacting defect spins coupled to a common thermal reservoir, modeled by a
spin-% Ising chain in a transverse field. Hereby, each of the defect spins is cou-
pled to only one spin of the chain. We analyze the time evolution of the density
matrix of the two defect spins which are initially prepared in a separable state. We
identify three different regimes characterizing the dynamics of quantum corre-
lations, which depend on the strength of the coupling between defect spins and
spin chain. We discuss several scenarios by varying the distance and coupling
strength between the two spins and provide physical insights into the dynamics.
[1] R. Horodecki, M. Horodecki and K. Horodecki Rev. Mod. Phys. 81(2), 865-
942 (2009).

[2] WH. Zurek Rev. Mod. Phys. 75(3), 715-775, (2003).

SYQC 2.5 Thu15:15 Audimax

Applying continuous unitary transformations to open quantum systems —
oLEA LENKE, MATTHIAS MUHLHAUSER, and Ka1 PHILLIP SCHMIDT — Lehrstuhl
fiir Theoretische Physik I, Staudtstrafle 7, Universitit Erlangen-Niirnberg, D-
91058 Erlangen, Germany
We generalize the method of continuous unitary transformations (CUTs) to cer-
tain types of open systems. In some cases — such as gain-loss Hamiltonians -
there exists an effective description in terms of non-Hermitian Hamiltonians.
For the latter we successfully apply a perturbative CUT (pCUT) to two non-
Hermitian PT-symmetric quantum spin models in order to determine their low-
energy physics [1]. In a next step, we aim at generalizing this method further to
dissipative frustrated systems described by a Lindblad master equation.

[1] L. Lenke, M. Mithlhauser, and K. P. Schmidt, “High-order series expansion
of non-Hermitian quantum spin models”, Phys. Rev. B 104, 195137 (2021).

Invited Talk SYQC 2.6 Thu15:30 Audimax
Quantum Fractals — «CRISTIANE MORAIS-SMITH — Institute for Theoretical
Physics, University of Utrecht, The Netherlands

The human fascination for fractals dates back to the time of Christ, when struc-
tures known nowadays as a Sierpinski gasket were used in decorative art in
churches. Nonetheless, it was only in the last century that mathematicians faced
the difficult task of classifying these structures. In the 80’s and 90’s, the foun-
dational work of Mandelbrot triggered enormous activity in the field. The focus
was on understanding how a particle diffuses in a fractal structure. However,
those were classical fractals. This century, the task is to understand quantum
fractals. In 2019, in collaboration with experimental colleagues from the Debye
Institute, we realized a Sierpinski gasket using a scanning tunneling microscope
to pattern adsorbates on top of Cu(111) and showed that the wavefunction de-
scribing electrons in a Sierpinski gasket fractal has the Hausdorff dimension d =
1.58 [1,2]. However, STM techniques can only describe equilibrium properties.
Now, we went a step beyond and using state-of-the-art photonics experiments in
collaboration with colleagues at Jiao-Tong University in Shanghai, we unveiled
the quantum dynamics in fractals. By injecting photons in waveguide arrays
arranged in a fractal shape, we were able to follow their motion and understand
their quantum dynamics with unprecedented detail. We built and investigated 3
types of fractal structures to reveal not only the influence of different Hausdorft
dimension, but also of geometry [3].

[1] S.N. Kempkes, M.R. Slot, S.E. Freeney, S.J.M. Zevenhuizen, D. Vanmaekel-
bergh, I. Swart, and C. Morais Smith, Design and characterization of electronic
fractals, Nature Physics 15, 127 (2019).

[2] Physics Today 72, 1, 14 (2019) https://physicstoday.scitation.org/
doi/full/10.1063/PT.3.4105

[3] X.-Y. Xu, X.-W. Wang, D.-Y. Chen, C. Morais Smith, and X.-M. Jin, Shining
light on quantum transport in fractal networks, Nature Photonics 15, 703 (2021).

SYQC 3: Quantum Cooperativity (joint session Q/SYQC)

Time: Friday 10:30-12:30

See Q 68 for details of this session.

Location: Q-H15
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The physics of interacting Rydberg atoms is a very active emerging research field. It not only allows one to
study fundamental questions in physics, ranging from molecular physics to strongly-interacting many-body
physics, but also provides a versatile platform for quantum technologies, foremost quantum simulation, com-
putation and metrology. This symposium aims to highlight some recent developments in the field, both, on
the international and national level. The selection of speakers represents the broad range of topics that emerge
from the physics of interacting Rydberg atoms.

Overview of Invited Talks and Sessions
(Lecture hall Audimax)

Invited Talks

SYRY 2.1 Wed 10:30-11:00 Audimax Many-body physics with arrays of Rydberg atoms in resonant interaction —
*ANTOINE BROWAEYS

SYRY 22 Wed 11:00-11:30 Audimax Optimization and sampling algorithms with Rydberg atom arrays — HANNES
PICHLER

SYRY 2.3 Wed 11:30-12:00 Audimax Slow dynamics due to constraints, classical and quantum — «JuAN P. GARRAHAN

SYRY 3.3 Wed 14:30-15:00 Audimax New frontiers in quantum simulation and computation with neutral atom arrays
— GIULIA SEMEGHINI

SYRY 3.4 Wed 15:00-15:30 Audimax New frontiers in atom arrays using alkaline-earth atoms — «ApAM KAUFMAN

SYRY 3.5 Wed 15:30-16:00 Audimax Spin squeezing with finite range spin-exchange interactions — «ANA MARIA REY

Sessions

SYRY 1.1-1.2  Mon 11:00-13:00 AKjDPG-H17 Tutorial Rydberg Physics (joint session AKjDPG/SYRY/Q)
SYRY 2.1-2.5 Wed 10:30-12:30  Audimax Rydberg Physics in Single-Atom Trap Arrays 1

SYRY 3.1-3.5 Wed 14:00-16:00 Audimax Rydberg Physics in Single-Atom Trap Arrays 2
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Symposium Rydberg Physics in Single-Atom Trap Arrays (SYRY)

Monday

Sessions
— Invited Talks, Tutorials, and Contributed Talks —

SYRY 1: Tutorial Rydberg Physics (joint session AKjDPG/SYRY/Q)

Time: Monday 11:00-13:00

See AKjDPG 1 for details of this session.

Location: AKjDPG-H17

SYRY 2: Rydberg Physics in Single-Atom Trap Arrays 1

Time: Wednesday 10:30-12:30

Invited Talk SYRY 2.1 Wed 10:30 Audimax
Many-body physics with arrays of Rydberg atoms in resonant interaction
— «ANTOINE BROWAEYs — Institut d’'Optique, 2 av Augustin Fresnel, 91120
Palaiseau France

This talk will present our recent work on the quantum simulation of spin Hamil-
tonians using arrays of Rydberg atoms in resonant, exchange interaction. Com-
bined with a microwave driving between two Rydberg states, we engineer XXZ
models with various anisotropies. We illustrate this engineering by studying the
dynamics of the system in 2D arrays and in small 1D chain. Recently we have
started to explore the possibility of realizing a Dirac spin-liquid on a Kagome
lattice. The talk will present the status of this experiment. I will also mention
the experimental improvements we performed in the recent years such as the
trapping of atoms in a cryogenic environment.

Invited Talk SYRY 2.2 Wed11:00 Audimax
Optimization and sampling algorithms with Rydberg atom arrays —
*HANNES PICHLER — Institute for Quantum Optics and Quantum Information,
Austrian Academy of Sciences, Innsbruck, Austria — Institute for Theoretical
Physics, University of Innsbruck, Austria

Rydberg atom arrays offer novel opportunities to implement quantum infor-
mation processing protocols. In this talk we discuss a connection between the
physics of Rydberg atom arrays and the combinatorial optimization problem of
finding large independent sets on a graph. We discuss various implementations
of algorithms designed to find the maximum independent set, approximate solu-
tions, and approaches to sample from probability distributions over independent
sets, as well as their performance.

Invited Talk SYRY 2.3 Wed 11:30 Audimax
Slow dynamics due to constraints, classical and quantum — «JUAN P. GARRA-
HAN — University of Nottingham, United Kingdom

Using the East model and the Fredkin spin chain as examples, I will discuss how
kinetic constraints give rise to slow, spatially fluctuating relaxation both under
classical stochastic or quantum unitary dynamics. I will consider similarities
and differences between the classical and quantum cases, and relevant proper-
ties such as dynamic heterogeneity and growth of entanglement, singularities
in large deviation functions, and the emergence of non-thermal scar-like eigen-
states. I will also discuss possible generalisations to higher dimensions.

SYRY 2.4 Wed 12:00 Audimax
Designing complex spin interactions in Rydberg tweezer arrays — eLEA-
MARINA STEINERTI, PHILIP OSTERHOLZI, RoBIN EBERHARDZ, LubpwiG
MOULLER! , ROXANA WEDOWSKI" , ARNO TRAUTMANN" ,and CHRISTIAN Gross?

Location: Audimax

— 1Physikalisches Institut, Eberhard Karls Universitit Tiibingen, 72076 Tiibin-
gen, Germany — 2Max-Planck-Institut fiir Quantenoptik, 85748 Garching, Ger-
many

Synthetic quantum systems based on individually trapped neutral atoms allow
studying many-body systems which are hard to solve classically. The classes of
many-body systems which can be implemented experimentally are limited by
the programmability of the interatomic interactions. We report on the realiza-
tion of a beyond-Ising spin-1/2 model, where the strong and tunable interactions
are based on the off-resonant coupling to highly-excited electronic P states (Ry-
dberg dressing). The effective spins are encoded in the hyperfine ground state
manyfold and prepared in individual optical traps (tweezer arrays at various ge-
ometries). The Van-der-Waals interactions between the Rydberg states lead to
a strong mixing between usually well-separated m_j-sublevels. This opens up
controllable interaction channels allowing to implement spin hopping as well as
flipping two spins of the same state to the opposite spin state. Using these new
types of interactions as well as their long-range character paves the way to im-
plement new types and classes of quantum magnets.

SYRY 2.5 Wed 12:15 Audimax
Rydberg-interacting neutral atoms in a scalable platform of optical tweez-
ers with site-selective addressability — ¢DOMINIK SCHAFFNER, TOBIAS
SCHREIBER, TILMAN PREUSCHOFF, LARS PAUSE, STEPHAN AMANN, JAN LAUTEN-
SCHLAGER, MALTE SCHLOSSER, and GERHARD BIRKL — Institut fiir Angewandte
Physik, TU Darmstadt, Schlossgartenstrale 7, 64289 Darmstadt, Germany
In this talk, a versatile platform of optical tweezers is introduced comprising
hundreds of focused-beam dipole potentials capable to store laser-cooled atoms
with spatial separations in the micrometer regime [1]. Based on micro-fabricated
lens arrays, this approach is highly scalable while offering three-dimensional
tweezer configurations at no additional cost due to the inherent self-imaging [2].
Site-selective addressability giving precise control over the internal and external
atomic degrees of freedom facilitates transport of atoms between sites, coherent
coupling of the hyperfine ground states as well as excitation to Rydberg states
with individual-atom control [3]. On this basis, defect-free 2D clusters of more
than 100 single-atom quantum systems can be created. Furthermore, Rydberg-
mediated interactions in assembled atom configurations are demonstrated.
[1] D. Ohl de Mello et. al., Phys. Rev. Lett. 122, 203601 (2019).
[2] M. Schlosser et. al., arXiv, 1902.05424 (2019).
[3] M. Schlosser et. al., ]. Phys. B: At. Mol. Opt. Phys 53 144001 (2020).

SYRY 3: Rydberg Physics in Single-Atom Trap Arrays 2

Time: Wednesday 14:00-16:00

SYRY 3.1 Wed 14:00 Audimax
Optimal quantum gates for a Rydberg atoms quantum computer — *ALICE
PAGAN01’2’3, SEBASTIAN WEBERI, HANs PETER Bt’JCHLERl, and SIMONE
MoNTANGERO>® — !Institute for Theoretical Physics III, University of Stuttgart,
Stuttgart, Germany — Institute for complex quantum systems, University of
Ulm, Ulm, Germany — >Dipartimento di Fisica e Astronomia ”G. Galilei”, Uni-
versita di Padova, I-35131 Padova, Italy
Arrays of neutral atoms trapped in optical tweezers are a promising candidate for
use in quantum computing. These platforms are highly scalable to large numbers
of qubits and neutral atoms boost several attractive features as long coherence
times and entanglement via strong dipole-dipole interactions by driving them
to highly excited Rydberg states. We aim to realize a Rydberg atom quantum
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Location: Audimax

processor with several hundred qubits in the next few years. The smallest build-
ing blocks are one and two-qubit quantum gates: to entangle two atoms in the
quantum register, a controlled-phase (CZ) gate will be implemented by shining
laser pulses onto the two selected atoms. We exploit the Hamiltonian of two
atoms to perform a numerical simulation that reproduces the behavior of the
CZ gate. We take into account finite temperature, an imperfect Rydberg block-
ade, and decay out of the Rydberg state as well as a realistic finite raise time for
the laser pulses. We compare a protocol with constant pulses obtained via classi-
cal optimizers against time-dependent pulses found through the optimal control
algorithm dCRAB in an open-loop optimization. The optimal control solution
improves the fidelity from 98.65% to 99.90%.



Symposium Rydberg Physics in Single-Atom Trap Arrays (SYRY)

Wednesday

SYRY 3.2 Wed 14:15 Audimax
Time-Optimal Parallel Multiqubit Gates for Rydberg Atoms — «SVEN JAN-
DpURA and Guipo PupiLLo — Institute de Science et d’Ingénierie Supramolécu-
laires (ISIS), University of Strasbourg, 67000 Strasbourg, France
Entangling gates between two or more qubits stored in the electronic states of
neutral atoms can be implemented via the strong and long-range interaction
of atoms in highly excited Rydberg states. Two properties of a gate are par-
ticularly desirable: Firstly, the gate should be fast, since many types of error
can be mitigated by short gate durations. Secondly, the gate should be paral-
lel, meaning that only global instead of single site addressability with a control
laser is needed, thereby simplifying the experimental setup. In this work we
use two quantum optimal control techniques, gradient ascent pulse engineer-
ing (GRAPE) and Pontryagins’s maximum principle, to determine time-optimal
parallel laser pulses implementing a controlled-Z(CZ) gate and a three qubit C,Z
gate. Our pulses improve upon the traditional non-parallel pulses for the CZ and
the C,Z gate with just a limited set of variational parameters, demonstrating the
potential of quantum optimal control techniques for advancing quantum com-
puting with Rydberg atoms.

Invited Talk SYRY 3.3 Wed 14:30 Audimax
New frontiers in quantum simulation and computation with neutral atom ar-
rays — *GIULIA SEMEGHINI — Harvard University

Learning how to create, study, and manipulate highly entangled states of matter
is key to understanding exotic phenomena in condensed matter and high en-
ergy physics, as well as to the development of useful quantum computers. In this
talk, I will discuss recent experiments where we demonstrated the realization of
a quantum spin liquid phase using Rydberg atoms on frustrated lattices and a
new architecture based on the coherent transport of entangled atoms through a
2D array. Combining these results with novel technical tools on atom array plat-
forms could open a broad range of possibilities for the exploration of entangled
matter, with powerful applications in quantum simulation and information.
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Invited Talk SYRY 3.4 Wed 15:00 Audimax
New frontiers in atom arrays using alkaline-earth atoms — eADAM KAUFMAN
— JILA/University of Colorado Boulder, Boulder, USA

Quantum science with neutral atoms has seen great advances in the past two
decades. Many of these advances follow from the development of new techniques
for cooling, trapping, and controlling atomic samples. As one example, the tech-
nique of optical tweezer trapping of neutral atom arrays has been a powerful tool
for quantum simulation and quantum information, because it enables scalable
control and detection of individual atoms with switchable interactions. In this
talk, I will describe ongoing work at JILA where we have explored a new type of
atom - two-electron atoms - for optical tweezer trapping. While their increased
complexity leads to challenges, these atoms also offer new scientific opportuni-
ties by virtue of their rich internal degrees of freedom. Accordingly, they have
impacted multiple areas in quantum science, ranging from quantum informa-
tion processing to quantum metrology. I will report on my group’s progress in
these areas.

Invited Talk SYRY 3.5 Wed 15:30 Audimax
Spin squeezing with finite range spin-exchange interactions — +ANA MARIA
REY — JILA, NIST and University of Colorado at Boulder

Squeezed states represent one class of entangled states which are important in
quantum sensing and metrology. Typically, squeezed states are be realized via
collective all-to-all interactions. However, in many quantum systems the only
accessible interactions have a finite range, prohibiting the realization of such col-
lective models. In this talk I will report how the XXZ spin model with interac-
tions that fall off with distance r as 1/r* in D=2 and 3 spatial dimensions or XX
spin models with soft-core interactions can realize spin squeezing comparable to
the infinite-range « = 0 model in a broad range of parameter regimes. In par-
ticular, I will discuss the application of these ideas to the case of weakly-dressed
Rydberg atoms where an external drive can be used to engineer XX soft-core
interactions and in turn to generate large levels of spin squeezing even in the
presence of experimentally unavoidable decoherence sources.
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Attosecond pulse control with sub-cycle, infrared waveforms — «MIGUEL ANGEL SILVA-
ToLEDO, YUDONG YANG, ROLAND E. MAINZ, GIULIO MARIA ROSSI, FABIAN SCHEIBA, PHILLIP
D. KEATHLEY, GIOVANNI CIRMIR, FRANZ X. KARTNER

Synthetic chiral light for control of achiral and chiral media — «NicoLA MAYER, DAvID
Ayuso, MisHA [vANOV, OLGA SMIRNOVA

Synchrotron radiation experiments with highly charged ions — «Jost R. CREspo LOPEZ-
URRUTIA, STEFFEN KUHN, MoTO ToGgawa, MARC BoTz, JoNas DANISCH, JosCHKA GOES,
RENE STEINBRUGGE, SONJA BERNITT, CHINTAN SHAH, MAURICE A. LEUTENEGGER, MING
FENG GU, MARIANNA SAFRONOVA, JAKOB STIERHOF, THOMAS PFEIFER, JORN WILMS
Isomer depletion via nuclear excitation by electron capture with electron vortex beams
— «YUANBIN Wu, CHRISTOPH H. KEITEL, ADRIANA PALFFY

Optimizing large atomic structure calculations with machine learning — «PavLo BiLous,
ADRIANA PALFFY, FLORIAN MARQUARDT

Chemistry of an impurity in a Bose-Einstein condensate — ¢ ARTHUR CHRISTIANEN, IG-
NACIO CIRAC, RICHARD SCHMIDT

Spectroscopy of a Highly Charged Ion Clock with Sub-Hz Uncertainty — «LUKAS J. SPIESS,
STEVEN A. KING, PETER MICKE, ALEXANDER WILZEWSKI, ToB1aAs LEOPOLD, ERIK BEN-
KLER, NILS HUNTEMANN, RICHARD LANGE, ANDREY SURZHYKOV, ROBERT MULLER, LisA
SCHMOGER, MARIA SCHWARZ, JoSE R. CRESPO LOPEZ-URRUTIA, PIET O. SCHMIDT
Cavity-enhanced optical lattices for scaling neutral atom quantum technologies — ¢JAN
TRAUTMANN, ANNIE J. PARK, VALENTIN KLUSENER, DIMITRY YANKELEV, IMMANUEL BLOCH,
SEBASTIAN BLATT

High-resolution DR spectroscopy with slow cooled Be-like P ions in the
CRYRING@ESR storage ring — «SEBASTIAN FuCHS, CARSTEN BRANDAU, ESTHER MENZ,
MICHAEL LESTINSKY, ALEXANDER BOROVIK JR, YANNING ZHANG, ZORAN ANDELKOVIC,
FrRaANK HERFURTH, CHRISTOPHOR KozHUHAROV, CLAUDE KRANTZ, UWE SPILLMANN,
MARKUS STECK, GLEB VOROBYEV, REGINA HEgss, VOLKER HANNEN, DARIUSZ BANAS,
MicHAEL FOGLE, STEPHAN FRITZSCHE, EvA LINDROTH, XINWEN MA, ALFRED MULLER,
REINHOLD SCHUCH, ANDREY SURZHYKOV, MARTINO TRASSINELLI, THOMAS STOHLKER,
ZOLTAN HARMAN, STEFAN SCHIPPERS

b78+

Invited talks of the joint symposium Laboratory Astrophysics (SYLA)
See SYLA for the full program of the symposium.

SYLA 1.1

SYLA 1.2
SYLA 1.3
SYLA 14

Mon

Mon
Mon
Mon

14:00-14:30

14:30-15:00
15:00-15:30
15:30-16:00

Audimax  Probing chemistry inside giant planets with laboratory experiments — «DOMINIK

Kraus

Audimax  Inner-shell photoabsorption of atomic and molecular ions — «STEFAN SCHIPPERS
Audimax  Molecular Astrophysics at the Cryogenic Storage Ring — «HOLGER KRECKEL
Audimax  Observing small molecules in stellar giants - High spectral resolution infrared

studies in the laboratory, on a mountain, and high up in the air — «Guipo W. FucHhs
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SYLA2.1 Mon 16:30-17:00 Audimax State-to-State Rate Coeflicients for NH;-NH; Collisions obtained from Pump-
Probe Chirped-Pulse Experiments — ¢CHRISTIAN P. ENDRES, PaorLA CASELL],
STEPHAN SCHLEMMER

SYLA24 Mon 17:30-18:00 Audimax A multifaceted approach to investigate the reactivity of PAHs under electrical dis-
charge conditions — *«DONATELLA LORU, AMANDA L. STEBER, JOHANNES M. M.
THUNNISSEN, DANIEL B. RAP, ALEXANDER K. LEMMENS, ANOUK M. R1js, MELANIE
SCHNELL

SYLA25 Mon 18:00-18:30 Audimax Exploring the Femtosecond Dynamics of Polycyclic Aromatic Hydrocarbons Us-
ing XUV FEL Pulses — «JasoN LEg, DENIS TIKHONOV, BASTIAN MANSCHWETUS,
MELANIE SCHNELL

Invited talks of the joint PhD symposium Solid-state Quantum Emitters Coupled to Optical Microcav-
ities (SYPD)
See SYPD for the full program of the symposium.

SYPD1.1 Mon 16:30-17:00 AKDPG-H17 Fiber-based microcavities for efficient spin-photon interfaces — DavID
HUNGER

SYPD1.2 Mon 17:00-17:30 AKDPG-H17 A fast and bright source of coherent single-photons using a quantum dot in
an open microcavity — ¢sRICHARD J. WARBURTON

SYPD 1.3 Mon 17:30-18:00 AKjDPG-H17  New host materials for individually addressed rare-earth ions — «SEBASTIAN
HORVATH, SALIM OURARI, LukASZ DUSANOWSKI, CHRISTOPHER PHENICIE, IsA-
IAH GRAY, PAUL STEVENSON, NATHALIE DE LEON, JEFF THOMPSON

SYPD1.4 Mon 18:00-18:30 AKDPG-H17 A multi-node quantum network of remote solid-state qubits — «.RoNALD HAN-
SON

Invited talks of the joint symposium SAMOP Dissertation Prize 2022 (SYAD)
See SYAD for the full program of the symposium.

SYAD1.1 Tue 14:00-14:30 Audimax New insights into the Fermi-Hubbard model in and out-of equilibrium —
*ANNABELLE BOHRDT

SYAD 1.2 Tue 14:30-15:00 Audimax Searches for New Physics with Yb" Optical Clocks — sRICHARD LANGE

SYAD 1.3 Tue 15:00-15:30 Audimax Machine Learning Methodologies for Quantum Information — «HENDRIK POULSEN
NAUTRUP

SYAD1.4 Tue 15:30-16:00 Audimax Precision Mass Measurement of the Deuteron’s Atomic Mass — «SAscHA Rau

Invited talks of the joint symposium Rydberg Physics in Single-Atom Trap Arrays (SYRY)
See SYRY for the full program of the symposium.

SYRY 2.1 Wed 10:30-11:00 Audimax Many-body physics with arrays of Rydberg atoms in resonant interaction —
*ANTOINE BROWAEYS

SYRY 22 Wed 11:00-11:30 Audimax Optimization and sampling algorithms with Rydberg atom arrays — «HANNES
PicHLER

SYRY 2.3 Wed 11:30-12:00 Audimax Slow dynamics due to constraints, classical and quantum — «JuaN P. GARRAHAN

SYRY 3.3 Wed 14:30-15:00 Audimax New frontiers in quantum simulation and computation with neutral atom arrays
— ¢GIULIA SEMEGHINI

SYRY 3.4 Wed 15:00-15:30 Audimax New frontiers in atom arrays using alkaline-earth atoms — «ApAM KAUFMAN

SYRY 3.5 Wed 15:30-16:00 Audimax Spin squeezing with finite range spin-exchange interactions — «ANA MARIA REY

Invited talks of the joint symposium Quantum Cooperativity of Light and Matter (SYQC)
See SYQC for the full program of the symposium.

SYQC1.1 Thu 10:30-11:00 Audimax Super- and subradiant states of an ensemble of cold atoms coupled to a nanopho-
tonic waveguide — ¢ ARNO RAUSCHENBEUTEL

SYQC1.6 Thu 12:00-12:30 Audimax Cooperative Effects in Pigment-Protein Complexes: Vibronic Renormalisation of
System Parameters in Complex Vibrational Environments — «Susana F. HUELGA

SYQC2.1 Thu 14:00-14:30 Audimax Quantum simulation with coherent engineering of synthetic dimensions — «PaoLA
CAPPELLARO

SYQC 2.6 Thu 15:30-16:00 Audimax Quantum Fractals — «CRISTIANE MORAIS-SMITH
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Tutorial Strong Light-Matter Interaction with Ultrashort Laser Pulses

(joint session AKjDPG/A)

Interaction with strong or short laser pulses I

Precision spectroscopy of atoms and ions I (joint session A/Q)
X-ray FELs (joint session MO/A)

Annual General Meeting

Interaction with strong or short laser pulses II

Ultra-cold atoms, ions and BEC (joint session A/Q)

Atomic systems in external fields

Collisions, scattering and correlation phenomena

Interaction with strong or short laser pulses

Ultra-cold plasmas and Rydberg systems (joint session A/Q)
Ultracold Atoms and Plasmas (joint session Q/A)

Precision Measurements and Metrology I (joint session Q/A)
Interaction with VUV and X-ray light

Ultra-cold atoms, ions and BECII (joint session A/Q)
Precision Measurements and Metrology IV (joint session Q/A)
Collisions, scattering and correlation phenomena

Precision Measurements and Metrology V (joint session Q/A)
Precision spectroscopy of atoms and ions II (joint session A/Q)
Precision spectroscopy of atoms and ions (joint session A/Q)
Highly charged ions and their applications

Charged ions and their applications

Ultra-cold atoms, ions and BEC III (joint session A/Q)
Precision spectroscopy of atoms and ions III (joint session A/Q)
Ultracold Atoms and Molecules I (joint session Q/A)
Ultra-cold plasmas and Rydberg systems (joint session A/Q)
Ultracold Atoms and Molecules II (joint session Q/A)
Interaction with VUV and X-ray light

Ultra-cold atoms, ions and BEC (joint session A/Q)

Precision Measurements and Metrology II (joint session Q/A)
Ultra-cold atoms, ions and BEC IV (joint session A/Q)
Precision spectroscopy of atoms and ions I'V (joint session A/Q)
Rydberg Systems (joint session Q/A)

Annual General Meeting of the Atomic Physics Division

Monday

16:30-17:00 A-MV
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Monday

Sessions
— Invited Talks, Tutorials, Contributed Talks, and Posters —

A 1: Tutorial Strong Light-Matter Interaction with Ultrashort Laser Pulses (joint session AKjDPG/A)

Time: Monday 11:00-13:00

See AKjDPG 2 for details of this session.

Location: AKjDPG-H18

A 2: Interaction with strong or short laser pulses |

Time: Monday 14:00-15:15

Invited Talk A21 Mon14:00 A-HI1
Attosecond pulse control with sub-cycle, infrared waveforms — «MIGUEL AN-
GEL S1LvA-ToLEDO™, YUDONG YANG', RoLAND E. MaINZ', GIULIO MARIA
ROSSII, FABIAN SCHEIBA1'2’3, PHILLIP D. KEATHLEY4, GIOVANNI CIRMIRI’Z, and
FraNZ X. KARTNER">? — !Center for Free-Electron Laser Science CFEL and
Deutsches Elektronen-Synchrotron DESY, Notkestrasse e 85, 22607 Hamburg,
Germany — *The Hamburg Centre for Ultrafast Imaging, Luruper Chaussee
149, 22761 Hamburg, Germany — >Physics Department, Universitit Hamburg,
Jungiusstrasse 9, 20355 Hamburg — *Research Laboratory of Electronics, Mas-
sachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA
Sub-femtosecond shaping of light fields driving high-harmonic generation
(HHG) allows amplitude- and phase-control of coherent extreme ultraviolet
and soft X-ray radiation. Here, we experimentally demonstrate such control in
the energy range covering ~ 30 - 200 eV using tailored, sub-cycle pulses (i.e.,
shorter than their main oscillation period), delivered by an optical parametric
amplification-based waveform synthesizer. Sub-cycle pulse synthesis is realized
by coherently combining near-infrared () ~ 0.8ym, ~ 6 fs, ~ 150y]) and in-
frared (Ay ~ 1.6um, ~ 8 fs, ~ 500 uJ) pulses which, after varying their carrier en-
velope and relative phases, lead to the direct generation of spectrally controlled
isolated attosecond pulses (IAPs). Attosecond-resolved measurements charac-
terize the temporal profile of the generated IAPs. Experimental observations are
also combined with HHG simulations. Our study will aid research on optimal
driver fields for efficient and tunable HHG.

A22 Monl14:30 A-H1
Reconstruction of Tunnel Ionization Dynamics in Dielectrics from Injec-
tion Harmonics — PETER ]t'JRGENsl, *BENJAMIN LIEWEHRZ, BjORN KRUSEZ,
CHRISTIAN PELTZZ, ToBiAs WITTINGI, ANTON HUSAKOUI, ARNAUD ROUZEﬁl,
MIKHAIL IvANovl, THOMAS FENNELI’Z, MARK J. J. VRAKKINGL, and ALEXAN-
DRE MERMILLOD-BLONDIN' — !Max-Born-Institute for Nonlinear Optics and
Short Pulse Spectroscopy, Berlin, Germany — Institute for Physics, University
of Rostock, Germany
The nonlinear response of dielectric solids to strong fields enables high-
harmonic generation that has been studied extensively in the context of light-
driven intraband charge dynamics and interband recombination [1,2]. How-
ever, it was shown recently that these mechanisms do not explain the emis-
sion of low harmonic orders which are instead dominated by the strong field
tunneling excitation that drives Brunel and injection currents [3]. Based on
an ionization-radiation model, we examine signatures and scaling behavior of
ionization induced harmonics to reveal the strong-field-induced nonlinearity in
time-resolved, low-order wave-mixing experiments in amorphous SiO,. From
the identified injection signal, the tunnel-ionization trace is reconstructed [4],
which opens routes for improved control in femtosecond laser processing of
solids.
[1] T. T. Luu, et al. Nature 521, 498 (2015)
[2] G. Vampa, et al. Nature 522, 462 (2015)
[3] P. Jurgens, B. Liewehr, B. Kruse, et al. Nat. Phys. 16, 1035 (2020)

Location: A-H1

[4] P. Jurgens, et al. (accepted) arXiv:2108.03053 (2021)

A23 Mon 14:45 A-H1
Electron dynamical mechanisms for high-harmonic generation in Fibonacci
quasicrystals — eFRANCISCO NAVARRETE and DIETER BAUER — Institut fiir
Physik-Universitit Rostock
The mechanism of high-harmonic generation (HHG) in solids has been theo-
retically studied over the last two decades, and experimentally verified a decade
ago [1]. While many conclusions have been drawn for this process in periodic
crystals, it has also been predicted a strong dependence of the HHG spectrum
on the topology of the sample [2]. Recently, by the study of a Fibonacci chain,
it has been demonstrated that quasicrystals might constitute excellent materi-
als for HHG due to their higher yield [3], when compared with crystals of the
same composition. In this presentation, we will discuss the electron-dynamics
responsible for HHG in Fibonacci quasicrystals when compared to both crystals
and amorphous materials. We will describe the crystal-momentum resolved [4]
contributions as well as mechanisms that might explain the yield enhancement
as well as the parity of the harmonics in each material.
[1] Shambhu Ghimire et al, Nat. Phys. 7, 138(2011)
[2]Christoph Jirfl and Dieter Bauer, Phys. Rev. B 99, 195428 (2019)
[3]Jia-Qi Liu and Xue-Bin Bian, Phys. Rev. Lett. 127, 213901 (2021)
[4]Francisco Navarrete, Marcelo E Ciappina and Uwe Thumm, Phys. Rev. A 100,
033405(2019)

A24 Monl500 A-H1
Making non-adiabatic photoionization adiabatic — «JoNATHAN DuBoIs, ULF
SAALMANN, and JAN-MICHAEL RosT — Max Planck Institute for the Physics of
Complex Systems, Nothnitzer Straf3e 38, 01187 Dresden, Germany
We consider the process of tunnel ionization of atoms driven by circularly po-
larized (CP) pulses. An intuitive semiclassical picture of tunnel ionization by a
static laser field is an electron ionizing through the potential barrier induced by
the laser field with constant energy, referred to as the adiabatic ionization. When
the laser field alternates in time, such as it is the case for CP pulses, the energy
of the electron changes in time, and at the tunnel exit, it is distributed in a range
of energy on the order of the ponderomotive energy of the laser. The adiabatic
picture no longer holds, and the ionization process is referred to as nonadiabatic.
Extensive theoretical and experimental studies are performed in the attosecond
community to probe and understand these nonadiabatic effects in photoioniza-
tion.

Our goal is to understand nonadiabatic processes in CP pulses using electron
trajectories in the combined laser and Coulomb fields. We map the electron dy-
namics in a frame which rotates with the laser field, referred to as the rotating
frame (RF). Our results show that in the RF, counter-intuitively, the energy of
the electron is constant during tunnel ionization, and as a consequence follows
the picture of adiabatic ionization. This allows us to understand and predict, for
instance, the role played by ring currents in atoms and the shape of the laser
envelope, and to shed light on classical-quantum correspondence.

A 3: Precision spectroscopy of atoms and ions | (joint session A/Q)

Time: Monday 14:00-15:30

A 3.1 Mon 14:00 A-H2
Sympathetic cooling of macroscopically separated ions via image-
current coupling — ¢CHRISTIAN Wire!, MartaEw BouMaN'?, MARKUS
WIESINGERI’Z, FaTMA ABBASS4, Jack DEVLIN2'7, STEFAN ERLEWEIN2’7,
MARKUS FLECK2’8, JuLia ]AGER1’7, BARBARA LATACZZ, PETER MICKE7, AN-
DREAS MoOSER', DaNieL Popper?, ELise Wursten"?’, KrLaus BrLaum!,

YASUYUKI MATSUDAS, CHRISTIAN OSPELKAUSS'G, WOLFGANG QUINT9,
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Location: A-H2

JoCHEN Warz>*, CurisTiaN SMORrA®?, and STEFAN ULMER® — !Max-
Planck-Institut fiir Kernphysik — RIKEN — >Helmholtz-Institut Mainz —
“Johannes Gutenberg-Universitit Mainz — °Leibniz Universitit Hannover —
SPhysikalisch-Technische Bundesanstalt — ’CERN — University of Tokyo —
9GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

A general-purpose cooling technique that achieves mK-temperatures for species
without suitable laser transitions is of interest for a wide range of AMO exper-
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iments with trapped charged particles. We present recently published results
on sympathetically cooling a single proton in a Penning trap with laser-cooled
beryllium ions located in a different trap (Bohman et al., Nature, 2021). Cou-
pling is achieved via image currents induced in adjacent trap electrodes, allow-
ing a macroscopic separation between the two species. This techniques allows
cooling of any trapped charged particle, with a particular focus on exotic species
such as antimatter or highly-charged ions.

This talk will cover the most recent experimental results as well as future
prospects based on simulation work.

A32 Monl14:15 A-H2
Implementing Sympathetic Laser Cooling and a Josephson Junctions based
Voltage Source for the Measurement of the Nuclear Magnetic Moment of
3He?* — +ANNABELLE KAISERI, ANTONIA SCHNEIDERI, ANDREAS MOOSERI,
StEFAN DickOPE', MARIUS MULLER', ALEXANDER RiscHKA!, STEFAN ULMER?,
JOCHEN Warz>, and Kraus Braum! — !Max-Planck Institute for Nu-
clear Physics, Heidelberg, Germany — *RIKEN, Wako, Japan — >Johannes
Gutenberg-University and Helmholtz-Institute, Mainz, Germany
The Heidelberg 3He-experiment is aiming at the first direct high-precision mea-
surement of the nuclear magnetic moment of *He?", with a relative uncertainty
on the 107 level. The helion nuclear magnetic moment is an important pa-
rameter for the development of hyperpolarized 3He-NMR-probes for absolute
magnetometry.

The measurement is performed using a cryogenic four Penning-trap setup,
with techniques presented in [1]. To achieve the mandatory frequency stability
for spin-state detection, a single *He?" ion will be prepared at temperatures of a
few mK via sympathetic laser cooling with *Be™. To further improve the stability,
the noise generated by the voltage sources applied to the trap electrodes can be
reduced by implementing Josephson junctions as a voltage source. The tuning
will be achieved by switching a low-noise DAC in series to the Josephson junc-
tions, aiming at an absolute voltage stability better than 70nV over two minutes.
The setup and status of the project will be presented.

[1] Mooser et al, J. Phys.: Conf. Ser. 1138 012004 (2018)

A 3.3 Mon 14:30 A-H2
High-precision measurement of the hyperfine structure of *He' ina Penning
trap — ¢ANTONIA SCHNEIDERI, BASTIAN SIKORAI, STEFAN DICKOPFI, MAR-
1US MﬁLLERI, NATALIA S. ORESHKINAI, ALEXANDER RiscHKA' , IGOR VALUEVl,
STEFAN ULMERZ, JOCHEN WALZ3’4, ZOLTAN HARMANl, CHRISTOPH H. KEITELI,
ANDREAS MoosER!, and Kraus BLaum! — !Max Planck Institute for Nuclear
Physics, Saupfercheckweg 1, D-69117, Heidelberg, Germany — ZRIKEN, Ul-
mer Fundamental Symmetries Laboratory, 2-1 Hirosawa, Wako, Saitama, 351-
0198, Japan — °Institute for Physics, Johannes Gutenberg-University Mainz,
Staudinger Weg 7, D-55099 Mainz, Germany — *Helmholtz Institute Mainz,
Staudingerweg 18, D-55128 Mainz, Germany

We investigated the ground-state hyperfine structure of a single *He" ion in a
Penning trap to directly measure the zero-field hyperfine splitting, the bound
electron g-factor and the nuclear g-factor with a relative precision of 3 - 1071,
2-107 and 810717, respectively. The latter allows for the determination of the
g-factor of the bare nucleus with a relative precision of 8 - 107" via our accurate
calculation of the diamagnetic shielding constant. This constitutes the first direct
calibration for *He nuclear magnetic resonance (NMR) probes and an improve-
ment of the precision by one order of magnitude compared to previous indirect
results [1]. The measured zero-field hyperfine splitting allows us to determine
the Zemach radius, which characterizes the electric and magnetic form factors,
with a relative precision of 7 - 107>,

[1] Y. I. Neronov and N. N. Seregin, Metrologia, 51 (2014) 54.

A34 Mon14:45 A-H2
Optimal laser cooling of a single ion in a radiofrequency trap — «DANIEL
VADLE]CHI, ANDRE KULOSAI, HENNING FﬁRSTl’Z, OLEG PRUDNIKOVa, and
TaNJA MEHLSTAUBLER? — 1Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100, 38116 Braunschweig, Germany — “Institut fiir Quantenoptik, Leibniz
Universitdt Hannover, Welfengarten 1, 30167 Hannover, Germany — 3Institute
of Laser Physics, 630090, Novosibirsk, Russia

We present a systematic study of quench cooling of a single ion trapped in a
linear radiofrequency (RF) Paul trap. In our experiments, a narrow electronic
quadrupole transition near 411 nm in 72Yb" is used for resolved sideband cool-
ing [1]. The cooling transition is effectively quench-broadened by means of a
laser at 1650 nm, coupling the excited state of the transition to a higher-lying,
fastly decaying state. We control the broadening via the intensity of the quench-
ing field and distinguish different regimes of laser cooling. We show optimum
cooling parameters for rapid cooling towards the motional ground state of the
trap and discuss their impact on the population distribution of Fock states during
the cooling process. The presented work builds the fundament for further multi-
ion experiments, e.g, using large mixed-species crystals with different cooling
properties for optical clocks [2].

[1] D. Kalincev et al., Quantum Sci. Technol. 6, 034033 (2021).

[2] ]. Keller et al., Phys. Rev. A 99, 013405 (2019).

A35 Monl15:00 A-H2
Hyperfine Spectroscopy of Single Molecular Hydrogen Ions in a Penning Trap
at ALPHATRAP — «C. M. KéNIGl, E HEISSEI, J. MORGNERI, T. SAILERI, B.
TUI’Z, K. BLAUMI, S. SCHILLERS, and S. STurM! — 'Max-Planck-Institut fiir
Kernphysik, 69117 Heidelberg — “Institute of Modern Physics, Fudan Univer-
sity, Shanghai 200433 — 3Institut fiir Experimentalphysik, Univ. Diisseldorf,
40225 Diisseldorf
As the simplest molecules, molecular hydrogen ions (MHI) are an excellent sys-
tem for testing QED. We plan to perform high-precision spectroscopy on single
MHI in the Penning-trap setup of ALPHATRAP [1], initially focusing on the hy-
perfine structure of HD. This will allow extracting the bound g factors of the
constituent particles and coefficients of the hyperfine hamiltonian. The latter
can be compared with high-precision ab initio theory [2] and are important for
a better understanding of rovibrational spectroscopy performed on this ion.
In the future, we aim to extend our methods to single-ion rovibrational laser
spectroscopy of H; enabling the ultra precise determination of fundamental con-
stants, such as m,/m, [3]. The development of the required techniques will be

an important step towards spectroscopy of an antimatter ﬁ; ion [4]. In this
contribution, I will present an overview of the experimental setup and first mea-
surement results of the hyperfine structure of HD*.

[1] S. Sturm et al., Eur. Phys. J. Spec. Top. 227, 1425-1491 (2019)

[2] J.-Ph. Karr, et al. Phys. Rev. A 102, 052827 (2020)

[3] J.-Ph. Karr, et al., Phys. Rev. A 94, 050501(R) (2016)

[4] E. Myers, Phys. Rev. A 98, 010101(R) (2018)

A3.6 Monl15:15 A-H2
Enhanced Dipolar Interactions — <ARTUR SKL]ARowl, BENYAMIN
SHNIRMAN', X140YU CHENG', CHARLES S. ADAMS?, TILMAN PFau’, ROBERT
Léw!, and HADISEH ALAEIAN® — 5. Physikalisches Institut and IQST, Uni-
versitit Stuttgart, Pfaffenwaldring 57, Stuttgart, Germany — *JQC Durham-
Newcastle, Department of Physics, Durham University, South Road, Durham,
United Kingdom — *Department of Physics & Astronomy, Purdue Quantum
Science & Engineering Institute, Purdue University, West Lafayette, IN, USA
The interest in nonlinear quantum optics based on strong photon-photon inter-
actions continuously grows with time as it might lead to an all-optical quantum
network.

Atoms aligned in a 1D chain or 2D lattice show stronger interactions than in
an arbitrary 3D arrangement as they exchange photons in a favored direction.
A wide variety of ultracold experiments makes use of this fact by trapping indi-
vidual atoms in 1D or 2D optical traps or tweezers and probing their interaction
with a free-space laser beam. In contrast to the ultracold experiments, here we
create confined 1D light fields, well below the diffraction limit, with engineered
nanophotonic devices and immerse them in a thermal cloud of atoms. As a re-
sult, we observe the first realization of repulsive blue-shifted dipole-dipole inter-
actions in a thermal vapor. Additionally, we demonstrate the power of nanopho-
tonics by boosting those interactions by almost one order of magnitude via a
Purcell modification hence, creating a highly nonlinear medium.

A 4: X-ray FELs (joint session MO/A)

Time: Monday 14:00-16:15

See MO 2 for details of this session.

Location: MO-H5

A 5: Annual General Meeting

Time: Monday 16:30-17:00
Annual General Meeting

Location: A-MV
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A 6: Interaction with strong or short laser pulses Il

Time: Tuesday 10:30-12:00

Invited Talk A6.1 Tuel0:30 A-HI
Synthetic chiral light for control of achiral and chiral media — NicoLa
MAYERI, DaviDp AYUSOI’Z, MisHA IVANOVI, and Orca SMirnova! — 'Max-
Born-Institut, Berlin, Germany — 2Imperial College, London, United Kingdom
Light that is chiral in the dipole approximation can be synthetized by combin-
ing two or more beams with commensurate frequencies in a non-collinear or
tightly-focused setup. The interaction of this particular type of light with a chi-
ral sample leads to giant enantio-sensitive responses [1]. Moreover, the combi-
nation of chiral light with Gaussian beams carrying orbital angular momentum
(OAM) gives rise to vortexes with azimuthally-varying handedness [2]. Here,
we demonstrate new ways in which synthetic chiral can be used to shape the
response in both achiral and chiral media. Specifically, we demonstrate the ex-
citation of time-dependent chiral superpositions of atomic states whose hand-
edness can be probed by standard Photoelectron Circular Dichroism methods
[3]. Moreover, we demonstrate that chiral OAM beams shape the near- and far-
field high-harmonic generation (HHG) signal from isotropic samples of chiral
molecules in a topological manner, i.e. the spatial distribution of the HHG signal
is described by an integer topological charge.

[1] D. Ayuso et al,, Nat. Phot., 2019, 13 (12), 866-871

[2] N. Mayer et al., Chiral topological light, in preparation

[3] N. Mayer et al., Imprinting chirality on atoms using synthetic chiral light,
arXiv:2112.02658

A6.2 Tuell:00 A-HI1

Retrieval of the internuclear distance in a molecule from photoelectron mo-
mentum distributions using convolutional neural networks — eNIKOLAY
SHVETSOV-SHILOVSKI and MANFRED LEIN — Leibniz Universitit Hannover,
Hannover, Germany
We train and use a convolutional neural network (CNN) to recognize the in-
ternuclear distance of a two-dimensional Hy molecule from the photoelectron
momentum distribution produced by a strong few-cycle laser pulse [1]. We show
that the CNN trained on a dataset consisting of a few thousand images can re-
trieve the internuclear distance with the mean absolute error less than 0.1 a.u.

We investigate the effect of the focal averaging on the retrieval of the internu-
clear distance. The CNN trained on a set of focal averaged momentum distribu-
tions also shows good performance in recognizing of the internuclear distance:
the corresponding mean absolute error does not exceed 0.2 a.u. Furthermore,
we compare the application of the CNN with an alternative approach based on
the direct comparison of the momentum distributions.

[1] N. I. Shvetsov-Shilovski and M. Lein, submitted to Phys.
arXiv:2108.08057.

Rev.A,

A63 Tuell:15 A-HIl
Torus-knot angular momentum in attosecond pulses from high-harmonic
generation — ¢BJORN MINNEKER">?, BIRGER BONING®®, ANNE WEBER', and
STEPHAN FriTZSCHE">? — !Theoretisch Physikalisches Institut, Friedrich-
Schiller-Universitit, Jena, Germany — *GSI Helmholtzzentrum fiir Schwerio-
nenforschung GmbH, Darmstadt, Germany — 3Helmholtz Institut, Jena, Ger-
many

Location: A-H1

We investigated the dynamical symmetry related to the conservation of torus-
knot angular momentum (TKAM) in attosecond bursts from high harmonic
generation. In particular, we discuss the characterization of the TKAM for bicir-
cular Laguerre-Gaussian driving beams. Since the orbital angular momentum of
the emitted harmonics is not a good quantum number anymore, a different kind
of angular momentum is required to characterize them, namely the TKAM. We
developed an intuitive model which relates the characteristic parameters 7 and
y of the TKAM to the geometry of a torus knot. This is done for both the driving
beam and the harmonic radiation. In addition, we found a geometric relation be-
tween 7 and y. We hope that our contribution can help to get intuitively access
to this form of angular momentum. Furthermore, TKAM maid help to improve
the spectroscopical classification of high harmonics driven by bicircular beams.

A64 Tuell:30 A-HI1
High-harmonic generation in finite Haldanite flakes — «CHRISTOPH JURSS
and DIETER BAUER — Institute of Physics, University of Rostock
In topological insulators, edge states are important for the electron dynamics.
The edge states allow a dissipation-less transport of electric current, whereas
the bulk is an insulator. In this work, we investigate the contribution of the
edge states to the high-order harmonic generation in the Haldane model. Finite
”Haldanite” flakes of different sizes are considered. Compared to the spectrum
for the respective bulk system, the finite flakes show several additional peaks in
the energy region below the band-gap between valence and conduction band.
We find that some peaks depend on the flake size. This talk focuses on the origin
of this size dependency.

A6.5 Tuell:45 A-H1
Time Delay and Nonadiabatic Calibration of the Attoclock and TDSEQ re-
sult — «Ossama KuLLIE' and IGor Ivanov? — ' Theoretical Physics, Institute of
Physics, University of Kassel — 2Centre for Relativistic Laser Science, Gwangju,
Republic of Korea
The measurement of the tunneling time in attosecond experiments, termed atto-
clock, triggered a hot debate about the tunneling time,the role of time in quan-
tum mechanics and the separation of the interaction with the laser pulse into two
regimes of a different character, the multiphoton and the tunneling ionization. In
earlier works of the the adiabatic field calibration our real tunneling time showed
a good agreement with the experimental data of the attoclock [1]. In the present
work [1], we show that our model can explain the experimental results in the
nonadiabatic field calibration, where we reach a good agreement with the exper-
imental data of Hofmann et al [2]. Moreover, our result is confirmed by a new
numerical integration of the Time-dependent Shrodinder equation, see Ivanov
et al [2]. Our model is appealing because it offers a clear picture of the multi-
photon and tunneling parts. Surprisingly, at a field strength F < F, (the atomic
field strength) the model always indicates a time delay with respect to the lower
quantum limit at F = F,. Its saturation at the adiabatic limit explains the well-
known Hartman effect or Hartman paradox. [1] O. Kullie arXiv:2005.09938v3,
O. Kullie PRA 92, 052118, 2015. [2] Iogr Ivanov et al, J. of Mod. Opt. 66, 1052,
2019. [3] Phys. Rev. A 89, 021402, 2014.

A 7: Ultra-cold atoms, ions and BEC | (joint session A/Q)

Time: Tuesday 10:30-12:15

A7.1 Tuel0:30 A-H2
Imaging the interface of a qubit and its quantum many-body environment
— SIDHARTH RAMMOHANI, *ARITRA MISHRAZ, SHIVA KANT TIWARII, ABHI-
JIT PENDSEI, AnNIL. K. CHAUHAN3, REjJISH NATH4, ALEXANDER EISFELDZ, and
SEBASTIAN WisTER' — 'Indian Institute of Science Education and Research,
Bhopal, India — *Max Planck Institute for the Physics of Complex Systems,
Dresden, Germany — 3Palack)’l University, Olomouc, Czechia — *Indian Insti-
tute of Science Education and Research, Pune, India
Decoherence affects all quantum systems and impedes quantum technologies.
In this contribution, we theoretically demonstrate that for a Rydberg atom in a
Bose-Einstein condensate, experiments can image the system environment in-
terface that is central for decoherence [1]. High precision absorption images of
the condensate can capture transient signals that show real time buildup of the
mesoscopic entangled states in the environment. The tuning of the decoherence
time scales is possible even from nano seconds to micro seconds using the prin-
ciple quantum number. As a result, probing is possible even before other sources
of decoherence kick in [2]. Finally, we discuss the case in which the system is un-
der a constant microwave drive. This simple modification drastically changes the
Hamiltonian as well as the system dynamics, making it non-Markovian, which
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Location: A-H2

we study using an advanced numerical technique called the Hierarchy of Pure
States [3].

[1] S. Rammohan, et al., (2020), URL https://arxiv.org/abs/2011.11022

[2] S. Rammohan, et al., Phys. Rev. A. 103, 063307 (2021)

[3] D. Suess, et al., Phys. Rev. Lett. 113, 150403 (2014)

A72 Tuel0:45 A-H2
Observation of Feshbach Resonances between '**Ba’ and ®Li — Fasian
THIELEMANNI, PascaL WECKESSERI’Z, JoAacHIM WELZI, WEI WUZ, THOMAS
WALKER', and Tosras ScHAETZ' — 'Albert-Ludwigs Universitat, Freiburg —
*Max Planck Institut fiir Quantenoptik, Garching
The experimental control over Feshbach resonances in ensembles of ultracold
atoms has lead to breakthrough results in the field. An ion, overlapped with a
cloud of ultracold atoms, exhibits a longer range interaction potential and can
offer a high degree of control at the single particle level. Reaching the ultracold
regime, at which Feshbach resonances emerge, in hybrid traps has so far proven
difficult due to micromotion heating. In this talk we present the first observation
of Feshbach resonances between ions and atoms by immersing a single '**Ba*
ion into a cloud of ultracold ®Li atoms and demonstrate tunability of the two-
body and three-body scattering rate of the atom-ion system.
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A73 Tuell:00 A-H2
Observation of Hole Pairing in Mixed-Dimensional Fermi-Hubbard Ladders
— «SaraH HirTHE"?, THOMAS CHALOPIN"Z, DOMINIK BOURGUND"?, PETAR
BOJOVICI’Z, ANNABELLE BOHRDT3’4, FABIAN GRUSDTS’Z, EUGENE DEMLER3’6,
IMMANUEL BLOCHI’Z’S, and Tivon Hiiker™ — !Max-Planck-Institut fiir
Quantenoptik, Garching, Germany — “Munich Center for Quantum Science
and Technology, Munich, Germany — *Harvard University,Cambridge, USA
— “ITAMP, Harvard-Smithsonian Center for Astrophysics, Cambridge, USA —
5Ludwig-Maximilians—Universi‘['ait, Munich, Germany — SETH Zurich, Zurich,
Switzerland
Doping an antiferromagnet lies at the heart of many strongly correlated systems
and the pairing of dopants in particular is believed to play a key role in the emer-
gence of high-Tc superconductivity. In the talk I will discuss our recent direct
observation of hole-pairing due to magnetic order in a Fermi-Hubbard type sys-
tem in our Lithium quantum-gas microscope. We engineer mixed-dimensional
Fermi-Hubbard ladders in which the tunneling along the rungs is suppressed,
while enhanced spin exchange supports singlet formation, thus drastically in-
creasing the binding energy. We observe pairs of holes preferably occupying the
same rung of the ladder. We furthermore find indications for repulsion between
pairs when there is more than one pair in the system.

A74 Tuell:15 A-H2
Adiabatic charge pumping in bosonic Chern insulator analogs — eIsaac TEs-
FAYE, BoTAO WANG, and ANDRE ECKARDT — TU Berlin, Institut fiir Theoretis-
che Physik, Hardenbergstr. 36, 10623 Berlin, Deutschland
Mimicking fermionic Chern insulators with bosons has drawn a lot of interest
in experiments by using, for example, cold atoms [1,2] or photons [3].
Here we present a scheme to prepare and probe a bosonic Chern insulator ana-
log by using an ensemble of randomized bosonic states.
By applying a staggered superlattice, we identify the lowest band with individual
lattice sites. The delocalization over this band in quasi-momentum space is then
achieved by introducing on-site disorder or local random phases.
Adiabatically turning off the superlattice then gives rise to a bosonic Chen in-
sulator, whose topologically non-trivial property is further confirmed from the
Laughlin-type quantized charge pumping.
Our protocol may provide a useful tool to realize and probe topological states of
matter in quantum gases or photonic waveguides.
[1] Aidelsburger, Monika, et al. "Measuring the Chern number of Hofstadter
bands with ultracold bosonic atoms." Nature Physics 11.2 (2015): 162-166.
[2] Cooper, N. R., J. Dalibard, and I. B. Spielman. "Topological bands for ultra-
cold atoms." Reviews of modern physics 91.1 (2019): 015005.
[3] Ozawa,Tomoki, et. al. "Topological photonics." Rev. of Mod. Phys. 91.1
(2019): 015006

A75 Tuell:30 A-H2
Machine learning universal bosonic functionals — <BENAVIDES-RIVEROS
Careos L.}, ScHMIDT ]ONATHANZ, and FADEL MATTEO® — 'Max Planck Insti-
tute for the Physics of Complex Systems, Néthnitzer Strafle 38, 01187 Dresden,
Germany — ?Institut fiir Physik, Martin-Luther-Universitat Halle-Wittenberg,
06120 Halle (Saale), Germany — *Department of Physics, University of Basel,
Klingelbergstrasse 82, 4056 Basel, Switzerland
The one-body reduced density matrix y plays a fundamental role in describing
and predicting quantum features of bosonic systems, ultra-cold gases or Bose-

Einstein condensates. The recently proposed reduced density matrix functional
theory for bosonic ground states establishes the existence of a universal func-
tional F[y] that recovers quantum correlations exactly. Based on a novel decom-
position of y, we have developed a method to design reliable approximations for
such universal functionals [1]. Our results demonstrate that for translational in-
variant systems the constrained search approach of functional theories can be
transformed into an unconstrained problem through a parametrization of a Eu-
clidian space. This simplification of the search approach allows us to use standard
machine learning methods to perform a quite efficient computation of both F[y]
and its functional derivative. For the Bose-Hubbard model, we present a com-
parison between our approach and the quantum Monte Carlo method.
[1] Phys. Rev. Research 3, L032063 (2021).

A76 Tuell:45 A-H2
Fibre cavity based quantum network node with trapped Yb ion — «SANTHOSH
SURENDRA, PascaL KoBEL, RALF BERNER, MoORITZ BREYER, and MICHAEL
Ko6HL — Physikalisches institute, University of Bonn, Bonn, Germany
Quantum networks are promising to revolutionise information exchange and
cryptography. An important part of these networks are nodes where quantum
states can be stored, and manipulated. In this work, we investigate such a quan-
tum communication node formed by a trapped Yb ion coupled to an optical fibre
cavity. Using a resonant fibre cavity for the electric dipole transition at 370nm, we
are able to collect the emitted photons with high efficiency, which carry quantum
information from node to node via their polarisation. We use pulsed excitation
to realise a fibre coupled, deterministic single photon source, where the photons
are entangled with the hyperfine states of the ion with a high fidelity 0of 90.1(17)%.
The state of the trapped ion represents the quantum memory, which is used to
realise a memory enhanced quantum key distribution protocol (BBM92), being
the first step towards realising a quantum repeater node.

A77 Tuel2:00 A-H2
Pattern formation in quantum ferrofluids: From supersolids to super-
glasses — ¢JENS HERTKORN' , JAN-NIKLAS SCHMIDTl, MINGYANG GUOl, FABIAN
B@TTCHERI, KeviN S. H. NGI, SEAN D. GRAHAMI, PauL UERLINGSI, Tim
LANGEN', MARTIN ZWIERLEIN, and TrLMAN Prau’ — '5. Physikalisches In-
stitut and Center for Integrated Quantum Science and Technology, Universitat
Stuttgart, Germany — 2MIT-Harvard Center for Ultracold Atoms, Research
Laboratory of Electronics, and Department of Physics, Massachusetts Institute
of Technology, USA
Pattern formation is a ubiquitous phenomenon observed in nonlinear and out-
of-equilibrium systems. In equilibrium, ultracold dipolar quantum gases have
been shown to host superfluid quantum droplet patterns, which realize a super-
solid phase. Here we theoretically study the phase diagram of such quantum
ferrofluids in oblate trap geometries and discover a wide range of exotic states
of matter. Beyond the supersolid droplet regime, we find crystalline honeycomb
and amorphous labyrinthine states with strong density connections. These pat-
terns, combining superfluidity with a spontaneously broken spatial symmetry,
are candidates for a new type of supersolid and superglass, respectively. The sta-
bilization through quantum fluctuations allows one to find these patterns for a
wide variety of trap geometries, interaction strengths, and atom numbers. Our
study illuminates the origin of the various possible morphologies of quantum
ferrofluids, highlights their emergent supersolid and superglass properties and
shows that their occurrence is generic of strongly dipolar interacting systems.

A 8: Atomic systems in external fields

Time: Tuesday 16:30-18:30

A81 Tuel6:30 P
Numerical Studies of atom-based microwave eletric field sensing in hot
vapors — sMATTHIAS SCHMIDTI, FABIAN RIPKAI, CHANG LIUI, HARALD
KoBLER"?, and JAMES P. SHAFFER! — 1Quantum Valley Ideas Laboratories, 485

Wes Graham Way, Waterloo, ON N2L 6R1, Canada — 25. Physikalisches Insti-
tut, Universitit Stuttgart, Pfaffenwaldring 57, D-70569 Stuttgart, Germany

We present progress in atom-based microwave electric field sensing using Ryd-
berg atoms in hot vapors. We find two distinct strategies to detect the electric
field strength of the RF wave, namely the Autler-Townes limit, where the split-
ting of the dressed states is proportional to the incident RF electric field strength
and the amplitude regime, where we determine the electric field by measuring
the difference of transmission in the presence of the microwave. We present a
simplified theoretical model where we consider the small microwave intensity as
an induced detuning of the coupling laser. With this model we can analytically
investigate the main contribution to the transmission signal and find a simple re-
lation between the change of the transmission and the incident RF electric field
strength. Furthermore we present a three photon excitation scheme, with which
residual Doppler broadening is suppressed. This enables a spectral resolution
comparable to the Rydberg state decay rate, the spectral bandwith limitation.
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A82 Tuel6:30 P
Interaction of atoms with cylindrically polarized Laguerre-Gaussian
beams — ¢SHREYAS RAMAKRISHNAI’Z’s, JIrI HOFBRUCKERI’Z, and STEPHAN
FritzscHE">? — 'Helmholtz Institute Jena, Frobelstieg 3, D-07749 Jena, Ger-
many — “GSI Helmholtzzentrum fur Schwerionenforschung GmbH, Planck-
strasse 1, D-64291, Germany — >Theoretisch-Physikalisches Institut, Friedrich-
Schiller-Universitat Jena, Max-Wien-Platz 1, D-07743 Jena, Germany
The excitation of atoms with a single valence electron by cylindrically polar-
ized Laguerre-Gaussian beams is analyzed within the framework of first-order
perturbation theory. For cylindrically polarized Laguerre-Gaussian beams, we
show that the magnetic components of the electric-quadrupole field varies sig-
nificantly in the beam cross-section with beam waist and radial distance from
the beam axis. Furthermore, we discuss the influence of varying magnetic com-
ponents of the electric-quadrupole field in the beam cross-section on the sub-
level population of a localized atomic target. In addition, we calculate the total
excitation rate of electric quadrupole transition (4s 2, 52 -3d D, /2) in a meso-
scopic target of Ca* ion. Our calculation shows that the cylindrically polarized
Laguerre-Gaussian beams are more efficient in driving electric quadrupole tran-
sition in the mesoscopic atomic target than circularly polarized beams.
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A83 Tuel6:30 P

Quadrupole transitions with continuous dynamical decoupling — VicTor
JosSE MARTINEZ LAHUERTAI, LENNART PELZERZ, Lubpwic KRINNERZ, Kar
DIETZEZ, PIET SCHMIDTZ, and KLEmENns HaMMERER! — !Institute for Theo-
retical Physics and Institute for Gravitational Physics (Albert-Einstein-Institute),
Leibniz University Hannover — *Physikalisch-Technische Bundesanstalt (PTB),
Bundesallee 100, 38116 Braunschweig, Germany
Continuous dynamical decoupling provides a powerful method to protect de-
coherence on atomic transitions due to magnetic field fluctuations or electric
quadrupole shifts. Here, we analyze the structure of the effective basis under
one and two layers of continuous dynamical decoupling. We use this to char-
acterize quadrupole transitions among dynamically decoupled, dressed states,
as relevant for ion clocks. Additionally, we characterize effective selection rules
and Rabi frequencies.

Finally, this is applied to a quadrupole transition in Ca+ showing accordance
with experimental results.

A84 Tuel6:30 P
Quantum Mpemba Effect in simple spin models — «SimoN KocHsIEK, FED-
ERICO CAROLLO, and IGOor LEsaNovskYy — Institut fiir Theoretische Physik,
Universitit Tiibingen, Auf der Morgenstelle 14, 72076 Tiibingen, Germany
In the context of both classical and quantum out-of-equilibrium systems the
characteristic time scale that is needed to reach stationarity is of central impor-
tance. In particular, if properties of the steady state are to be exploited, the re-
laxation time is the central hurdle and meta-stable regions become problematic.
In a recent work [1] it was shown that the (quantum) Mpemba Effect provides a
way of preparing the initial state of the dynamics such that its overlap with slowly
decaying modes is minimized.

We investigate the quantum Mpemba Effect in simple spin systems. While
the transformation which annihilates the overlap with the slowest decay mode
is difficult to implement practically, we show, that even simple product transfor-
mations can lead to a significant speed-up of relaxation. Furthermore we explore
the connection between system size and interaction strength with the achievable
amount of acceleration.

[1] E Carollo et al., Phys. Rev. Lett. 127, 060401 (2021)

A 9: Collisions, scattering and correlation phenomena

Time: Tuesday 16:30-18:30

A9.1 Tuel6:30 P
photoionization time delay in 2D model systems — ¢SAJJAD AZIZI, ULF SAAL-
MANN, and JAN-MICHAEL ROST — Max Planck Institute for the Physics of Com-
plex Systems, Dresden, Germany
Time delay is a hot topic, which is discussed and measured mostly for atoms, i.e.
spherical single-center objects. In molecules, the interpretation is considerably
more challenging since there is a dependence on the direction, and the molecule
has a finite extension. We study this problem for 2D short- and long-range model
systems.

A92 Tuel6:30 P
Charge-exchange three-body reaction with participation of stau T — sRENAT
A. SurtaNov — Odessa College, Department of Mathematics, 201 W. University
Blvd., Odessa, Texas 79764, USA
We report computational results for a few-body charge-exchange reaction with
participation of heavy, long-lived, SUSY supersymmetric particle stau 7 (or tau
slepton) [1]. Specifically, the cross sections and rates are computed for the fol-
lowing three-body reaction:

4., ++ 4.

(pX )+ He —(He X)+p, (1)
where p is a proton, *He'* is a helium nucleus and X~ is stau. The mass of
X~ is ~125 GeV [1]. Stau is a supersymmetric partner of 7-lepton. The quasi-
stable negatively charged NLSP (next-to-lightest supersymmetric particle) X~
can make Coulomb bound states with nuclei and severely affect the early Big
Bang Nucleosynthesis (BBN) era nuclear reactions [2,3]. A detailed few-body
approach based on a modified Faddeev-Hahn-type equation formalism [4] is
applied to the charge-transfer reaction (1) in this work.

1. CMS Collaboration, Eur. Phys. J. C 80:189 (2020).

2. M. Pospelov, Phys. Rev. Lett. 98, 231301 (2007).

3. K. Hamaguchi, T. Hatsuda, M. Kamimura, Y. Kino, T. T. Yanagida, Phys.
Lett. B 650 268 (2007).

4. R. A. Sultanov and S. K. Adhikari, J. Phys. B 32, 5751 (1999).

A93 Tuel6:30 P

Multi-electron transfers and -excitations in near-adiabatic collisions of
Xe52+,54+ +Xe at the ESR Storage ring — *SIEGBERT HAGMANNI, PIERRE-
MICHEL HILLENBRANDI’Z, JaNn GLORIUSI, UWE SPILLMANNI, YURI LITVINOVl,
YURrI KOZHEDUB6, ILya TUPITSYNé, MICHAEL LESTINSKYI, ALEXANDER
GUMBERIDZE1’3, SERGIJ TROTSENK01’4, HERMANN ROTHARD7, ENRICO
DEFILIPPOS, EMMANOUEL BENIsg, STEFAN NANosg, ROBERT GRISENTII’Z,
NiIKos PETRIDISI’Z, SHAHAB SANIARII, CARSTEN BRANDAUI, ESTHER MENZI,
TiMo MORGENROTH', and THOMAS STOHLKER " — ! GSI Helmholtz-Zentrum
Darmstadt — “Inst. f. Kernphysik, Univ. Frankfurt — *Extreme Matter Institut
EMMI, GSI Darmstadt — *Helmholtz Inst. Jena — °Inst. f. Optik u. Quan-
tenelektronik, U. Jena — 6Dep. of Physics, St Petersburg State Univ. — 7CIMAP,

Ganil, Caen France — SINFN Catania Jtaly — 9Univ. of Toannina, Greece
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In near adiabatic collisions of bare to He-like Xe ions with Xe atoms multi-
electron transfer processes are studied by measuring the emitted target- and pro-
jectile K- and L- x rays in coincidence with projectiles which have captured 3 to
6 electrons, and with time of flight of recoiling Xe target ions. We find that in
the projectiles a wide range of electron levels even with main quantum numbers
n>5 are excited- extending to a very significant population of Rydberg levels, all
dependent on capture multiplicity; a strong contribution of K x rays from high n
shells indicates that outer shell transfer avoids Yrast states l=n-1 but dominantly
prefers low 1 states of the projectile with 1=1.

A94 Tuel6:30 P
Compton Polarimetry on the polarization transfer in hard x-ray Rayleigh
scattering — *WILKO MIDDENTSI’Z, GUNTER WEBER> , UWE SPILLMANN® s
MARCO VOCKERTI’Z, PHILIP PFAFFLEIN1’2’3, ALEXANDRE GUMBERIDZES,
SOPHIA STRNAT4'5, ANDREY SURZHYK0V4’5, ANDREY VOLOTKAI’(’, and THOMAS
STOHLKER?® — '10Q, FSU Jena — 2Helmholtz Institut Jena — 3GSI Darm-
stadt — *PTB, Braunschweig — >TU Braunschweig — *ITTMO University
For photon energies up to the MeV range, the fundamental photon-matter in-
teraction process of elastic scattering, where both the energy of the incident and
the scattered photon are the same is dominated by Rayleigh scattering. This pro-
cess, referring to the 2nd order QED process of a photon being scattered on a
bound electron exhibits a high degree of sensitivity to the polarization charac-
teristics of the incoming photons. Thus precisely determining the poliarization
of the incident and scattered photon beam allow a stringent tests of the underly-
ing theory. For this purpose, we performed an experiment at the 3rd generation
synchrotron facility PETRA III of DESY, Hamburg, scattering a highly linearly
polarized hard x-ray beam with a photon energy of 175 keV on a gold target.
The polarization characteristics of the scattered beam were analyzed within and
out of the polarization plane of the incident synchrotron beam using a prototype
2D-sensitive silicon strip detector, developed within the SPARC collaboration,
that can be utilized as a highly sensitive Compton polarimeter. We will present
both experimental details as well as first results of this beamtime.

A95 Tuel6:30 P
orientation recovery for scattering images from molecules using deep learn-
ing — sSIDDHARTHA PODDAR, ULF SAALMANN, and JAN MICHAEL ROST — Max
Planck Institute for the Physics of Complex Systems, Noethnitzer Strasse 38,
Dresden, Germany
The recovery of a molecule’s orientation in coherent-diffractive imaging with in-
tense Xray-pulses is tackled with a deep neural network. This network provides
the a priori unknown orientation for each image within the set of single-molecule
scattering images. By means of this information it is possible to reconstruct the
3D structure of the molecule from a dedicated subset of 2D projections.
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A 10: Interaction with strong or short laser pulses

Time: Tuesday 16:30-18:30

A10.1 Tuel6:30 P
Adiabatic models for the bicircular attoclock — sPAUL WINTER and MANFRED
LEIN — Leibniz University Hannover
Using counter-rotating bicircular laser fields in an attoclock setup has some
big advantages when studying ionization dynamics in strong fields: The field
is quasilinear in the close temporal vicinity of the maximal electric field, where
ionization is most probable, but nevertheless rescattering is avoided in contrast
to purely linearly polarized fields.

The well-defined direction of the field at the ionization time enables us to look
at orientation dependencies in the ionization of molecules. An important param-
eter range is the adiabatic limit, i.e. small Keldysh parameter y = \/E 7 <L
In this regime the ionization can be described by a two step model, where the
electron travels classically after tunneling out. A crucial factor in these adiabatic
models is the location of the exit point where the classical motion starts. The
main observable is the attoclock shift of the electron final momentum due to the
attractive Coulomb force towards the parent ion.

We compare two-dimensional simulations of the time-dependent Schrédinger
equation for HeH* and H, to results from adiabatic models. A connection of the
attoclock shifts to molecular properties such as dipole moment and polarizability
arises due to the angle-dependent Stark shift of the ionisation potential.

A10.2 Tuel6:30 P
Time operator, real tunneling in strong field interaction and the attoclock —
*Ossama KuLLIE — Theoretical Physics, Institute of Physics, University of Kas-
sel
In our work we found a relation to calculate the tunneling time in the attoclock
experiment in both cases, the adiabatic and nonadiabatic field calibration [1,2].
Our real tunneling time can be derived from an observable, i.e. a time-energy
ordinary commutation relation or a time operator. In addition, it is constructed
from Fujiwara-Kobe time operator and the well-known Aharonov-Bohm time
operator. The specific form of the time operator is not decisive and a dynamical
time operator of a system refers to the intrinsic time of the system. The result
contrasts the famous Pauli theorem, and confirms the fact that time is an observ-
able, i.e. the existence of time operator and that the time is not a parameter in
quantum mechanics. Furthermore, we discuss the relations with different types
of tunneling times such as Eisenbud-Wigner time, dwell time and the statisti-
cally defined tunneling time. We conclude with the hotly debated interpretation
of the attoclock measurement and the advantage of the real tunneling time pic-
ture [3,4].
[1] To be submitted
[2] O. Kullie, PRA 92, 052118 (2015).
[3] O. Kullie, Ann. of Phys. 389, 333 (2018).
[4] O. Kullie, Quantum report 02, 233 (2020).

A10.3 Tuel6:30 P
Non-sequential double ionization of Ne by elliptically polarized laser pulses
— eoFANG LIU1’2’3, ZHANG]IN CHEN4, BIRGER BGNINGI’2’3, and STEPHAN
FritzscHE"?? — 'Helmholtz Institute Jena, Jena, Germany — 2FSU, Jena, Ger-
many — >GSI, Darmstadt, Germany — *Shantou University, Shantou, China
We show through simulation that an improved quantitative re-scattering model
(QRS)[1] can successfully predict the nonsequential double ionization (NSDI)
process by intense elliptically polarized laser pulses. Using the QRS model, we
calculate the correlated two-electron and ion momentum distributions of NSDI
of Ne exposed to intense elliptically polarized laser pulses with a wavelength of
788 nm at a peak intensity of 5.0 x 10 W/cm?®. We analyze the asymmetry in
the doubly charged ion momentum spectra that were observed by H. Kang et
al.[2] in the transition from linearly to elliptically polarized laser pulses. Our
model reproduces their experimental data well. In addition, we find that this
ellipticity-dependent asymmetry is due to the drift velocity along the minor axis
of the polarization ellipse. It is indicated that the correlated electron momentum
distributions along the minor axis provide access to the subcycle dynamics of
recollision and distinguish recollisions before and after the zero crossing of the
field. Futhermore, our results demonstrate that the NSDI process can be driven
by the elliptically polarized laser pulses.
[1]Z. Chen et at., Phys. Rev. Lett. 79, 033409 (2009).
[2]H. Kang et at., Phys. Rev. Lett. 120, 223204 (2018).

A104 Tuel6:30 P
Accurate atomic states in the strong-field approximation with application to
the Coulomb asymmetry — ¢BIRGER B6NING'? and STEPHAN FriTzscHE">?
— 'Helmholtz-Institut Jena, Germany — 2GSI Helmholtzzentrum fiir Schweri-
onenforschung GmbH, Darmstadt, Germany — >Friedrich-Schiller-Universitit,
Jena, Germany
Strong-field ionization experiments are routinely performed with a variety of
atomic targets. While such measurements play an important role for under-
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standing light-matter interactions, theoretical models often treat the target atoms
in a simplified manner and neglect most of their characteristic properties. Of-
ten major experimental findings are therefore only qualitatively understood. In
particular, the angular distributions of photoelectrons in above-threshold ion-
ization exhibit an asymmetry due to the Coulomb force between photoion and
the field-dressed continuum electron if the process is driven by an elliptically
polarized laser pulse. Here, we demonstrate how strong-field and atomic struc-
ture theories can be brought together to closely model such observations. More
precisely, we combine a partial-wave representation of the so-called strong-field
approximation with target-specific initial and continuum states from atomic
many-body computations. We show that our implementation reproduces the
Coulomb asymmetry for lithium, argon and xenon targets in agreement with
experiment if a target-specific distorted-Volkov continuum is used for the active
electron.

A10.5 Tuel6:30 P
Modeling ultrafast plasma formation in dielectrics using FDTD — sJoNAs
APPORTIN, CHRISTIAN PELTZ, BENJAMIN LIEWEHR, BJORN KRUSE, and THOMAS
FENNEL — Institute for Physics, Rostock, Germany
The Finite-Differences-Time-Domain (FDTD) method provides a real-time so-
lution to Maxwell’s equations on a spatial grid that can be easily extended by
rate equations for e.g. ionization and is therefore optimally suited for the mod-
eling of nonlinear laser-material interaction and plasma formation in dielectrics
close to the damage threshold. The material response is modeled using non-
linear Lorentz oscillators for Kerr-type nonlinearities [1] and Brunel as well as
injection currents associated with the excitation of electrons into the conduc-
tion band for higher order nonlinearities [2]. Along with strong field ionization,
plasma formation is induced by impact ionization which is strongly dependent
on the electron velocities. To avoid simulating the full electron velocity distri-
butions required for the calculation of the impact ionization rates, we apply an
effective rate equation model for the electron temperatures and drift velocities,
by estimating equilibrium distributions. First simulation results for strong and
ultrashort laser pulses tightly focused into thin fused silica films (d = 10um)
show the formation of a pronounced ionization grating.

[1] C. Varin et al., Comput. Phys. Commun. 222 70-83 (2018)
[2] P. Jurgens et al., Nature Physics 160, 1035-1039 (2020)

A10.6 Tuel6:30 P
Theoretical description of relativistic tunnel ionization in highly charged
ions by high intensity laser with the HILITE experiment — ePRIYANKA
PRAKASHI, STEFAN RINGLEBI, MARKUS KIFFERI, NiLs STALLKAMPI’Z, BELA
ARNDTS, AXEL PRINTSCHLERI, SucaM KUMARG, MANUEL VOGELZ, WOLFGANG
QUINT2’4, THOMAS STéHLKER1’2’3, and GERHARD G. PauLus"® — !Friedrich-
Schiller-Universitit, Jena — 2GSI Helmotzzentrum fiir Schwerionenforschung
GmbH, Darmstadt — >Helmholtz Institute, Jena — 4Ruprech‘[—Karls—Universitéit
Heidelberg, Heidelberg — >Goethe Universitiit Frankfurt, Frankfurt — ®Inter-
University Accelerator Centre, New Delhi
With the HILITE (High-Intensity Laser Ion-Trap Experiment) Penning trap we
plan to investigate relativistic tunnel ionization with highly charged ions. High-
intensity laser pulses of the order of 10" % from the JETI laser facility will be
utilized. One of the resulting phenomenca of high-intensity light-matter inter-
action is tunnel ionization, which is dominant at these parameters. We present
related calculations for our setup from recent relativistic tunnel ionization the-
ories. A comparison with results from the non-relativistic ADK theory is also
made. The expected yields of ionizations is calculated considering the single-
particle ionization rate and the overlap of the pulse with the ion cloud and the
results of the theories are compared with each other.

A 10.7 Tuel6:30 P
Characterization of a Resonator for Non-Destructive Ion Detection — ¢ AXEL
PRINTSCHLER', STEFAN RINGLEB!, Markus Kirrer!, NiLs StaLLKAMP!?,
BELA ARNDT® , PRIYANKA PRAKASHI, SUGAM KUMAR4, WOLEGANG QUINTZ’S,
MANUEL VOGEL?, GERHARD Paurus'®, and THOMAS STOHLKER'>®
IFriedrich-Schiller- Universitit, Jena — 2GSI Helmotzzentrum fiir Schwerio-
nenforschung GmbH, Darmstadt — >Goethe Universitiit Frankfurt, Frankfurt
— *Inter-University Accelerator Centre, New Delhi — >Ruprecht-Karls- Uni-
versitit Heidelberg, Heidelberg — *Helmholtz Institute, Jena

Laser systems with intensities of the order of 102° % have electric fields that
are similar to the electric fields in highly-charged ions which makes them in-
teresting targets for laser experiments. HILITE (High Intensity Laser Ion Trap
Experiment) supplies an ion target designed for the particular needs at different
laser facilities.

To provide a well defined ion cloud, the ions should be as cool as possible. A
common way to cool them to sub-meV energies is resistive cooling. A coil is
connected in parallel to an electrode into which moving ions induce a current.
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When the motion frequency of the ions matches the resonance frequency of the
resonator, this current is amplified resonantly, enabling efficient non-destructive
detection. In resonance the ions transfer their energy to the resonantor and
hence are cooled.

In order to increase the resonator’s quality factor, a superconducting NbTi wire
is used for the coil. We will present the assembly, properties and characterization
measurements of the axial resonator.

A10.8 Tuel6:30 P

Quantum mechanical aspects of high harmonic generation with Laguerre-
Gaussian beams — «SHAHRAM PaNaHIYAN"? and FRANK ScHLAWIN'? — ' Max
Planck Institute for the Structure and Dynamics of Matter, Center for Free Elec-
tron Laser Science, Luruper Chaussee 149, 22761 Hamburg, Germany — “The
Hamburg Centre for Ultrafast Imaging, Luruper Chaussee 149, 22761 Hamburg,
Germany
High harmonic generation has been intensively investigated for the past decades
due to its fundamental and technological importance [1]. A recent study on the
quantum nature of the high harmonic generation demonstrated the generation
of Schrédinger cat states in the transmitted fundamental mode [2]. Given that
light can carry both spin and orbital angular momentum [3], we study the quan-
tum mechanical aspects of high harmonic generation with Laguerre-Gaussian
beams. Specifically, we are interested in the role of orbital angular momentum
and its interplay with spin angular momentum for the creation of optical "cat"
and "kitten" states as well as modification from one to another one.

[1] K. Amini, et al., Rep. Prog. Phys., 82, 116001 (2019).

[2] M. Lewenstein et al., Nat. Phys., 17 1104 (2021).

[3] L. Allen, et al., Phys. Rev. A 45, 8185 (1992).

A109 Tuel6:30 P
Impact of coherent phonon dynamics on high-order harmonic generation in
solids — «JiNBIN L1""?, ULF SAALMANN?, HONGCHUAN Du', and JaAN MICHAEL
Rost? — !School of Nuclear Science and Technology, Lanzhou University,
Lanzhou, China — *Max Planck Institute for the Physics of Complex Systems,
Dresden, Germany
We theoretically investigate the impact of coherent phonon dynamics on high-
order harmonic generation (HHG), as recently measured [Hollinger et al., EP]
‘Web of Conferences 205, 02025 (2019)]. A method to calculate HHG in solids
including phonon excitation is developed for a model solid. Within this model
we calculate the signal of specific harmonics as a function of a pump-probe delay
in the pico-second range. The characteristic behavior of the harmonic signal is
traced back to underlying phonon dynamics.

A10.10 Tuel6:30 P

Classical model for collisional delays in attosecond streaking at solids —
«ELISABETH A. HERZIGI, LENNART SEIFFERTI, and THomas FENNeLD? —
!Universitit Rostock — 2MBI Berlin
Scattering of electrons in solids is at the heart of laser nanomachining, light-
driven electronics, and radiation damage. Accurate theoretical predictions of the
underlying dynamics require precise knowledge of low-energy electron trans-
port involving elastic and inelastic collisions. Recently, real-time access to elec-
tron scattering in dielectric nanoparticles via attosecond streaking has been re-
ported [1,2]. Semiclassical transport simulations [3] enabled to identify that the
presence of the field inside of a dielectric nanosphere cancels the influence of
elastic scattering, enabling selective characterization of the inelastic scattering
time [1]. However, so far a clear picture of the underlying physics was lack-
ing. Here, we present an intuitive classical model for the prediction of collision-
induced contributions to the delays in attosecond streaking at solids.

[1] L. Seiffert et al., Nat. Phys. 13, 766-770 (2017)

[2] Q. Liu et al., J. Opt. 20, 024002 (2018)

[3] E Sifimann et al., Nat. Commun. 6, 7944 (2015)

A 11: Ultra-cold plasmas and Rydberg systems (joint session A/Q)

Time: Tuesday 16:30-18:30

A1l1 Tuel6:30 P
Probing Ion-Rydberg hybrid systems using a high-resolution pulsed ion
microscope — ¢VIRAATT ANASURI, NICOLAS ZUBER, MORITZ BERNGRUBER,
YiQUAN Zou, FLORIAN MEINERT, ROBERT LOw, and TiLMAN Prau — 5.
Physikalisches Institut and Center for Integrated Quantum Science and Tech-
nology, Universitét Stuttgart, Stuttgart, Germany
Here, we present our recent studies on Rydberg atom-Ion interactions and the
spatial imaging of a novel type of molecular ion using a high-resolution ion mi-
croscope. The ion microscope provides an exceptional spatial and temporal reso-
lution on a single atom level, where a highly tuneable magnification ranging from
200 to over 1500, a resolution better than 200nm and a depth of field of more than
70*m were demonstrated. A pulsed operation mode of the microscope combined
with the excellent electric field compensation enables the study of highly excited
Rydberg atoms and ion-Rydberg atom hybrid systems. Using the ion microscope,
we observed a novel molecular ion, where the bonding mechanism is based on
the interaction between the ionic charge and an induced flipping dipole of a Ry-
dberg atom [1]. Furthermore, we could measure the vibrational spectrum and
spatially resolve the bond length and the angular alignment of the molecule. The
excellent time resolution of the microscope enables probing of the interaction
dynamics between the Rydberg atom and the ion.
[1] N. Zuber, V. S. V. Anasuri, M. Berngruber, Y.-Q. Zou, F. Meinert, R. Low,
T. Pfau, Spatial imaging of a novel type of molecular ions, arXiv preprint
arXiv:2111.02680 (2021).

A112 Tuel6:30 P
Creating spin spirals with tunable wavelength in a disordered Heisen-
berg spin system — <EDUARD JURGEN Braun!, Trrus Franz!, LORENZ
LUGERI, MAXIMILIAN Mt'JLLENBACHl, ANDRE SALZINGERI, SEBASTIAN GEIERI,
CLEMENT HAINAUT?, GERHARD ZURN', and MATTHIAS WEIMOULLER' —
1Physikalisches Instut, Universitit Heidelberg, Im Neuenheimer Feld 226, 69120
Heidelberg, Germany — ZUniversité de Lille, CNRS, UMR 8523, France -
PhLAM - Physique des Lasers, Atomes et Molécules
We present a novel method to create a spin spiral in a Heisenberg spin system
composed of Rydberg atoms. We have designed a protocol that allows to create
a spin spiral of a fixed wavevector q for an interacting spin system composed
of two different angular momentum Rydberg states of Rubidium. By creating a
constant electric gradient field around a fixed offset electric field one can achieve
a linear detuning between the two Rydberg levels as function of position. As a
consequence, after applying a 7 -pulse the wavelength can be tuned by the du-
ration for which the gradient field is applied. We investigate numerically how
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the disorder in our system and the interaction can disturb the spiralization as
well as how fast the electric fields can be ramped in order to still adiabatically
follow the Rydberg states in the Stark map. The subsequent relaxation dynamics
of the spirals for varying wavefector q gives insight into the mode of transport in
the Heisenberg spin system. First numerical simulations with few atoms in 1D
suggest that we might find a localized regime for sufficiently strong disorder in
the system.

A113 Tuel6:30 P
Towards an optogalvanic flux sensor for nitric oxide based on Rydberg exci-
tations — ¢FABIAN MUNKESI’S, PATRICK KASPARI’S, YANNICK SCHELLANDERZ’s,
LARS BAUMGARTNERS’S, PHILIPP NEUFELDI’S, LEA EBELI’S, JENS ANDERS3’5,
EDWARD GRANT4, ROBERT Léwl’s, TILMAN PFAUI’S, and HARALD KUBLER"’
— !5, Physikalisches Institut, Universitiit Stuttgart, Pfaffenwaldring 57, 70569
Stuttgart — “Institut fiir Intelligente Sensorik und Theoretische Elektrotech-
nik, Universitit Stuttgart, Pfaffenwaldring 47, 70569 Stuttgart — 3Institut fiir
Grof¥flachige Mikroelektronik, Universitat Stuttgart, Allmandring 3b, 70569
Stuttgart — Department of Chemistry, The University of British Columbia,
2036 Main Mall, Vancouver, BC Canada V6T 1Z1 — >Center for Integrated
Quantum Science and Technology, Universitit Stuttgart
We demonstrate the applicability of a new kind of gas sensor based on Rydberg
excitations. From a gas mixture the molecule in question is excited to a Ryd-
berg state. By succeeding collisions with all other gas components this molecule
becomes ionized and the emerging electrons can be measured as a current. We
investigate the excitation efficiency dependent on the used laser powers, the ap-
plied charge-extraction voltage as well as the overall gas pressure.

Al1l4 Tuel6:30 P
Self-organization of facilitated Rydberg excitations — eJANA BENDER,
PATRICK MISCHKE, TANITA KLAS, THOMAS NIEDERPRUM, and HERWIG OTT —
Department of Physics and research center OPTIMAS, Technische Universitat
Kaiserslautern, Germany
We investigate the facilitation dynamics in a Rydberg system and the expected
phase transition resulting from the interplay between driving strength and exci-
tation decay.

In an off-resonantly driven cloud of atoms, the strong dipole-dipole inter-
actions between two Rydberg states will compensate the laser detuning for a
specific interatomic distance. For high enough driving strength, this results
in a spreading of correlated excitations. We investigate the predicted non-
equilibrium steady state phase transition between this active phase and the ab-
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sorbing phase in which the spread of excitations is suppressed. The influence of
disorder in our system might introduce additional, more complex phases dom-
inated by excitation avalanches. Due to a loss of excited atoms, the system self-
organizes from the acive phase towards the phase transition.

Our results show a persistant algebraic distribution of excitation cluster sizes
independent of starting parameters when the system approaches the phase tran-
sition. We observe varying exponents which hint towards the influence of disor-
der in our system.

A 12: Ultracold Atoms and Plasmas (joint session Q/A)

Time: Tuesday 16:30-18:30

See Q 21 for details of this session.

Location: P

A 13: Precision Measurements and Metrology | (joint session Q/A)

Time: Tuesday 16:30-18:30

See Q 22 for details of this session.

Location: P

A 14: Interaction with VUV and X-ray light

Time: Wednesday 10:30-12:15

Invited Talk A141 Wed10:30 A-H1
Synchrotron radiation experiments with highly charged ions — <Jose R.
CRESPO LéPEZ—URRUTIAl, STEFFEN Ki'JHNl, MoTo TOGAWAI, MARC BOTZI,
Jonas DANISCHI, JoscHKA GOESI, RENE STEINBRﬁGGEZ, SONJA BERNITTI’S,
CHINTAN SHAH1’4, MAURICE A. LEUTENEGGER4, Ming Feng Gu° , MARIANNA
SAFRONOVA®, JaAkOB STIERHOF , THOMAS PFEIFER, and JORN WiLms’ — 'Max-
Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany — 2DESY, 22607
Hamburg, Germany — >Helmholtz-Institut Jena, 07743 Jena, Germany —
4NASA/Goddard Space Flight Center, Greenbelt, MD 20771, USA — SSpace
Sciences Laboratory, UC Berkeley, CA 94720, USA — °Dept. of Physics and As-
tronomy, University of Delaware, Newark, DE 19716, USA — ’Dr. Karl Remeis-
Observatory, 96049 Bamberg, Germany

Synchrotrons provide intense, highly monochromatic X-rays which we use for
exciting highly charged ions (HCI) produced and confined in electron beam ion
traps. This gives access to a regime of radiation-matter interaction dominant in
hot astrophysical plasmas such as active galactic nuclei, accretion disks, and stel-
lar radiative cores as well as coronae. Unlike neutrals, HCI thrive under those
extreme conditions, modifying energy transfer and delivering spectral lines for
diagnostics. Space missions need laboratory-tested theory for their science goals.
We study X-ray photoexcitation and photoionization of HCI, test the related the-
ory with unprecedented accuracy, solve two longstanding astrophysical ques-
tions, and enable future stringent tests of quantum electrodynamic calculations
in complex isoelectronic sequences.

A142 Wed11:00 A-HI1

Influence of multiple transitions for Quantum Coherent Diffractive Imag-
ing — *BjORN KRUSEI, BENJAMIN LIEWEHRI, CHRISTIAN PELTZI, and THOMAS
FenneLb? — !Institute for Physics, University of Rostock, Germany — “Max-
Born-Institute for Nonlinear Optics and Short Pulse Spectroscopy, Berlin, Ger-
many
Coherent diffractive imaging (CDI) of isolated helium nanodroplets has been
successfully demonstrated with a lab-based HHG source [1] operating in the
vicinity of the s - 2p transition of helium. Near such strong resonances, a non-
linear theoretical description including quantum coherence is required. We de-
veloped a density matrix-based scattering model in order to include quantum ef-
fects in the local medium response and explored the signatures of transition from
linear to non-linear CDI for the resonant scattering from Helium nanodroplets
[2]. We found substantial departures from the linear response case for already
experimentally reachable pulse parameters. An important next step in this ap-
proach is the implementation of additional levels next to the 1s - 2p transition.
This way, we can describe multiple non-resonant transitions and study transient
shifts of energy levels as well as light-induced coupling in pump-probe scenarios.
Particularly, their influence on CDI experiments is currently unknown as these
effects are usually measured in the gas phase in attosecond transient absorption
experiments [3].

[1] D. Rupp et al., Nat. Commun. 8, 493 (2017)

[2] B. Kruse et al., J. Phys. Photonics 2, 024007 (2020)

[3] P. Birk et al., J. Phys. B: At. Mol. Opt. Phys. 53 124002 (2020)

A143 Wed11:15 A-HI1
Towards Two-Dimensional Spectroscopy in X-Ray Quantum Optics —
*Lukas WOLFF and JOrRG EVERs — Max-Planck-Institut fiir Kernphysik, Hei-
delberg, Germany
Advanced spectroscopic techniques based on the precise control of timing
and phase properties of light pulses are well-established throughout the long-
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wavelength part of the electromagnetic spectrum. In the recent past, consid-
erable progress has also been achieved in the x-ray and XUV-regime. In the
hard x-ray regime where the implementation of such control schemes is still
challenging, Mof3bauer nuclei featuring exceptionally narrow resonances can be
employed to split light from modern high-brilliance coherent x-ray sources into
double-pulses with characteristic spectral features. High-precision control of the
relative phase between these double-pulses was demonstrated recently using fast
mechanical motion of nuclear targets.

Here, we propose a new technique for the analysis of 2D spectra obtained via
time- and frequency-resolved measurements in the hard x-ray regime using a
tunable Mof3bauer reference absorber and exploiting mechanical phase control.
To demonstrate advantages and limitations of the approach, we extract spectral
properties of ensembles of Mdssbauer nuclei from simulated data. Our findings
may help to pave the way towards studies of more complex spectral structures or
nonequilibrium phenomena in Mé8bauer science.

A144 Wed11:30 A-HI1
Fast resonant adaptive x-ray optics via mechanically-induced refractive-
index enhancements — «MIRIAM GERHARZ and JORG EVERS — Max-Planck-
Institut fiir Kernphysik, Heidelberg, Germany
In this project we introduce a concept for fast resonant adaptive x-ray op-
tics. Using piezo-control methods, we can displace a solid-state target much
faster than the lifetime of its resonances. This creates a mechanically-induced
phase shift, that can be associated with an additional contribution on resonance
to the real part of the refractive index while the imaginary part remains un-
changed. Hence, we can achieve polarization control by mechanically-induced
birefringence without changes in absorption. We theoretically and experimen-
tally demonstrate the approach with a x-ray polarization interferometer, in which
the interference is controlled by the mechanically-induced birefringence. This
setup can be used for temporal gating and provides a sensitive tool for a noise
background analysis on sub-Angstrom level.

A145 Wed11:45 A-HI1
Reconstruction of s-state radial wave functions from photoionization cross-
section data — eHANS KIRSCHNER, ALEXANDER GOTTWALD, and MATHIAS
RIcHTER — Physikalisch-Technische Bundesanstalt, Abbestrafle 2-12 D-10587
Berlin-Charlottenburg
The atomic photoionization cross-section can be determined by an integral
transformation, containing the final and the initial radial state of the unbound
and bound electron, respectively. For the calculation of the cross-section, previ-
ous works used Hartree-Fock or even more advanced approaches to model the
initial electron wave function. We reversed the process and reconstructed s-state
initial radial wave functions in real space from photoionization cross-section
data of Ne 2s, Ar 3s and Kr 4s in the VUV and soft x-ray region. To evaluate
the radial integral, the final state was approximated by a Coulomb wave func-
tion. For the initial state, we assumed a linear combination of Slater-type orbitals
with adjustable parameters. These parameters were fitted to measurement data
through the integral transformation. Markov Chain Monte Carlo methods were
applied to receive the best parameter fit with additional probability distributions.
With the resulting parameter space the initial radial wave functions with uncer-
tainty was calculated. Density functional theory was consulted for comparison.
Despite systematic deviations, the general behavior of the radial wave functions
was reconstructed.
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A14.6 Wed12:00 A-H1
Inner-shell multiple photodetachment of silicon anions — eTicia Bunr!,
ALEXANDER PERRY-SASSMANNSHAUSEN!, MICHAEL MARTINS?, SIMON
REINWARDTZ, FLORIAN TRINTER® ‘4, ALFRED MULLERI, STEPHAN FRITZSCHES’G,
and STErAN SchippErs' — 'Justus-Liebig-Universitit Gieflen, Giessen —
2Universitit Hamburg, Hamburg — 3Goethe-Universitit Frankfurt am Main,
Frankfurt am Main — *Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Berlin — *Helmholtz-Institut Jena, Jena — ®Friedrich-Schiller-Universitit Jena,
Jena
A sensitive tool for studying the interactions between the valence and the core
electrons is inner-shell ionization of negative ions. In the present work, m-fold
photodetachment (m=3-6) of silicon anions via K-shell excitation and ion-

ization have been experimentally investigated in the photon energy range of
1830 eV to 1900 eV [1] using the PIPE setup [2] at the synchrotron PETRA III.
All cross sections exhibit a threshold behavior that is masked by prethreshold
resonances associated with the excitation of a 1s electron to higher, either partly
occupied or unoccupied atomic subshells. The experimental cross sections are
in good agreement with the results of multiconfiguration Dirac-Fock calcula-
tions if small energy shifts are applied to the calculated resonance positions and
detachment thresholds.

[1] A. Perry-Sassmannshausen et al., Phys. Rev. A 104, 053107 (2021).

[2] S. Schippers et al., X-Ray Spectrometry 49, 11 (2020).

A 15: Ultra-cold atoms, ions and BEC Il (joint session A/Q)

Time: Wednesday 10:30-12:15

A151 Wed10:30 A-H2
Hole-induced anomaly in the thermodynamic behavior of a 1D Bose gas —
«GruLiA DE ROSII, Riccarpo ROTAZ, GRIGORI E. ASTRAKHARCHIKI, and JoRrDI
Boronat! — !Universitat Politécnica de Catalunya, Barcelona, Spain — *Ecole
Polytechnique Fédérale de Lausanne, Switzerland
We reveal an intriguing anomaly in the temperature dependence of the specific
heat of a one-dimensional Bose gas. The observed peak holds for arbitrary in-
teraction and remembers a superfluid transition, but phase transitions are not
allowed in 1D. The presence of the anomaly signals a region of unpopulated
states which behaves as an energy gap and is located below the hole branch in
the excitation spectrum. The anomaly temperature is of the same order of the
energy of the maximum of the hole branch. We rely on the Bethe Ansatz to
obtain the specific heat exactly and provide interpretations of the analytically
tractable limits. The dynamic structure factor is computed with the Path In-
tegral Monte Carlo method for the first time. We notice that at temperatures
similar to the anomaly threshold, the energy of the thermal fluctuations become
comparable with the maximal hole energy. This excitation pattern experiences
the breakdown of the quasiparticle description for any value of the interaction
strength at the anomaly, similarly to any superfluid phase transition at the critical
temperature. We provide indications for future observations and how the hole
anomaly can be employed for in-situ thermometry, identifying different colli-
sional regimes and understanding other anomalies in atomic, solid-state, elec-
tronic and spin-chain systems. [arXiv:2104.12651 (2021)].

A152 Wed10:45 A-H2
Signatures of radial and angular rotons in a two-dimensional dipolar quan-
tum gas — eSEAN GraHAM!, JAN-NIKLAS ScuMmIDT!, JENS HERTKORN',
MINGYANG GUOI, FABIAN BéTTCHERI, MATTHIAS SCHMIDTI, KevIN NGI, Tim
LANGEN', MARTIN ZWIERLEIN?, and TILMAN Prau’ — !5th Institute of Physics
and Center for Integrated Quantum Science and Technology IQST, University
of Stuttgart, Germany — MIT-Harvard Center for Ultracold Atoms, Research
Laboratory of Electronics, and Department of Physics, Massachusetts Institute
of Technology, Cambridge, USA
We observed signatures of radial and angular roton modes and their contribu-
tion to droplet formation in an oblate dipolar quantum gas. Roton modes have
a finite momentum that can be significantly populated in dipolar quantum gases
when dipole-dipole interactions are strong relative to hard-core interactions. For
stronger dipole-dipole interactions the condensate will crystallize into droplets.
Near this crystallization transition we extract the static structure factor from in-
situ density fluctuations. We identify the presence of a radial roton by a peak at
finite momentum in the radial structure factor that appears near the transition.
Additional peaks are observed in the angular structure factor corresponding to
the population of the angular roton mode. Finally, a comparison to simulated
mode patterns from the extended Gross-Pitaevski equation shows good agree-
ment with our results.

A153 Wed11:00 A-H2
Two-body correlations in imbalanced quantum systems — «CARL HEINTZE',
KEERTHAN SUBRAMANIAN', SANDRA BRANDSTETTER', MaARVIN HoLTEN',
PHILIPP PREISs"?, and SELIM JOCHIM1 — 1Physikalisches Institut, Im Neuen-
heimer Feld 226, 69120 Heidelberg — *Max Planck Institut fiir Quantenoptik,
Hans-Kopfermann-Str. 1, 85748 Garching
Superfluidity in strongly correlated systems still poses a challenging task for ex-
perimentalists and theorists. Explaining the phenomenon with pair formation
enables us to tackle the problem in the limit of strongly bound particles building
up molecules (BEC limit) and delocalized zero momentum pairs (BCS limit).
Nevertheless, complete and verified theories of strongly correlated regimes in
between are still missing. Additionally, there are ongoing discussions about the
pairing mechanisms, the breakdown of superfluidity and the rich phase diagram
in imbalanced systems.
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Our experiment focuses on the emergence of correlations and collective be-
haviour in many particle systems from the few-particle limit. The apparatus en-
ables us to prepare small quantum systems (two to twelve particles) deterministi-
cally in a two-dimensional harmonic oscillator and to image the final state with
spin and single particle resolution. Therefore, we can extract the in-situ two-
body correlations in momentum as well as in real space. By using spectroscopic
measurements, we are also able to measure excitation spectra.

Recently we achieved to prepare imbalanced systems (3+1, 6+3, 6+1 particles)
and to measure their momentum correlations.

A154 Wed11:15 A-H2
An impurity with a resonance in the vicinity of the Fermi energy — ¢sMIKHAIL
MasLov, MIKHAIL LEMESHKO, and ARTEM VOLOSNIEV — IST Austria, Am
Campus 1, 3400 Klosterneuburg, Austria
We study an impurity with a resonance level whose energy coincides with the
Fermi energy of the surrounding Fermi gas. An impurity causes a rapid varia-
tion of the scattering phase shift for fermions at the Fermi surface, introducing a
new characteristic length scale into the problem. We investigate manifestations
of this length scale in the self-energy of the impurity and in the density of the
bath. Our calculations reveal a model-independent deformation of the density
of the Fermi gas, which is determined by the width of the resonance. To pro-
vide a broader picture, we investigate time evolution of the density in quench
dynamics, and study the behavior of the system at finite temperatures. Finally,
we briefly discuss implications of our findings for the Fermi-polaron problem.

A155 Wed11:30 A-H2
Dynamics of atoms within atoms — «SHIVA KANT TIWARIl, FELIX ENGELZ,
MARCEL WAGNER3’4, RICHARD SCHMIDT3’4, FLORIAN MEINERTZ, and SEBAS-
TIAN WOUSTER' — 1Department of Physics, Indian Institute of Science Educa-
tion and Research, Bhopal, Madhya Pradesh 462 066, India — “Physikalisches
Institut and Center for Integrated Quantum Science and Technology, Universitat
Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany — > Max-Planck-Institut
fiir Quantenoptik, 85748 Garching, Germany — *Munich Center for Quantum
Science and Technology (MCQST), Schellingstr. 4, D-80799 Miinchen, Ger-
many
Recent experiments with Bose-Einstein condensates have entered a regime in
which thousands of ground-state condensate atoms fill the Rydberg-electron or-
bit. After the excitation of a single atom into a highly excited Rydberg state, scat-
tering off the Rydberg electron sets ground-state atoms into motion, such that
one can study the quantum-many-body dynamics of atoms moving within the
Rydberg atom. Here we study this many-body dynamics using Gross-Pitaevskii
and truncated Wigner theory. Our simulations focus in particular on the sce-
nario of multiple sequential Rydberg excitations on the same Rubidium conden-
sate which has become the standard tool to observe quantum impurity dynamics
in Rydberg experiments. We investigate to what extent such experiments can be
sensitive to details in the electron-atom interaction potential, such as the rapid
radial modulation of the Rydberg molecular potential, or p-wave shape reso-
nance. Finally, we explore the local dynamics of condensate heating.

A15.6 Wed11:45 A-H2
Quantum Rabi dynamics of trapped atoms far in the deep strong coupling
regime — «GERAM HunaNYaN! , JOHANNES KOCHI, ENRIQUE R1c02’3, ENRIQUE
Sorano®?, and MarTIN WerTz! — Institut fiir Angewandte Physik, Univer-
sitit Bonn, Wegelerstr. 8, 53115 Bonn, Germany — “Department of Physical
Chemistry, University of the Basque Country UPV/EHU, Apartado 644, 48080
Bilbao, Spain — 3IKERBASQUE, Basque Foundation for Science, Plaza Euskadi
5, 48009 Bilbao, Spain
The coupling of a two-level system with a field mode, whose fully quantized field
version is known as the quantum Rabi model (QRM), is among the central top-
ics of quantum physics and recent quantum information technologies. When the
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coupling strength reaches the field mode frequency, the full QRM Hamiltionian
comes into play, where excitations can be created out of the vacuum.

We demonstrate a novel approach for the realization of a periodic variant of
the quantum Rabi model using two coupled vibrational modes of cold atoms
in optical potentials, which has allowed us to reach a Rabi coupling strength of
6.5 times the bosonic field mode frequency, i.e., far in the so called deep strong
coupling regime. For the first time, the coupling term dominates over all other
energy scales. Field mode creation and annihilation upon e.g., de-excitation of
the two-level system here approach equal magnitudes, and we observe the atomic
dynamics in this novel experimental regime, revealing a subcycle timescale raise
in field mode excitations, in good agreement with theoretical predictions.

A 157 Wed12:00 A-H2
orbital many-body dynamics of bosons in the second bloch band of an op-
tical lattice — JOSE VARGAS', MARLON NUSKE">?, RAPHAEL EICHBERGER %,
CARL HIPPER, LUDWIG MATHEY'">>, and ANDREAS HEMMERICH "> — Institut

fiir Laserphysik, Universitit Hamburg, 22761 Hamburg, Germany — 2Zentrum
fiir Optische Quantentechnologien, Universitit Hamburg, 22761 Hamburg, Ger-
many — >The Hamburg Center for Ultrafast Imaging, Luruper Chaussee 149,
Hamburg 22761, Germany

We explore Josephson-like dynamics of a Bose-Einstein condensate of rubidium
atoms in the second Bloch band of an optical square lattice providing a double
well structure with two inequivalent, degenerate energy minima. This oscillation
is a direct signature of the orbital changing collisions predicted to arise in this
system in addition to the conventional on-site collisions. The observed oscilla-
tion frequency scales with the relative strength of these collisional interactions,
which can be readily tuned via a distortion of the unit cell. The observations are
compared to a quantum model of two single-particle modes which reproduces
the observed oscillatory dynamics and show the correct dependence of the os-
cillation frequency on the ratio between the strengths of the on-site and orbital
changing collision processes.

A 16: Precision Measurements and Metrology IV (joint session Q/A)

Time: Wednesday 10:30-12:30

See Q 27 for details of this session.

Location: Q-H11

A 17: Collisions, scattering and correlation phenomena

Time: Wednesday 14:00-15:30

Invited Talk A17.1 Wed14:00 A-H1
Isomer depletion via nuclear excitation by electron capture with electron vor-
tex beams — «YUANBIN Wu', CurisTopH H. KEITEL', and ADRIANA PALERY!?
— "Max-Planck-Institut fiir Kernphysik, Saupfercheckweg 1, D-69117 Heidel-
berg, Germany — “Department of Physics, Friedrich-Alexander-Universitit
Erlangen-Niirnberg, D-91058 Erlangen, Germany

Long-lived excited states of atomic nuclei, known as nuclear isomers, can store
a large amount of energy over long periods of time, with a very high energy-to-
mass ratio. Dynamical external control of nuclear state population has proven so
far very challenging, despite ground-breaking incentives for a clean and efficient
energy storage solution. Here, we describe a protocol to achieve the external con-
trol of the isomeric nuclear decay via the process of nuclear excitation by electron
capture [1] with electron vortex beams whose wavefunction has been especially
designed and reshaped on demand [2]. This can lead to the controlled release of
the stored nuclear energy. We show theoretically that the use of tailored electron
vortex beams can increase the depletion of isomers by 2 to 6 orders of magnitude
compared to so far considered depletion mechanisms and provides a handle for
manipulating the capture mechanism [2].

[1] Y. Wu, C. H. Keitel, A. Palffy, Phys. Rev. Lett. 122, 212501 (2019).

[2] Y. Wu, S. Gargiulo, E Carbone, C. H. Keitel, A. Palffy, arXiv: 2107.12448.

A17.2 Wed14:30 A-HI1
Spectroscopy of metastable states of Si’ — sSuvam SINGH, CHUNHAI Lyv,
CHRISTOPH KEITEL, and ZoLTAN HARMAN — Max Planck Institute for Nuclear
Physics, 69117 Heidelberg, Germany
In this work [1], we have calculated photodetachment cross sections (PDCS),
electron affinities, fine-structure splittings, transition energies, and radiative life-
times of all the metastable states of the Si~ ion. All atomic state functions for
the description of Si and Si~ ion have been generated by the Multiconfiguration
Dirac-Hartree-Fock method. Here, we have used the grasp2K and RATIP codes
to carry out dedicated calculations of the PDCS of all anionic states of Si~ at two
specific photon energies, namely, at 0.89 eV and 1.95 eV. The choice of the pho-
ton energies is motivated by very recent low-background measurements with the
Cryogenic Storage Ring (CSR) of the Max Planck Institute for Nuclear Physics
(MPIK) in Heidelberg, Germany. The PDCS are used in analyzing experimental
data obtained by the CSR at MPIK. To independently predict the electron affini-
ties, fine-structure splittings, transition energies, and radiative lifetimes, we have
used the MCDHF method in combination with the relativistic configuration in-
teraction approach. These calculations were performed using the GRASP2018
code, performing a systematic expansion of the atomic states in terms of a large
number of configuration state functions to obtain accurate predictions. Detailed
results will be presented during the conference.

[1] D. Miill et al., Phys. Rev. A, 104 (2021) 032811.

A17.3 Wed14:45 A-H1
First experimental results on electron-impact ionisation of La'* with a new
energy-scan systems — ¢B. MICHEL DOHRING?, ALEXANDER BOROVIK JRY,
KurT HUBERI, ALFRED MI"JLLERI, and STEFAN SCHIPPERs! — 1Justus—Liebig—
Universitit Gieen — “GSI Helmholtzzentrum fiir Schwerionenforschung
GmbH, Darmstadt (Germany)
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For the investigation of resonance structures in electron-impact ionisation cross
sections one needs to be able to scan these cross sections in small electron-energy
steps. In order to meet this requirement we have developed a new fast energy-
scan system for a new recently commissioned high-power electron gun [1]. This
new gun extends the range of experimentally available electron energies from
previously 1 keV [2] to now 3.5 keV. As compared to the old gun, the new one
has more electrodes. This enables us to more flexibly control the transport of
the electron beam. However, this also required a completely new development
of the scanning system. We will report on first experimental results on single
and multiple ionisation of La'* jons. The new data compare well with earlier
measurements [3] and extend the known energy range by a factor of two.

[1] A. Miiller et al., 1988 Phys. Rev. Lett. 61 70.

[2] B. Ebinger et al., 2017 Nucl. Instrum. Meth. B 408 317.

[3] A. Miiller et al., 1989 Phys. Rev. A 40 3584.

A174 Wed15:00 A-H1
Dielectronic recombination of Ne®™ at the Cryogenic Storage Ring —
*LEONARD W. ISBERNER', MANFRED GRIESER®, ROBERT VON HAHN?, ZOLTAN
HARMANZ, ABEL KAL0513, CHRISTOPH H. KEITELZ, CLAUDE KRANTZ4, DANIEL
PAuL®, STEFAN SCHIPPERS', SUVAM SINGH”, ANDREAS WOLE?, and OLDRICH
Novorn¥? — L Physikalisches Institut, Justus-Liebig-Universitit Gief3en,
35392 Gieflen, Germany — “Max-Planck-Institut fiir Kernphysik, 69117 Hei-
delberg, Germany — > Columbia Astrophysics Laboratory, Columbia University,
New York, 10027 New York, USA — *GSI Helmholtzzentrum fiir Schwerionen-
forschung GmbH, 64291 Darmstadt, Germany
In the past three decades, electron-ion recombination has been successfully in-
vestigated by employing the merged-beams technique in magnetic heavy-ion
storage rings. Because of the limited magnetic rigidity, recombination studies
were restricted to ions with low mass-over-charge ratio. The combination of
mass-independent storage in electrostatic storage rings with the excellent vac-
uum conditions of cryogenic environments is a promising approach to enable
the investigation of recombination processes in low-charged heavy ions, which
are important, e.g., for astrophysics. Here we report on a first recombination
study of Ne** + ¢~ — Ne* in the electrostatic Cryogenic Storage Ring (CSR) lo-
cated at the Max Planck Institute for Nuclear Physics in Heidelberg. We have ob-
served resonant recombination features in agreement with quantum-theoretical
predictions. Our results clearly demonstrate the feasibility of atomic recombina-
tion studies with heavier species at CSR.

A175 Wed15:15 A-H1
Three-charge-particle collwions between antiprotons (p) and muonic hydro-
gen atoms (H,) at low-energies — *RENAT A. SULTANOV — Odessa College,
Department of Mathematics, 201 W. University Blvd., Odessa, Texas 79764, USA
A detailed few-body treatment is performed for two low-energy three-charge-
particle reactions. The first reaction is between an antiproton p and a ground
state muonic deuterium Dy~ - a bound state of a negative muon ¢~ and the deu-
terium nucleus D. The second reaction is between p and a muonic tritium Ty .
In the first reaction additional final-state nuclear pD interaction inside the (pD)
antiprotonic atom is taken into account and the effect of the strong pD nuclear
forces on the reaction cross-sections and rates is computed. It was found that
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at low energy collisions, E.,;; ~ 107°~10""eV, the influence of the strong in-
teraction is significant, i.e. the reaction cross sections and rates are increased
by ~300%. In the second reaction the final state pT nuclear interaction has also
been included and the effect was approximately estimated. Modified Faddeev-

type equations have been applied to the three-body systems [1, 2].

1. R. A. Sultanov, D. Guster, and S. K. Adhikari, Atoms 6, 18 (2018).

2. R. A. Sultanov and D. Guster, J. Phys. B: At. Mol. Opt. Phys. 46, 215204
(2013).

A 18: Precision Measurements and Metrology V (joint session Q/A)

Time: Wednesday 14:00-15:30

See Q 34 for details of this session.

Location: Q-H11

A 19: Precision spectroscopy of atoms and ions Il (joint session A/Q)

Time: Wednesday 14:00-15:15

A19.1 Wed14:00 A-H2
Ionization potential, atomic and nuclear structure of 2**~2*3Cm by laser spec-
troscopy — *NINA KNEIPI, FELIX WEBER! , MAGDALENA A. KAIAI, CHRISTOPH
E. DﬁLLMANN1’2’3, CHRISTIAN M. MARQUARDT4, CHRISTOPH MOKRYI’Z, PETRA
IR PANAK4, SEBASTIAN RAEDERZ’S, JORG RUNKE1’3, DoMINIK STUDERI, PETRA
THC’)RLE-POSPIECHI, NORBERT TRAUTMANNI, and KLAus WENDT' — 1Iohannes
Gutenberg University, 55099 Mainz — “Helmholtz Institute, 55099, Mainz —
3GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt
— *Karlsruhe Institute of Technology, 76131 Karlsruhe
Curium (Z=96) is located in the middle of the actinide series and has a half-filled
atomic f shell with a ground state configuration 5 f”6d7s> °D. One ton of spent
nuclear fuel, contains up to 20 g of 2**Cm, generated by multiple neutron cap-
ture of 2**U. This environmental aspect in combination with its long half-life
of 328 Ma motivates fundamental laser spectroscopic studies on the actinide.
Resonance ionization spectroscopy was applied to study the atomic and nuclear
structure of the isotopes, 247280 was spectroscopically investigated. Three
different ground state transitions were used as first excitation steps. Scanning
the laser around the expected value of the ionization potential (IP), numerous
Rydberg levels and auto-ionizing levels were located. The IP was re-determined
using field ionization and Rydberg convergence techniques for comparison. The
hyperfine structure of 25Cm and ?*Cm and the isotopic shift in the isotope
chain 2*472*8Cm were measured for the first time by laser spectroscopy.

A19.2 Wed14:15 A-H2
A new type of spectroscopy: Direct observation of hyperfine transitions
with energy differences of 10 neV and below — +CHRYSOVALANTIS KANNIS
— Institut fiir Kernphysik, Forschungszentrum Jiilich, Jilich, Germany — III
Physikalisches Institut B, RWTH Aachen University, Aachen, Germany
Spectroscopy is a tool commonly used for the study of the energy levels of a
sample. In most applications the sample is trapped, however this is not always
feasible. An alternative type of spectroscopy includes a static external field and a
moving sample. In particular, we use two opposed solenoidal coils which provide
a static magnetic field with field direction reversal along the polarization axis.
This produces a sinusoidal longitudinal (along the quantization axis) magnetic
field component with a zero crossing between the coils. In addition to the lon-
gitudinal component, a radial component is also induced which is proportional
to the gradient of the first and the distance from the center of the quantization
axis.

For an atomic beam of metastable hydrogen with a kinetic energy of about 1
keV and a magnetic field configuration with a wavelength A ~ 10 cm, the induced
transitions correspond to an RF frequency f = v/A in the MHz range. Equiva-
lently, the energy difference between various levels is of the order of 107 eV and
below. These can be found between hyperfine substates of hydrogen atoms at low
magnetic fields in the Breit-Rabi diagram. Here we present first measurements,
their interpretation, and possible applications.

A193 Wed14:30 A-H2
Laser spectroscopy of muonic ions and other simple atoms — eRANDOLF POHL
— Johannes Gutenberg Universitit Mainz
Laser spectroscopy of simple atoms is sensitive to properties of the atomic nu-
cleus, such as its charge and magnetization distribution. This allows determining
the nuclear parameters from atomic spectroscopy, but also limits the attainable
precision for the determination of fundamental constants or the test of QED
and the Standard Model. In light muonic atoms and ions, one negative muon re-
places all atomic electrons, resulting in a calculable hydrogen-like system. Due
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to the muon’s large mass (200 times the electron mass), the muon orbits the nu-
cleus on a 200 times smaller Bohr radius, increasing the sensitivity of muonic
atoms to nuclear properties by 200A3 = 10 million. Our laser spectroscopy of
muonic hydrogen through helium has resulted in a 10fold increase in the preci-
sion of the charge radius of the proton, deuteron, and the stable helium nuclei.
Next we're measuring the hyperfine splitting in muonic hydrogen to obtain in-
formation about the magnetization of the proton. In Mainz, were setting up an
experiment to determine the triton charge radius by laser spectroscopy of atomic
tritium.

A194 Wed14:45 A-H2
Resonance ionization mass spectroscopy on Americium — eMATOU
STEMMLERI, FELIX WEBERI, CHRISTOPH DULLMANN2’3'4, DoMINIK STUDERI,
ANJALI AJAYAKUMAR®, and Kraus WenDpT! — !Institut of Physics, Johannes
Gutenberg-Universitit Mainz, Germany — “Department of Chemistry - TRIGA
site, Johannes Gutenberg-Universitit, Germany — 3Helmholtz Institut Mainz,
Germany — *GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Darm-
stadt, Germany — SGANIL, France
Americium (Am, Z=95) is a transuranic member of the actinide series which can
be produced artificially by neutron bombardment in nuclear reactors or explo-
sions. All its isotopes are radioactive and the two most long-lived isotopes are
241 Am and **Am with half-lifes of t; /2=432.2 y and t,,,=7370 y respectively.
Here we report on high resolution laser spectroscopy on Am. About 3 - 10"
atoms of both isotopes **! Am and >*> Am were prepared on zirconium foil and
loaded into a resistively heated tantalum oven. A wide range tuneable, frequency
doubled, continuous wave Titan:Sapphire laser was used for spectroscopy by in-
jection locking of a high power pulsed Ti:Sa ring laser setup. Hyperfine struc-
tures of the two isotopes were investigated in two different ground state transi-
tions, which served as first excitation steps for resonant ionisation via suitable
autoionizing states. In addition, the isotope shift was determined in one of these
transitions. Data analysis regarding the atomic structure of Am as well as hyper-
fine parameters extracted will be discussed.

A195 Wed15:00 A-H2
Laser spectroscopy of neptunium - excitation schemes, atomic structure and
the ionization potential — «MAGDALENA KajA, DOMINIK STUDER, FELIX WE-
BER, FELIX BERG, NINA KNEIP, ToB1AS REICH, and KLAus WENDT — Johannes
Gutenberg University, 55099 Mainz
Neptunium is a radioactive actinide and the first transuranic element. In partic-
ular, *’Np is generated quantitatively within the nuclear fuel cycle with amounts
on average ~10 kg in each conventional pressurized water reactor each year. Due
to its long half-live of 2.1-10° years and high radiotoxicity, it represents a major
hazard in the final disposal of nuclear waste. Under environmental conditions,
Np can be present in oxidation states +III to + VI and can form soluble species. In
this context trace analysis of environmental samples is of high relevance. The de-
velopment of efficient and selective laser ionization schemes plays an important
role for Np spectroscopy and trace analysis.

The spectrum of Np has been studied at the Mainz Atomic Beam Unit, using
widely tunable frequency-doubled Ti:Sapphire lasers. The ionization scheme de-
velopment, spectra above and below the ionization potential (IP), as well as the
electric field ionization technique, which allows the determination of the IP, are
presented in this contribution. Narrow-band spectroscopy is planned to deter-
mine hyperfine structures and isotope shift. So far, only 237Np has been studied
by laser spectroscopy and only in broad-band mode. Therefore, high-resolution
spectroscopy is planned on 237Np and possibly on the short-lived isotope 239Np.
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A20.1 Wed16:30 P
Precise solution of the two-center Dirac equation using a finite-element-
technique — «Ossama KULLIEI, STEPHAN SCHILLERZ, and VLADIMIR I.

KoBorov® — !Theoretical Physics, Institute of Physics, University of Kassel
— ZInstitut fiir Experimentalphysik, Heinrich-Heine-Universitat Diisseldorf,
40225 Diisseldorf, Germany — *Bogoliubov Laboratory of Theoretical Physics,
Joint Institute for Nuclear Research, Dubna 141980, Russia

In the field of spectroscopy of the molecular hydrogen ions H;, HD" etc., pre-
cise experimental transition frequencies are compared with ab initio predictions
[3]. The solution of the two-center Dirac problem, one electron in the field of
two fixed nuclei at distance R, is therefore of interest. Here, R = 2 Bohr. The nu-
merical solution of the problem utilizes the finite-element method (FEM) [1,2].
Our technique allows determining the relativistic contribution to various rovi-
brational transition frequencies with spectroscopic accuracy. Our results are
compared with perturbation theory based on the nonrelativistic one-body vari-
ational solution. The deviations found are smaller than the theory uncertainty
stemming from uncalculated quantum-electrodynamic effects, and are therefore
not resolvable experimentally. [1] O. Kullie et al, Chemical Physics Letters 383
(2004) 215-221. [2] O. Kullie, S. Schiller and V. I. Koborov, in preparation. [3] S.
Alighanbari et al, Nature 581, 152 -158 (2020).

A202 Wed16:30 P
Towards high precision quantum logic spectroscopy of single molecular ions
— eMAXIMILIAN JASIN ZAWIERUCHAI, TiLL REHMERTI, FaBIAN WOLFl, and
PieT O. SCHMIDT*? — 1Physikalisch- Technische Bundesanstalt, Braunschweig,
Germany — “Institut fiir Quantenoptik, Leibniz Universitit Hannover, 30167
Hannover, Germany
High precision spectroscopy of trapped molecular ions constitutes a promis-
ing tool for the study of fundamental physics. Possible applications include the
search for a variation of fundamental constants and measurement of the elec-
tric dipole moment of the electron. Compared to atoms, molecules offer a rich
level structure, permanent dipole moment and large internal electric fields which
make them exceptionally well suited for those applications. However, the addi-
tional rotational and vibrational degrees of freedom result in a dense level struc-
ture and absence of closed cycling transitions. Therefore, standard techniques for
cooling, optical pumping and state detection cannot be applied. This challenge
can be overcome by quantum logic spectroscopy. In addition to the molecu-
lar jon, a well-controllable atomic ion is co-trapped, coupling strongly to the
molecule via the Coulomb interaction. The shared motional state can be used
as a bus to transfer information about the internal state of the molecular ion to
the atomic ion, where it can be read out using fluorescence detection. Here, we
present the status of our experiment, aiming at high precision quantum logic
spectroscopy of molecular oxygen ions.

A20.3 Wed16:30 P
Precision x-ray spectroscopy of transitions in He-like uranium at the
CRYRING@®@ESR electron cooler — eFELIX MARTIN KR@GER1’2’3, STEE-
FEN ALLGEIER?, ANDREAS FLEISCHMANN®, MARVIN FRIEDRICH?, ALEXANDRE
GUMBERIDZEs, MARC OLIVER HERDRICH1’2’3, DANIEL HENGSTLER4, PATRICIA
KUNTZ4, MICHAEL LESTINSKY3, BASTIAN LéHER3, ESTHER BABETTE MENZI’Z’S,
PHILIP PFAFFLEIN1’2’3, UWE SPILLMANN3, GUNTER WEBERI’S, CHRISTIAN
Enss®, and THomas STOHLKER>® — THI Jena, Frobelstieg 3, Jena, Germany
— 210Q, FSU Jena, Max-Wien-Platz 1, Jena, Germany — 3GSI, Planckstrale
1, Darmstadt, Germany — 4KIP, RKU Heidelberg, Im Neuenheimer Feld 227,
Heidelberg, Germany
We present the first application of metallic magnetic calorimeter detectors for
high resolution x-ray spectroscopy at the electron cooler of CRYRING@ESR, the
low energy storage ring of GSI-Darmstadt. Within the experiment, x-ray emis-
sion associated with radiative recombination cooler electrons and stored U*!*
ions was studied. For this purpose, two maXs detectors were positioned under
observation angles of 0° and 180° with respect to the ion beam axis. This report
will focus on preliminary results of the data analysis, namely the first observation
of the splitting of the K, line into its fine-structure for a high-Z He-like system.
This research has been conducted in the framework of the SPARC collabo-
ration, experiment E138 of FAIR Phase-0 supported by GSI. We acknowledge
substantial support by ErtUM-FSP APPA (BMBF n’ 05P19SJFAA).

A204 Wed16:30 P
Towards the setup of a calcium beam clock — <LARA BECKER and SIMON
STELLMER — Physikalisches Institut der Universitit Bonn, Germany
Since the invention of atomic clocks the precision of time-keeping has been sig-
nificantly enhanced and the clock stabilities reach even higher levels for systems
based on optical transitions.
We would like to build a robust and compact optical clock which relies on
a Ramsey-Bordé interferometer of a thermal beam of calcium and is envisaged
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attaining instabilities in the order of 107", The goal is to implement the beam
clock as an experiment to the students’ laboratory course to allow physics master
students access to this field of recent research.

We refer to the work at NIST [1] for the main setup and we report on the
current status of our project.

[1] Judith Olson et al. "Ramsey-Bordé Matter-Wave Interferometry for Laser
Frequency Stabilization at 10™'® Frequency Instability and Below". In: Physical
Review Letters 123, 073202 (2019)

A205 Wed16:30 P
Towards 1S-2S Spectroscopy in Atomic Tritium — eHENDRIK SCHURG,
MERTEN HEPPENER, JAN HAACK, GREGOR SCHWENDLER, and RANDOLF POHL
— Johannes Gutenberg-Universitit Mainz, QUANTUM, Institut fiir Physik &
Exzellenzcluster PRISMA*, Mainz, Germany
The study of the hydrogen-deuterium isotope shift for the 1S-2S transition
successfully demonstrated access to a high-precision result for the root-mean-
square charge radius of the deuteron [1, 2]. We are currently setting up an ex-
periment to perform a complementing measurement of the hydrogen-tritium
1S-2S isotope shift on magnetically trapped cold tritium atoms - allowing for a
400-fold improvement of uncertainty for the triton charge radius [3]. For an in-
termediate result, we plan to perform 1S-2S spectroscopy on hot tritium atoms
inside a discharge. The excitation can be monitored using the optogalvanic signal
induced by a change of conductivity in the hot gas. The available high-precision
result for the 1S-2S transition frequency in atomic hydrogen [4] will be used to
determine systematic effects in our apparatus. We will present details about our
laser system and preliminary measurements with atomic hydrogen.
[1] C. G. Parthey et al. Phys. Rev. Lett. 104, 233001 (2010)
[2] U. D. Jentschura et al. Phys. Rev. A 83, 042505 (2011)
[3] S. Schmidt et al. J. Phys.: Conf. Ser. 1138, 012010 (2018)
[4] C. G. Parthey et al. Phys. Rev. Lett. 107, 203001 (2011)

A20.6 Wed16:30 P
Towards Magnetic Trapping of Atomic Hydrogen — +MERTEN HEPPENER,
GREGOR SCHWENDLER, JAN HAACK, HENDRIK SCHURG, and RANDOLF POHL
— Johannes Gutenberg-Universitit Mainz, QUANTUM, Institut fiir Physik &
Exzellenzcluster PRISMA", Mainz, Germany
We are currently setting up an experiment to determine the root mean square
triton charge radius via two-photon 1S-2S laser spectroscopy at 243 nm on mag-
netically trapped tritium atoms [1]. For preparation of trapping, an atomic hy-
drogen source including a microwave dissociation was set up, followed by a cryo-
genic nozzle and a magnetic quadrupole guide for velocity selection. In the fu-
ture, it is planned to load the slow hydrogen atoms into a magnetic minimum
trap using a cold lithium buffer gas, for which we will present the planned trap
configuration. Parallel, a spectroscopy laser system at 243 nm is being devel-
oped. The available laser power for exciting the 1S-2S two-photon transition is
increased in a stabilized enhancement cavity. The population of the hydrogen 25
state can be monitored by detecting quenched Lyman-a photons using micro-
channel plate-based system. In the next stage, we will test our laser system on an
atomic hydrogen sample.
[1] S. Schmidt et al. J. Phys. Conf. Ser. 1138, 012010 (2018)

A20.7 Wedl6:30 P
Enhancing Atom-photon Interaction with Integrated Nano-photonic Res-
onators — XIAOYU CHENGI, BENYAMIN SHNIRMAN1’4, ARTUR SKL]ARowl,
HADISEH ALAEIAN®, WEI Fu®, SUNNY YaNG®, HONG TaNG®, MARKUS GREUL",
MATHIAS KASCHEL4, TILMAN PFAUI, and RoBERT Loew! — 15, Physikalisches
Institut and Center for Integrated Quantum Science and Technology (IQST),
Universitit Stuttgart, Germany — “School of Electrical and Computer Engineer-
ing, Purdue University, Indiana, USA — *Department of Electrical Engineer-
ing, Yale University, Connecticut, USA — 4Institut fiir Mikroelektronik Stuttgart
(IMS-Chips), Stuttgart, Germany
We study hybrid devices consisting of thermal atomic vapours and Nano-
photonic waveguides for manipulating the interaction of atoms with single pho-
tons. This allows applications of collective and cooperative effects in the field of
quantum technologies. One goal here is to reach the strong coupling regime for a
single atom interacting with the mode of photonic crystal cavity (PhC). Our first
resonator design is a suspended photonic crystal cavity, which allows us to tightly
confine the mode into the interaction region. We have fabricated these devices
with a novel high selectivity under-etching technique. A second line of research
is to make use of the Rydberg blockade effects to generate single photons. We
work with high Q (Q>400000) resonators coupled with bus waveguides. This
allows high intensities to excite the weak dipole transitions to Rydberg states. In
addition, we plan to taper the waveguides to enhance the range of the evanes-
cent field such that we will be less vulnerable to transit time effects and surface
interactions.
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A208 Wed16:30 P
Rydberg systems under a reaction microscope — ¢MAX ALTHON, MARKUS
EXNER, PHILIPP GEPPERT, and HERWIG OTT — TU Kaiserslautern
With our MOTRIMS-type reaction microscope we observed collisions between
Rydberg atoms and ground state atoms. In these inelastic collisions, the Rydberg
electron can change to a lower-lying state. The resulting energy is imparted onto
the Rydberg core and the ground state atom as kinetic energy. We measured
the final state distribution after these state-changing collisions and observed a
wide range of possible final Rydberg states. State-changing collisions are a major
decay channel of Rydberg atoms in a dense environment and are of importance
for Rydberg molecules. Rydberg molecules are bound by the scattering interac-
tion between the Rydberg electron and a ground state atom. In this context, we
aim to directly photoassociate Trilobite molecules, which can be addressed effi-
ciently due to 3-photon excitation. We also show how another type of Rydberg
molecule can be used to create a Heavy-Rydberg system, which consists of an
ion and anion bound in a high vibrational state.

Our sample consists of 87Rb atoms in a crossed optical dipole trap. Using a
3-photon excitation scheme, atoms are excited to atomic or molecular Rydberg
states and photoionized by a short laser pulse from a CO, laser after a variable
evolution time. Following small homogeneous electric fields, the produced ions
are subsequently detected by a time and position sensitive micro channel plate
detector. This allows momentum resolved measurements of few-body Rydberg
dynamics.

A209 Wedl6:30 P
Most Precise g-Factor Comparison at ALPHATRAP — +TiM SAILER', VIN-
CENT DEBIERREI, ZOLTAN HARMANI, FABIAN HEISSEI, CHARLOTTE KC’)NIGl,
JONATHAN MoraGNER!, BINGSHENG Tu?, ANDREY VoLoTkA??, CHRISTOPH H.
Kerter!, Kraus Braum!, and SvEN STurM! — ! Max-Planck-Institut fiir Kern-
physik, Heidelberg — 2Helmholtz-Institut Jena, Jena — 3Department of Physics
and Engineering, ITMO University, St. Petersburg, Russia — *Institute of Mod-
ern Physics, Fudan University, Shanghai, China
The ALPHATRAP experiment is a cryogenic Penning-trap setup, designed to mea-
sure the g factor of the bound electron of heavy highly-charged ions (HCI) to
provide tests of fundamental physics in strong fields. Recently, a novel measure-
ment technique based on the coupling of ions as an ion crystal has been devel-
oped and applied to measure the most precise g-factor difference to date. By
coupling two neon ions, *’Ne’* and *Ne’", in a magnetron crystal, a coherent
measurement of the Larmor frequency difference of the respective bound elec-
trons becomes possible. The strong suppression of magnetic field fluctuations
due to the close proximity of the ions results in a common behaviour of the elec-
tron spin states. This allows a determination of the isotopic shift of the g factor
to an unprecedented precision of 5.6 x 10! relative to the absolute g factors,
and, in combination with theory, resolves and confirms the QED contribution
to the nuclear recoil for the first time. Alternatively, the result can be applied to
improve upon the precision of the charge radius difference of the isotopes or to
apply constraints on a potential fifth force in the Higgs portal mechanism.

A20.10 Wed16:30 P
A cold atomiclithium beam viaa 2D MOT — sHENDRIK-LUKAS SCHUMACHER,
MARCEL WILLIG, GREGOR SCHWENDLER, and RANDOLF POHL — Johannes
Gutenberg-Universitit Mainz Institut fiir Physik, QUANTUM und Exzellenz-
cluster PRISMA+
We plan to build a source for a very high flux of cold atomic Li for spectroscopy
[1], and for using trapped cold Li as a buffer gas to enable trapping of atomic
hydrogen, deuterium and tritium. Laser spectroscopy of atomic ®”Li has been
used to determine the (squared) rms charge radius difference of the stable Li nu-
clei [2]. One important systematic effect in this experiment, as well as in most
other precision spectroscopy measurements, is the distortion and apparent shift
of resonance line by quantum interference of close-lying states [3]. Li with its
unresolved hyperfine structure is an excellent testbed for precision studies of
quantum interference [4].

In another line of research, we plan to trap large amounts of cold Li and use it
as a cold buffer gas to enable trapping and laser spectroscopy of atomic hydrogen
from a cryogenic beam [2].

[1] T.G. Tiecke, S.D. Gensemer, A. Ludewig, ].T.M. Walraven, Phys. Rev. A 80,
013409 (2009), arXiv

[2] S. Schmidt et al., J. Phys. Conf. Ser. accepted (2018), arXiv

[3] M. Horbatsch, E.A. Hessels, Phys.Rev. A 84, 032508 (2011)

[4] R. C. Brown et al., Phys.Rev. A 87, 032504 (2013)

A20.11 Wed16:30 P
Probing physics beyond the standard model using ultracold mercury —
«THORSTEN GROH, QUENTIN LAVIGNE, FELIX AFFELD, and SIMON STELLMER
— Physikalisches Institut, Universitit Bonn, 53115 Bonn, Germany
Searches for physics beyond the standard model (SM) range from high-energy
collision experiments to low-energy table-top experiments. Cosmological phe-
nomena suggest the existence of yet undiscovered particles, described as dark
matter.
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Recently, it was proposed to employ high precision spectroscopy of atomic
isotope shifts [Delaunay, PRD 96, 093001 (2017); Berengut, PRL 120, 091801
(2018)] to search for a new force carrier that directly couples quarks and lep-
tons. Signatures of such new particles would emerge as nonlinearities in King
plots of scaled isotope shifts on different electronic transitions.

Mercury is one of the heaviest laser-coolable elements and possesses five
naturally occurring bosonic isotopes, all of which have been laser-cooled in a
magneto-optical trap. We report on optimizing these trap parameters and we
present our latest results of precision isotope spectroscopy in ultracold mercury
on various optical transitions. Our King plot analysis of the nonlinearities indi-
cates deviations from SM predictions.

A20.12 Wed16:30 P
Two-loop self-energy corrections to the bound-electron g-factor: M-term
— «BASTIAN SIKORA', VLADIMIR A. YEROKHIN’, CHRIsTOPH H. KEITEL', and
ZortAN HarMAN' — 'Max-Planck-Institut fiir Kernphysik, Heidelberg, Ger-
many — 2Center for Advanced Studies, Peter the Great St. Petersburg Polytech-
nic University, 195251 St. Petersburg, Russia
The theoretical uncertainty of the bound-electron g-factor in heavy hydrogen-
like ions is dominated by uncalculated two-loop Feynman diagrams. Due to the
presence of ultraviolet divergences, diagrams with two self-energy loops need to
be split into the loop-after-loop (LAL) contribution and the so-called F-, M- and
P-terms which require different numerical techniques. In our previous work, we
have obtained full results for LAL and the F-term [1].

In this work, we present our results for the M-term contribution. This cor-
responds to the ultraviolet finite part of nested and overlapping loop diagrams
in which the Coulomb interaction in intermediate states is taken into account
exactly.

Our results are highly relevant for ongoing and future experiments with high-
Z ions as well as for an independent determination of the fine-structure constant
o from the bound-electron g-factor [2].

[1] B. Sikora, V. A. Yerokhin, N. S. Oreshkina, et al., Phys. Rev. Research 2,
012002(R) (2020).

[2] S. Sturm, I. Arapoglou, A. Egl, et al., EPJ ST 227, 1425 (2019)

A20.13 Wed16:30 P
Status of the ALPHATRAP g-factor experiment — +FaBIAN HEIssE!, CHAR-
LOTTE KéNIGl, JONATHAN MORGNERI, Tim SAILERI, BINGSHENG TUI’Z,
SveN Sturm!, and Kraus Braum®' — 'Max-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg — Fudan University, China
Quantum electrodynamics (QED) is considered to be the most successful quan-
tum field theory in the Standard Model. Its most precise test is conducted via
the comparison of QED calculations with the measurement of the free electron
g-factor. However, this test is restricted to low electrical field strengths. Conse-
quently, it is of utmost importance to perform similar tests at high field strengths.

The ALPHATRAP experiment is a dedicated cryogenic Penning-trap setup to
measure the g-factor of bound electrons in highly charged ions up to hydrogen-
like uranium [1]. There, an electric field strength on the order of 10 V/cm acts
on the electron, allowing to test bound state QED with highest precision.

Our latest measurements of the g-factor for different charge states of a sin-
gle tin ion are presented. Furthermore, an outlook on upcoming studies and
prospects will be given.

[1] S. Sturm et al., Eur. Phys. J. Spec. Top. 227, 14251491 (2019)

A20.14 Wed16:30 P
Pound method of stabilizing the trap frequencies of an ion trap — «MARTIN
FISCHERI, ATISH ROYI, SEBASTIAN LUFFI’Z, MARKUS SONDERMANNI’Z, and
Gerp LeEucus"?>>* — Max Planck Institute for the Science of Light, Erlan-
gen, Germany — Friedrich-Alexander University Erlangen- Niirnberg (FAU),
Department of Physics, Erlangen, Germany — >Department of Physics, Uni-
versity of Ottawa, Canada — *Institute of Applied Physics, Russian Academy of
Sciences, Nizhny Novgorod, Russia
We report on the stabilization of the secular motion frequencies of an ion trapped
in the potential of a Paul-trap by analyzing the phase of the reflected trapping
filed. This is done by mixing the field reflected from the LC-circuit[1] made up
by the helical resonator and the trap with the RF-drive frequency. By adjusting
the relative phase of the two signals it is possible to determine how far the driving
field is detuned from the resonance of the LC-circuit. Feeding this signal back to
the RF-drive one can lock it to the resonance of the trap. In this way the power
coupled into the trap system remains almost constant while the small relative
variations of the drive field hardly change the magnitude of the trap frequencies.
The stability of the method is measured by directly monitoring the trap frequen-
cies visible in the detected fluorescence light when it is filtered by imaging it onto
a knife edge.

[1] R. V. Pound, Review of Scientific Instruments 17, 490-505 (1946)
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A20.15 Wed16:30 P
maXs100: A 64-pixel Metallic Magnetic Calorimeter Array for the Spec-
troscopy of Highly-Charged Heavy Ions — +S. ALLGEIER', A. ABELN', M.
FRIEDRICHI, A. GUMBERIDZEZ, M.-O. HERDRICH2'3’4, D. HENGSTLERI, F M.
KRGGER2’3’4, P. KUNTZI, A.FLEISCHMANN' , M. LESTINSKYZ, E.B. MEN22’3’4, PH.
PFAFFLEIN2’3’4, U. SPILLMANNZ, B. ZHU4, G. WEBER2’3’4, TH. ST@HLKER2’3’4,
and CH. Enss' — 'KIP, Heidelberg University — *GSI, Darmstadt — *10Q,
Jena University — 4HI Jena
Metallic magnetic calorimeters (MMCs) are energy-dispersive X-ray detectors
which provide an excellent energy resolution over a large dynamic range com-
bined with a very good linearity. They are operated at mK temperatures and
convert the energy of each incident photon into a temperature rise which is mon-
itored by a paramagnetic sensor.

We present the MMC array maXs-100, which was used to investigate electron
transitions in U%** at CRYRING@FAIR. The detector features 8x8 pixels with a
detection area of 1cm?* and a stopping power of 40 % for 100 keV X-rays. We
discuss details of the two detector systems used during the beam time, includ-
ing the cryogenic setup and magnetic shielding. An absolute energy calibration
with eV-precision at 100 keV as well as an energy resolution of 40 eV (FWHM)
at 60 keV were demonstrated, allowing for high-precision X-ray spectroscopy.

This research has been conducted in the framework of the SPARC collabo-
ration, experiment E138 of FAIR Phase-0 supported by GSI. We acknowledge
substantial support by ErUM-FSP APPA (BMBF no 05P19VHFAL).

A20.16 Wed16:30 P
Laser photodetachment threshold spectroscopy at FLSR: the experi-
ment preparation — ¢VADIM GaDELSHIN!, OLIVER FORSTNER®™, LoTHAR
SCHMIDTS, KurT STIEBINGS, DoMINIK STUDERI, and Kraus WeNDT' —
Institut fiir Physik, Johannes Gutenberg-Universitit Mainz — 2Friedrich
Schiller-Universitit Jena — >Helmholtz-Institut Jena — *GSI Helmholtzzen-
trum Darmstadt — >Institut fiir Kernphysik, Goethe-Universitit Frankfurt
The Frankfurt Low-energy Storage Ring (FLSR) is a room-temperature electro-
static storage ring, which can reduce the internal energy of stored ions almost
to the ambient temperature, being suitable for laser photodetachment threshold
(LPT) spectroscopy to determine the electron affinity of negatively charged ions.
The latter play a key role in accelerator mass spectrometry (AMS): lasers can se-
lectively neutralize undesired isobars, providing a purified beam of an isotope
of interest. To extend the range of available for AMS nuclides, it is necessary to
identify neutralization schemes for unwanted ions.

With this intention, a compact laser lab was constructed with an optical path,
guiding laser beams into FLSR. The laser setup is based on a tunable Ti:Sapphire
laser and a pulsed Nd:YAG laser, serving as a pump laser for Ti:Sapphire crystal
and as a high-energy laser beam at 532 nm. The RF plasma ion source with a Rb
charge exchange cell was installed to produce beams of negatively charged ions.

The results of the experiment preparation and of first tests will be presented.
The proof-of-principle of the setup is carried out for O- and OH- ions. An
overview of planned LPT studies will be given.

A 2017 Wed16:30 P
A variable out-coupling optical parametric oscillator for the laser sys-
tem of the ground hyperfine splitting in muonic hydrogen experiment.
— «AHMED OUF ON BEHALF OF THE CREMA COLLABORATION', SIDDARTH
RA]AMOHANANI, Lukas GOERNERI, and RanpoLF Ponr? — 1Iohannes
Gutenberg-Universitit Mainz, QUANTUM, Institut fiir Physik — “Johannes
Gutenberg-Universitat Mainz, QUANTUM, Institut fir Physik & Exzellenzclus-
ter PRISMA +, Mainz, Germany
We are working on a measurement of the ground-state hyperfine splitting in the
exotic muonic hydrogen atom, i.e. a proton orbited by a negative muon. From
this measurement, we will be able to determine the parameters of the magneti-
zation distribution inside the proton. The experiment requires a unique pulsed
laser system delivering 5m] pulses at a wavelength of 6.8 ym. The laser has to be
triggered on detected muons which enter the apparatus at stochastic times with
an average rate of about 103£' Because of the short 2us lifetime of the muon,
the laser has to produce pulses within about 1us after a random trigger. We use
a novel Yb:YAG thin-disk laser with a line width less than 10 MHz at 1030nm,
whose light output will be shifted in frequency by several OPO/OPA stages in 2
parallel branches at 3.15 ym and 2.1um, before a DFG yields the intense pulses
at 6.8 um. To enable easy optimization of the OPOs conversion we have devel-
oped an OPO cavity with variable finesse, based on polarization optics. We will
present this cavity, an optimized specific PDH locking scheme, and first experi-
mental results.

A20.18 Wed16:30 P
The muonic hydrogen ground state hyperfine splitting experiment —
«AHMED OUF ON BEHALF OF THE CREMA COLLABORATION', SIDDARTH
RA]AMOHANANI, Lukas GOERNERI, and RaNDOLF Poni? — 1Iohannes
Gutenberg-Universitit Mainz, QUANTUM, Institut fiir Physik, Mainz, Ger-
many — 2Iohannes Gutenberg-Universitit Mainz, QUANTUM, Institut fiir
Physik & Exzellenzcluster PRISMA +, Mainz, Germany
The ground state hyperfine splitting (1S-HFS) in ordinary hydrogen (the famous
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21 cm line) has been measured with 12 digits accuracy almost 50 years ago [1],
but its comparison with QED calculations is limited to 6 digits by the uncertainty
of the Zemach radius determined from elastic electron-proton scattering. The
Zemach radius encodes the magnetic properties of the proton and it is the main
nuclear structure that contributes to the hyperfine splitting (HFS) in hydrogen
together with the proton polarizability. The ongoing experiment of the CREMA
Collaboration at PSI aims at the first measurement of the 1S-HFS in muonic hy-
drogen (up). The measurement aims at determining the proton structure effects
referred to as the two-photon exchange with an accuracy of 1 x 107, which is a
hundredfold improved determination of (Zemach radius and the proton polar-
izability). Eventually, then this will improve the QED test using the 21 cm line
by a factor of 100. We will present the current status of the experimental effort
including the unique detection system and the novel laser development.

A20.19 Wed16:30 P
Study of Highly Charged Ions for the Tests of Bound-State QED — «MANASA
CHAMBATHI, KHawAIsH AN]UMI’Z, PATRICK BAUS3, GERHARD BIRKL3, KANIKA
KANIKA1’4, JEFFREY KLIME51’4’5, WOLFGANG QUINTI, and MANUEL VoGeL! —
1GSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Germany —
Delhi Technological University, Delhi, India — *Institute for Applied Physics,
TU Darmstadt, Germany — “Heidelberg Graduate School for Fundamental
Physics, Heidelberg, Germany — ®Max Planck Institute for Nuclear Physics, Hei-
delberg, Germany
The high-precision measurement of the Zeeman splitting of fine- and hyper-
fine structure levels can be performed using spectroscopy techniques. The Pen-
ning trap ARTEMIS at the HITRAP facility at GSI utilises the method of laser-
microwave double-resonance spectroscopy to measure the magnetic moment
and to test bound-state QED calculations by g-factor measurements of heavy,
highly charged ions like Ar13+ and Bi82+. Non-destructive electronic detection
is used to analyse and resistively cool the stored ions. Different ion species in
the trap are resolved according to their charge-to-mass ratio by fixing the detec-
tion frequency and ramping over a range of trapping potentials. By selectively
exciting the axial motion, Ar13+ ions are isolated from the ion cloud for the g-
factor measurements. Studies are also done to determine the phase transition of
dense ion clouds due to the discontinuous behaviour of spectral features during
cooling.

A 2020 Wed16:30 P
Detector for Atomic Hydrogen — «BENEDIKT TSCHARN, HENDRIK-LUKAS
SCHUMACHER, GREGOR SCHWENDLER, JAN HAACK, and RANDOLF POHL — Jo-
hannes Gutenberg-Universitit Mainz, Institut fiir Physik, QUANTUM & Excel-
lenzcluster PRISMA+, Mainz, Germany
Laser spectroscopy is the most precise way to experimentally determine the RMS
charge radius of light nuclei.[1] Performing it on muonic hydrogen has raised
the proton radius puzzle, a 5.6¢ difference to previous electron scattering exper-
iments.[2] Measuring the isotope shift of the 1S-2S transition in atomic tritium
will yield the radius of triton, the mirror nucleus to the helion, by two orders of
magnitude improved precision.[1] Together with muonic hydrogen, deuterium
and helium, this will allow for precise tests of nuclear theory.
The T-REX experiment aims to perform laser spectroscopy on cooled and
trapped atomic tritium. The atomic tritium flux to the MOT where the mea-
surement takes place has to be monitored with a non-destructive detector for
optimisation. Since tritium is radioactive, hydrogen is used during build-up.
We have developed such a detector measuring the resistance change of a 5um
diameter tungsten wire due to recombination energy. It is sensitive to a hydro-
gen flux of 10'7 atoms per second and can distinguish molecular and atomic
hydrogen beams.
[1] S. Schmidt et al., J. Phys. Conf. Ser. (2018), arXiv 1808.07240
[2] R. Pohl et al., Nature 466.723, 213-216 (2010)

A 2021 Wed16:30 P
Recoil correction to the energy level of heavy muonic atoms — *ROMAIN
CuazorTe"? and NaTaLIA ORESHKINAZ — !Unversitit Heidelberg — *MPI
In this work, the relativistic recoil correction to the energies of heavy muonic
atoms has been considered, based on the formalism suggested by Borie and
Rinker.

Muonic atoms are atoms, which have a bound muon instead of an electron.
The lifetime of a muon is long enough so it can be considered stable on the atomic
scale. Additionally, an atom with a single bound muon can be considered as a
hydrogenlike system. As muons are about 200 times heavier than electrons, they
orbit around the nucleus 200 times closer. This leads to a larger contribution of
all kinds of nuclear effects to the energy.

We calculated the recoil effect for the shell, sphere and Fermi nu- clear mod-
els. The model and nuclear parameters dependence has been studied. The re-
sults have been compared with previous studies. They also can be used for the
high-precision theoretical predictions of the spectra of heavy muonic atoms, and
in the further comparison with experimental data, aiming at the extraction of
the nuclear properties and parameters. In the future, a more rigorous quantum
electrody- namics formalism can be applied for enhancing the accuracy of the
relativistic recoil effect.
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A 21: Highly charged ions and their applications

Time: Wednesday 16:30-18:30

A21.1 Wed16:30 P
Non-perturbative dynamics in heavy-ion-atom collisions — «PIERRE-MICHEL
HILLENBRANDI’Z, SIEGBERT HAGMANNZ, ALEXANDRE GUMBERIDZEZ, YURY
LITVINOV2’3, and THOMAS STOHLKER>®® — 1Iustus-Liebig-Univ., Giessen —
2GSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt — >Ruprecht-
Karls-Univ., Heidelberg — 4Helmholtzinstitut Jena — 3 Friedrich-Schiller-Univ.,
Jena
Experimental data for atomic collisions of highly-charged ions are essential for
benchmarking the theoretical description of fundamental dynamical processes
in atomic physics. Of particular challenge is the accurate description of those
processes that exceed the applicability of relativistic first-order perturbation the-
ories. Recently, we have investigated two characteristic cases of such collision
systems at the GSI heavy-ion accelerator. For collisions of U%* projectiles with
N, and Xe targets at 76 MeV/u, we studied the electron-loss-to-continuum cusp
both experimentally and theoretically. We compared the continuum electron
spectra of the two collision systems, which originate from the ionization of the
projectile, and were able to identify a clear signature for the non-perturbative
character of the collision systems [1]. Furthermore, we performed an x-ray spec-
troscopy experiment for slow collisions of Xe>** and Xe>>* with a Xe target at 30
and 15 MeV/u. We analyzed the target K« satellite and hypersatellite lines to de-
rive cross section ratios for double-to-single target K-shell vacancy production
and compared the results to relativistic two-center calculations [2].
[1] Phys. Rev. A 104, 012809 (2021)
[2] Phys. Rev. A, submitted

A212 Wedl16:30 P
Laser cooling of stored relativistic bunched ion beams at the ESR
— oSEBASTIAN KLAMMESI’Z, LARS BOZYKI, MICHAEL BUSSMANNS, Noan
E1zZENHOFER?, VOLKER HANNEN!, Max Horst?, DaNEL Kigrer?, NiLs
KIEFERS, THOMAS KUHLl’ﬁ, BENEDIKT LANGFELDZ, XINWEN MA7, WIL-
FRIED NGRTERSHAUSERZ, RopboLro SANCHEZI, ULRICH SCHRAMM3’8, MATH-
IAS SIEBOLD3, PETER SPILLERI, MARKUS STECKl, THOMAS ST@HLKER1’6’9,
KeN UEBERHOLZ4, THOMAS WALTHERZ, HANBING WANG7, WEIQIANG WEN7,
Danier Winzen?, and DanvarL Winters! — 'GSI Darmstadt — *TU Darm-
stadt — *HZDR Dresden — *Uni Miinster — >Uni Kassel — °HI Jena — 7IMP
Lanzhou — $TU Dresden — °Uni-Jena
At heavy-ion storage rings, almost all experiments strongly benefit from cooled
ion beams, i.e. beams which have a small longitudinal momentum spread and
a small emittance. During the last two decades, laser cooling has proven to be
a powerful tool for relativistic bunched ion beams, and its "effectiveness” is ex-
pected to increase further with the Lorentz factor (y). The technique is based on
resonant absorption (of photon momentum & energy) in the longitudinal direc-
tion and subsequent spontaneous random emission (fluorescence & ion recoil)
by the ions, combined with moderate bunching of the ion beam. We will report
on recent (May 2021) preliminarily results from a laser cooling beam experiment
at the ESR at GSI in Darmstadt, Germany, where broadband laser cooling of a
relativistic ion beam could be successfully demonstrated for the first time using
a pulsed UV laser system with a high rep.-rate, variable pulse lengths and high
UV power.

A213 Wed16:30 P
Redefined vacuum approach and gauge-invariant subsets in two-photon-
exchange diagrams — eROMAIN SOGUEL!, ANDREY VoroTka?, DMITRY
GLazov’, and STEPHAN FriTzscHE' — !Helmholtz-Institut Jena, Jena, 07743,
Germany — “ITMO University, St. Petersburg, 197101, Russia — >St. Petersburg
State University, St. Petersburg, 199034, Russia
Within bound-state QED, the interelectronic interaction is treated perturba-
tively as an expansion over the number of exchanged photons. So far, zeroth-
order many-electron wave-function constructed as a Slater determinant (or sum
of Slater determinants) with all electrons involved were used in the performed
derivations. The vacuum redefinition in QED, which is extensively used in
MBPT to describe the states with many electrons involved, is proposed as a
path towards an extension of two-photon-exchange calculations to other ions
and atoms.

The two-photon-exchange diagrams for atoms with single valence electron are
investigated. Calculation formulas are derived for an arbitrary state within rig-
orous bound-state QED framework utilizing the redefined vacuum formalism.
This approach enables the identification of gauge-invariant subsets at two- and
three-electron diagrams and separate between the direct and exchange contri-
butions at two-electron graphs. Thus, the consistency of the obtained results is
verified by comparing the results for each identified subset in different gauges.
The gauge invariance of found subsets is demonstrated both analytically (for an
arbitrary state) as well as numerically for 2s, 2p1/2, and 2p3/2 valence electron
in Li-like ions.
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A214 Wed16:30 P
Laser Cooling of Relativistic Ion Beams Employing a Transportable Pulsed
UV Laser System — eBENEDIKT LANGFELD!, LaRs Bozvk’, MICHAEL
BUSSMANN® ’4, NoaH EIZENH@FERI, VOLKER HANNEN® , MAX HORSTI, DANIEL
Kierer', NiLs Kierer®, SEBasTIAN Krammes?, THomas KoHL>’, MARKUS
LGSER3, XINWEN MAS, WILFRIED NéRTERSH}iUSERI, RopoLFo SANCHEZZ, UL-
RICH SCHRAMM3’9, MATHIAS SIEBOLDS, PETER SPILLERZ, MARKUS STECKZ,
THOMAS STC’)HLKERZ’7’1°, KEN UEBERHOLZS, THOMAS WALTHERI'H, HANBING
WANG7, WEIQIANG WEN7, and DANYAL WINTERS? — !TU Darmstadt — 2GSI
Darmstadt — *HZDR Dresden — *CASUS Gérlitz — >Uni Miinster — ®Uni
Kassel — "HI Jena — 8IMP Lanzhou — °TU Dresden — °Uni Jena — HFHF
Ffm
Laser cooling of relativistic ion beams has been shown to be a promising tech-
nology to generate bright ion beams. To strongly reduce intrabeam scattering, a
well-known problematic effect for high-intensity ion beams, pulsed laser systems
with broad bandwidths can be employed.

In this work, we present preliminary results from a recent (May 2021) laser
cooling "beam experiment” at the ESR storage ring at GSI Helmholtzzentrum
Darmstadt, employing relativistic C>* ion beams and our tuneable high repeti-
tion rate UV laser system. We have developed a transportable master-oscillator-
power-amplifier system, supplying Fourier transform limited pulses with a con-
tinuously adjustable pulse duration between 50 and 735 ps and repetition rate of
1 to 10 MHz. With two SHG stages, the desired wavelength of 257.25 nm can be
achieved, yielding > 200 mW during the beam experiment.

A215 Wed16:30 P
Sensitivity to new physics of isotope-shift studies using forbidden optical
transitions of highly charged Ca ions — sN1Ls-HOLGER REHBEHN', MICHAEL
KARL ROSNERI, HENDRIK BEKKER1’3, JuLiAN BERENGUT1’7, PIET SCHMIDT2’8,
STEVEN KING?, PETER MICKE>!, MING FENG Gu°, ROBERT MULLER>, AN-
DREY SURZHYKOVZ®”, and JosE CRESPO L6PEZ-URrRuTIA! — 'Max-Planck-
Institut fiir Kernphysik, Heidelberg, Germany — 2Physikalisch-Technische Bun-
desanstalt, Braunschweig, Germany — >Helmholz Institut Mainz, Johannes
Gutenberg University, Germany — *Technische Universitit Braunschweig, Ger-
many — °Laboratory for Emerging Nanometrology Braunschweig, Germany —
SSpace Science Laboratory, University of California, Berkeley, USA — School
of Physics, University of New South Wales, Sydney, Australia — 3Leibniz Uni-
versitit Hannover, Germany
A hypothetical fifth force between neutrons and electrons could be detected
through so-called King plots, where the isotope shifts of two optical transitions
are plotted against each other for a series of isotopes. Deviations from the ex-
pected linearity could reveal such fifth force. We explore six forbidden tran-
sitions in highly charged (HCI) calcium, where some are suited for upcoming
high-precision coherent laser spectroscopy. With this number of transitions it is
possible to utilize the generalized King plot method, which will remove higher-
order SM nonlinearities and thus more sensitivity to unknown forces. Currently
further research is conducted in HCI Xe, which has a greater number of isotopes
for the King plot.

A21.6 Wedl6:30 P
From the first production run with CRYRING@ESR to the future —
eMICHAEL LESTINSKYI, ESTHER MENZL’Z"’J, ZORAN ANDELKOVICI, ANGELA
BRAUNING—DEMIANI, ‘WOLFGANG GEITHNERI, FRANK HERFURTHI, STE-
FAN SCHIPPERS4’5, REINHOLD SCHUCHs, GLEB VOROBJEVI, and THOMAS
SToHLKER?? — 'GSI Darmstadt — 2HI Jena — >FSU Jena — *JLU Giefen
— SHFHF Campus Gieflen — Stockholm University
With the installation and commissioning of the CRYRING@ESR facility being
largely complete, the first heavy ion storage ring of the FAIR facility in Darm-
stadt is now in service as a user facility. The ring is able to store all ion species
the GSI accelerator complex can produce as beams — from the lightest protons
to bare uranium - and operates at significantly lower beam energy range down
to few 100~keV/u. This opens new experiment opportunities and the SPARC
collaboration at FAIR has proposed a rich research program on precision spec-
troscopy, slow atomic collisions and astrophysically relevant processes. During
the 2021 beamtime period, first experimental installations of SPARC were suc-
cessfully taken into operation and several experiment proposals were taken to
data production. Even though the data analysis is still largely ongoing, it has al-
ready become apparent that the performance of the facility is largely meeting the
high expectations. In addition we have been able to identify realistic opportu-
nities for further improvement. We will give an overview of the storage ring, its
performance, available and planned experimental installations, and invite dis-
cussion on further opportunities of the facility.
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A217 Wed16:30 P
Production of a mixed highly charged ion Coulomb crystal — <MALTE
WEHRHEIM', ELWIN A. Dyjck', CHRISTIAN WARNECKE"?, RUBEN HENNINGER',
MicHAEL KARL ROSNERI’Z, ALVARO GARMENDIAI, ANDREA GRAFl, JuLia E1=1=1,
CrauDIA VOLK', KosTas GEORGIOU', CHRISTOPHER MaYo'?, LaksuMmI P.
KOZHIPARAMBIL SA)ITH1’3’4, MORTEN WILLI, José RamoN CRESPO LOPEZ-
UrruTIA® ,and THOMAS PrEIFER' — Max-Planck-Institut fiir Kernphysik, Hei-
delberg — *Heidelberg Graduate School for Physics — >University of Birming-
ham, United Kingdom — 4DESY, Zeuthen
Precise spectroscopy of highly charged ions (HCI) is a promising candidate for
the search of physics beyond the standard model. As a precondition we demon-
strate the co-trapping of A" ina precooled beryllium Coulomb crystal with
the novel design of our cryogenic Paul trap. After the extraction of hot HCI
(103K range) from our electron beam ion trap (EBIT) the desired charge state is
selected and the HCI beam is brought into the Trap. The main chamber of our
experiment CryPTEx-SC (Cryogenic Paul Trap Experiment - superconducting)
combines the geometry of a linear Paul trap with a superconducting resonator for
the most stable radiofrequency fields. There we achieve the preparation of mixed
beryllium and HCI Coulomb crystals of variable size with mK temperatures. By
characterizing our trap, we verify that the correct charge state was selected which
will be used for a benchmark measurement of the 2p*P, P ’p, /2 fine structure
transition of Ar'®* using quantum logic spectroscopy.

A21.8 Wed16:30 P
DR experiment on Ne?t at CRYRING®@ESR — ¢ESTHER BABETTE MENZI’Z’S,
MICHAEL LESTINSKYI, SEBASTIAN FUCHS4’5, ‘WERONIKA BIELA—NOWACZYKs,
ALEXANDER BOROVIK ]R.4, CARSTEN BRANDAU1’4, CLAUDE KRANTZI, GLEB
VOROBYEV!, BELA ARNDT', ALEXANDRE GUMBERIDZE', PIERRE-MICHEL
HILLENBRANDI, TiNO MORGENROTH > , RAGANDEEP SINGH SIDHUI, STEFAN
SCHIPPERS4’5, and THOMAS STOHLKERV> — 1GSI, Darmstadt — >Helmholtz-
Institut Jena — 10Q, Friedrich-Schiller-Universitit Jena — *I. Phys. Institut,
Justus-Liebig-Universitat — >Helmholtz Forschungsakademie Hessen fiir FAIR,
Campus Gieflen — ®Institute of Physics, Jagiellonian University Krakéw

After its move from Stockholm to GSI, CRYRING@ESR is now back in op-
eration with previously inaccessible ion species available from the accelerator
complex as well as a smaller selection from a local injector. The first merged-
beam measurements of dielectronic recombination (DR) were performed at the
CRYRING@ESR electron cooler since its move from Stockholm using a newly
established particle detection and data acquisition setup. We present results from
a scheduled experiment on low-energy DR of Ne?* in May 2021. Neon is an as-
trophysically abundant element and absolute DR rates for low charge states are
important for the modelling of cold, photoionized plasmas such as planetary
nebulas. We plan to continue our DR experiments with a series of other low
charge state ions which are of key importance for the quantitative analysis of
astrophysical data.

A219 Wed16:30 P
Cold highly charged ion dynamics in a superconducting Paul trap —
eELWIN A. DIICKI, CHRISTIAN WARNECKEI’Z, MALTE WEHRHEIMI, JuLia
EFFI, ALVARO GARMENDIAI, ANDREA GRAFI, RUBEN HENNINGERI, CLAUDIA
VOLKl, MORTEN WILLI, KosTas GEORGIOUI’S, LAaksumi P. KOZHIPARAMBIL
SAJITH1’3’4, CHRISTOPHER MAYOI’S, THOMAS PFEIFERI, and Josté R. CREsPO
Lépez-UrruTia' — 'Max Planck Institute for Nuclear Physics, Heidelberg —
*Heidelberg Graduate School for Physics — > University of Birmingham, United
Kingdom — *DESY, Zeuthen
By integrating a niobium superconducting radio-frequency resonator with a lin-
ear Paul trap, the CryPTEx-SC experiment demonstrates a new ion trap concept
developed for achieving ultra-low noise conditions [1]. Filtering of the trap drive
by the high quality factor of the resonator and suppression of magnetic field fluc-
tuations by the Meissner-Ochsenfeld effect will be beneficial for precision spec-
troscopy of highly charged ions using quantum logic techniques. Highly charged
ions are captured and sympathetically cooled by Be* ions in the superconduct-
ing ion trap. This enables the exploration of dynamics in mixed species Coulomb
crystals consisting of ions with disparate charge-to-mass ratios.

[1] 7. Stark et al., Rev. Sci. Instrum. 92, 083203 (2021)

A 22: Charged ions and their applications
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Invited Talk A221 Thul0:30 A-H1
Optimizing large atomic structure calculations with machine learning —
ePAVLO BILOUSl, ADRIANA PALFFYZ, and FLORIAN MARQUARDT1 — "Max-
Planck-Institut fiir die Physik des Lichts, D-91058 Erlangen, Germany —
’Department of Physics, Friedrich-Alexander-Universitit Erlangen-Niirnberg,
D-91058 Erlangen, Germany

Atomic structure calculations for heavy atoms and ions are computationally de-
manding due to the presence of strong electronic correlations. These corrections
account for admixture of electronic configurations with excitations to unoccu-
pied (virtual) or partially occupied orbitals. For systems with many electrons the
number of such additional configurations becomes exponentially large. In this
work, we make an attempt to employ a neural network to select which config-
urations do influence the physical quantity of interest (e.g. a transition energy
or a hyperfine structure constant), and which can be omitted without signifi-
cant loss of precision. As an example, we consider a highly charged Th*** ion
with the electronic configuration 4 f°. This case allows for an electronic bridge
scheme [1] relevant for a nuclear clock based on the 8 eV nuclear 2*°Th isomeric
state. In this approach, accurate electronic transition energies are required. The
latter were obtained recently in Ref. [2] under usage of massive computational
resources. We discuss how the required resources can be reduced by carrying
out neural-network-assisted calculations instead.

[1] P. V. Bilous et al., Phys. Rev. Lett. 124, 192502 (2020).
[2] S. G. Porsev et al., Quantum Sci. Technol. 6(3), 034014 (2021).

A222 Thull:00 A-H1
First storage of highly charged ions in an ultralow-noise superconducting
radio-frequency ion trap — ¢CHRISTIAN WARNECKEI’Z, ELwiIN A. DIICKI,
MALTE WEHRHEIMI, JuLia EFFI, ALVARO GARMENDIAI, ANDREA GRAFI,
RUBEN HENNINGER', CLAUDIA VorLk!, MORTEN WiLL!, LAKsHMI PRIva
KOZHIPARAMBIL SAJITH4, KosTas GEORGIOUS, CHRISTOPHER MAYOS, THOMAS
PrerFer!, and Jost RaMON CRrEsPO LOPEz-UrrUTRIA' — !Max-Planck-
Institute for Nuclear Physics, Saupfercheckweg 1 69117 Heidelberg Germany
— *Heidelberg Graduate School for Physics, Im Neuenheimer Feld 226 69120
Heidelberg Germany — >School of Physics and Astronomy, University of Birm-
ingham, Edgbaston, Birmingham, B15 2TT, UK — *Deutsches Elektronen-
Synchrotron (DESY), Humbolt Universitdt zu Berlin
To provide an environment free of noise induced by external alternating electro-
magnetic fields, we developed a quasi-monolithic, superconducting quadrupole
resonator combined with a Paul trap reaching a very high Q-factor up to 2 x 10°
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at the working frequency of about 34 MHz. Such a high quality factor filters the
radio-frequency trap drive noise significantly. Thus, heating rates of the radial
modes are reduced. The cavity is a promising step to increase coherence times
for quantum logic spectroscopy experiments, which will lead the way to future
spectroscopy measurements with highly charged ions (HCI) in the Lamb-Dicke
regime. Recently, first HCI have been successfully retrapped and sympathetically
cooled with a single Be+ ion. We present the recent developement of our setup
and first characterizations.

A223 Thull:15 A-HI
Bound Electron g Factor Measurements of Highly Charged Tin — ¢JONATHAN
MORGNER!, CHARLOTTE M. KONIG', Tim SATLER', FaBIaN HEIssE', BING-
sHENG Tu® , VLADIMIR A. YEROKHINZ, BASTIAN SIKORAI, ZOLTAN HARMANI,
JosE R. CrRESPO L6pEZ-UrrUTIAY, CHRIsTOPH H. KEITEL!, SVEN STURM!, and
Kraus BLaum! — 'Max-Planck Institut fiir Kernphysik, Heidelberg — “Center
for Advanced Studies, St. Petersburg — >Institute of Modern Physics, Shanghai
Highly charged ions are a great platform to test fundamental physics in strong
electric fields. The field-strength experienced by a single electron bound to a
high Z nucleus reaches strengths exceeding 10'® V/cm. Perturbed by the strong
field, the g factor of a bound electron is a sensitive tool that can be both calcu-
lated and measured to high accuracy. In the recent past, g-factor measurements
of low Z ions reached precisions of low 107!, Following this, the ALPHATRAP
Penning-trap setup is dedicated to precisely measure bound-electron g factors
of the heaviest highly-charged ions.

In this contribution, our recent measurement of bound-electron g factors in
highly charged '"*Sn will be presented. Over the course of several months, g fac-
tors for three different charge states have been measured, each allowing a unique
test of QED in a heavy highly charged ion, probing different g-factor contribu-
tions. Furthermore, progress on a new EBIT setup is presented. This will eventu-
ally allow ALPHATRAP to inject and measure even heavier highly charged systems
beyond hydrogenlike lead (Pb®'*).

A224 Thull:30 A-HI1
From single-particle picture to many electron QED — sROMAIN SOGUEL'
and ANDREY VoLoTka? — '"Helmholtz-Institut Jena, Jena, 07743, Germany —
2ITMO University, St. Petersburg, 197101, Russia
The redefined vacuum approach, which is frequently employed in the many-
body perturbation theory, proved to be a powerful tool for formula derivation.
Here, we elaborate this approach within the bound-state QED perturbation the-
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ory. In addition to general formulation, we consider the particular example of
a single particle (electron or vacancy) excitation with respect to the redefined
vacuum. Starting with simple one-electron QED diagrams, we deduce first- and
second-order many-electron contributions: screened self-energy, screened vac-
uum polarization, one-photon exchange, and two-photon exchange. The rede-
fined vacuum approach provides a straightforward and streamlined derivation
and facilitates its application to any electronic configuration. Moreover, based
on the gauge invariance of the one-electron diagrams, we can identify various
gauge-invariant subsets within derived many-electron QED contributions.

The employment of the redefined vacuum approach allowed us to identify the
gauge-invariant subsets, within the two-photon-exchange diagrams, at two- and
three-electron diagrams and separate between the direct and exchange contribu-
tions at two-electron graphs. The gauge invariance of found subsets is demon-
strated both analytically (for an arbitrary state) as well as numerically for 2s,
2p1/2, and 2p3/2 valence electron in Li-like ions.

A225 Thull:45 A-H1
Dynamics of a trapped ion in a quantum gas: Effects of particle statis-
tics — *LORENZO OGHITTUl, MELF ]OHANNSENI, ANTONIO NEGRETTIl, and
RENE GERRITSMA? — ! Zentrum fiir Optische Quantentechnologien, Universitit
Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany — *Van der Waals
Zeeman Institute, Institute of Physics, University of Amsterdam, Science Park
904, 1098 XH Amsterdam, The Netherlands
We study the quantum dynamics of an ion confined in a radio-frequency trap
in interaction with either a Bose or spin-polarized Fermi gas. To this end, we
derive quantum optical master equations in the limit of weak coupling and the
Lamb-Dicke approximations. For the bosonic bath, we also include the so-called
Lamb-shift correction to the ion trap due to the coupling to the quantum gas as
well as the extended Frohlich interaction within the Bogolyubov approximation
that have been not considered in previous studies. We calculate the ion kinetic
energy for various atom-ion scattering lengths as well as gas temperatures by
considering the intrinsic micromotion and we analyze the damping of the ion
motion in the gas as a function of the gas temperature. We find that the ion’s
dynamics depends on the quantum statistics of the gas and that a fermionic bath
enables to attain lower ionic energies.

A22.6 Thul2:00 A-HI1
Water-assisted electron capture exceeds photorecombination in biological
conditions — ¢AXEL MOLLEI’Z, OLEG ZATSARINNY3, THOMAS ]AGAUZ, ALAIN
Dusors', and Nicoras Srsourat' — !Laboratoire de Chimie Physique -

A 23: Ultra-cold atoms, ions
Time: Thursday 10:30-12:15

Invited Talk A231 Thul0:30 A-H2
Chemistry of an impurity in a Bose-Einstein condensate — ¢ARTHUR
CHRISTIANEN"?, IoNacI1O CIRACY2, and RicHARD ScaMIDT"? — ! Max-Planck-
Institut fiir Quantenoptik, Garching, Germany — “Munich Center for Quantum
Science and Techonology, Munich, Germany
In ultracold atomic gases, a unique interplay arises between phenomena known
from condensed matter, few-body physics and chemistry. Similar to an electron
in a solid, a quantum impurity in an atomic Bose-Einstein condensate is dressed
by excitations from the medium, forming a polaron quasiparticle with modified
properties. At the same time, the atomic impurity can undergo the chemical
reaction of three-body recombination with atoms from the BEC, which can be
resonantly enhanced due to universal three-body Efimov bound states crossing
the continuum. As an intriguing example of chemistry in a quantum medium,
we show that such Efimov resonances are shifted to smaller interaction strenghts
due to participation of the polaron cloud in the bound state formation. Simulta-
neously, the shifted Efimov resonance marks the onset of a polaronic instability
towards the decay into larger Efimov clusters and fast recombination.
References: [1] A. Christianen, J.I. Cirac, R. Schmidt, ”Chemistry of a light
impurity in a Bose-Einstein condensate”, arXiv:2108.03174 [2] A. Christianen,
].I. Cirac, R. Schmidt, ”From Efimov Physics to the Bose Polaron using Gaussian
States”, arXiv:2108.03175

A232 Thull:00 A-H2
Formation of spontaneous density-wave patterns in DC driven lattices - an
experimental study — +HENRIK P. ZAHN, VIJAY P. SINGH, MARCEL N. KoscH,
LucA ASTERIA, LUKAS FREYSTATZKY, KLAUS SENGSTOCK, LUDWIG MATHEY, and
CHRISTOF WEITENBERG — Universitdt Hamburg, Hamburg, Deutschland
Driving a many-body system out of equilibrium induces phenomena such as the
emergence and decay of transient states, which can manifest itself as pattern and
domain formation. The understanding of these phenomena expands the scope of
established thermodynamics into the out-of-equilibrium domain. Here, we ob-

Matié¢re et Rayonnement, Sorbonne Université, Paris, France — 2Quantum
Chemistry and Physical Chemistry, KU Leuven, Belgium — ’Department of
Physics and Astronomy, Drake University, Des Moines, USA

A decade ago, an electron-attachment process called interatomic coulombic elec-
tron capture has been predicted to be possible through energy transfer to a
nearby neighbour. It has been estimated to be competitive with environment-
independent photorecombination for selected examples of reaction partners. Its
impact on biological systems, however, has yet to be investigated.

Here, we evaluate therefore the capability of alkali and alkaline earth metal
cations to capture a free electron by assistance from a nearby water molecule.
We introduce a characteristic distance ry¢ for this energy transfer mechanism
in equivalence to the Forster radius for energy transfer between chromophores
which allows to estimate the quantum efficiency. We find rc bound from above.
This water-assisted electron capture dominates over photorecombination be-
yond the second hydration shell of each alkali and alkaline earth cation for elec-
tron energies above a threshold. It will be measurable against photorecombina-
tion in an experiment around that threshold energy.

A227 Thul2:15 A-HI
Parity-violation studies with partially stripped ions — sJAN RICHTER"?,
ANNA V. MAIOROVA3’4, ANNA V. VIATKINAI’Z’S’G, DMITRY BUDKERS’6’7, and
ANDREY SurRzHYKOV>® — 1Physikalisch-Technische Bundesanstalt, Germany
— ?Technische Universitit Braunschweig, Germany — >Center for Advanced
Studies, Peter the Great St. Petersburg Polytechnic University, Russia —
*Petersburg Nuclear Physics Institute of NRC "Kurchatov Institute", Russia —
>Helmbholtz Institute Mainz, GSI Helmholtzzentrum fiir Schwerionenforschung,
Germany — $Johannes Gutenberg University Mainz,, Germany — "Department
of Physics, University of California, Berkeley, USA — ®Laboratory for Emerging
Nanometrology Braunschweig, Germany
We present a theoretical study of photoexcitation of highly charged ions from
their ground states, a process which can be realized at the Gamma Factory at
CERN. Special attention is paid to the question of how the excitation rates are
affected by the mixing of opposite-parity ionic levels, which is induced both by
an external electric field and the weak interaction between electrons and the nu-
cleus. In order to reinvestigate this "Stark-plus-weak-interaction” mixing, de-
tailed calculations are performed for the 1s;,, — 2s;/, and 1s> 251/, — 15 381/
(M1 + parity-violating-E1) transitions in hydrogen- and lithium-like ions, re-
spectively. In particular, we focus on the difference between the excitation rates
obtained for right- and left-circularly polarized incident light. This difference
arises due to the parity violating mixing of ionic levels.
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serve the out-of-equilibrium dynamics of a Bose-Einstein condensate in an op-
tical lattice subjected to a strong DC field, realized by strongly tilting the lattice.
We observe the emergence of pronounced density wave patterns — which sponta-
neously break the underlying lattice symmetry - using a novel single-shot imag-
ing technique with two-dimensional single-site resolution in three-dimensional
systems, which also resolves the domain structure. Further, we investigate for-
mation and decay time scales of the pattern formation as well as the role of tun-
nelling transverse to the tilt for the type of emerging pattern.

A233 Thull:l5 A-H2
Formation of spontaneous density-wave patterns in DC driven lattices -
a theoretical study — <Lukas FREYSTATZKY?, Vijay SINGH"®, HENRIK
ZAHN4, MARCEL KOSCH4, Luca ASTERIA4, Kraus SENGSTOCKI’ZA, CHRISTOF
WEITENBERG2’4, and Lupwic MATHEY"?* — !Zentrum fiir optische Quan-
tentechnologien, Universitit Hamburg, Hamburg, Germany — “The Hamburg
Centre for Ultrafast Imaging, Universitit Hamburg, Hamburg, Germany —
*Institut fir Theoretische Physik, Leibniz Universitit Hannover, Hanover, Ger-
many — *Institut fiir Laserphysik, Universitit Hamburg, Hamburg, Germany
We study the phenomenon of spontaneous density-wave patterns, which
emerges in a Bose-Einstein condensate in an optical lattice subjected to a strong
DC field, realized by strongly tilting the lattice. We use dynamical classical field
simulations and analytical approaches to analyse the out-of-equilibrium dynam-
ics of the system, which shows the emergence of pronounced density-wave pat-
terns that spontaneously break the underlying lattice symmetry. This observa-
tion and the corresponding formation and decay time scales of the pattern for-
mation are consistent with the measurements. We identify the dominant pro-
cesses using Magnus expansion and describe the emergence of the density wave
pattern in a perturbative approach.
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A234 Thull:30 A-H2
Exploring orbital extensions of the Fermi-Hubbard model with ultracold yt-
terbium atoms — «GIuLIO PASQUALETTII’2’3, OSCAR BETTERMANN1’2’3, NEL-
SON DARKWAH OPPONGI’2’3, IMMANUEL BLOCH1’2'3, and StMoN FoLLING > —
! Ludwig-Maximilians-Universitit, Munich, Germany — *Max-Planck-Institut
fiir Quantenoptik, Garching, Germany — *Munich Center for Quantum Science
and Technology (MCQST), Munich, Germany
The Fermi-Hubbard model (FHM) represents a paradigmatic milestone in
condensed-matter physics. In the last decades, neutral atoms in optical lattices
have become a powerful platform for investigating its properties in a clean and
well-controlled environment. However, experiments have so far mostly explored
the single-orbital limit of the FHM.

Here, we explore orbital extensions of the FHM with ultracold ytterbium
atoms. The electronic ground state of neutral ytterbium possesses a SU(N) sym-
metry, which allows the study of the FHM with larger spin multiplicity. More-
over, a metastable electronic state known as the clock state can serve as a com-
pletely independent orbital degree of freedom, enabling the study of the mass-
imbalanced FHM utilizing state-dependent potentials. In our experiment, we
probe these orbital extensions of the FHM in different dimensionalities, inves-
tigating their spectroscopic properties, their thermodynamics, and dynamic re-
sponse.

A235 Thull:45 A-H2
Quantum thermodynamics: Heat leaks and fluctuation dissipation
— OLEKSIY ONISHCHENKOI, DANIEL PIINI, JANINE HILDERI, ULRICH
POSCHINGERI, Raam UZDINZ, and FERDINAND ScCHMIDT-KALER!
!QUANTUM, Institut fiir Physik, Universitit Mainz, Mainz, Germany — Fritz
Haber Center for Molecular Dynamics, The Hebrew University, Jerusalem, Israel
Quantum thermodynamics focuses on extending the notions of heat and work
to microscopic systems, where the concepts of non-commutativity and measure-
ment back-action play a role [1]. In this work, we show a novel way to test the
unitary functioning of a quantum processor by detecting heat leaks [2]. We
also observe the first experimental signatures of operator non-commutativity
on work fluctuations, as suggested theoretically [3]. Our experimental system

consists of one or multiple Ca+ ion qubits held in a microstructured Paul trap.
We initialize qubits in a statistical mixture of |0> and |1>, thus emulating ther-
mal states. For the heat leak test, we reveal the amount of non-unitary evolution
of the system qubits by measuring only in the computational basis and with-
out accessing the environment. For the quantum work measurement, we set the
operation and measurement bases to be non-commuting, and then evaluate the
resulting work distribution.

[1] Sai Vinjanampathy and Janet Anders, Contemporary Physics 57, 545-579
(2016).

[2] D. Pijn et. al., arXiv:2110.03277v1 (2021).

[3] M. Scandi et. al., Physical Review Research 2, 023377 (2020)

A236 Thul2:00 A-H2

Methods for atom interferometry with dual-species BEC in space — JoNAs
BGHMI, MAIKE D. LACHMANNI, BAPTIST PIESTI, ERNsT M. RASELl, and THE
MAIUS tEaM"?>%>6 _ Unstitut fiir Quantenoptik, LU Hannover — 27 ARM,
U Bremen — *DLR RY Bremen — *Institut fiir Physik, HU Berlin — >Institut
fiir Quantenoptik, JGU Mainz — SFBH, Berlin
Atom interferometry is a promising tool for precise measurements, e.g. for quan-
tum tests of the weak equivalence principle. As the sensitivity scales with the
squared time atoms spend in the interferometer, this reccommends low expan-
sion velocities of the atomic ensembles. Hence, conducting these experiments
in microgravity with Bose-Einstein-Condensates (BEC) is of great interest. The
sounding rocket mission MAIUS-1 demonstrated the first creation of a BEC and
matter wave interferences in space [1,2]. With the follow-up missions MAIUS-2
and -3, we extend the apparatus by another species to perform atom interfer-
ometry with ¥Rb and *'K, paving the way for implementing and testing the
methods of dual-species interferometers on board of space stations or satellites.
In this contribution, the manipulation of BECs using Raman double-diffraction
processes to form (asymmetric) Mach-Zehnder-type interferometers, e.g. for in-
ertial sensing, are presented for a compact, robust, and autonomously operating
setup that generates ’Rb and *'K BECs with a high repetition rate.

[1] D. Becker, et al., Nature 562, 391-395 (2018). [2] M.D. Lachmann, H.
Ahlers, et al., Ultracold atom interferometry in space. Nat Commun 12, 1317
(2021).

A 24: Precision spectroscopy of atoms and ions lll (joint session A/Q)

Time: Thursday 10:30-12:15

Invited Talk A24.1 Thul0:30 A-H3
Spectroscopy of a Highly Charged Ion Clock with Sub-Hz Uncertainty
— eLUKkaAs . SPIEssl, STEVEN A. KINGl, PETER MICKEI’Z, ALEXANDER
WILZEWSKI" , TOBIAS LeopoLp’ , ERIK BENKLER! , NILS HUNTEMANN' , RICHARD
LANGEI, ANDREY SURZHYKOVl, ROBERT MﬁLLERI, Lisa SCHM6GER2, MARIA
SCHWARZZ, José R. CRESPO L(’)PEZ-URRUTIAZ, and PieT O. ScumipT® —
!Physikalisch-Technische Bundesanstalt, Braunschweig, Germany — *Max-
Planck-Institut fiir Kernphysik, Heidelberg, Germany — >Institut fiir Quan-
tenoptik, Leibniz Universitit Hannover, Germany

Modern optical clocks are the most accurate metrological devices ever built. So
far, such systems were only based on neutral and singly charged atoms. Potential
further candidates are highly charged ions (HCI) which are intrinsically less sen-
sitive to several types of external perturbations [1]. In previous work, we have
demonstrated quantum logic spectroscopy of a HCI [2], enabling the first ever
clock-like spectroscopy of these species.

We will present the first sub-Hz accuracy measurement of an optical transition
in a HCI. The transition frequency of the 441 nm line in Ar"* is compared to the
electric octupole transition frequency in 171yb*. Measurements were performed
for the two isotopes **Ar and *’ Ar which yields the isotope shift at sub-Hz ac-
curacy and provides input for theoretical studies.

[1] M. G. Kozlov et al., Rev. Mod. Phys. 90 (2018)

[2] P. Micke et al., Nature 578 (2020)

A242 Thull:00 A-H3
Tailored Optical Clock Transition in “0Ca* — «LenNART PELZER', Kar
DIETZEl, JOHANNES KRAMERI, FABIAN DAWELl, LupwiG KRINNERI, NicoLAs
SPETHMAN', VICTOR MARTINEZ>, NATI AHARON’, ALEX RETZKER®, KLEMENS
HaMMERER?, and P1eT ScamipT? — 1Physikalisch—Technische Bundesanstalt,
Bundesallee 100, 38116 Braunschweig, Germany — “Institut fiir Theoretische
Physik, Appelstrafie 2, 30167 Hannover 30167 Hannover, Germany — >Racah
Institute of Physics, The Hebrew University of Jerusalem, Jerusalem 91904, Is-
rael
Optical clocks based on single trapped ions are often impeded by long averaging
times due to the quantum projection noise limit. Longer probe time would im-
prove the statistical uncertainty, but currently, phase coherence of clock laser
systems is limiting probe times for most clock candidates. We propose pre-
stabilization of the laser to a larger “°Ca* ion crystal, offering a higher signal-
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to-noise ratio. We engineer an artificial optical clock transition with a two stage
continuous dynamical decoupling scheme, by applying near-resonant rf dressing
fields. The scheme suppresses inhomogeneous tensor shifts as well as the linear
Zeeman shift, making it suitable for multi-ion operation. This tailored transi-
tion has drastically reduced magnetic-field sensitivity. Even without any active
or passive magnet-field stabilization, it can be probed close to the second-long
natural lifetime limit of the D5, level. This ensures low statistical uncertainty.
In addition, we show a significant suppression of the quadrupole shift on a linear
five-ion crystal by applying magic angle detuning on the rf-drives.

A243 Thull:15 A-H3
Towards continuous superradiance driven by a thermal beam of Sr atoms
for an active optical clock — +FRANCEscA FAMA, CaMILA BELI SILvA, SHENG
ZHOU, STEFAN ALARIC SCHAFFER, SHAYNE BENNETTS, and FLORIAN SCHRECK
— Institute of Physics, University of Amsterdam
Continuous superradiant lasers have been proposed as next generation opti-
cal atomic clocks for precision measurement, metrology, quantum sensing and
the exploration of new physics [1]. A superradiant laser consists of phase-
synchronized atoms showing an enhanced single atom emission rate, allowing
direct lasing on narrow clock transitions [2]. Despite pulsed superradiance hav-
ing been demonstrated [3-4], steady-state operation remains an open challenge.
Here we describe our machine aimed at validating a proposal [5] for a rugged
superradiant laser operating on the 1S0-3P1 transition of 88Sr using a thermal
collimated continuous atomic beam. The elegance of this approach is that a sin-
gle cooling stage and a low finesse cavity appear sufficient to fulfill the require-
ments for continuous superradiance. Expected performances are up to 1 yW
output power with a reduced output linewidth of 27 x 8 Hz and a sensitivity to
frequency drift due to cavity-mirrors fluctuations suppressed by two orders of
magnitude. Such a device promises a compact, robust and simple optical fre-
quency reference, ideal for a wide range of industrial and scientific applications.
[1] Chen, Chi.Sci.Bull. 54, 3,(2009). [2] Dicke, Phys.Rev. 93, 99 (1954). [3]
Norcia et al.,, Sci.Adv. 2, e1601231(2016). [4] Schaffer et al., Phys.Rev.A 101,
013819(2020). [5] Liu et al., Phys.Rev.Lett. 125, 253602(2020).
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A244 Thull:30 A-H3
Investigation of frequency shifts induced by thermal radiation for an
86r* optical clock — «MARTIN STEINEL!, HU SHAO!, THOMAS LINDVALL?,
MELINA FILZINGERI, RICHARD LANGEI, BURGHARD LIPPHARDTI, TANJA
MEHLSTKUBLERl’a, EKKEHARD PEIKI, and NiLs HUNTEMANN' — 1Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany —
2VTT Technical Research Centre of Finland, National Metrology Institute VTT
MIKES, P.O. Box 1000, 02044 VTT, Finland — 3Leibniz Universitit Hannover,
Welfengarten 1, 30167 Hannover, Germany
To realize transition frequencies in optical clocks with high accuracy, a care-
ful investigation of all frequency shifts is required. For most systems operated at
room temperature, the AC Stark shift induced by thermal radiation is important.
It shows a T*-dependence, and is proportional to the differential polarizability
of the states. For an ion in a radiofrequency (rf) trap, it is challenging to deter-
mine the effective temperature T of blackbody radiation, if the trap assembly is
heated by rf-losses. Temperature sensors and infrared cameras can be employed
to determine T from FEM simulations. Because of the low thermal conductiv-
ity of our trap assembly, we expect large uncertainties from such investigations.
Thus, we determine the frequency shift from thermal radiation by measuring
the clock transition frequency of a single ®Sr* ion at three different trap drive
powers using our 71Yb* clock as the reference. Using the known polarizability
of 8Sr*, we find a temperature uncertainty of only 4 K and determine the ratio
of the unperturbed transition frequencies with 6 x 107 fractional uncertainty.

A245 Thull:45 A-H3
Two-color grating magneto-optical trap for narrow-line laser cooling —
*SASKIA ANNA BONDZAI’Z, CHRISTIAN LISDATI, STEFANIE KROKER3’4’1, and To-
BIAS LEOPOLD? — 11Physikalisch—Technische Bundesanstalt, Bundesallee 100,
38116 Braunschweig, Germany — 22DLR-Institute for Satellite Geodesy and In-
ertial Sensing c/o Leibniz Universitit Hannover, Welfengarten 1, 30167 Han-
nover, Germany — 3Technische Universitit Braunschweig, Institut fiir Halbleit-
ertechnik, Hans-Sommer-Str. 66, 38106 Braunschweig — *“LENA Laboratory for
Emerging Nanometrology, Langer Kamp 6, 38106 Braunschweig, Germany
We present for the first time design and operation of a two-color grating

magneto-optical trap (gMOT) optimized for cooling and trapping of *8Sr atoms
on the first and second cooling transition. We trap 10° 35y atoms on the s, —
!P, transition at 461 nm with a linewidth of 30.2 MHz that are initially cooled to
few mK and subsequently transferred to the second cooling stage on the narrow
line 'Sy — P, transition at 689 nm with a linewidth of 7.48 kHz where they are
further cooled to a temperature of 5 K. We reach a transfer efficiency of 25%.
We outline general design considerations for two-colour cooling with a gMOT
transferable to other atom species. These results present an important step in
further miniaturization of quantum sensors based on cold alkaline-earth atoms.

A246 Thul2:00 A-H3
ARTEMIS - HITRAP: Status of the beamline — -Kuwaisa Kumar Anjum' 2,
PATRICK BAUS®, GERHARD BIRKL®, MaNasa CHaAMBATH", Kanika Kanika?,
JEFFREY KLIMEsl’5‘6, WOLFGANG QUINTI’S, and ManNuEeL Voger! — !GSI
Helmboltzzentrum fiir Schwerionenforschung GmbH, Darmstadt, Germany —
’Dept. of Applied Physics, Delhi Technological University, New Delhi, In-
dia — *Institut fiir Angewandte Physik, TU Darmstadt, Darmstadt, Germany
— *Amrita Vishwa Vidyapeetham, Kollam, India — °Physikalisches Institut,
Ruprecht-Karls-Universitit Heidelberg, Heidelberg, Germany — SInternational
Max Planck Research School for Quantum Dynamics in Physics, Chemistry and
Biology, Heidelberg, Germany
In ARTEMIS (AsymmetRic Trap for measurement of Electron Magnetic mo-
ment in IonS), at HITRAP, we aim to perform the g-factor measurements of
medium to heavy highly charged ions. It serves as a test of QED in strong fields
and we do this using laser-microwave double-resonance spectroscopy. Currently,
we are in the process of attaching the cold valve to ARTEMIS which will mark the
completion of the beamline. This connects the experiment to the HITRAP facil-
ity and the EBIT, an offline ion source, and is on schedule for the planned beam-
time of May 2022. Alongside this, in-situ production and analysis of Ar13+ ions
are being successfully carried out (up to a few weeks). As of 2021, we have com-
pleted the individual assembly of the parts of the beamline connecting ARTEMIS
to the HITRAP facility and have received ions in the final Faraday cup of the ver-
tical beamline.

A 25: Ultracold Atoms and Molecules | (joint session Q/A)

Time: Thursday 10:30-12:30

See Q 45 for details of this session.

Location: Q-H10

A 26: Ultra-cold plasmas and Rydberg systems (joint session A/Q)

Time: Thursday 14:00-15:45

A 261 Thul4:00 A-HI
Ion-Rydberg interactions observed by a high-resolution ion microscope —
«MORITZ BERNGRUBER, NICOLAS ZUBER, VIRAATT ANASURI, YIQUAN ZoU, FLO-
RIAN MEINERT, ROBERT LOw, and TiLMAN Prau — 5. Physikalisches Institut,
Universitit Stuttgart, Center for Integrated Quantum Science and Technology
(IQST)
In this talk, we present the latest experimental results on spatially resolved ion-
Rydberg-atom interaction studied with our high-resolution ion microscope. The
apparatus provides a highly tunable magnification, ranging from 200 to over
1500, a spatial resolution better than 200 nm and a depth of field of more than
70 um. These properties and the excellent electric field compensation enable the
observation of ion-Rydberg-interaction in cold bulk quantum gases. The direct
spatial imaging method allows for in-situ images of a new type of long-range
Rydberg-atom-ion molecule in rubidium, which arises from a binding mecha-
nism that is based on the interaction between the ionic charge and a flipping
induced dipole of a Rydberg atom [1].
In addition, the ion microscope also allows for spectroscopic studies of the vi-
brational level structure. Moreover, the good temporal resolution of the detector
enables the observation of dynamic phenomena during the interaction process
which compared to traditional molecules are slowed down by many orders of
magnitude.
[1] Zuber, N, et al. "Spatial imaging of a novel type of molecular ions." arXiv
preprint arXiv:2111.02680 (2021).

A262 Thul4:15 A-H1
Chiral Rydberg States of Laser Cooled Atoms — «STEFAN AULL', STEFFEN
GIESENZ, MARKUS DEBATINI, PETER ZAHARIEVl’s, ROBERT BERGERZ, and KiL-
1aN SINGER' — !Institut fiir Physik, Universitat Kassel, Heinrich-Plett-Str. 40,
34132 Kassel — 2Fb. 15 - Chemie, Hans-Meerwein-Strafe 4, 35032 Marburg —
*Institute of Solid State Physics, Bulgarian Academy of Sciences, 72, Tzarigrad-
sko Chaussee, 1784 Sofia, Bulgaria
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We propose a protocol for the preparation of chiral Rydberg states. It has been
shown theoretically that using a suitable superposition of hydrogen wavefunc-
tions, it is possible to construct an electron density and probability current dis-
tribution that has chiral nature. Following a well established procedure for cir-
cular Rydberg state generation and subsequent manipulation with taylored radio
frequency pulses under the influence of a magnetic field, the necessary superpo-
sition with correspondingly set phases can be prepared. Enantio-selective exci-
tation using photo-ionization circular dichroism is under theoretical and exper-
imental development.

A 263 Thul4:30 A-H1
Coherent delocalization in a frozen Rydberg gas — «MATTHEW EILES, GHAS-
SAN ABUMWIS, CHRISTOPHER WACHTLER, and ALEXANDER EISFELD — Max
Planck Institut fiir Physik komplexer Systeme, Néthnitzer Str. 38, Dresden
The long-range dipole-dipole interaction can create delocalized states due to the
exchange of excitation between Rydberg atoms. We show that even in a random
gas many of the single-exciton eigenstates are surprisingly delocalized, com-
posed of roughly one quarter of the participating atoms. We identify two dif-
ferent types of eigenstates, one which stems from strongly-interacting clusters
and one which extends over large delocalized networks, and show how to excite
and distinguish them via appropriately tuned microwave pulses. The extent of
delocalization can be enhanced by degeneracies in the atomic states which be
controllably lifted using the Zeeman splitting provided by a magnetic field.

A264 Thul4:45 A-H1
From Highly Charged to Neutral Microplasma — «MARIO GROSSMANN, Ju-
LIAN FIEDLER, JETTE HEYER, MARKUS DRESCHER, KLAUS SENGSTOCK, PHILIPP
WESSELS-STAARMANN, and JULIETTE SIMONET — The Hamburg Centre for Ul-
trafast Imaging (CUI), Luruper Chaussee 149, 22761 Hamburg

By combining an ultracold quantum gas of ®Rb with strong-field ionization in
femtosecond laser pulses, we investigate the dynamics of highly charged to neu-



Atomic Physics Division (A)

Thursday

tral microplasmas. Our experimental setup enables us to detect ions and elec-
trons separately and resolve their kinetic energies. We locally ionize an ultracold
target with densities of up to 10*°m™ within a micrometer sized focus. This
allows creating initially strongly coupled plasmas with ion temperatures below
40 mK and a few hundred to thousand charged particles. The excess energy of
the electrons can be tuned via the wavelength of the ionizing laser pulse result-
ing in initial electron temperatures from 5800 K to 65 K. This directly impacts
the neutrality of the plasma: High excess energies yield a highly charged plasma
with rapid electron cooling whereas low excess energies trigger a neutral plasma
with greatly increased lifetimes. Below the ionization threshold we observe ul-
trafast excitation of Rydberg states. The small number of particles permits us to
compare our results to molecular dynamics simulations that grant access to the
non-equilibrium plasma dynamics on picosecond timescales.

A 265 Thul5:00 A-HI
Non-equilibrium Spin Dynamics using the Discrete Truncated Wigner
Approximation — eNEETHU ABraHAM'? and SEBASTIAN WosTER! —
'Department of Physics, Indian Institute of Science Education and Research,
Bhopal, Madhya Pradesh 462 066, India — 2Department of Physics, Indian In-
stitute of Science Education and Research, Tirupati, Andhra Pradesh 517 507,
India
Approximate simulation methods play a crucial role in the efficient numerical
computation of quantum dynamics in many body spin systems, since the expo-
nentially increasing dimension of their Hilbert space cannot be treated exactly.
We have investigated the realm of applicability of a very recently developed phase
space method, based on the Monte Carlo sampling of the discrete Wigner func-
tion: the discrete truncated Wigner approximation (DTWA). Using the DTWA,
we show that an aggregate of Rydberg atoms immersed in a background of de-
tector atoms can serve as a quantum simulating platform for various many body
physics problems. Decoherence in the excitation transport induced by the in-
teractions with the background atoms can be controlled by altering the distance
between the aggregate and detector atoms. This may allow for an experimental
platform to examine energy transport subject to an environment.

We were also able to look at quench dynamics in condensed matter spin sys-
tems using essentially the same techniques due to the mathematical similari-
ties between the Hamiltonians of these two systems. We explore the possible
supremacy of DTWA over other methods, such as tDMRG, for the study of Do-
main Wall melting in a 2D spin lattice.

A26.6 Thul515 A-HI
Quantum simulations with circular Rydberg atoms — «CHRIsTIAN HOLZL,
AARON GOTZELMANN, ALEXANDER BUHL, ACHIM SCHOLZ, MORITZ WIRTH,
and FLORIAN MEINERT — 5. Physikalisches Institut and Center for Integrated
Quantum Science and Technology, Universitat Stuttgart, Stuttgart, Germany
Highly excited low-1 Rydberg atoms in configurable mircotrap arrays have re-
cently proven highly versatile for studying quantum many-body spin systems
with single particle control. I will report on the advances of a new project pursu-
ing to harness high-1 circular Rydberg atoms for quantum simulation. When sta-
bilized against black body radiation (BBR) in a suitable cavity structure, circular
Rydberg states promise orders of magnitude longer lifetimes compared to their
low-1 counterparts and thus provide an appealing potential to strongly boost co-
herence times in Rydberg-based interacting atom arrays. To maintain excellent
high-NA optical access we exploit a novel approach using an indium tin oxide
(ITO) capacitor, capable of surpressing the parasitic microwave BBR even in a
non-cryogenic environment while beeing transparent to visible light.

A26.7 Thul5:30 A-H1
Phonon dressing of a facilitated one-dimensional Rydberg lattice gas —
«MATTEO MAGONI, PAOLO P. MAZZA, and IGOR LEsaNovVsky — Institut fiir The-
oretische Physik, Eberhard Karls Universitat Tiibingen, Auf der Morgenstelle 14,
72076 Tiibingen, Germany
We study the dynamics of a one-dimensional Rydberg lattice gas under facilita-
tion conditions which implement a so-called kinetically constrained spin system.
Here an atom can only be excited to a Rydberg state when one of its neighbours
is already excited. Once two or more atoms are simultaneously excited mechan-
ical forces emerge, which couple the internal electronic dynamics of this many-
body system to the external vibrational degrees of freedom in the lattice. This
electron-phonon coupling results in a so-called phonon dressing of many-body
states which in turn impacts on the facilitation dynamics.

In our theoretical study we focus on a scenario in which all energy scales are
sufficiently separated such that a perturbative treatment of the coupling between
electronic and vibrational states is possible. This allows to analytically derive an
effective Hamiltonian for the evolution of clusters of consecutive Rydberg exci-
tations in the presence of phonon dressing [1]. We analyse the spectrum of this
Hamiltonian and show, by employing Fano resonance theory, that the interac-
tion between Rydberg excitations and lattice vibrations leads to the emergence of
slowly decaying bound states that inhibit fast relaxation of certain initial states.
We supplement our analysis by providing detailed experimental considerations
on the validity of the approximations used.

[1] M. Magoni et al., arXiv: 2104.11160 (2021)

A 27: Ultracold Atoms and Molecules Il (joint session Q/A)

Time: Thursday 14:00-15:30

See Q 52 for details of this session.

Location: Q-H10

A 28: Interaction with VUV and X-ray light

Time: Thursday 16:30-18:30

A281 Thul6:30 P
An XUV and soft X-ray split-and-delay unit for FLASH2 — «MATTHIAS
DREIMANNI, DENNIS ECKERMANNI, FELIX ROSENTHALI, SEBASTIAN ROLINGZ,
FRANK WAHLERT?, SVEN EPPENHOFF”, MARION KUHLMANN?, SVEN TOLEIKIS®,
RoLF TREUSCH3, ELKE PL('jN]Es—PALM3, and HELMUT ZACHARIAS'
Center for Soft Nanoscience, WWU Miinster, 48149 Miinster, Germany
— 2Physikalisches Institut, WWU Miinster, 48149 Miinster, Germany —
*Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany
A split-and-delay unit for the XUV and soft X-ray spectral range has been in-
stalled at beamlines FL23 and FL24 at the FLASH2 Free-Electron Laser at DESY.
It enables time-resolved pump-probe experiments covering the whole spectral
range of FLASH2 from 30 eV up to 1800 eV. Using wavefront beam splitting
and grazing incidence mirrors a sub-fs resolution with a relative pulse delay of
-5ps < At < +18 ps is achieved. Two different mirror coatings are required
to cover the complete spectral range and thus, a design that is based on a three
dimensional beam path was developed. This allows the choice between different
sets of mirrors with either coating for the fixed branch. A Ni coating allows a
total transmission above T > 0.50 for photon energies between hv = 30 eV and
650 eV at a grazing angle of a 9,447, = 1.8° in the beam path with variable de-
lay. With a Pt coating a transmission of T > 0.06 is possible for photon energies
up to hv = 1800 eV. In the fixed beam path at a grazing angle of 9¢;y,q = 1.3”
a transmission of T > 0.61 with a Ni coating and T > 0.23 with a Pt coating is
possible.
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A282 Thul6:30 P

Analysis of x-ray single-shot diffractive imaging using the propagation mul-
tislice method — ¢PAUL TUEMMLER, BJORN KRUSE, CHRISTIAN PELTZ, and
THOMAS FENNEL — Institut fiir Physik, Universitat Rostock
Single-shot wide-angle x-ray scattering has enabled the three-dimensional char-
acterization of free nanoparticles from a single scattering image [1,2,3]. Key to
this method is the fact, that the scattering patterns contain information of den-
sity projections on differently oriented projection planes. Wide-angle scattering
typically requires XUV photon energies where absorption and attenuation can-
not be neglected in the description of the scattering process [4,5]. The multi-
slice Fourier transform (MSFT) method, which provides a fast scattering sim-
ulation within the Born approximation, can be extended to also include these
propagation effects. In this presentation the performance of conventional MSFT
and propagation MSFT will be discussed and compared to exact results obtained
from Mie theory. As a first application, selective resonant scattering from core
shell systems is explored.

[1] I. Barke , Nat. Commun. 6, 6187 (2015).
2] K. Sander , J. Phys. B 48, 204004 (2015).
3] C. Peltz , Phys. Rev. Lett. 113, 133401 (2014).
4] D. Rupp , Nat. Commun. 8, 493 (2017).

]
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[
[5] B. Langbehn , Phys. Rev. Lett. 121, 255301 (2018).
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A283 Thul6:30 P
Coherent population transfer techniques for the 229Th nuclear clock candi-
date — +ToB1as KiRscHBAUM and ADRIANA PALFFY — Friedrich-Alexander-
Universitit Erlangen-Niirnberg, 91058 Erlangen, Germany

The 2*°Th nucleus posses a metastable first excited state, i.e., an isomer, at around
8.19 V. This state should be accessible via VUV light and presents a radiative life-
time of a few hours. These unique properties make **Th a promising candidate
for a nuclear clock with excellent accuracy [1]. However, due to the relatively
large uncertainty on the isomeric state energy, efficient laser manipulation with

VUV light has proven cumbersome so far.

Here, we investigate theoretically an alternative to populate the isomeric state
by indirect excitation via the second excited nuclear state at 29.19 keV. We make
use of quantum optics schemes to achieve the population transfer via Stimulated
Raman adiabatic passage (STIRAP) or two 7-pulses. The coherent x-ray pulses
that we consider are generated by x-ray lasers or using UV pulses at the Gamma
Factory in combination with relativistic acceleration of the nuclei in a storage
ring. The two scenarios are discussed in view of experimental feasibility.

[1] E. Peik et al., Quantum Sci. Technol. 6, 034002 (2021).

A 29: Ultra-cold atoms, ions and BEC (joint session A/Q)

Time: Thursday 16:30-18:30

A29.1 Thul6:30 P
Quantum degenerate Fermi gas in an orbital optical lattice — +YANN KIEFER
— Luruper Chaussee 149, 22761 Hamburg
Spin-polarized samples and spin mixtures of quantum degenerate fermionic
atoms are prepared in selected excited Bloch bands of an optical chequerboard
square lattice. For the spin-polarized case, extreme band lifetimes above 10 s are
observed, reflecting the suppression of collisions by Pauli*s exclusion principle.
For spin mixtures, lifetimes are reduced by an order of magnitude by two-body
collisions between different spin components, but still remarkably large values of
about one second are found. By analyzing momentum spectra, we can directly
observe the orbital character of the optical lattice. The observations demon-
strated here form the basis for exploring the physics of Fermi gases with two
paired spin components in orbital optical lattices, including the regime of uni-
tarity. Furthermore access to a broad Feshbach resonance enables to study the
role of interaction and pairing of ultracold molecular orbital optical lattices.

A292 Thul6:30 P
non-equilibrium dynamics of a bose-einstein condensate populating higher
bands of an optical lattice — sjost vaARGAs"” and ANDREAS HEMMERICH ">*
— Institut fiir Laserphysik, Universitit Hamburg, 22761 Hamburg, Germany
— 2Zentrum fiir Optische Quantentechnologien, Universitit Hamburg, 22761
Hamburg, Germany — >The Hamburg Center for Ultrafast Imaging, Luruper
Chaussee 149, Hamburg 22761, Germany
We present the realization of diverse experiments on non-equilibrium dynamics
of a Bose-Einstein condensate populating higher bands of a bipartite square op-
tical lattice. We experimentally investigate single- and many-body phenomena
such as Bloch oscillations along different paths over each addressable Brillouin
zones, and Josephson oscillations in the second Bloch band of the lattice. In ad-
dition, by exciting the atomic sample into different initial quasi-momenta of the
lattice, we study instabilities of the system together with the characterization of
re-condensation dynamics towards the energy minimum of the Bloch band.

A293 Thul6:30 P
Optically trapping single ions in a high-focused laser beam — «WEI
WUI, FABIAN THIELEMANNI, JoAcHIM WELZI, PascaL WECKESSERI’Z, DANIEL
H('jNIGl, AMIR MOHAMMADII, THOMAS WALKERI, and ToBiAs ScHATZ'
— !Albert-Ludwigs-Universitit Freiburg, Physikalisches Institut, Hermann-
Herder-Straf3e 3, 79104 Freiburg, Germany — 2Max-Planck-Institut fiir Quan-
tenoptik, Hans-Kopfermann-Strafle 1, 85748 Garching, Germany
Tons stored in Paul traps are well suited to design few-particle systems with high-
fidelity control over electronic and motional degrees of freedom and individual
addressability., alongside long-range interactions. It is challenging, however, to
extend this control to two- or higher-dimensional systems. This is partly due
to the existence of driven motion, which intrinsically leads to decoherence and
heating. Ions confined in optical traps, on the other hand, constitute a system
which is free of driven motion but still benefits from long-range interaction. For
example, ions in optical traps could be used to study and control quantum struc-
tural phase transitions from 1D (linear) to 2D (zigzag) crystals. Additionally, op-
tical traps offer scalability, flexibility and nanoscale potential geometries which
are not easily accessible with Paul traps. Optical traps for ions also feature state-
dependent trapping due to the different potentials seen by the ion when in dif-
ferent electronic states. In this poster, we present a method to deterministically
prepare a single ion or string of ions, making use of state dependent potentials
in optical traps to eject selected ions from the trap.

A29.4 Thul6:30 P
Feshbach Resonances in a hybrid Atom-Ion System — eJoACHIM WeLz!,
FABIAN THIELEMANNI, WEI WUl, THOMAS WALKERI, PascaL WECKESSERI’Z,
DANIEL HéNIGl, AMIR MOHAMMADII, and Tosias Scuirz! — !Albert-
Ludwigs-Universitét Freiburg, Physikalisches Institut, Hermann-Herder-Strafle
3, 79104 Freiburg, Germany — *Max-Planck-Institut fiir Quantenoptik, Hans-

Kopfermann-Strafle 1, 85748 Garching, Germany
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We present the observation of Feshbach resonances between neutral atoms and
ions [1,2]. These resonances - a quantum phenomenon only observable at ul-
tracold temperatures - allow the interaction rate between particles to be tuned
with the perspective to even switch them off. While Feshbach resonances are
commonly utilized in neutral atom experiments, reaching the ultracold regime
in hybrid rf-optical traps is challenging, as the driven motion of the ion by the
rf trap limits the achievable collision energy [3]. By immersing a single Ba ion
in an ultracold cloud of Li, we demonstrate the enhancement of both two-body
and three-body interactions through changes in the ion’s internal and motional
energy. This paves the way for all-optical trapping of both species, circumvent-
ing the fundamental rf-heating, and for new applications, such as the coherent
formation of molecular ions and simulations of quantum chemistry [4].

[1] WECKESSER, Pascal, et al. arXiv:2105.09382, 2021.
[2] SCHMIDT, J., et al. Phys.Rev.Lett. 2020, 124-5.
[3] CETINA, Marko et al. Phys.Rev.Lett. 2012, 109-25.
[4] BISSBORT, Ulf, et al. Phys.Rev.Lett. 2013, 111-8.

A29.5 Thul6:30 P
A dipolar quantum gas microscope — ¢PAUL UERLINGS, KEVIN NG, JENS
HERTKORN, JAN-NIKLAS SCHMIDT, RALF KLEMT, SEAN GRAHAM, TiM LANGEN,
and TrLMAN Prau — 5. Physikalisches Institut and Center for Integrated Quan-
tum Science and Technology IQST, Universitit Stuttgart
We present the progress towards constructing a dipolar quantum gas micro-
scope. This new apparatus combines the long-range interactions found in dipo-
lar quantum gases with the single-site resolution of a quantum gas microscope,
allowing for detailed studies of quantum phases in strongly correlated systems.
Fermionic atoms trapped in optical lattices can model the behaviour of electrons
in complex solid materials. By implementing a quantum gas microscope, micro-
scopic details such as site occupation and site correlations will be observable,
providing new insights into elusive quantum phases. We plan to do this using
dysprosium atoms trapped in an ultraviolet optical lattice with a lattice spacing
of about 180 nm. Combined with the long-range dipole interaction, the short lat-
tice spacing will significantly increase the nearest-neighbour interaction strength
to be on the order of 200 Hz (10 nK). This will allow us to study the regime of
strongly interacting dipolar Bose- and Fermi-Hubbard physics where even next-
nearest-neighbour interactions could be visible.

A29.6 Thul6:30 P
Compact device for painting blue-detuned time-averaged optical poten-
tials for space application — «KaI FryE"?, Marius GLAESER', CHRIs-
TIAN SCHUBERT, WALDEMAR HERR"?, ErnsT Raser!, and BECCAL
Team 2345078910 17 oibniz Universitit Hannover — ZDLR—SI, Hannover
— 3Universitit Ulm — *FBH Berlin — °HU, Berlin — ®JGU, Mainz —
7ZARM, Universitat Bremen — SDLR—QT, Ulm — 9DLR—SC, Braunschweig —
Universitat Hamburg
The Bose-Einstein and Cold Atom Laboratory (BECCAL) will be a multi-user
and -purpose facility onboard the International Space Station. It will provide ul-
tacold ensembles of Rb and K atoms for experiments on fundamental research
and sensor applications. For this, BECCAL will support the confinement of
atoms in optical flat-bottom traps of arbitrary shapes.

Here, we present a design of a compact and robust setup for creation of blue-
detuned time-averaged optical potentials. We utilize a dual-axis acousto-optical
deflector and characterize the setup in terms of efficient use of light power, light
extinction in the center of the optical trap and smoothness of the potential.

BECCAL is supported by the German Space Agency DLR with funds pro-
vided by the Federal Ministry of Economics and Technology (BMWi) under the
grant numbers 50 WP 1431 and 1700. Funded by the Deutsche Forschungsge-
meinschaft (DFG, German Research Foundation) under Germany*s Excellence
Strategy * EXC-2123 QuantumFrontiers * 390837967.
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A29.7 Thul6:30 P
Trapping Ions And Ion Coulomb Crystals In Optical Lattices — ¢DANIEL
HOENIGI, FABIAN THIELEMANN' , JOACHIM WELZl, WEI WUI, THOMAS
WALKERI, LEON KARPAZ, AMIR MOHAMMADII, and ToBias ScHAETZ! —
! Albert-Ludwigs-Universitit, Freiburg, Deutschland — “Leibniz-Universitit,
Hannover, Deutschland
Optically trapped ion Coulomb crystals are an interesting platform for quantum
simulations due to the long range of the Coulomb interaction as well as the state
dependence of the optical potential. Optical lattices expand the possible appli-
cation of this platform by trapping the ions in seperate potential wells as well as
giving optical confinement along the axis of the beam. In the past we reported
the succesfull trapping of a single ion in a one dimensional optical lattice as well
as of ion coulomb crystals in a single beam optical dipole trap.

In this Poster, we present recent advancements in trapping of Bal38+ ions in
an one dimensional optical lattice at a wavelength of 532nm and report the first
successfull trapping of small ion coulomb crystals (N < 3) in a lattice. We com-
pare trapping results between the lattice and a single-beam optical dipole trap
and investigate the effect of axial electric fields on the trapping probability of a
single ion to demonstrate the axial confinement of the ion by the lattice structure.
Additionally we show preliminary results on the measurement of the vibrational
modes of a single ion in the optical lattice.

A298 Thul6:30 P
Vortex motion quantifies strong dissipation in a holographic superfluid
— PAUL WITTMER"?, CHRISTIAN-MARCEL SCHMIED™”, sMARTIN ZBORON,
TaoMAS GaseNzErR“?, and Carro Ewerz"® — lInstitut fiir Theoretis-
che Physik, Universitit Heidelberg, Philosophenweg 16, 69120 Heidelberg —
2ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwerionen-
forschung, Planckstrafie 1, 64291 Darmstadt, Germany — >Kirchhoff-Institut
fiir Physik, Universitit Heidelberg, Im Neuenheimer Feld 227, 69120 Heidelberg
Gauge-gravity duality establishes a connection between strongly correlated
quantum systems and higher-dimensional gravitational theories at weak cou-
pling. In general, finding the quantitative parameters of the quantum system
thus described is challenging. We numerically simulate dynamics of generic vor-
tex configurations in the holographic superfluid in two and in three spatial di-
mensions and match to these the corresponding dynamics resulting from the
dissipative Gross-Pitaevskii equation. Excellent agreement between the vortex
core profiles and their trajectories in both frameworks is found, both in two
and three dimensions. Comparing our results to phenomenological equations
for point- and line-like vortices allows us to extract friction parameters of the
holographic superfluid. The parameter values suggest the applicability of two-
dimensional holographic vortex dynamics to strongly coupled Bose gases or He-
lium at temperatures in the Kelvin range, effectively enabling experimental tests
of holographic far-from-equilibrium dynamics.

A299 Thul6:30 P
Accordion lattice set-up for trapping Dysprosium ultra-cold gases in two di-
mensions — ¢VALENTINA SALAZAR SILVA, JIANSHUN GAO, KARTHIK CHAN-
DRASHEKARA, JOSCHKA SCHONER, CHRISTIAN GOLZHAUSER, LENNART HOE-
NEN, SHUWEI JIN, and LAURIANE CHOMAZ — Physikalisches Institut, Ruprecht-
Karls-Universitit Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Ger-
many
Ultracold quantum gases offer an excellent platform to study few- and many-
body quantum phenomena with a remarkable level of control.

At the new group of Quantum Fluids in Heidelberg we are designing a novel
experimental set-up focused on highly magnetic dysprosium atoms, with the aim
to study the effect of competing long- and short-range interactions at the many-
body level and in lower dimensional settings. With our unique combination of
2D and 3D magneto-optical traps, magnetic field coils, and various optical traps,
we intend to achieve large quantum degenerate samples and to be able to adjust
their confinement geometry and their interaction properties at will.

In order to achieve a 2-dimensional sample in the main experimental cham-
ber, we plan to implement a dynamical optical trap - the accordion lattice. The
interference pattern of two laser beams at a shallow angle, theta, creates a spa-
tially periodic potential. Varying theta allows us to adjust both the fringe spacing
and the confinement strength in the modulated direction. This scheme makes
it possible to achieve a 2D regime with high efficiency and tuneability. At the
Erlangen 22 conference, I will present the design and implementation of this
accordion lattice.

A29.10 Thul6:30 P
Towards simulation of lattice gauge theories with ultracold ytterbium atoms
in hybrid optical potentials — «TiMm OLIVER Hoenn"?, ETIENNE STAUB'?,

GuUILLAUME BrocHIErR'?, CLARA ZOE BacHORz'">?, DaviD GROTERs!?,

BHARATH HEBBE MADHUSUDHANAI’Z, NELSON DARKWAH OPPONGI'Z, and
MonIka AIDELSBURGER"? — 'Ludwig-Maximilians-Universitit Minchen —
“Munich Center for Quantum Science and Technology, Miinchen — >MPI fiir
Quantenoptik, Garching

Gauge theories play a fundamental role for our understanding of nature, rang-

ing from high-energy to condensed matter physics. Their formulation on a reg-
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ularized periodic lattice geometry, so-called lattice gauge theories (LGTs), has
proven invaluable for theoretical studies. However, as numerical simulations are
limited in their capability to simulate, e.g., the real-time dynamics, there have
been sustained efforts to develop quantum simulators for LGTs. We report on
our recent progress on constructing a novel experimental platform for ytterbium
atoms, which employs optical lattices and optical tweezers to engineer and probe
LGTs. In contrast to other experimental realizations, this approach allows for a
robust and scalable implementation of local gauge invariance. A central compo-
nent enabling this favorable property are optical tweezer potentials operated at
the tune-out wavelengths for the ground and clock state of ytterbium. Notably,
optical potentials generated from light at these wavelengths could also find ap-
plications for digital quantum computation. We present our efforts towards pre-
cisely determining these wavelengths experimentally.

A29.11 Thul6:30 P
Investigating ultracold chemical processes with NaK molecules — <JakoB
STALMANN, JULA SIMONE MORICH, KA1 KONRAD VOGES, and SILKE OSPELKAUS
— Institute of Quantum Optics, Leibniz University Hannover
Ultracold ground-state molecular quantum gases yield highly complex and
mostly unknown scattering behavior, ranging from the formation of long-lived
collisional complexes to subsequent chemical reactions, photo-excitation or
spontaneous spin relaxation.

Here, we present our approach for the detection of such quantum chemical
reaction pathways by state-selective product ionization and VMI mass spec-
troscopy [1] with ultracold **Na**K ground-state molecules. The chemically sta-
ble, lightweight NaK molecule is ideally suited for such investigations. Alongside
deeper studies of ultracold collisions and reaction pathways, this approach will
allow us to develop and implement new quantum control techniques for chemi-
cal reactions.

[1] Phys. Chem. Chem. Phys., 2020,22, 4861-4874

A29.12 Thulé6:30 P
A moveable tuneout optical dipole trap for ultracold °Li in a '**Cs BEC
— eROBERT FREUND, BINH TRAN, ELEONORA LIPPI, MICHAEL RAUTENBERG,
ToBiAs KrRoM, MANUEL GERKEN, LAURIANE CHOMAZ, and MATTHIAS WEI-
DEMULLER — Physikalisches Institut, Ruprecht Karls University of Heidelberg,
Im Neuenheimer Feld 226, 69120 Heidelberg, Germany

The ultracold Bose-Fermi mixture of '**Cs and ®Li is an interesting system which
can be used to study different few- and many-body phenomena. By immersing
fermionic °Li impurities into a 133Cs Bose-Einstein Condensate (BEC) the en-
ergy spectrum of quasiparticles namely Bose polaron can be mapped out. The
large mass imbalance between Caesium and Lithium atoms is expected to give
a signature of 3-body Efimov effect in the polaron spectrum. In order to obtain
a clear polaron signal the optimization of the overlap between the two species
in space and momentum is crucial. The Lithium is going to be trapped in a
tightly confined optical dipole trap with a beam waist of around 10 ym to adapt
to the size of the BEC. Moreover the trap is translatable both to compensate for
the gravitational sag due to the large mass difference of the species and to store
Lithium far away from Caesium during the preparation and cooling procedures.
The trap runs at a tune-out wavelength of Caesium to reduce the influence of the
trap on the potential landscape of the BEC as much as possible.

A29.13 Thul6:30 P
Towards Quantum Simulation of Light-Matter Interfaces with Strontium
Atoms in Optical Lattices — ¢VALENTIN KLﬁSENERl'z, JaN TRAUTMANNl’Z,
DiMiTRY YANKELEVI’Z, ANNIE J. PARKI’Z, IMMANUEL BLOCH1’2’3, and SEBAS-
TIAN Brarth? — IMPQ, Hans-Kopfermann-Str. 1, 85748 Garching, Germany
— 2MCQST, Schellingstr. 4, 80799 Miinchen, Germany — *LMU, Schellingstr.
4, 80799 Miinchen, Germany
In the last two decades, quantum simulators based on ultracold atoms in op-
tical lattices have successfully emulated strongly correlated condensed matter
systems. With the recent development of quantum gas microscopes, these quan-
tum simulators can now control such systems with single-site resolution. Within
the same time period, atomic clocks have also started to take advantage of opti-
cal lattices by trapping alkaline-earth-metal atoms such as Sr, and interrogating
them with unprecedented precision and accuracy. Here, we report on progress
towards a new quantum simulator that combines quantum gas microscopy with
optical lattice clock technology. We have developed in-vacuum buildup cavities
with large mode volumes that will be used to overcome the limits to system sizes
in quantum gas microscopes. In addition, we present precision spectroscopy of
the ultra-narrow magnetic quadrupole transition 'S, - >P, in S, which enables
spatially selective addressing in an optical lattice. By combining these techniques
with state-dependent lattices, we aim to emulate strongly-coupled light-matter-
interfaces.
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A29.14 Thul6:30 P
Magnetic-field-coils and 3D-MOT for novel dysprosium quantum gas ex-
periment — ¢JOSCHKA SCHONER, LENNART HOENEN, JIANSHUN GAO, CHRIS-
TIAN GOLZHAUSER, KARTHIK CHANDRASHEKARA, VALENTINA SALAZAR SILVA,
SHUWEI JIN, and LAURIANE CHOMAZ — Physikalisches Institut, Heidelberg, Ger-
many
Ultra-cold atoms are one of the major platforms to study novel quantum phe-
nomena due to their outstanding level of controllability. Highly magnetic atoms
like Dysprosium show a long-range, anisotropic dipolar interaction, compara-
ble in strength to the short-range contact interaction. These interactions can be
precisely tuned by controlling the direction and strength of the applied magnetic
fields.

At our new Quantum Fluids group in Heidelberg we aim to produce ultra-
cold quantum gases of Dy to study exotic physical phenomena like supersolidity,
topological ordering, and out-of-equilibrium physics emerging from competing
dipolar and contact interactions and restricting the system to 2D. Our novel ex-
perimental platform relies on transferring Dy atoms from a 2D- to a 3D-MOT
before loading them into an accordion lattice combined with an in-plane trap of
tailorable geometry and a highly controllable magnetic-field environment.

I will report on our 3D-MOT and coil setup. The latter is made of 5 pairs of
coils used to generate (1) gradient fields for the MOT, (2) homogeneous magnetic
fields at the required strengths and orientations with fast response times. This is
central to our quest to realize the promise of the outstanding level of controlla-
bility of the ultra-cold atom platform to investigate novel quantum phenomena.

A29.15 Thul6:30 P
Dipolar Supersolid States of Matter with Dysprosium — sKevIN NG', Jan-
NIKLAS SCHMIDTI, JENS HERTKORNI, MINGYANG GUOl, SEAN GRAHAMI, PauL
UERLINGSI, RALF KLEMTI, Tim LANGENI, MARTIN ZWIERLEINZ, and TILMAN
Prau’ — !5, Physikalisches Institut and Center for Integrated Quantum Science
and Technology, Universitat Stuttgart — 2MIT-Harvard center for Ulatracold
Atoms, Research Laboratory of Electronics, and Department of Physics, MIT
Ultracold dipolar gases are an established platform to realize exotic states of mat-
ter due to the anisotropic and long-range dipolar interaction between atoms.
Recently, supersolid states of matter which have both a superfluid nature and
crystal-like periodic density modulation have been realized with ultracold dys-
prosium.

With a self-organized array of dipolar quantum droplets in one dimension, we
demonstrate supersolidity of the droplet array from the coherent nature of these
droplets and have observed the low energy goldstone mode that exists as a con-
sequence of the systems superfluidity. We map out the elementary excitations
of droplet arrays in one and two dimensions and study in-situ the density fluc-
tuations at the superfluid-supersolid phase transition. A peak in the extracted
static structure factor identifies the transition region and allows us to connect
the crystallization mechanism of the droplet array to the emergence of low-lying
angular roton modes. Furthermore, we theoretically predict supersolid phases
beyond droplets in two dimensions at higher densities, where density saturation
favours honeycomb and stripe phases.

A29.16 Thul6:30 P
Towards dark energy search using atom interferometry in microgravity —
«MAGDALENA MissLiscH!, HOLGER AHLERs?, MAIKE LACHMANN', and ERNST
RaseL! — 'Institute of Quantum Optics, Hanover, Germany — 2Deutsches Zen-
trum fiir Luft- und Raumfahrt e.V. (DLR) Institut fiir Satellitengeoddsie und In-
ertialsensorik, Hanover, Germany
Dark energy is estimated to represent around 70 % of the universe energy budget,
yet its nature remains unknown. A possible solution for this problem is the pro-
posed scalar chameleon field whose effects are hidden from usual high density
probe particles due to a screening effect.

The project DESIRE (Dark energy search by atom interferometry in the
Einstein-Elevator) aims to detect chameleon dark energy by atom interferom-
etry in microgravity. In this experiment multi-loop interferometry with Rb-
87 Bose-Einstein condensates will be performed to search for phase contribu-
tions induced by chameleon scalar fields shaped by a changing mass density in
their vicinity [1]. Atoms traverse a periodic test mass designed in cooperation
with the JPL while accumulating the signal within a multi-loop interferometer
over several seconds. To reach these long interaction times the experiment will
be performed in microgravity in the Einstein-Elevator, an active drop tower in
Hanover.

[1] Sheng-wey Chiow und Nan Yu. "Multiloop atom interferometer mea-
surements of chameleon dark energy in microgravity" doi: 10.1103/Phys-
RevD.97.044043, 2018

A29.17 Thul6:30 P
Excitation Spectra of Homogeneous Ultracold Fermi Gases — +RENE HENKE,
HAUKE Biss, NicLAs LuiCcK, JONAS FALTINATH, LENNART SOBIREY, THOMAS
LoMPE, MARKUS BOHLEN, and HENNING MoRITZ — Institute of Laserphysics,
University of Hamburg, Luruper Chaussee 149, Gebaude 69, 22761 Hamburg,
Germany
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Understanding the origins of unconventional superconductivity has been a ma-
jor focus of condensed matter physics for many decades. While many questions
remain unanswered, experiments have found that the systems with the highest
critical temperatures tend to be layered materials where superconductivity oc-
curs in two-dimensional (2D) structures. However, to what extent the remark-
able stability of these strongly correlated 2D superfluids is related to their re-
duced dimensionality is still an open question. In our experiment, we use dilute
gases of ultracold fermionic atoms as a model system to directly observe the
influence of dimensionality on strongly interacting fermionic superfluids. This
poster presents our most recent work, where we measured the superfluid gap of a
strongly correlated quasi-2D Fermi gas over a wide range of interaction strengths
and compares the results to recent measurements in 3D Fermi gases as well as
theoretical predictions.

A29.18 Thul6:30 P

RF and MW coils for experimental quantum simulators — «HUSEYIN YILDI1Z,
ToB1as HAMMEL, MAXIMILIAN KAISER, KEERTHAN SUBRAMANIAN, MATTHIAS
WEIDEMULLER, and SELIM JocHIM — Physikalisches Institut, Universitit Hei-
delberg, Im Neuenheimer Feld 226, 69120 Heidelberg (Germany)
To manipulate the spin degree of ultracold atoms we apply radio frequency (RF)
and microwave (MW) magnetic fields. In current experiments it is challenging
to realize magnetic field amplitudes that realize sufficiently large Rabi frequen-
cies. It is therefore a major challenge to optimize magnetic field coil designs.

We present optimized and frequency-variable RF and MW coils for the excita-
tion of different states in the Paschen-Back regime of ultracold Lithium-6 atoms
and molecules. Fast and controlled changes in resonance frequency of RF and
MW coils enable more flexible sequences and shorter sequence times.

A29.19 Thul6:30 P
A new apparatus for trapping single strontium atoms in arrays of optical mi-
crotraps — ToBias KREE, sFELIX RONCHEN, JONAS SCHMITZ, and MICHAEL
KonL — Physikalisches Institut Bonn
We present the design and implementation of the vacuum system featuring a
custom designed titanium vacuum chamber with optical access along six dif-
ferent axes. The apparatus offers space to incorporate two high-NA objectives
(NA > 0.65) to manipulate and read out atoms cooled to the motional ground
state. One of the two objectives is characterized and currently being installed. In
addition we describe the sequence of cooling steps we implemented to rapidly
cool thermal Strontium atoms to microkelvin temperatures. To produce optical
dipole traps we set up and characterized a liquid-crystal based spatial light mod-
ulator. We are able to produce highly uniform one-, two- and three-dimensional
geometries of hundreds of optical foci. The system will be integrated into the
main experiment in the upcoming months. In the future the experiment will be
used as a quantum simulator profiting from the powerful combination of high
imaging efficiency and arbitrary arrangements of single atoms.

A2920 Thul6:30 P

Quantum simulation of many-body non-equilibrium dynamics in tilted 1D
fermi-hubbard model. — <BHARATH HEBBE MADHUSUDHANAI’Z, SEBAS-
TIAN SCHERGI’Z, THOMAS KOHLERTI’Z, IMMANUEL BLOCHI’Z, and MONIKA
AIDELSBURGER! — !Ludwig-Maximilians-Universitat Munchen, Germany —
2Max-Planck-Institut fur Quantenoptik, Garching, Germany
Thermalization of isolated quantum many-body systems is deeply related to re-
distribution of quantum information in the system. Therefore, a question of fun-
damental importance is when do quantum many-body systems fail to thermalize,
i.e., feature non-ergodicity. A useful test-bed for the study of non-ergodicity is
the tilted Fermi-Hubbard model. Here we experimentally study non-ergodic be-
havior in this model by tracking the evolution of an initial charge-density wave
over a wide range of parameters, where we find a remarkably long-lived initial-
state memory [1]. In the limit of large tilts, we identify the microscopic processes
which the observed dynamics arise from. These processes constitute an effective
Hamiltonian and we experimentally show its validity [2]. We show that in these
simulations, our experiment surpasses the present-day computational limitation
with L,,,, = 290 lattice sites and evolution times up to 700 tunneling times. We
use our experiment to benchmark a new efficient numerical technique to solve
for the dynamics of many-body systems [3].

[1.] Sebastian Scherg et al. Nature Communications 12 (1), 1-8 [2.] Thomas
Kohlert et al. arXiv:2106.15586 [3.] Bharath Hebbe Madhusudhana et. al. PRX
Quantum 2, 040325.

A2921 Thul6:30 P
Tunable Beyond-Ising Interactions in Tweezer Arrays by Rydberg Dressing —
LEA STEINERT, ePHILIP OSTERHOLZ, ARNO TRAUTMANN, and CHRISTIAN GROSS
— Physikalisches Institut, Eberhard Karls Universitit Tiibingen, 72076 Tiibin-
gen, Germany
We report on a new experimental platform leveraging the long coherence times
of a spin-1/2 encoded in the potassium-39 ground-state manifold and the tun-
ability and versatility of interactions between atoms excited to Rydberg-states.
We utilize an SLM to prepare an arrangement of optical tweezers, each occupied
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by a single atom. By off-resonantly coupling to the Rydberg manifold via a single
photon transition, we are able to map tuneable angular- and distance-dependent
XYZ-type interactions onto the spin-1/2 system. This approach paves the way
not only to novel types of quantum magnets but together with the fast cycling
time of ~1s it holds the promise to enable the measurement of new entanglement
witnessing observables.

A29.22 Thul6:30 P
Multiloop functional renormalization group study of the Fermi polaron
problem — «MARCEL GIEVERS — Max Planck Institute for Quantum Optics,
Garching, Germany

Imbalanced mixtures of strongly correlated fermions have been investigated both
theoretically and experimentally for several decades. A single impurity im-
mersed in a Fermi gas is subject to a transition from a bound molecule of two
different fermion species to a so-called Fermi polaron where the impurity forms a
quasiparticle with the surrounding fermions. We study the Fermi polaron prob-
lem theoretically in three dimensions in an experimentally more realistic setup
where there is a finite density of the impurity particles. For this, we apply multi-
loop functional renormalization group (mfRG) which is an extension of the con-
ventional functional renormalization group equivalent to the diagrammatic par-
quet formalism. With this elaborate numerical method, we aim to provide more
reliable theoretical predictions such as the lifetime of the polaron.

A 30: Precision Measurements and Metrology Il (joint session Q/A)

Time: Thursday 16:30-18:30

See Q 59 for details of this session.

Location: P

A 31: Ultra-cold atoms, ions and BEC IV (joint session A/Q)

Time: Friday 10:30-12:15

Invited Talk A31.1 Fril0:30 A-H1
Cavity-enhanced optical lattices for scaling neutral atom quantum technolo-
gies — ¢JAN TRAUTMANNI’Z, ANNIE J. PARKI’Z, VALENTIN KLﬁSENERl'Z, Dim-
ITRY YANKELEVI’Z, IMMANUEL BLOCHI’Z’S, and SEBASTIAN Brart™? — IMPQ,
85748 Garching, Germany — 2MCQST, 80799 Miinchen, Germany — 3LMU,
80799 Miinchen, Germany
We present a solution to scale up optical lattice experiments with ultracold atoms
by an order of magnitude compared to the state-of-the-art. We utilize power en-
hancement in optical cavities to create two-dimensional optical lattices with large
mode waists using low input power. We test our system using high-resolution
clock spectroscopy on ultracold Strontium atoms trapped in the lattice. The ob-
served spectral features can be used to locally measure the lattice potential enve-
lope and the sample temperature with a spatial resolution limited only by the op-
tical resolution of the imaging system. The measured lattice mode waist is 489(8)
pum and the trap lifetime is 59(2) s. We observe a long-term stable lattice fre-
quency and trap depth on the MHz level and the 0.1% level. Our results demon-
strate that large, deep, and stable two-dimensional cavity-enhanced lattices can
be created at any wavelength and can be used to scale up neutral-atom-based
quantum simulators, quantum computers, sensors, and optical lattice clocks.
[1] A. J. Park, J. Trautmann, N. Santi¢, V. Kliisener, A. Heinz, I.Bloch, and S.
Blatt. Cavity-enhanced optical lattices for scaling neutral atom quantum tech-
nologies, arXiv:2110.08073, (2021).

A31.2 Frill:00 A-H1
Ionic Polarons in a Bose-Einstein condensate — «Luis ARDILA — Institut fiir
Theoretische Physik, Leibniz Universitdt Hannover, Germany
The versatility and control of ultracold quantum gases opened up a plethora of
theoretical predictions on polaronic physics using ultra-cold quantum gases, re-
sulting in several experimental realizations. In his talk, we will discuss ionic
polarons created as a result of charged particles interacting with a Bose-Einstein
condensate. Here we show that even in a comparatively simple setup consist-
ing of a charged impurity in a weakly interacting bosonic medium with tunable
atom-ion scattering length, the competition of length scales gives rise to a highly
correlated mesoscopic state. Using quantum Monte Carlo simulations, we un-
ravel its vastly different polaronic properties compared to neutral quantum im-
purities. Moreover, we identify a transition between the regime amenable to
conventional perturbative treatment in the limit of weak atom-ion interactions
and a many-body bound state with vanishing quasi-particle residue composed
of hundreds of atoms. Recent experiments on ionic impurities in quantum gases
are promising platforms to study ionic polarons. Our work paves the way to un-
derstand how ions coupled a quantum gas which may be important for future
applications in quantum technologies.

A313 Frill:15 A-H1
An Artificial Bosonic Atom in One Spatial Dimension — «FABIAN BRAUNEIS! N
TiMOTHY BACKERTI, SIMEON MISTAKIDISZ, MIKHAIL LEMESHKO3, HanNs-
WERNER Hammer™, and ARTEM Voroswiev’ — !Technische Universitit
Darmstadt, Department of Physics, Institut fiir Kernphysik, 64289 Darm-
stadt, Germany — “ITAMP, Center for Astrophysics | Harvard & Smithso-
nian, Cambridge, MA 02138 USA — 3Institute of Science and Technology Aus-
tria, Am Campus 1, 3400 Klosterneuburg, Austria — “ExtreMe Matter Insti-
tute EMMI and Helmholtz Forschungsakademie Hessen fiir FAIR (HFHF), GSI
Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Ger-
many
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We study an analogue of an atom realized by a one-dimensional Bose gas. Re-
pelling bosons (“electrons”) are attracted to an impurity, the “nucleus”. The in-
terplay between the attractive impurity-boson and repulsive boson-boson in-
teraction leads to a crossover between different states of the system when the
parameters are varied. For a non-interacting Bose gas, an arbitrary number of
bosons can be bound to the impurity. In contrast, if they are impenetrable, the
bosons fermionize and only one boson is bound. This observation implies that
there is a critical number of bosons that can be bound to the impurity for finite
values of the boson-boson interaction strength. We discuss the three resulting
states of the system - bound, transition and scattering - within the mean-field
approximation. In particular, we calculate the critical particle number support-
ing a bound state. To validate our mean-field results, we use the flow equation
approach.

A314 Frill:30 A-HI1
Pattern formation and symmetry breaking in a periodically driven 2D BEC
— eNIKOLAS LIEBSTER, CELIA VIERMANN, MAURUS HANS, MARIUS SPARN, ELI-
NOR KATH, HELMUT STROBEL, and MARKUS OBERTHALER — Kirchhoff Institut
fiir Physik, Heidelberg, Deutschland
Dynamical pattern formation is a ubiquitous phenomenon in nature, and has
relevance in many fields in physics. The emergence of these patterns, as well as
how symmetries are broken, remains an open field of research in quantum phys-
ical systems. By periodically driving the scattering length in a 2D potassium-39
Bose-Einstein condensate, we use parametric resonance to non-linearly popu-
late specific momentum modes of trapped condensates. We show the emergence
of randomly oriented standing waves with D4 symmetry and investigate these
structures in real and momentum space, showing the growth of both primary
and secondary momentum modes. Finally, we investigate the effects of trapping
geometries on the formation of patterns on the condensate.

A315 Frill:45 A-HI1
Quantum gas magnifier for sub-lattice-resolved imaging of 3D quantum
systems — LucA ASTERIA, HENRIK P. ZAHN, eMARCEL N. KoscH, KrAus
SENGSTOCK, and CHRISTOF WEITENBERG — Universitit Hamburg, Hamburg,
Deutschland
Imaging is central for gaining microscopic insight into physical systems, but
direct imaging of ultracold atoms in optical lattices as modern quantum sim-
ulation platform suffers from the diffraction limit as well as high optical den-
sity and small depth of focus. We introduce a novel approach to imaging of
quantum many-body systems using matter wave optics to magnify the density
distribution prior to optical imaging, allowing sub-lattice spacing resolution in
three-dimensional systems. Combining the site-resolved imaging with magnetic
resonance techniques for local addressing of individual lattice sites, we demon-
strate full accessibility to local information and local manipulation in three-
dimensional optical lattice systems. The method opens the path for spatially
resolved studies of new quantum many-body regimes including exotic lattice ge-
ometries.

A31.6 Fril2:.00 A-H1
Resetting many-body quantum systems — ¢GABRIELE PERFETTO, FEDERICO
CAROLLO, MATTEO MAGONI, and IGOR LESANOVSKY — Institut fiir Theoretische
Physik, Universitat Tiibingen, Auf der Morgenstelle 14, 72076 Tiibingen, Ger-
many
We consider closed quantum many-body systems subject to stochastic resetting.
This means that their unitary time evolution is interrupted by resets at randomly
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selected times. The study of the non-equilibrium stationary state that emerges
from the combination of stochastic resetting and coherent quantum dynam-
ics has recently raised significant interest. The connection between this non-
equilibrium stationary state, an effective open dynamics and non-equilibrium
signatures of quantum phase transitions is, however, not fully understood.

In the talk we provide a unified understanding of these phenomena by com-
bining techniques from quantum quenches in closed systems and semi-Markov
processes. We discuss as an application the paradigmatic quantum Ising chain.

We show that signatures of its ground-state quantum phase transition are visible
in the steady state of the reset dynamics as a sharp crossover.

Our findings show that stochastic resetting can be exploited to generate many-
body quantum stationary states where incoherent effects, such as heating, can be
hindered. These stationary states can be then used in quantum simulator plat-
forms for sensing applications.

[1] G.Perfetto et al., Phys. Rev. B 104, L180302 (2021)

A 32: Precision spectroscopy of atoms and ions IV (joint session A/Q)

Time: Friday 10:30-12:00

Invited Talk A321 Fril0:30 A-H2
High-resolution DR spectroscopy with slow cooled Be-like Pb”®" jons in the
CRYRING@ESR storage ring — *SEBASTIAN FUCHSI'Z, CARSTEN BRaNDAU? s
ESTHER MENZ3’4’5, MICHAEL LESTINSKY3, ALEXANDER BOROVIK ]Rl, YAN-
NING ZHANGG, ZORAN ANDELKOVIC3, FrRANK HERFURTHZ, CHRISTOPHOR
KOZHUHAROV® , CLAUDE KRANTZ3, UWE SPILLMANN® , MARKUS STECK3,
GLEB VOROBYEV® , REGINA HESS3, VOLKER HANNEN7, DaARiusz BANAéS,
MICHAEL FOGLE9, STEPHAN FRITZSCHE4’5, Eva LINDROTHIO, XINWEN MAH,
ALFRED MULLER', REmNHOLD ScHUCH'®, ANDREY SurzHYKOV'>'’, Mar-
TINO TRASSINELLIM, THOMAS ST(’)HLKER3’4’5, ZOLTAN HARMANIS, and STEFAN
Scrurppers? — !JLU Gielen — 2HFHF Campus Gieflen — >GSI — “HI Jena —
SFSU Jena — ®Xi’an Jiaotong University — “WWU Miinster — JKU Kielce —
® Auburn University — '°Stockholm Universit}f — "IMPCAS Lanzhou — *TU
Braunschweig — ""PTB — YUPMC Paris — '>MPIK
Dielectronic recombination (DR) collision spectroscopy is a very successful tool
for studying the properties of ions. Due to its versatility and the high experimen-
tal precision, DR spectroscopy plays an important role in the physics program
of the SPARC collaboration. CRYRING®@ESR is particularly attractive for DR
studies, since its electron cooler provides an ultra-cold electron beam promising
highest experimental resolving power. Here, we report on the first DR experi-
ment with highly charged ions in the heavy-ion storage ring CRYRING@ESR of
the international FAIR facility in Darmstadt. The recent results are well in accord
with our expectations and the theory.

A322 Frill:00 A-H2
Theory of the *He* magnetic moments and hyperfine splitting — +BASTIAN
SIKORA, ZOLTAN HARMAN, NATALIA S. ORESHKINA, IGOR VALUEvV, and
CHRrisTOPH H. KEITEL — Max-Planck-Institut fiir Kernphysik, Heidelberg, Ger-
many

In an external magnetic field, the ground state of the *He™ ion is split into four
sublevels due to hyperfine and Zeeman effect. The bound electron’s g-factor, the
ground-state hyperfine splitting as well as the shielded magnetic moment of the
nucleus can be determined by measurements of transition frequencies between
these sublevels [1,2].

We present the theoretical calculation of the nuclear shielding constant, the
ground-state hyperfine splitting and the bound-electron g-factor. The nuclear
shielding constant is required to extract the magnetic moment of the bare nu-
cleus with unprecedented precision, enabling new applications in magnetometry.
Furthermore, one can extract the nuclear Zemach radius from the experimen-
tal hyperfine splitting value. The theoretical uncertainty of the bound-electron
g-factor is dominated by the uncertainty of the fine-structure constant, allowing
in principle an independent determination of « in future.

[1] A. Mooser et al., J. Phys.: Conf. Ser. 1138:012004 (2018)

[2] A. Schneider et al., submitted (2021)

A323 Frill:15 A-H2
Path integral formalism of Dirac propagators for atomic physics — *SREYA
BANERJEE and ZOLTAN HARMAN — Max-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Germany
The very basic building blocks of perturbative calculations in atomic structure
and collision theory are Green’s functions. We extend this study of Green’s func-
tions, in the nonperturbative regime, using Feynman’s path integral approach.
As a first step, we derive the free Dirac propagator followed by the derivation
of the Dirac-Coulomb Green’s function (DCGF) in spherical coordinates, using
this formalism.

Location: A-H2

For the free relativistic Dirac particle, the effective Hamiltonian for the iterated
Dirac equation is constructed. The corresponding Green’s function is expanded
into partial waves in spherical coordinates. The radial part of this Green’s func-
tion is then converted into a path integral, through reparametrisation of the paths
by local time rescaling, followed by a one-to-one mapping of the radial variable
with the local time parameter. This yields a closed form of the Green’s func-
tion. Following the same procedure, the DCGF is diagonalised in Biedenharn’s
basis into a radial path integral, the effective action of which is similar to that
of the non-relativistic hydrogen atom. We convert the radial path integral from
Coulomb type to that of an isotropic harmonic oscillator through coordinate
transformation along with local time rescaling. As such, an explicit path integral
representation of the DCGF is obtained, along with the energy spectrum of the
bound states.

A324 Frill:30 A-H2
Progress of the Laser Resonance Chromatography project — <EUNKANG
KIMI’Z, ELISABETH RICKERT1’2’3, ELisA ROMERO ROMER1’2’3, HARRY
RAMANANTOANINAI’Z, MicHAEL Brock"?? , MUSTAPHA LAATIAOUII’Z, and
PHiLpP SIKORA' — 'Department Chemie, Johannes Gutenberg-Universitit,
Fritz-Strassmann Weg 2, 55128 Mainz, Germany — 2Helmholtz-Institut Mainz,
Staudingerweg 18, 55128 Mainz, Germany — 3GSI, Planckstrafle 1, 64291
Darmstadt, Germany
Optical spectroscopy of superheavy elements is experimentally challenging as
their production yields are low, half-lives are very short, and their atomic struc-
ture is barely known. Conventional spectroscopy techniques such as fluores-
cence spectroscopy are no longer suitable since they lack the sensitivity required
in the superheavy element research. A new technique called Laser Resonance
Chromatography (LRC) could provide sufficient sensitivity to study super-heavy
ions and overcome difficulties associated with other methods. In this contribu-
tion, I will explain the LRC technique and the progress that we made towards
LRC experiments. This work is supported by the European Research Council
(ERC) (Grant Agreement No. 819957).

A 325 Frilli45 A-H2
CREMA-Measuring the Ground State Hyperfine splitting of Muonic Hydro-
gen — *SIDDHARTH RA]AMOHANANI, AHMED OUFl, and RaNDOLF Ponr’
— 'QUANTUM, Institut fiir Physik & Exzellenzcluster PRISMA,Johannes
Gutenberg Universitidt Mainz, 55099 Mainz, Germany — %Institut fiir Physik,
QUANTUM und Exzellenzcluster PRISMA+, Johannes Gutenberg-Universitat
Mainz,55099 Mainz, Germany
Precision measurements on atoms and ions are a powerful tool for testing bound-
state QED theory and the Standard Model [1]. Experiments done in the last
decade by the CREMA collaboration on muonic Hydrogen and Helium have
given a more accurate understanding of the lightest nuclei charge radius [2,3].
Our present experiment aims at a measurement of ground state Hyperfine Split-
ting in muonic hydrogen up to a relative accuracy of 1 ppm using pulsed laser
spectroscopy. This allows us to determine the Zemach radius, which encodes the
magnetic properties of the proton. A unique laser system, multi-pass cavity, and
scintillation detection system are necessary for the experiment. We report the
current status of our experiment and the recent developments.

[1] M. S. Safronova, D. Budker, D. DeMille, Derek F. Jackson Kimball, A. Dere-
vianko, and Charles W. Clark, Rev. Mod. Phys. 90, 025008 (2018) [2] R. Pohl et
al., Nature 466, 213 (2010) [3] A. Antognini, et al., Science, Vol. 339, 2013, pp.
417-420

A 33: Rydberg Systems (joint session Q/A)

Time: Friday 10:30-11:45

See Q 67 for details of this session.
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Short Time-scale Physics and Applied Laser Physics Division
Fachverband Kurzzeit- und angewandte Laserphysik (K)

Invited Talks

K31 Wed 14:00-14:30 K-H4

K32 Wed 14:30-15:00 K-H4

K51 Wed 16:30-17:15 K-H4
K6.1 Thu 10:30-11:00 K-H4

Andreas Gortler

A.B. von Stettensches Institut Gymnasium

Am Katzenstadel 18A
86152 Augsburg
agoertler@gmx.de

Overview of Invited Talks and Sessions

(Lecture halls K-H4; Poster P)

Leistungsimpulstechnik: Im Riickblick und mit Blick auf aktuelle und kiinftige Anwen-

dungen — «KrAUs FRANK

ITZKI

Technischer Stand der Pulsed Power in medizinischen Excimer Lasern — «CLAUS STROW-

Physikalische Information und Naturkonstanten — «RUDOLF GERMER
Front and rear surface ablation within gold films with variable film thickness induced by

ultrafast laser radiation — eMARKUS OLBRICH, THEO PFLUG, ALEXANDER HORN

Invited talks of the joint PhD symposium Solid-state Quantum Emitters Coupled to Optical Microcav-

ities (SYPD)

See SYPD for the full program of the symposium.

SYPD1.1 Mon 16:30-17:00

SYPD1.2 Mon 17:00-17:30

SYPD1.3 Mon 17:30-18:00

SYPD14 Mon 18:00-18:30

AKjDPG-H17
AKjDPG-H17

AKjDPG-H17

AKjDPG-H17

Fiber-based microcavities for efficient spin-photon interfaces — ¢DAvID
HUNGER

A fast and bright source of coherent single-photons using a quantum dot in
an open microcavity — ¢sRICHARD J. WARBURTON

New host materials for individually addressed rare-earth ions — <SEBASTIAN
HoORVATH, SALIM OURARI, LukASZ DUSANOWSKI, CHRISTOPHER PHENICIE, IsA-
IAH GRAY, PAUL STEVENSON, NATHALIE DE LEON, JEFF THOMPSON

A multi-node quantum network of remote solid-state qubits — «RoNALD HAN-
SON

Invited talks of the joint symposium SAMOP Dissertation Prize 2022 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1 Tue 14:00-14:30

SYAD 1.2 Tue 14:30-15:00
SYAD 1.3 Tue 15:00-15:30

SYAD 1.4 Tue 15:30-16:00

Audimax

Audimax
Audimax

Audimax

New insights into the Fermi-Hubbard model in and out-of equilibrium —

*ANNABELLE BOHRDT

Searches for New Physics with Yb* Optical Clocks — sRICHARD LANGE
Machine Learning Methodologies for Quantum Information — «HENDRIK POULSEN

NAUTRUP

Precision Mass Measurement of the Deuteron’s Atomic Mass — ¢SASCHA RaU
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K51-53 Wed 16:30-17:45 K-H4  New Methods and Laser Diagnostics
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K 1: Laser Systems

Time: Tuesday 10:30-12:00

K1.1 Tuel0:30 K-H4
High-power, ultra-broadband, femtosecond non-collinear optical paramet-
ric oscillator in the visible spectral range (VIS-NOPO) — «ROBIN MEVERT ',
YuLiva BINHAMMERI’Z, CHRISTIAN M. DIETRICHI’Z, Luise BEICHERTI’Z, JosE
R. CARDOSO DE ANDRADE’ , THOMAS BINHAMMER4, JiNTAO FANL’Z, and
UwE MorGNERY — !Institute of Quantum Optics, Leibniz University Han-
nover, Welfengarten 1, D-30167 Hannover, Germany — 2Cluster of Excel-
lence PhoenixD, Welfengarten 1, D-30167 Hannover, Germany — >Max-Born-
Institute, Max-Born-Strafle 2A, D-12489 Berlin — 4heoLASE GmbH, Hol-
lerithallee 17, D-30419 Hannover, Germany
Ultrafast visible radiation is of great importance for many applications ranging
from spectroscopy to metrology. Unfortunately, most of the visible range is not
covered by laser gain media, hence optical parametric oscillators offer a solution.
Besides a high-power broadband laser source, the rapid frequency tunability of
pulses with high-power spectral densities is a clear advantage for experiments
such as multicolor spectroscopy or imaging. Here, we demonstrate a high-power,
ultra-broadband, rapidly tunable femtosecond non-collinear optical parametric
oscillator with a signal tuning range of 440-720 nm. The VIS-NOPO is pumped
by the third harmonic of an Yb-fiber laser at 345 nm. Moreover, the signal wave-
length is tuned by changing the cavity length only. Output powers up to 452
mW and pulse duration down to 268 fs with a repetition rate of 50.2 MHz are
achieved. To the best of our knowledge, this is the first demonstration of a quickly
tunable femtosecond NOPO that covers nearly the entire visible spectral range.

K12 Tuel0:45 K-H4
1 MHz - CEP stable, few-cycle OPCPA with dual channel output at 800nm
and 2ym wavelength — THOMAS BRAATZ, EKATERINA ZAPOLNOVA, SEBASTIAN
STAROSIELEC, TORSTEN GoLZ, *KoLjA KOLATA, MARK PRANDOLINI, JAN HEYE
Buss, MICHAEL ScHULZ, and ROBERT RIEDEL — Class 5 Photonics GmbH, Re-
search Campus Hamburg Bahrenfeld, Luruper Hauptstrasse 1, 22547 Hamburg,
Germany
Active carrier envelope phase (CEP) stabilization in the few-cycle regime is es-
sential for most attosecond experiments, e.g. studying the coherent evolution
of electronic structure and dynamics in solids or complex many body phenom-
ena crystals, require active carrier envelope phase stabilization in the few-cycle
regime. We present an optical parametric chirped-pulse amplifier (OPCPA) de-
sign providing CEP stable, sub 9 fs pulses with a dual channel output around
800 nm center wavelength and 2 *m as a high-harmonic driver for attosecond
experiments. Two CEP stable OPCPA designs (a) high repetition rate and (b) a
high pulse-energy system will be demonstrated.

K13 Tuell:00 K-H4
a stabilized doubly resonant optical parametric oscillator for strong-field
applications — «HAN RAO"?, CHRISTIAN MARKUS DIETRICH %, JOSE RICARDO
CARDOSO DE ANDRADE’, AYHAN DEMIRCAN'"?, IHAR BABUSHKIN'"*", and UWE
MORGNER"? — !Leibniz University Hannover, Institute of Quantum Optics,
Hannover, Germany — 2Cluster of Excellence PhoenixD, Hannover, Germany
— *Max Born Institute, Berlin, Germany
Strong tailored two-and three-color optical waveshapes can be especially useful
for effective generation of light at very high (XUV) and very low (THz) frequen-
cies via the photoionization dynamics. In particular, for generation of THz radi-
ation, strong and stable asymmetric time-waveshapes are needed. Phase locked
doubly resonant optical parametric oscillators (DROPO) can provide, via strong
intracavity enhancement, high enough intensities needed for this goal. DROPO
can work in a self-locking regime, where the relative phases between the sig-
nal, idler and pump waves are locked. The region of cavity lengths (detuning)
where DROPO is locked, is however typically small, and even if self-locking is
achieved, the dynamics is destabilized on the long run. In this work, we stabilize
our degenerate DROPO by using a locking scheme which utilizes monitoring of
a ”parasitic” sum-frequency generation (SFG) of the signal and pump-a method
proposed very recently.

K14 Tuell:15 K-H4
InP-based Semiconductor Saturable Absorber Mirror (SESAM) for ul-
trashort laser pulse generation at 1560 nm — sALEXANDER Domnwms!,
STEFFEN BREUERI, CHRISTOPH SKROBOLZ, RoOBERT B. KOHLHAASI, LARS
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LIEBERMEISTER!, MARTIN SCHELL"?, and BjorN Grosiscu® — !Fraunhofer

HHI, Einsteinufer 37, 10587 Berlin, Germany — 2TOPTICA Photonics AG,
Lochhamer Schlag 19, 82166 Grifelfing, Germany — >TU Berlin, Festkorper-
physik, Hardenbergstrafe 36, 10623 Berlin, Germany

Semiconductor Saturable Absorber Mirrors (SESAMs) are key to ultrafast lasers,
as they allow for simple and self-starting passive modelocking and pulse sta-
bilization. However, SESAMs based on the standard AlAs/GaAs material sys-
tem require highly strained InGaAs absorber layers, which may reduce the de-
vice efficiency and operational lifetime. Here, we report on an entirely strain-
free SESAM based on InP/InGaAlAs, designed for 1560 nm operation with an
Erbium-doped fiber laser. The SESAM is composed of a highly reflective In-
GaAlAs/InAlAs Bragg mirror and an InGaAs absorber, which provides ultrafast
SESAM response (7 < 1 ps), low non-saturable losses and high modulation depth
(AR = 8 %) at the same time. The near anti-resonant SESAM design results in
very high saturation fluence (25 yJ/cm2) and roll-over fluence (33 mJ/cm2), and
is demonstrated to enable successful laser self-start and stable modelocking of
330 fs pulses at 80 MHz repetition rate and 17.5 mW average power. This illus-
trates the excellent optical performance of InP-based SESAMs, which will enable
more reliable and efficient ultrafast laser systems.

K15 Tuell:30 K-H4
Compact Few-Cycle Source in the Mid-Infrared by Adiabatic Difference Fre-
quency Generation — ¢ENGJELL BeBETI', FELIX RiTzKOWsKY!?, GIULIO M.
ROSSII'Z, NicHorAs H. MATLISl'Z, Haim SUCHOWSKI3, HusgyYIN CANKAYAI’Z,
and Franz X. KirTner"? — !Center for Free-Electron Laser Science CFEL,
Deutsches Elektronen-Synchrotron DESY, Germany — *Department of Physics
and The Hamburg Centre for Ultrafast Imaging, Universitit Hamburg, Germany
— *Department of Condensed Matter Physics, Tel-Aviv University, Israel
Ultrafast electron emission in nano plasmonic structures is driven by the elec-
tric field of few-cycle infrared pulses. Shaping of the optical pulse waveform
allows for controlling of the emitted electrons. We present a compact few-cycle
source in the mid-infrared with a controllable center wavelength in the range
of 2 and 3.5 microns, generating pulses with 60 nJ of energy at a repetition rate
of 50 kHz, serving as an ideal driver for such experiments. Our setup is driven
by a commercial regenerative Yb:KYW amplifier delivering 420 fs pulses at a
wavelength of 1.03 microns. The nonlinear conversion scheme consists of an
adiabatic difference frequency generation (ADFG) crystal subsequent to an op-
tical parametric amplifier stage. The ADFG allows for a broadband and linear
one-to-one conversion in spectral amplitude and phase of the incident pulse pro-
ducing octave-spanning mid-infrared pulses with a pulse duration down to 13
fs. The tunability of the center wavelength will enable tailoring of the few-cycle
waveform to tightly control ultrafast electron emission.

K1.6 Tuell:45 K-H4
Laser frequency stabilization using quasi-monolithic unequal-arm interfer-
ometers — «MIGUEL DOVALE ALVAREZ, VICTOR HUARCAYA, JUAN JOSE ESTEBAN
DELGADO, and GERHARD HEINZEL — Max Planck Institute for Gravitational
Physics (Albert Einstein Institute), Callinstrasse 38, 30167 Hannover, Germany
Lasers with high and ultra-high frequency stability are a key resource in many
areas of science and technology, such as high-precision time and frequency
metrology, inertial sensing, and the search for gravitational waves. Typically
the required stability is achieved by locking the laser to the narrow resonance
of a structurally stable optical cavity, or to the narrow absolute reference fre-
quency provided by atomic or molecular transitions. These frequency stabiliza-
tion schemes usually involve many optical components, modulators, and com-
plex electronics. Here we describe the advances in laser frequency stabilization
via quasi-monolithic unequal-arm interferometers with DC balanced readout.
In this scheme the setup consists of only a handful of optical components, as
well as an analog circuit to perform the balanced readout and the feedback to
the laser. The structural stability of the interferometer is transferred to the fre-
quency stability of the laser, and hence a big effort is directed towards isolat-
ing the interferometer from external perturbations. Preliminary measurements
show a stability of 100 Hz/vHz at 1 Hz, worsening with 1/ f at lower frequencies.
In the next iteration of this experiment, we aim to reduce the noise floor at low
frequency by enhancing several aspects of the setup. +1°
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K21 Tuel6:30 P
Extreme self-regulation in high-harmonic generation — sEvALDAS SVIRPLYS,
KATALIN KOVACSZ, MUHAMMAD ANUSI, OMAIR GHAFURI, KATALIN VARIL’ISA,
MARrc]J.J. VRAKKINGI, VALER TOSAZ, BALAzZS MAJOR3 ’4, and BERND SCHUTTE!
— "Max-Born-Institut, Berlin, Germany — *National Institute for Research and
Development of Isotopic and Molecular Technologies, Cluj-Napoca, Romania
— PELI-ALPS, Szeged, Hungary — *Department of Optics and Quantum Elec-
tronics, University of Szeged, Szeged, Hungary
We present a novel High-harmonic generation (HHG) scheme that shows ex-
treme self-regulation of the driving laser intensity. Near-infrared (NIR) laser
pulses are focused into a high-pressure atomic jet, leading to intensities of about
10'® W/cm?, which is much higher than the optimal intensity for HHG. Sub-
stantial Spectral reshaping of the NIR 50-fs laser pulse was observed in each
atomic species investigated (Xe, Kr, Ar, Ne, He), resulting in the observation of a
ten-fold increase of the initial NIR bandwidth. Our experimental and numerical
study shows that ionization-induced self-phase modulation is responsible for the
spectral broadening, while plasma-induced defocusing results in a substantial
decrease and self-regulation of the NIR intensity. This allows for the build-up of
phase-matched HHG and results in the generation of continuous spectra ranging
from 18-140 eV albeit using long driving laser pulses. This flexible and compact
HHG scheme is ideally suited for absorption spectroscopy, allowing to access
different spectral ranges without the need for tedious optimization procedures.

K22 Tuel6:30 P
Attosecond streaking of an infrared parametric waveform synthesizer —
«FABIAN SCHEIBA1’2’3, GIULIO MARIA ROSSII, RorLaND E. MAINZI, MIGUEL A.
SILVA—TOLEDOl’a, YUDONG YANG' , PHILLIP D. KEATHLEY4, GIOVANNI CIRMII’Z,
and Franz X. KirtNer">® — !Center for Free-Electron Laser Science CFEL
and Deutsches Elektronen-Synchrotron DESY, Notkestraf3e 85, 22607 Hamburg,
Germany — *The Hamburg Centre for Ultrafast Imaging, Luruper Chaussee
149, 22761 Hamburg, Germany — 3Universitit Hamburg, Fachbereich Physik,
Jungiusstrale 9, 20355 Hamburg — *Research Laboratory of Electronics, Mas-
sachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA
Attosecond streaking measurements provide the temporal information of both,
the ionizing XUV pulse and the infrared streak field. The method is utilized
to characterize >1.5 octave spanning infrared (IR) waveforms as generated by
our parametric waveform synthesizer and at the same time to characterize the
isolated attosecond pulse (IAP) continua as generated via high harmonic gener-
ation (HHG) in gases. Here, a near-IR ((0.65-0.95) ym) and IR ((1.2-2.2) ym)
spectral channel with a relative phase stability of 70 mrad are synthesized, re-
sulting in a sub-cycle pulse of 1.4 ym central wavelength. Attosecond streaking
measurements prove the excellent long-term pulse-to-pulse stability as well as
versatility in shaping the synthesized waveforms to non-sinusoidal fields in the
sub-cycle limit that in return allows for controlling the IAP in bandwidth and
central energy in a single focussing geometry.

K23 Tuel6:30 P
Generation of VUV radiation from two-color laser setup for nuclear spectro-
scopic measurements on thorium — «KULDEEP SINGH KARDA, PHILIP MOSEL,
PRANITHA SANKAR, ELISA APP1, UWE MORGNER, and MILUTIN KOVACEV — In-
stitut fiir Quantenoptik, Cluster of Excellence PhoenixD and QuantumFrontiers,
Leibniz Universitit Hannover, Welfengarten 1, 30167 Hannover
The Thorium-229 nucleus is known to possess an isomeric state at an energy of
about 8 eV above the ground state, several orders of magnitude lower than typical
nuclear excitation energies [1]. Owing to the lower energy the 229Th isomer is
accessible to resonant laser excitation. A main experimental challenge is to drive
this nuclear excitation resonantly with a narrow-band laser [1]. However, exact
knowledge of this energy level is crucial for laser spectroscopy and for the de-
velopment of optical nuclear clocks. This problem could be overcome by using a
tunable laser system in the vacuum ultraviolet (VUV) spectral range. In the pre-
sented work, VUV radiation between 140 and 160 nm is efficiently generated by
using two-color frequency mixing of different laser modes inside gas-filled cap-
illary. This technique allows to enhance the conversion efficiency of a tunable
Ti:Sapphire laser system in the VUV. The presented setup can fulfill the require-
ments of a narrow-band light source for direct laser excitation laser applying
schemes like internal conversion electron-Mdssbauer spectroscopy (CEMS) in
thin layer of neutral 229Th atoms[2].
[1] K.Beeks et al., Nature. Rev. Phys. 3, 238-248 (2021).
[2] L. von der Wense et al., Phys. Rev. Lett. 119, 132503 (2017).

K24 Tuel6:30 P
Radiation from Electron - Laser Pulse Collisions — ¢MICHAEL QUIN, AN-
TONINO D1 P1azza, CHRisTOPH H. KEITEL, and MATTEO TAMBURINI — Max-
Planck-Institut fiir Kernphysik, Saupfercheckweg 1, D-69117 Heidelberg, Ger-
many
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The collision of relativistic electrons with a laser pulse can potentially generate
short pulses of X-rays, capable of tracking molecular, atomic and sub-atomic
dynamics. We consider how the spectrum and angular distribution of radiation
emitted varies with the initial position and momentum of electrons colliding
with a plane wave pulse, in the domain of Classical Electrodynamics. This in-
forms how we can customise the radiation spectrum, which can be verified with
simulations involving a focused laser pulse and realistic electron distribution.

K25 Tuel6:30 P
A 100-kHz, high-brightness ultrafast electron diffraction set-up for sub-100-
fs structural dynamics — *FERNANDO RODRIGUEZ D1AZ, MARK MEROE, MARC
VRAKKING, and KAsrRA AMINT — Max Born Institute, Berlin, Germany
Photo-induced chemical reactions and phase transitions in gas-phase molecules
and solid-state structures play an important role in biological processes and
photoelectronics, such as photo-isomerization and photovoltaics. Such photo-
induced processes occur on the few hundreds-to-thousands of femtoseconds
timescale, with changes in the position of atoms in the molecular or lattice
structure occurring on the sub-Angstrom spatial scale. So far, ultrafast elec-
tron diffraction (UED) has been utilized to visualize and track in real-time the
structural dynamics of photo-induced reactions with sub-A and sub-300-fs reso-
lution. However, the temporal resolution of state-of-the-art UED set-ups, which
operate at less than 5-kHz, is not sufficient to time-resolve some rapidly evolving
photo-induced processes (e.g. <500-fs timescale of photo-isomerization). Here,
we present a 100-kHz, 100-kV UED set-up recently built and commissioned at
the Max-Born Institute, Berlin. Our set-up will be capable of operating in high-
bunch charge single-shot mode (i.e. up to 1E6 electrons/pulse) or low-bunch
charge high temporal resolution mode (i.e. less than 1E3 electrons/pulse) at
100-kHz. Using our set-up, we anticipate time-resolved measurements of photo-
induced structural dynamics in solid-state and gas-phase systems with sub-A
spatial and sub-100-fs temporal resolution, which will go beyond the current
state-of-the-art in UED.

K2.6 Tuel6:30 P
Quantum coherent control of free electron wavefunction using ponderomo-
tive potencial of optical travelling waves — «KamiLA MORIOVA and MAR-
TIN KozAk — Faculty of Mathematics and Physics, Charles University, Prague,
Czech Republic
Inelastic interactions between free electrons and photons have been studied ex-
tensively during the last few years. In this contribution, we describe theoretically
the interaction of electrons with ponderomotive potential of optical travelling
waves formed by two light waves at different frequencies in vacuum. Our cur-
rent effort follows up previous experiments performed in the classical regime of
the interaction, which showed the electron spectrum broadening and attosecond
electron pulses generation as a result of the interaction [1], [2]. We describe how
these experiments can be modified to allow quantum coherent optical modula-
tion of the phase of electron wavefunction. [1] Kozak, M. et al. Nat. Phys. 14,
121-125 (2018), [2] Kozék, M. et al. Phys. Rev. Lett. 120, 103203 (2018)

K27 Tuel6:30 P
Single-shot multi-frame shadowgraphy in laser-plasma interactions via se-
quentially timed all-optical mapping photography (STAMP) — «Yu Znao,
DaNIEL ULLMANN, and ALEXANDER SAVERT — Helmholtz Institute Jena, Ger-
many
Ultrafast shadowgraphy with transverse few-cycle transverse probe pulses en-
abled direct observation of laser-plasma interactions, which has been achieved
femtosecond temporal and micrometer spatial resolution. However, in previous
studies, only one shadowgram was captured from each of the laser-plasma in-
teraction processes. Nevertheless, the shot-to-shot fluctuation of a high-power
laser system is not negligible. This limits our understanding of laser-plasma in-
teraction processes. In this study, we introduce a single-shot multi-frame shad-
owgraphy technique based on sequentially timed all-optical mapping photog-
raphy (STAMP). The probe is seeded by a fraction of pump laser energy and
coupled into a rare gas-filled hollow-core fiber to be spectrally broadened by self-
phase modulation. Then the probe is temporally compressed to reach its Fourier
limit pulse duration (few-fs) via chirped mirrors and glass wedges. Next, the
few-femtosecond probe is linearly frequency-chirped via a glass rode, tempo-
rally stretched up to ~100 fs. After the probe propagates through the interaction
area, it is imaged by a microscopic imaging system, then separated into five repli-
cas via a diffractive beam splitter. Five different narrow bandpass filters (10 nm,
FWHM) are placed in front of the CCD camera to capture five frames that cor-
respond to different time delays from a laser-plasma interaction with a sub-10 fs
temporal resolution.
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K28 Tuel6:30 P
Precise diagnostic of high-power ultra-short laser — <XINHE Huang'"?4,
ALEXANDER SAVERT', BEATE HEINEMANN®?, and MATT ZEPF"? — 'Helmholtz
Institute Jena, Jena, Germany — 2DESY, Hamburg, Germany — 3Friedrich
Schiller Universitit Jena, Jena, Germany — *Albert-Ludwigs-Universitit
Freiburg, Freiburg, Germany
The LUXE (Laser Und XFEL Experiment) project aims to measure processes in
the strong-field quantum electrodynamics regime with high precision by col-
liding electrons or a high-energy photon beam with high-power, tightly focused
laser beam at a repetition rate of 1Hz. Simulations [1] predict that the probability
of pair production responds highly non-linearly to the laser strength parameter.
Consequently, small variations in the laser intensity lead to significant variations
in the experimental observables. The required precision will be achieved by in-
tensity tagging though precise measurements on the relative variation of inten-
sity on a shot-by-shot basis. We present results of a laser diagnostic system per-
formed on the JETI200 laser, with an ultimate aim to monitor the shot-to-shot
fluctuations with precision below 1%.

[1] LUXE CDR, arXiv:2102.02032 [hep-ex]

K29 Tuel6:30 P
Towards rapidly-tunable, femtosecond UV laser pulses — ¢FRIDOLIN
GEESMANNI'Z, RoBIN MEVERTI’Z, YuLiva BINHAMMERI’Z, CHRISTIAN M.
DietricH"?, LUISE BEICHERT"?, José R. CARDOSO DE ANDRADE’, THOMAS
BINHAMMER®, JINTAO Fan"2, and UwE MorGNER™? — lInstitute of Quan-
tum Optics, Leibniz University Hannover, Welfengarten 1, D-30167 Hannover,
Germany — 2Cluster of Excellence PhoenixD, Welfengarten 1, D-30167 Han-
nover, Germany — ®Max-Born-Institute, Max-Born-Strafle 2A, D-12489 Berlin
— *neoLASE GmbH, Hollerithallee 17, D-30419 Hannover, Germany
Optical parametric oscillators allow the generation of femtosecond, widely tun-
able radiation with high output power. This makes them a perfect tool for spec-
troscopy or imaging. Here, we show theoretical considerations for the generation
of tunable UV radiation using intracavity processes in such a noncollinear optical
parametric oscillator that provides fast tunable radiation in the visible spectral
region from 440-720 nm. Two different conversion processes can be used for this
purpose. First, an intracavity second harmonic generation process can be used
to cover a wide range in the UV. However, this method has the disadvantage that
the converted wavelength is selected by changing the crystal angle, which allows
only slow tuning speeds. Therefore, an additional method is being investigated,
which should enable fast tuning of the generated radiation by changing the cavity
length only. This can be achieved via a non-collinear sum frequency generation
process, but has the disadvantage that only the near UV region can be reached.

K210 Tuel6:30 P
Electron-Lattice Relaxation Time Dynamics and Separation Time Dynamic
of Multiple Pulses Femtosecond Laser Ablation Process on Gold.
eHARDIK VAGHASIYAI’Z, STEPHAN KRAUSEI'Z, and PAUL-TIBERIU MICLEA
"Martin Luther University Halle-Wittenberg, ZIK Sili-nano, Halle, Germany —
2Fraunhofer Center for Silicon Photovoltaics CSP, Germany
To study the ultrashort laser pulse interaction on gold, a set of coupled partial
differential equations of the two-temperature model was solved in the spatial and
time domains with dynamic optical properties and phase explosion mechanism.
In an extended Drude model considering interband transitions, the reflectiv-
ity and absorption coefficient are contemplated based on the electron relaxation
time. The laser energy deposition and phase explosion ablation mechanism are
analyzed in the case of succession of fs-laser pulses (180 fs, 1030 nm) on gold
with experimental results. The simulation results demonstrate that by increas-
ing the number of pulses with a shorter separation time compared to electron-
lattice relaxation time, lattice temperature can be considerably increased without
a noticeable increase in ablation depth. In the study of multiple pulses fs laser
ablation, the computational model indicates that succession of laser pulses with
a pulse separation time of 50 ps or longer can significantly boost the ablation rate
at the same laser fluence. Thus, the deviation from experimental and simulation
results gives rise to the conclusion that temporal pulse manipulation with sepa-
ration time greater than the electron-lattice relaxation time is a useful technique
for fast femtosecond laser processing.

2,1

K211 Tuel6:30 P
Ultra-short laser micro-machining by spatially shaped ps- and fs-pulses
for depth-selective y-TLM resistivity test structures of sputter-deposited
metal/oxid/semiconducting contact layers — «STEPHAN KrAUSE"?, STEFAN
LANGEZ, HARDIK VAGHASIYAI, CHRISTIAN HAGENDORFZ, and PAUL-TIBERIU
MicLea®! — !Centre for Innovation Competence SiLi-nano, Martin-Luther-
University Halle-Wittenberg, Halle (Saale), Germany — 2Fraunhofer Center for
Silicon Photovoltaics CSP, Halle (Saale), Germany
In this work, we applied spatially shaped ultra-short pulse laser micro-machining
for a new processing approach of y-TLM test structures. These structures are
used for resistivity measurements of multilayer systems with highly resistive in-
terface layers, e.g. in oxide passivation layers for solar cells. For precise measure-
ments of electrical sheet and contact resistivity of the individual layers, isolating
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trenches and homogenous ablation areas are required. Ultrashort pulses with 10
ps and 200 fs of different laser wavelength (532 nm, 1030 nm) as well as optical
beam shaping elements for a redistribution of the intensity from gauss to top-
hat profiles enables a selective removal of top metallic Ag and oxide layers on
the multilayer stack. At the same time thermal damage is minimized in under-
lying material and adjacent region of the laser trenches. Small effective optical
penetration and sub ym-adjustable ablation depth were achieved by an ultrafast
ablation mechanism via absorption at the several multilayer interfaces. Mor-
phology and microstructure of heat affected zones (HAZ) at the laser structures
are characterized by scanning electron microscopy.

K212 Tuel6:30 P
Orthogonally Superimposed 3D Laser-Induced Periodic Surface Structure
(LIPSS) upon Femtosecond Laser Pulse Irradiation of Silicon surface for
Surface Enhanced Raman Scattering (SERS) application. — eHARDIK
VAGHASIYAI'Z, STEPHAN KRAUSEI’Z, CHRISTIAN HAGENDORFZ, and Paur-
Tiseru MicLea®' — !Martin Luther University Halle-Wittenberg, ZIK Sili-
nano, Halle, Germany. — 2Fraunhofer Center for Silicon Photovoltaics CSP,
Germany.
We report on the generation of homogenous low spatial frequency LIPSS on crys-
talline silicon with beam-shaped femtosecond pulsed laser irradiation at 1030
nm wavelength. Three-dimensional laser-induced periodic surface structures
with pattern sizes periodicity around laser wavelength are obtained on the sili-
con surfaces. The distinctive orthogonally superimposed 3D LIPSS is achieved
by employing a double step technique that relies on irradiation with two tempo-
rally delayed and cross-polarized femtosecond-laser pulses. In silicon, orthogo-
nally superimposed 3D LIPSS structure of a few nanometers to micron in am-
plitudes were produced over a larger area, and the influence of the applied laser
fluence, pulse overlap, and angle of incidence on the periodic surface structures
are investigated. The periodicity and amplitude of 3D LIPSS can be tuned by
controlling the number of pulses irradiation and applied laser fluence. Finally,
this work presents novel, multi-scale periodic patterns with three-dimensional
symmetry generated on the silicon surface, for sensor application, e. g. SERS-
substrates.

K213 Tuel6:30 P

Generation of Nanoparticle for Investigation of Laser Induced Transfer
— ¢JANNIK WAGNER, PHILIP MOSEL, PRANITHA SANKAR, ELisA Apri, UWE
MORGNER, and MILUTIN Kovacev — Institute of Quantum Optics, Cluster of
Excellence PhoenixD and Quantum Frontiers, Leibniz Universitit Hannover,
Hannover, 30167, Germany
Nanoparticles are used for microfabrication technologies that enable controlled
deposition of a wide variety of materials.[1] There are two established methods
for nanoparticle generation: laser-induced forward transfer (LIFT) and laser-
induced backward transfer (LIBT). These methods differ primarily in the direc-
tion in which the particle is ejected relative to the laser propagation. The laser
pulse heats the metal donor substrate and forms a bubble of liquid metal due to
surface tension. The collapse of the bubble produces a spherical nanoparticle.[2]

In this work, single particles with size <5 um are generated using a pulsed ns
laser system in LIBT and LIFT configuration. The change of particle size with
photon flux and varied laser focus position is investigated. In addition, the for-
mation of the particles is optically tracked and imaged.

[1] Zacharatos et al., Optics & Laser Technology 135: 106660 (2021)

[2] Kuznetsov et al., Appl. Phys. A 106, 479-487 (2012)

K214 Tuel6:30 P
Towards studying collective effects in laser-driven heavy ion acceleration
— oERIN G. FITZPATRICK, LAURA GEULIG, MAXIMILIAN WEISER, FLORIAN H.
LINDNER, and PETER G. THIROLF — Ludwig-Maximilians-Universitat Miinchen,
Germany
Laser accelerated ion bunches offer unique properties, like an ultra-high, almost
solid-state density. This may affect their stopping behavior in matter via collec-
tive effects and ultimately enable to establish new nuclear reaction schemes like
the “fission-fusion’ mechanism, aiming to generate astrophysically relevant, ex-
tremely neutron-rich isotopes near N=126. Two major prerequisites are needed
for the realization of this reaction mechanism: (i)Laser-driven heavy ion bunches
at energies above their fission barrier (7 MeV/u for 227h) with (ii)extremely high
bunch densities. Experimental campaigns at different PW class laser facilities
resulted in the acceleration of gold ions to maximum kinetic energies beyond 7
MeV/u and ion bunch densities of about 10> cm™ (10'® cm™) at 1 mm (100
pm) from the target.

At the Center for Advanced Laser Applications (CALA) in Garching we are
preparing for studies to investigate collective effects, like a potential reduction
of the stopping power of heavy laser-accelerated ion bunches in solid targets.
They will be assessed via the energy deposition of accelerated ion bunches in
solid targets placed closely downstream of the acceleration target. An overview
of the project and its status will be given. This project is funded by BMBF
[05P2018WMEN?9].
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K215 Tuel6:30 P
Laser-driven proton acceleration based on expanded thin target —
«MINGYUAN SHI"?, PETER Hirz!, IsraA SaLAHELDIN'?, BIN Liu', BIFENG
LEII’Z, ALEXANDER SAEVERTI'Z, GEORG SCHAEFERI'Z, and MATT ZEpF™?
"Helmholtz-Institute Jena, Jena, Germany — 2Friedrich-Schiller-Universitt
Jena, Jena, Germany
With the development of ultra-fast and ultra-short laser technology, the inter-
action between femtosecond laser and matter has aroused people’s great atten-
tion. Regarding to laser-ion acceleration, the ions are accelerated to relativistic
velocity within a few optical cycles is still a challenge due to technical limita-
tions and cost to date. But laser-based proton and ion acceleration has already
demonstrated outstanding potential in beam divergency, acceleration gradient
and beam duration[1,2].

In principle the near critical density plasma can deposit more laser energy[3],
therefore increasing the energy of accelerated particle. But a controllable plasma
density to solid target experiment is still a challenge up to date. Here we try to
produce a controllable plasma near critical density and based on it to investigate
the plasma density effect to ion acceleration. In particular we aim to diagnose
the evolution of plasma maximum density after pre-pulse shooting. Investigat-
ing the optimum plasma density to the proton acceleration. At the same time
the back reflection light will be collected bring rich information.

[1] Hegelich, et al. Nature 439.7075 (2006): 441-444. [2] Gaillard, et al.
Physics of Plasmas 18.5 (2011): 056710. [3] Sharma, et al. Scientific reports
9.1 (2019): 1-10.

K2.16 Tuel6:30 P
Enhancement of X-ray generation by ultrashort-pulsed laser-material inter-
action — ePATRICK MARKUS ROSSLER, PHILIP MOSEL, PRANITHA SANKAR,
ELisa App1, UWE MORGNER, and MILUTIN Kovacev — Institut fiir Quantenop-
tik, Cluster of Excellence PhoenixD and Quantum Frontiers, Leibniz Universitat
Hannover, Welfengarten 1, 30167 Hannover
Nowadays a large range of ultrashort-pulsed laser systems are able to reach
intensities above 10'> W/cm? and can easily ignite a plasma on a solid target-

sample. The laser-induced plasma can be used as a source of incoherent X-ray
radiation [1]. Here, by focusing ultrashort laser-pulses on a rotating metallic
cylinder under vacuum conditions, measurements of the photon flux and the
spectrum in the range of 2 keV to 20 keV with a calibrated detector Silix lambda
are shown [2]. In addition, the interaction between different pulses and heat
accumulations effects are able to change the plasma dynamics which can lead to
an increase of the generated X-ray photon flux. In the presented work, double
pulse and burst-mode like schemes are investigate in order to enhance the X-ray
generation and manipulate the spectral emission.

[1] Martin, L., et al. "Improved stability of a compact vacuum-free laser-plasma
X-ray source" High Power Laser Science and Engineering, 2020

[2] Mosel, P, et al. "X-ray Dose Rate and Spectral Measurements during Ultrafast
Laser Machining Using a Calibrated (High-Sensitivity) Novel X-ray Detector"
Materials, 2021

K217 Tuel6:30 P
Torus-knot angular momentum in bicircular high-harmonic generation —
«BjORN MINNEKER1’2'3, BIRGER BGNINGZ’s, ANNE WEBERI, and STEPHAN
FritzscHE">® — !Theoretisch Physikalisches Institut, Friedrich-Schiller-
Universitit, Jena, Germany — 2GSI Helmholtzzentrum fiir Schwerionen-
forschung GmbH, Darmstadt, Germany — >Helmholtz Institut, Jena, Germany
We provide a model which demonstrates intuitively the conservation of the
torus-knot angular momentum (TKAM) in bicircular high-harmonic genera-
tion and describes where it maid be found in the process. In addition, we dis-
cuss how topological non-trivial features can be formed from bicircular driv-
ing beams and the associated high-harmonic radiation. The topological non-
triviality is a unique property that can not be seen in high harmonic generation
by single beam configurations. In general, the topological non-trivial features
of the harmonic radiation can be interesting for spectroscopy since topological
structures are often robust with regard to various ambient conditions. However,
to demonstrate these suggestions further investigations are necessary. Therefore,
our work provides a different approach to thinking and speaking about high har-
monic generation driven by bicircular twisted light beams.

K 3: Pulsed Power - XUV and EUV Sources and their Applications

Time: Wednesday 14:00-15:30

Invited Talk K3.1 Wed14:00 K-H4
Leistungsimpulstechnik: Im Riickblick und mit Blick auf aktuelle und kiinfti-
ge Anwendungen — +KrAus FRANK — Department fiir Physik Erwin-Rommel
Strasse 1 91058 Erlangen

Im ersten Teil des Vortrages wird beschrieben, wie man die Leistungsimpulstech-
nik (Pulsed/Pulse Power Technology) in den Bereich Leistungselektronik (Power
Electronics) einordnen kann. Langmuir*s erste Realisierung des Thyratrons 1914
war eine mittels eines Gitters steuerbare gasgefiillte (Xenon) Rohre, Im Folgen-
den wird der Werdegang dieses und anderer Leistungsschalter kurz skizziert,
wobei der Durchbruch als langlebiges Schaltelement fiir das Thyratron wéihrend
des 2. Weltkrieges erfolgte. Der Begrift *Pulse Power* wurde dann erstmals in
den 1950 -ern bei der Entwicklung von gepulste Rontgen-Radiographieanlagen
in den USA und Grofibritannien verwendet. 1976 fand dann in Lubbock, Texas
die erste Pulse Power Conference statt. Danach wird anhand von zwei willkiir-
lich gewidhlten Beispielen gezeigt wie die Leistungsimpulstechnik bereits jetzt
sich technologisch etabliert hat bzw. ein grofles Zukunftspotential bei erfolgrei-
cher technischer Realisierung erreichen konnte. Es ist zum einen ein Beispiel
aus dem Teilgebiet der Elektroporation, zum anderen eines aus der Anwendung
der elektrodynamischen Fragmentierung. Seit Jahrzehnten wird daran geforscht
und entwickelt, aber jetzt scheint der technologische Durchbruch bevorzuste-
hen. Abschliefend wird ein Paradebeispiel integrierter Ingenieurkunst aus dem
Bereich Leistungsimpulstechnik vorgestellt.

Invited Talk K32 Wed14:30 K-H4
Technischer Stand der Pulsed Power in medizinischen Excimer Lasern —
*CLAUS STROWITZKI — MLase AG Germering

Die Erzeugung schneller Hochspannungspulse (30 kV; 100ns; 15 kA) ist ein we-
sentlicher Bestandteil medizinischer Excimerlaser. Der Vortag beleuchtet den
aktuellen Stand der Technik und deren weitere Entwicklung. Es wird auch auf
die besondere Anforderungen in der Medizintechnik eingegangen.

K33 Wed15:00 K-H4
Fast up-scalable SiC-MOSFET HYV switching modules — «RAINER BISCHOFF,
RALF HIMMELSBACH, and MEIK STOLL — French-German Research Institute of
Saint-Louis (ISL), 5 rue du General Cassagnou, 68301 Saint-Louis, France
We report on the development of fast high voltage (HV) switching modules,
which can be scaled-up because of the principle of a series arrangement of
commercial-off-the-shelf (COTS) SiC-MOSFETs. In detail, the switching mod-
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ules consist of two circuit boards. Each one features five SiC-MOSFETs com-
mercialized by Wolfspeed/CREE that are getting stacked in order to minimize
the area of the current loop between high voltage and ground connector, and,
as a result, minimizing the inductance of the structure. An alternative solution
for the power supply of the gate control circuit and the generation of the gate-
source voltage was implemented. The SiC-MOSFET switching modules generate
directly all necessary voltages out of the applied HV charging voltage obtained
using voltage divider circuits consisting of resistors and Zener diodes. The real-
ized switching modules reached a current turn-on time of 12 ns with 3M0075120
SiC-MOSFETs at a switching voltage of 10 kV and a drain current of 39 A. Three
of these 10-kV modules equipped with C2M0080120D SiC-MOSFETS were suc-
cessfully connected to an up-scaled 30-kV switching module. Its current turn-on
time was experimentally determined to 12 ns at a drain current of 30 A.

K34 Wed15:15 K-H4

Table-top nanoscale imaging with XUV and soft X-ray radiation — «DAvVID
THEIDELI, PHILIP MOSELI’Z, ELisa APPII’Z, PRANITHA SANKARI’Z, UwEe
MoraGNER"2, and MiLuTiN Kovacev'? — !Institute of Quantum Optics, Leib-
niz University Hannover Welfengarten 1, 30167 Hannover — >Cluster of Excel-
lence PhoenixD
With the development of high-flux coherent light sources in the extreme ultravi-
olet (XUV) regime by using high-order harmonic generation (HHG), table-top
imaging of nanoscale structures is becoming an serious alternative to similar ex-
periments at free-electron laser facilities. In this work, we present experimental
challenges and development process of a new short-wavelength microscope with
the goal to apply different imaging schemes on artificial nanostructured targets
and biological samples. Using a HHG source, we generate coherent XUV ra-
diation from infrared ultrashort laser pulses in gas down to 13.1 nm [1]. We
analyse the generated radiation in terms of brilliance and coherence properties
to evaluate their applicability for coherent and incoherent imaging methods [2,
3]. Moreover, future extension of these methods to partially coherent soft X-ray
sources will be discussed.

[1] Steingrube, Daniel S., et al. ”Phase matching of high-order harmonics in
a semi-infinite gas cell.” Physical Review A 80.4 (2009)

[2] Rothhardt, Jan, et al. “Table-top nanoscale coherent imaging with XUV
light.” Journal of Optics 20.11 (2018): 113001.

[3] Schneider, Raimund, et al. ?Quantum imaging with incoherently scattered
light from a free-electron laser.” Nature Physics 14.2 (2018)
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Time: Wednesday 15:30-16:00
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Location: K-MV

K 5: New Methods and Laser Diagnostics

Time: Wednesday 16:30-17:45

Invited Talk K51 Wed16:30 K-H4
Physikalische Information und Naturkonstanten — sRUDOLF GERMER — ITP
e.V. — TU-Berlin

Die hier vorgestellte Art physikalischer Information basiert auf einer abzihl-
baren Menge von Wirkungsquanten h und der Energie E als eine die Zahl der
Wirkungsquanten erganzende Grofle mit Bezug auf Genauigkeiten. Eine solche
Information erscheint kleinstmoglich als Beziehung zwischen Objekten, Ereig-
nissen u.a. in Form von Abstidnden, Zeitdifferenzen, Kriften* Bei Information
tragenden Photonen finden wir E = h*f = h*c/A. Information existiert aber auch
holistisch in Bezug auf Gruppen physikalischer Objekte. Diese Idee lisst sich
an einigen bekannten Beispielen der Physik demonstrieren. Im elektromagne-
tischen Fall fithrt dies dazu, daf$ die dort bekannten Quanten mit zahlreichen
Naturkonstanten in der Geometrie des elektromagnetischen Quaders (EMQ)
veranschaulicht werden kénnen. Daraus folgt, daf3 mehr als ein Dutzend Natur-
konstanten auf nur vier Ausgangsgréfien zuriickgefiihrt werden kénnen. Weitere
Einzelheiten finden Sie im wikibook *Die abzahlbare Physik*. Zur Diskussion :
germer@physik.tu-berlin.de

K52 Wed17:15 K-H4
Attoseconds on a Chip - Time Domain Measurement of a Near-IR Tran-
sient — eFELIX RITZKOWSKYI’Z, MiINa BIONTA2, MARCO TURCHETTIZ, Yu-
JIA YANGZ, Dario CATTOZO MORZ, WILLIAM PUTNAMS, KARL BERGGRENz,
Franz KARTNERI, and PuiLLiP KEATHLEY> — 'Deutsches Elektronen Syn-
chrotron (DESY) & Center for Free-Electron Laser Science, Hamburg, Germany
— ZResearch Laboratory of Electronics, Massachusetts Institute of Technology,
Cambridge, MA 02139, USA — *Department of Electrical and Computer Engi-
neering, University of California, Davis, CA, USA
We report on a cross-correlation technique based on perturbation of local elec-
tron field emission rates that allows for the full characterization of arbitrary elec-
tric fields down to 5 fJ using plasmonic nanoantennas. Plasmonic nanoanten-
nas in combination with ultrafast, few-cycle laser pulses allow for highly non-
perturbative experiments that have previously only been demonstrated in the
gas phase with high power, low repetition rate laser systems. By exploiting the

Location: K-H4

plasmonic excitation in a metallic nanostructured device, electric field strengths
exceeding ~30 GV m™! can be reached at the nanostructure with optical pulse
energies of several tens of p]J. This enables sub-cycle attosecond electron bursts
to be coherently driven by the electric near field of the plasmon, which we use
to sample the near-infrared field-transients at the nanoantenna tip in-situ. These
results show that this technique can resolve electric fields in amplitude and phase
with a potential PHz bandwidth. This technique will enable time-domain spec-
troscopy to be applied from the infrared to the visible spectral range.

K53 Wed17:30 K-H4
Recording terahertz pulses and their spectra in single-shot at the ELBE fa-
cility, by associating the photonic time-stretch and DEOS techniques —
«CHRISTELLE HANOUN', CHRISTOPHE SzwaJ', ELEONORE ROUSSEL', SERGE
BIELAWSKII, PAVEL EVTUSHENKOZ, CHRISTOF SCHNEIDERZ, ANTON RYZHOVZ,
MICHAEL KUNTZSCHZ, and SERGEY KovaLEV? — !PhLAM Laboratory, UMR
CNRS 8523, Lille University, France — “Radiation Source ELBE, Helmholtz-
Zentrum Dresden-Rossendorf, Germany
Sources of intense terahertz radiation and/or high repetition rate are available
for applications in several laser and accelerator facilities worldwide. This opened
new opportunities, and several high-performance THz metrology systems have
been demonstrated and employed for experiments. Nevertheless, some signifi-
cant challenges in the field of THz measurements remain open. This concerns
both Time-Domain Spectroscopy Applications as well as real-time diagnostics
of the sources. We present here a novel THz electro-optic measurement strat-
egy that aims at a high repetition rate (up to tens of millions of THz spectra per
second when needed) thanks to the use of the so-called photonic time-stretch
technique, and that is also capable of high effective bandwidth by using the re-
cently introduced Diversity Electro-Optic Sampling (DEOS) retrieval technique
(https://arxiv.org/abs/2002.03782). We will present the first tests of this design
using terahertz pulses in the 100 nJ range, with 50 kHz repetition rate, generated
by the Coherent Diffraction Radiation (CDR) source of ELBE, at Helmholtz-
Zentrum Dresden-Rossedorf (HZDR).

K 6: Laser-Beam Matter Interaction - Laser Applications |

Time: Thursday 10:30-12:15

Invited Talk K6.1 Thul0:30 K-H4
Front and rear surface ablation within gold films with variable film thickness
induced by ultrafast laser radiation — «MaRrKkUS OLBRICH, THEO PFLUG, and
ALEXANDER HORN — Laserinstitut Hochschule Mittweida, Technikumplatz 17,
09648 Mittweida

Irradiating gold films with a different film thickness (d, =100 -8000nm) on
a glass substrate (d, = 1 mm) with single-pulsed ultrafast laser radiation
(1 =40fs, A =800 nm) results in different ablation structures in dependence on
the applied peak fluence H,,. Thereby, for thin films (d, <200 nm) the complete
film is removed, whereby for thicker films ablation structures featuring a cupola-
like shape with a height of several microns are observed. The ablation structures
are explained by two-temperature hydrodynamic modeling (TTMHD) identify-
ing the interplay of front and rear surface ablation as the origin. The formation
of the ablation structures is induced either by spallation and phase explosion at
the front surface, and at the rear surface by the propagation of the emitted shock
and rarefaction waves, generating also spallation. The performed simulations are
validated by ultrafast time and space resolved reflectometry (75 = 60 fs, A =440
nm, and A =480 nm) at both surfaces of the films within a self-developed optical
setup. The complementary combination of reflectometry at the front and rear
surfaces portrays the dynamics of the induced temperature and pressure distri-
butions as well as the dynamics of the front and rear surface by comparing the
measured relative change of reflectance AR/R to the simulated dynamics of the
named parameters.

K6.2 Thull:00 K-H4
Spatially intensity profiles shaping of ultra-short laser for enhanced selec-
tive thin film test structure processing on silicon multilayers — ¢STEPHAN

KRAUSEI’Z, STEFAN LANGEZ, HARDIK VAGHASIYALZ, CHRISTIAN HAGENDORFZ,
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and PauL-TiBERIU MicLEa”! — !Centre for Innovation Competence SiLi-

nano, Martin-Luther-University Halle-Wittenberg, Halle (Saale), Germany —
2Fraunhofer Center for Silicon Photovoltaics CSP, Halle (Saale), Germany

In this work, we applied spatially shaped ultra-short pulses for laser micro-
machining on SiNx/c-Si layer system for the investigation of the selectivity abla-
tion behavior of the sub-um thick SiNx top layer. By the comparison to gaussian
beams, intensity spatially shaped pulses have the potential for a minimization
of the superfluous energy in the peak region over the ablation threshold fluence
as well as a steeper intensity drop at the side edge of the pulses. This can lead
to more precise lateral and vertical ablation properties of the top thin film layer
and lower modification/damage to the silicon substrate and the adjacent region.
We compare ablation thresholds variations due to beam shaping via light micro-
scopic measurements on the ym-laser spot structures as well as the crystalline
phases and stress modification via y-Raman in the ablated spot, adjacent modi-
fied regions and untreated reference areas.

K6.3 Thull:15 K-H4
Fundamental Study of Ablation Mechanisms in Crystalline Silicon and Gold
by Femtosecond Laser Pulses: Classical Approach of Two Temperature
Model. — «HARDIK VaGHASIYA"?, STEPHAN KrAUSE"?, and PAUL-TIBERIU
MicrLea®! — "Martin Luther University Halle-Wittenberg, ZIK Sili-nano, Halle,
Germany. — “Fraunhofer Center for Silicon Photovoltaics CSP, Germany.
A fundamental study of the interaction between ultrashort laser pulses and the
material will be valuable for studying ablation characteristics and ablation per-
formance. A theoretical analysis of ultrashort laser-matter interaction can be
represented by the two-temperature model which describes the temperature of
the electron or carrier and lattice in non-equilibrium conditions when ultrashort
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laser pulses are applied. During ultrafast irradiation, due to peculiarities between
the metal energy absorption to in contrast to semiconductor, a comparative study
of silicon and gold ablation mechanism presented. A 2D axial symmetry sim-
ulated ablation profiles were compared with the experimental result at fluence
ranging from 1 J/cm2 to 9 J/cm2 at the wavelength of 515 nm and 180 fs laser on
the silicon and gold samples. The concordance between model calculations and
experimental data demonstrates that fs laser ablation of silicon is thermal in na-
ture in a low fluence regime, whereas it is non-thermal in a high-fluence regime.
On the other hand, the phase explosion mechanism is prevalent to understand
the ablation characteristics of gold with fs pulses.

K64 Thull:30 K-H4
Simulating the optical response properties of solids using mean-field the-
ory — *KEVIN LIVELYI, GUILLERMO ALBAREDAI, SHUNSUKE SATOI’Z, AARON
Kerry', and AnGeL Rusrob>* — 'Max Planck Institut fiir Struktur und Dy-
namik der Materie, Hamburg Deutschland — 2Center for Computational Sci-
ences, University of Tsukuba, Japan — *Center for Computational Quantum
Physics, Flatiron Institute, New York, USA — *Nano-Bio Spectroscopy Group
and European Theoretical Spectroscopy Facility, San Sebastian, Spain
Capturing the interplay of electron and phonon dynamics is essential to achieve
predictive power in simulating the response properties of materials. However,
treating the interactions between these coupled degrees of freedom beyond a
perturbative level in ab-initio simulations is extremely challenging. In this talk
I will present a mean field method for periodic systems that is based on time
dependent density functional theory coupled with an ensemble of Ehrenfest tra-
jectories. I will demonstrate that this approach, which has recently been applied
to study vibronic structure in molecular systemsl, yields predictions for the ab-
sorption spectra of solids in agreement with static linear response approaches2,
while also offering a viable path to simulate the dynamical response of driven
solids.
[1] Lively, Albareda, Sato, Kelly, Rubio, J. Phys. Chem. Lett. 2021, 12, 3074-
3081 [2] Zacharias, Giustino J. Phys. Chem. Lett. 2021, 12, 3074-3081

K6.5 Thull:45 K-H4
The Fluence-Dependent Transient Reflectance of Stainless Steel Investigated
by Ultrafast Imaging Pump-Probe Reflectometry — «THEO PrLUG!, MARKUS
OLBRICHI, Jan WINTERZ, JORG SCHILLEI, Upo LC')SCHNERI, Heinz HUBERz,
and ALEXANDER HorN' — !Laserinstitut Hochschule Mittweida, Mittweida,
Deutschland — Hochschule Miinchen, Miinchen, Deutschland
The ablation efficiency during laser processing strongly depends on the initial

and transient reflectance of the irradiated material surface. This work reports
on the transient relative change of the reflectance AR/R of stainless steel during
and after ultrashort pulsed laser excitation (800 nm, 40 fs) by spatially resolved
pump-probe reflectometry. The spatial resolution of the setup in combination
with the spatial Gaussian intensity distribution of the pump radiation enables
a fluence-resolved detection of AR/R. Within the first picosecond after irradia-
tion with a peak fluence of 2 J/cm2, the spatially resolved AR/R of stainless steel
evolves into an annular shape, in which the center almost remains at its initial
reflectance, whereas the outer region features a decreased reflectance. The de-
creasing trend of AR/R is qualitatively supported by applying a two-temperature
model, considering the transient optical properties of stainless steel from the
literature. At larger fluences and thus higher electron temperatures, the exper-
imental data deviates from the transient reflectance given in the literature. A
decreased occupation of the states below the Fermi energy and the subsequent
excitation of electrons into these new vacant states by the probe radiation is con-
sidered as the most probable origin for this behavior.

K6.6 Thul2:00 K-H4
Optical emission spectroscopy of laser-induced plasmas for rapid in-situ
multi-element analysis of materials - basic physical processes and novel in-
dustrial applications — «REINHARD NoOLL — Fraunhofer-Institut fiir Lasertech-
nik, Steinbachstr. 15, 52074 Aachen
For nanosecond laser pulses (>10A9 W/cm2) focused at solid/liquid targets each
material undergoes a rapid phase transition leading to a transient micro-plasma.
The constituting species achieve significant population densities at excitation
levels of up to 10 eV and more. During relaxation these species emit element
specific optical radiation from deep UV to near IR. Tailored laser pulse bursts
allow to penetrate non-representative surface layers and to generate optimized
plasma states in terms of their optical emission features for spectro-chemical
multi-element analysis (LIBS) [1].

Due to contactless excitation and measuring frequencies of 10 Hz to 1 kHz
this method is predestinated for in-situ multi-element analyses in processing and
producing fields of industry. An overview of novel applications of LIBS will be
given ranging from metal producing industry to the fast identification of valu-
able materials for recycling processes. The worldwide first inverse production
line will be presented to process printed circuit boards of end-of-life servers and
cell phones for automized identification, extraction and sorting of valuable com-
ponents based on laser 3D-measurements, LIBS, laser desoldering and cutting
[2]. [1] C. Meinhardt et al, 2021, DOI: 10.1039/D0JA00445F; [2] R. Noll et al,
doi.org/10.1016/j.sab.2021.106213

K 7: Laser-Beam Matter Interaction - Laser Applications Il

Time: Thursday 14:00-15:45

K7.1 Thul4:00 K-H4
The Three-Backlink experiment: A phase reference distribution system for
LISA. Design, construction and first measurements. — «JIANG J1 Ho ZHANG,
LEA BISCHOF, STEFAN AST, DANIEL JESTRABEK, KRISHNAPRIYA RAJASREE, and
MELANIE AsT — Max Planck Institute for Gravitational Physics, Callinstrafie 38,
30167 Hannover, Germany
LISA (Laser Interferometer Space Antenna) will be the first gravitational wave
detector in space, aiming to use laser interferometry to detect gravitational-wave
signals in the 0.1 mHz to 1 Hz band. It consists of three satellites forming a near-
equilateral triangle with 2.5 million km arms. Due to the orbital mechanics, the
inter-satellite distances and angles vary by about 1% and +1.5° per year, respec-
tively. Each satellite features two moving optical sub-assemblies (MOSAs) that
are connected via a flexible optical link, the so-called backlink or phase reference
distribution system (PRDS), which articulates the payload to compensate for
the angular dynamics. The optical pathlength difference between two counter-
propagating beams along the PRDS is required to reach 1 pm/+/Hz stability. The
Three-Backlink Experiment is a trade-off study between different designs of the
PRDS: a direct fibre backlink, a frequency separated fibre backlink and a free
beam backlink. To simulate the angular motion of the MOSAs, the experiment
features two rotation stages, each containing a Zerodur plate to which fused silica
optical components are bonded using UV glue. We report on the first measure-
ments of the backlink non-reciprocity, a first step towards achieving the required
performance for LISA.

K72 Thul4:15 K-H4
Update on the laser heavy ion acceleration at CALA — «LAURA DESIREE
GEULIG, ERIN GRACE FITZPATRICK, MAXIMILIAN WEISER, FLORIAN H. LIND-
NER, and PETER G. THIROLF — LMU Munich
We report on the current work on laser driven heavy ion acceleration at the Cen-
tre for Advanced Laser Applications (CALA), using the ATLAS 3000 laser with a
central wavelength of 800 nm, a pulse length of about 25 fs and currently up to 8
] energy on target in the context of developing the novel “fission-fusion’ nuclear
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reaction mechanism [1]. First the efficient acceleration of gold ions with kinetic
cutoff-energies above 7 MeV/u is targeted. For our experiments the laser is fo-
cused with an f/2 parabola on gold foils with thicknesses ranging from 100 nm to
500 nm. To analyze the accelerated ion bunch, a Thomson Parabola Spectrom-
eter was designed that resolves the full proton and gold spectrum as well as the
individual gold charge states [2]. A radiative heating system is integrated into the
setup to enhance the acceleration of gold ions by removing hydro-carbon surface
contaminations. An integrated IR spectrometer allows for in-situ measurement
of the heated foil temperature, while enabling a simultaneous monitoring with a
camera to detect possible thermal damage to the foil [3]. With the current setup,
proton cutoff energies above 21 MeV have already been realized.

[1] D. Habs et al., Appl. Phys. B 103, 471-484 (2011) [2] EH. Lindner et al,,
arXiv:2104.14520, submitted to Scientific Reports (2021) [3] M. Weiser, Master
Thesis, LMU Munich, 2021

This work was funded by BMBF (05P2018 WMEND9).

K7.3 Thul4:30 K-H4
Effect of pre-excited charge carriers on high harmonic generation in silicon —
ePAWAN SUTHARI, FRANTISEK TRO]ANEKI, PETR MAL‘EI, THIBAULT DERRIENZ,
and MarTIN KozAk! — !Faculty of Mathematics and Physics, Charles Univer-
sity, Ke Karlovu 3, 12116 Prague 2, Czech Republic — 2HiLASE Centre, Institute
of Physics, Academy of Science of the Czech Republic, Za Radnici 828/5, 25241
Dolni Bfezany, Czech Republic
High harmonic generation (HHG) in solids is a highly nonlinear optical pro-
cess, in which electron-hole pairs are created via quantum tunneling, coherently
accelerated and then recombined by the strong electric field of a non-resonant
laser pulse. Here we study how the HHG yield in crystalline silicon is influenced
by scattering of coherent wave packets by charge carriers resonantly pre-excited
to the conduction and valence bands using a pump-probe like setup. The HHG
is driven by few-cycle mid-infrared probe pulses with central photon energy of
0.61 eV and its spectrum and yield are characterized as functions of the time
delay after a pump pulse, which resonantly excites carriers in silicon via direct
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(photon energy of 3.8 eV) or indirect (1.9 eV) transitions. We find that the HHG
yield changes differently for different orientations of linear polarization of the
mid-infrared pulse with respect to crystallographic orientation of silicon, for
different photon energies of the resonant pump and that the response of each
harmonic order differs. These results emphasize the role of band structure and
Coulomb interactions between carriers in the HHG process.

K74 Thul4:45 K-H4
Laboratory evidence for proton energization by collisionless shock surf-
ing — eALICE FAZZINII, ‘WEIPENG YAol’z, SopHIA CHEN’ , KONSTANTIN
BURDONOVI’Z, PATRIZIO ANTICI3, JEROME BEARD3, SIMON BOLANOSI, ANDREA
CIARDIZ, RAYMOND DIABI, StaNIMIR Kisyov® , VINCENT LELASSEUXI, MARCO
MICELL, SALVATORE ORLANDO>, SERGEY PIKUZ’, EVGENY FILIPPOV®, DRA-
GOS POPESCU3, VIOREL NASTASA3, QUENTIN MOREN03, GUILHEM REVETI,
EMMANUEL D’HUMIERESa, XAVIER RIBEYRE3, and JULIEN Fucus' — 'LULI -
CNRS, CEA, Ecole Polytechnique - F-91128 Palaiseau, France — 2Sorbonne Uni-
versité, Observatoire de Paris, Université PSL, CNRS, LERMA, F-75005, Paris,
France — >Refer to J. Fuchs for the complete list of addresses
Collisionless shocks are present in many astrophysical phenomena, such as su-
pernovae remnants and the Earth’s bow shock. In these events, collisionless elec-
tromagnetic processes mediate the transfer of momentum and energy from the
flowing plasma to the ambient one. Using our platform, where we couple high-
power lasers (JLF/Titan at LLNL, and LULI2000) with strong magnetic fields, we
have generated astrophysically relevant super-critical magnetized collisionless
shocks. Kinetic Particle-In-Cell simulations based on our experimental results
reveal that shock surfing acceleration is responsible for the energization of the
background protons up to 100 keV. Our observations not only provide evidence
of early stage ion acceleration by collisionless shocks, but they also highlight the
role this mechanism plays in energizing ions initially at rest, with capacity to feed
further stages of acceleration.

K75 Thul5:00 K-H4
Ultrafast single-photon detection at high repetition rates based on optical
Kerr gates under focusing — *«AMR FARRAGI, ABDUL-HAMID FATTAHI, As-
SEGID MENGISTU FLATAE!, and Mario Acro? — !Laboratory of Nano-Optics
and Cy, University of Siegen, 57072 Siegen, Germany — “National Institute of
Optics (INO), National Research Council (CNR), 50125 Florence, Italy
The ultrafast single-photon detection of quantum emitters has become recently
vital, as there are faster emission processes that the current techniques cannot
resolve. To overcome this limitation, here we present a semi-analytical model
using the Optical-Kerr-shutter (OKS) technique at GHz rate under focused illu-
mination, showing a gate efficiency around 70%. The findings will form the ba-
sis for experimental demonstration of time-resolved ultrafast detection of single
emitters. In addition, it will be beneficial for various fields for instance, quantum
nanophotonics, quantum information science and quantum optics.

A.-H. Fattah, A. M. Flatae, A. Farrag, and M. Agio, Opt. Lett. 46, 560(2021).
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K7.6 Thul5:15 K-H4
X-ray dose rate and spectral measurements generated from ultrafast laser
machining and research-grade laser systems — sPHILIP MoSEL!, PRANITHA
SANKARI, JaN DI"JSINGZ, ELisa APPIl, GUNTER DITTMAR3, UWE MORGNERI,
and MiLuTiN Kovacev! — !Institute of Quantum Optics, Cluster of Excellence
PhoenixD and Quantum Frontiers, Leibniz Universitit Hannover, Hannover,
30167 — “Laser Zentrum Hannover e. V., Hannover, 30419 — * Engineering
office Prof. Dr.-Ing. Giinter Dittmar, Aalen, 73433
In ultrashort pulsed laser machining, process speeds are increased by scaling
the average power and pulse repetition rate, which can lead to potentially dan-
gerous X-ray emission [1]. We present measurements with a novel calibrated
X-ray detector in the detection range from 2 keV to 20keV and show the depen-
dence of X-ray dose rate and spectral emission of commonly used metals, alloys,
and ceramics for ultrafast laser processing [2]. Our studies include the depen-
dence of dose rate on various laser parameters available in ultrafast laboratories
as well as on industrial laser systems. The results presented show that focused
sub-picosecond pulses with intensity above 10" W/cm? can exceed the annual
irradiation limit even in just one hour, requiring adequate shielding for the safety
of researchers.

[1] Legall, Herbert, et al., Applied Physics A 125.8 (2019): 1-8.
[2] Mosel, Philip, et al., Materials 14.16 (2021): 4397.

K77 Thul5:30 K-H4
Light-field control of electrons in graphene: approaching ultrafast elec-
tronics — ToBIAs BOOLAKEE', CHRISTIAN HEIDE', ANTONIO GARZON-
RAMfREZZ, HEeiko B. WEBERI, IeNAcIO FRANCOZ, and PETER HOMMELHOFE'
— !Department Physik, Friedrich-Alexander-Universitdt Erlangen-Niirnberg
(FAU), 91058 Erlangen — *Department of Chemistry, University of Rochester,
Rochester, New York 14627, USA
Controlling the motion of electrons in solids on the timescale of an optical cycle
is key to advance electronics to unprecedented switching bandwidths. Impor-
tantly, for this aim, we can distinguish and take advantage of two types of charge
carriers: Real carriers, persisting after their excitation, and virtual carriers, exist-
ing during the light-matter interaction only. We show that in a gold-graphene-
gold heterostructure, real and virtual charge carriers can be disentangled in the
photo-generation of electric currents based on the carrier-envelope phase of in-
cident few-cycle laser pulses. Our experimental observations are well supported
by simulations on atomistically detailed charge transport in the heterostructure.
These insights now enable us to design and demonstrate a proof-of-concept of
an ultrafast logic gate with a potential bandwidth limited fundamentally by the
frequency of light.
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MO 1: Quantum-Control

Time: Monday 10:30-11:30

MO1l.1 Mon10:30 MO-H5
Coherent control of molecular nitrogen ionization — ¢AARON NGAII, MAT-
TEO BONANOM12’3, Lukas BRUDERI, DaviD BUST01’4, CARLO CALLEGARIS,
PaoLo CARPEGGIANI6, GI10VANNI DE NINN05’7, MICHELE DEVETTAZ, MICHELE
D1 FRAIAS, KATRIN DULITZI, DaviDp FACCIALAZ, Luca GIANNESSIS'S, ALEXEI
GRUM—GRZHIMAILOQ, ELENA GRYZLOVA9, KEeNICHI L. ISHIKAWAIO’H,
NIS MAKosl, PrRAVEEN K. MARO]UI, ToMMmAsO MAZZAIZ, MICHAEL MEYER “,
PAOLO PISERI’, OkSANA PLEKAN®, KEVIN C. PRINCE™'?, GIUSEPPE SANSONE',
SIMONE SPAMPINATIS, FRANK STIENKEMEIERI, KivosHI UEDAM, and CATE-
RINA Vozzr® — !Physikalisches Institut, Albert-Ludwigs-Universitit Freiburg,
Germany — 2Istituto di Fotonica e Nanotecnologie, CNR, Milano, Italy, —
*Dipartimento di Fisica and CIMalINa, Universita degli Studi di Milano, Italy —
“Department of Physics, Lund University, Sweden — >Elettra - Sincrotrone Tri-
este S.C.p.A., Basovizza, Trieste, Italy — ®Institut fiir Photonik, Technische Uni-
versitit Wien, Austria — ’Laboratory of Quantum Optics, University of Nova
Gorica, Slovenia — 8stituto Nazionale di Fisica Nucleare, Laboratori Nazion-
ali di Frascati, Italy — ®Skobeltsyn Institute of Nuclear Physics, Lomonosov
Moscow State University, Russia — ' Graduate School of Engineering, The Uni-
versity of Tokyo, Japan — ''Research Institute for Photon Science and Laser
Technology, The University of Tokyo, Japan — 'European XFEL, Schenefeld,
Germany — '*Department of Chemistry and Biotechnology, School of Sci-
ence, Swinburne University of Technology, Australia — *Institute of Multidis-
ciplinary Research for Advanced Materials, Tohoku University, Sendai, Japan
We investigated the coherent control of molecular photoionization by using
phase-locked first and second harmonic radiation from the Free-Electron Laser
FERMI. As in the case of atomic coherent control [1, 2], interference between
single-photon and two-photon ionization of the valence electrons was observed,
and was manifested as asymmetry in the photoelectron angular distributions.
Oscillations of this asymmetry were observed as a function of the relative phase
difference between the two wavelengths. In our recent experimental campaign,
we used a gas mixture of molecular nitrogen and atomic neon, with the neon
serving as a reference target. We impulsively aligned the nitrogen molecules in
the cold molecular beam using infrared pulses, and measured the photoelec-
tron angular distributions using a Velocity Map Imaging spectrometer. Here we
present preliminary experimental results as well as preliminary results from the-
oretical calculations.
[1] K. C. Prince et al. Nat. Photonics 10, 176 (2016).
[2] D. You et al. Phys. Rev. X 10, 031070 (2020).

MO12 Mon10:45 MO-H5
Channel- and Full Angle-Resolved Strong-Field Ionization and Electron
Rescattering Probabilities in the Molecular Frame — sFEDERICO BRANCHI!,
FELIX SCHELLI, TILMANN EHRLICHI, MARK MEROI, HoRrsT ROTTKEI, VARUN
MAKHI]AZ, SERGUEI PATCHKOVSKIII, Marc J. J. VRAKKINGI, and JOCHEN
Mikoscu! — 'Max-Born-Institut, Berlin, Germany — 2Univ. of Mary Wash-
ington, Fredericksburg, USA
By analyzing lab frame coherent rotational wavepacket evolution in a reaction
microscope experiment [1] we measure the angle- and channel-resolved ion-
ization and electron rescattering probabilities in the asymmetric-top molecule
1,3-butadiene. With this approach we achieve both polar and azimuthal angle-
resolved molecular frame information, in contrast to previous works [2,3].

Location: MO-H5

Our results indicate that the nodal structure of the ionizing orbitals is more
strongly reflected in the electron rescattering probability rather than in the
ionization probability. The molecular frame electron rescattering probability
is significantly influenced by structured, channel-specific continuum electron
wavepackets. Experimental results are compared with results from a TD-RIS [4]
ab-initio simulation.

[1] Wang et al., Phys. Rev. A 96, 023424 (2017)

[2] Mikosch et al., Phys. Rev. Lett. 110, 023004 (2013)

[3] Schell et al., Sc. Adv. 4, 5 aap8148 (2018)

[4] Spanner and Patchkovskii, Phys. Rev. A 80, 063411 (2009)

MO 13 Monl1l1:00 MO-H5
quantum state control of chiral molecules — sJUHYEON LEE', JOHANNES
BISCHOFF', ALICIA O. HERNANDEZ-CASTILLO', BORIS SARTAKOV'?, GERARD
MEI]ERI, and SANDRA EIBENBERGER-ARIAS' — !Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Department of Molecular Physics, Faradayweg 4-6, D-
14195 Berlin — 2Prokhorov General Physics Institute, Russian Academy of Sci-
ence, Vavilovstreet 38, 119991, Moscow, Russia
Recently, the enantiomer-specific state transfer (ESST) method [1] was demon-
strated using tailored microwave fields. This method allows to populate or de-
populate a rotational state of a chosen enantiomer, providing a way of quantum-
controlled chiral separation. Thus far, the transfer efficiency of ESST has been
limited by thermal population of the energy levels participating in ESST [1,2]
and by spatial degeneracy [3]. To address these prior limitations, we developed a
new experimental scheme which increases the efficiency of ESST by over a factor
of ten compared to previously reported values [4]. This scheme enables a quan-
titative comparison between experiment and theory for the transfer efficiency in
the simplest ESST triangle which includes the absolute ground state level. Details
of this scheme and experimental results will be discussed in the presentation.

[1] S. Eibenberger, et al., Phys. Rev. Lett. 118, 123002 (2017)
[2] P. Cristobal, et al., Angew. Chem. Int. Ed. 56, 12512 (2017)
[3] M. Leibscher, et al., arXiv:2010.09296 (2020)

[4] J. H. Lee, et al., arXiv:2112.09058 (2021)

MO 14 Monll:15 MO-H5
Atom-molecule and molecule-molecule collisions in ultracold quantum gas
mixtures of 39K atoms and rovibronic 23Na39K ground-state molecules
— ePHILIPP GERSEMAI, MARA MEYER ZUM ALTEN BORGLOHI, Ka1 KoNrAD
VogEs', TORSTEN HARTMANN', LEON KaRPa', ALESSANDRO ZENESINT?, and
S1LKE OsPELKAUS' — !Leibniz Universitit Hannover, Institut fiir Quantenoptik
— 2Universita di Trento, Dipartimento di Fisica
Ultracold heteronuclear molecules enable the study of fascinating new physi-
cal phenomena in the quantum realm. These arise from the degrees of freedom
of vibration and rotation and the large permanent dipole moment of heteronu-
clear molecules. However, especially for the investigation of novel phenomena
in quantum many-body physics, a precise understanding of the collision prop-
erties of heteronuclear polar molecules is mandatory. Here we report on our
experiments on collisions in pure quantum gases of bosonic NaK molecules and
atom-molecule mixtures. We discuss photoinduced collisional processes and hy-
perfine dependent atom-molecule scattering and report on our progress towards
photoassociation of weakly bound triatomic NaK2 molecules.

MO 2: X-ray FELs (joint session MO/A)

Time: Monday 14:00-16:15

MO 2.1 Mon 14:00 MO-H5
Following excited-state chemical shifts in molecular ultrafast x-ray photo-
electron spectroscopy — «DENNIS MavEer', FaB1aNo LEVER', Davip Piccont!,
Jan MET]El, SKIRMANTAS ALISAUSKASZ, FRANCESCA CALEGARI3, STEFAN
DfJSTERERz, CHRISTOPHER EHLERT4, RAIMUND FEIFFELS, MARIO NIEBUHRI,
BASTIAN MANSCHWETUSZ, MARION KUHLMANNZ, Tomaso MAZZAG, MATTHEW
S. ROBINSON1’3, RICHARD]J. SQUIBBs, ANDREA TRABATT0N13, MANS WALLNERS,
PETER SAALFRANK', THOMAS J.A. WoLF’, and MaRrKUs GUHR' — 1University
of Potsdam, Germany — ’DESY, Hamburg, Germany — 3CFEL, Hamburg, Ger-
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Location: MO-H5

many — *HITS gGmbH, Heidelberg, Germany — > University of Gothenburg,
Sweden — ®European XFEL GmbH, Hamburg, Germany — ’Stanford PULSE
Institute, Menlo Park, USA

We demonstrate the capabilities of time-resolved x-ray photoelectron spec-
troscopy with a study of the UV-excited dynamics of 2-thiouracil conducted
at the FLASH free electron laser in Hamburg, Germany. By probing sulfur 2p
core electrons, we discover that a significant part of the excited-state population
relaxes to the ground state within 220-250fs. Observed spectral shifts can be
directly attributed to a charge redistribution over the molecule during the relax-
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ation process. Additionally, we observe a 250fs oscillation in the kinetic energy
of the excited-state population which reveals a coherent population exchange
among electronic states.

MO 22 Mon14:15 MO-H5
How to produce nuclear-polarized hydrogen molecules and for what they can
be used — *RALF ENGELs — Institut fiir Kernphysik, FZ Jiilich/GSI Darmstadt
In accelerator experiments polarized proton/deuteron beams and hydro-
gen/deuterium targets are an important tool to investigate the spin dependence
of the nuclear forces. Both can be made with a polarized atomic beam source,
a modern version of a Rabi apparatus. By recombination of these atoms hyper-
polarized H,, D, and HD molecules in many hyperfine substates are produced
and can be used for further applications. For example, the recombination pro-
cess itself and his dependence on the electron spin, surface materials or external
radiation can be investigated as well as the coupling of the nuclear spins with the
rotational magnetic moment. In nuclear physics the polarized molecules allow
to increase the target density and with polarized molecular ions a better strip-
ping injection into storage rings is possible. Further applications may be the use
as polarized fuel for fusion reactors or the search for an electric dipole moment
of the nucleons.

MO 23 Mon14:30 MO-H5
Correlation fingerprints in the x-ray induced Coulomb explosion of iodopy-
ridine — «BENoiT RicHARD"??, JuLia ScuAFER™, ZoLTAN ]UREKI, RoBIN
SantrAD>? ’4, and LupGer INHESTER"? — !Center for Free-Electron Laser
Science CFEL, Deutsches Elektronen-Synchrotron DESY, Notkestr. 85, 22607
Hamburg, Germany — 2The Hamburg Centre for Ultrafast Imaging, Luruper
Chaussee 149, 22761 Hamburg, Germany — Department of Physics, Univer-
sitit Hamburg, Notkestr. 9-11, 22607 Hamburg, Germany — *Department of
Chemistry, Universitdt Hamburg, Martin-Luther-King-Platz 6, 20146 Hamburg,
Germany
Coulomb explosion induced by XFEL radiation is a promising experimental tool
to image individual molecules. However, the amount of information about the
original molecule geometry that can be inferred from the measured final mo-
menta of the produced ions is presently unknown. In particular, the data ac-
quired by state of the art multi-coincidence measurement techniques contains
information about correlations between the different measured ions, but how to
exploit this extra information for geometry reconstruction is currently unclear.
In this work we propose a first step in this direction. To this end we analyze
simulation data for the x-ray induced Coulomb explosion of 2-iodopyridine and
describe its fragmentation dynamics. Crucially, we show that a collision between
two ions during the Coulomb explosion causes strong and possibly measurable
correlations between their final momenta.

MO 24 Mon 14:45 MO-H5

Universal Reconstruction of Nanoclusters from Wide-Angle X-Ray Diffrac-
tion Patterns with Physics-Informed Neural Networks — «THOMAS STIELOW
and STEFAN SCHEEL — Institut fiir Physik, Universitit Rostock, Albert-Einstein-
Strafle 23, 18059 Rostock
Single-shot diffraction imaging by soft X-ray laser pulses is a valuable tool for
structural analysis of unsupported and short-lived nanosystems, while the exact
inversion of the scattering patterns still proves challenging [1]. Deep learning,
on the other hand, is widely used in data sciences for the extraction of informa-
tion from images and has recently been used to accelerate parameter reconstruc-
tions from wide-angle scattering patterns [2]. Here, we show how a deep neural
network can be used to reconstruct complete three-dimensional object models
of uniform, convex particles from single two-dimensional wide-angle scattering
patterns. Through physics-informed training the reconstructions achieve un-
precedented levels of detail on real-world experimental data [3].

[1] I. BARKE et al. Nat. Commun. 6, 6187 (2015).

[2] T. ST1ELOW et al. Mach. Learn.: Sci. Technol. 1, 045007 (2020).

[3] T. STIELOW and S. SCHEEL, Phys. Rev. E 103, 053312 (2021).

MO 25 Mon15:00 MO-H5
Ultrafast Auger spectroscopy of 2-thiouracil — «F. LEver!, D. Maver!, D.
PICCONII, ]. MET]El, S. ALISAUSKASZ, E CALEGARIZ, S. DﬁSTERERZ, C. EHLERTS,
R. FerFeL?, M. NIEBUHR', B. MANSCHWETUS?, M. KUHLMANN?, T. MazzA®, M.
S. ROBINSONS, R.J. SQUIBB4, A. TRABATTONIS, M. WALLNER4, P. SAALFRANKI,
T.J. A. WoLF’, and M. GUuR! — !Universitit Potsdam — 2Deutsches Elek-
tronen Synchroton (DESY) — Heidelberg Institute for Theoretical Studies —
“Department of Physics, Gothenburg University — >Center for Free-Electron
Laser Science (CFEL) — 6European XFEL — 7SLAC, Stanford
Investigating the effects of UV exposure in thionucleobases can shed light on
the mechanisms that cause the formation of DNA lesions. In this talk, we show
how ultrafast x-ray spectroscopy can be used to gain information on such pro-
cesses. We study the sulfur 2p Auger spectrum of 2-thiouracil in a uv-pump,
x-ray probe experiment at the free electron laser FLASH. We observe ultrafast
dynamics in the electron kinetic energy spectrum, happening on time scales of
100fs to 1ps. Using a simple coulomb model for the electron binding energies,
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aided by quantum chemical calculations of the electronic states energy, we de-
duce an elongation of the C-S bond on a 100fs time scale. The geometric changes
trigger internal conversion from the initally excited S2 state to the S1 state. For
longer pump-probe delays, the observerd timescales provide evidence for inter
system crossing from the S1 state to the triplet manifold [1].

[1] F Lever et al 2020 J. Phys. B: At. Mol. Opt. Phys. 54 014002

MO 26 Monl15:15 MO-H5
Control of bionanoparticles with electrical fields — «JANNIK LoBkeE"“>?, LENA
WORBSI’Z, ARMANDO ESTILLOREI, AMIT SAMANTAI, and JOCHEN Kopper >3
— ICenter for Free-Electron Laser Science CFEL, Deutsches Elektronen-
Synchrotron DESY, Hamburg, Germany — 2Department of Physics, Universitit
Hamburg, Hamburg, Germany — >Center for Ultrafast Imaging, Universitit
Hamburg, Hamburg, Germany
Single-particle imaging (SPI) experiments at free-electron lasers (FELs) promise
high-resolution imaging of the structure and dynamics of nanoparticles and
macromolecules. Guiding sample particles into the focus of an FEL, diffraction
patterns of individual particles can be collected. Sufficient amounts of patterns
of identical nanoparticles are needed to overcome the inherently small signal-to-
noise ratio and reconstruct the underlying 3D structure. Optimized delivery of
identical nanoparticles is key to efficient and successful SPI experiments. Here,
we present an approach for the production of purified high-density beams of a
broad variety of biological nanoparticles, demonstrated on a large protein. We
establish control through electric fields, aiming at charge state or conformational
state selectivity. This is especially relevant for soft biological samples, such as
proteins or protein complexes, which in uncontrolled environment are prone to
structural instability.

MO 27 Mon15:30 MO-H5
Tracing Inner-Shell-Ionization-Induced Dynamics of Water Molecules Us-
ing an X-ray Free-Electron Laser and Ab-Initio Simulations — <LUDGER
INHESTERI, TiLL ]AHNKEZ, RENAUD GUILLEMINs, and MARIA NOVELLA
PrancasTeLLr*? — !Center for Free-Electron Laser Science CFEL, Deutsches
Elektronen-Synchrotron DESY, Hamburg — “European XFEL, Schenefeld —
3Sorbonne Université, CNRS, LCPMR, Paris — “Uppsala University, Uppsala
The response of molecules to ionizing radiation is of utmost relevance to
many research areas. Multi-coincidence signals from experiments at x-ray free-
electrons lasers provide us new opportunities to study the dynamics of molecules
upon inner-shell ionization. In a recent experiment at the European XFEL, wa-
ter vapor has been exposed to intense x-ray pulses and all the resulting ion frag-
ments have been recorded in coincidence. In this talk, I will discuss how through
ab-initio simulations of the multiphoton multiple ionization and fragmentation
dynamics we could identify distinct signatures in the ion momentum data with
different break-up patterns. By combining experimental results and theoreti-
cal modeling, we were able to image the dissociation dynamics of water after
core-shell ionization and subsequent Auger decay in unprecedented detail and
uncover fundamental dynamical patterns relevant for the radiation damage in
aqueous environments. [1]

[1] T. Jahnke et al., Phys. Rev. X 11, 041044 (2021)

MO 28 Mon 1545 MO-H5
Competition of interatomic Coulombic decay and autoionization in doubly
excited helium nanodroplets — «BJORN BASTIAN, JAKOB D. ASMUSSEN, LTAIEF
B. LTAIEF, AKGASH SUNDARALINGAM, CATHARINA I. VANDEKERCKHOVE, and
MARCEL MUDRICH — Department of Physics and Astronomy, Aarhus Univer-
sity, DK
Double-excitation states in helium atoms are an important model system to study
electron-electron correlation. Doubly excited atoms can autoionize and the in-
terference with the direct ionization pathway gives rise to characteristic Fano
peaks in the photoexcitation spectrum [1] which has also been observed in he-
lium nanodroplets [2]. In dimers or clusters, the de-excitation energy can instead
be transferred and cause ionization of the environment. Theory has shown, that
this interatomic Coulombic decay (ICD) pathway becomes fast at small inter-
atomic distances and competes with autoionization especially in large environ-
ments [3].

We present photoion-photoelectron coincidence spectra around the Fano res-
onance below the N=2 ionization threshold in helium nanodroplets that have
been recorded at our new endstation at the AMOLine of the ASTRID2 syn-
chrotron at Aarhus. Slow electrons reveal ICD or secondary inelastic scattering.
Highly resolved electron spectra recorded at various photon energies across the
Fano resonance reveal the details of the decay process.

[1] Domke et al. Phys. Rev. Lett. 66,1306 (1991). [2] LaForge et al. Phys. Rev. A
93, 050502 (2016). [3] Jabbari et al. Chem. Phys. Lett. 754, 137571 (2020).
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MO29 Monl16:00 MO-H5
Simulating Molecular Diffraction Patterns using CMIdiffract — <NIpIN
VADASSERY ", SEBASTIAN TripPEL"?, and JOoCHEN Kopper">® — Center for
Free-Electron Laser Science, Deutsches Elektronen-Synchrotron DESY, Ham-
burg — *Department of Physics, Universitit Hamburg — *Department of
Chemistry, Universitit Hamburg
The structure and time-dependent dynamics of molecules in the gas phase re-
veal a plethora of information about fundamental processes in nature. X-rays

and electrons are typically used to image the molecular structure using diffrac-
tion techniques. In that respect, x-ray pulses provided by XFELs have the poten-
tial to study the chemical dynamics of gaseous molecules on the ultrafast time
scale with sub-picometer spatial resolution. Here, we present our computational
results using CMIdiffract, an in-house software package developed to compare
experimental diffraction images with theory. The package incorporates various
aspects of x-ray diffraction experiments, e.g., angular distributions of molecular
samples.

MO 3: Electronic |

Time: Monday 16:30-18:15

Invited Talk MO 3.1 Monl6:30 MO-H5
Electronic Properties of Small Gold Cluster Cations — sMARKO FORSTEL!,
Kar POLLOWl, TAARNA STUDEMUNDI, NimA-NoaAH NAHVII, NIKITA KAVKAZ,
RoLAND MITRICZ, and OtTo Doprer! — 'TU Berlin, Berlin, Germany — 2Uni
Wiirzburg, Wiirzburg, Germany

Recent instrumental improvements allow us to take a close look at the proper-
ties of excited states of metal cluster ions.! The electronic properties of these
clusters are of particular interest, as they vary greatly depending on geometry
and composition. Thus they hold great potential towards tailored optical or cat-
alytic properties. Unfortunately, theoretical predictions of their properties can
be tricky due to relativistic effects and a strong multi-reference character. De-
tailed experimental information are thus of particular importance.

In this talk we discuss optical spectra of small gold cluster cations and com-
pare them with those obtained by various quantum chemical calculations. We
show that TD-DFT calculations make robust predictions only in special cases
and even mislead in others.”?) Furthermore, we discuss the interaction of the
clusters with atomic and molecular ligands in the ground and excited states us-
ing the example of Au; -X with X = Ar, N, and N, O. It can be seen that the Au;
- ligand interaction is weak in the ground state and decreases even further in the
excited state.[*]

[1] Forstel et al. Rev. Sci. Instr. 88, 2017 [2] Forstel et al. Angew. Chem. Int.
Ed. 58, 2019 [3] Forstel et al. Angew. Chem. Int. Ed. 123, 2020 [4] Forstel et al.
Chem. Eur. J. 27, 2021

MO 32 Monl17:00 MO-H5
Simulation of Two-Dimensional Electronic Spectra of molecular aggregates:
a Hierarchy of Stochastic Pure State approach — <LIPENG CHeN!, DoraN1.G.
BENNETT?, and ALEXANDER E1sFeLD! — 'Max Planck Institute for the Physics
of Complex Systems, Néthnitzer Str 38, Dresden, Germany — “Department of
Chemistry, Southern Methodist University, PO Box 750314, Dallas, TX, USA
Modern techniques of time-resolved nonlinear optical spectroscopy have ex-
panded our understanding of the photophysics of molecular aggregates, which
is of particular importance for unravelling excitonic relaxation and dephasing
processes in both artificial materials and photosynthetic complexes. In particu-
lar, two dimensional electronic spectroscopy has become a powerful technique
to probe molecular excitons in the visible region and reveal couplings and relax-
ation pathways. We develop a new methodology for simulating two dimensional
electronic spectra of molecular aggregates with strong coupling of electronic ex-
citation to a structured environment by combining the stochastic hierarchy of
pure states (HOPS) method with the nonlinear response function formalism. In
our approach, the third-order response functions are evaluated by employing a
novel propagation scheme where the combined ket and bra states are propagated
in an augmented electronic Hilbert space. The new approach shows fast conver-
gence properties with respect to the number of stochastic trajectories, providing
a promising technique for numerical calculation of two dimensional spectra of
large molecular aggregates.

MO 33 Monl7:15 MO-H5
Chlorophyll Excitation in Photosystem 1 Tuned by the Protein Environ-
ment: Insights from Fully Atomistic QM/MM — eSEBASTIAN REITER, FER-
DINAND Kiss, and REGINA DE VIVIE-RIEDLE — Department Chemie, Ludwig-
Maximilians-Universitit Miinchen, Miinchen
Photosystem 1 (PS1) is one of the most efficient natural light-harvesting systems.
Energy is absorbed by an antenna complex of chlorophylls and transferred to a
reaction core, where it drives one of the fundamental redox processes of photo-
synthesis. Understanding the high efficiency of PS1 requires an accurate evalua-
tion of the chlorophyll absorption energies, affected by their natural environment
(site energies). However, this is challenging because not only the full electrostatic
environment but also dynamic effects must be taken into account. In this work,
we present accurate site energies of all 96 chlorophylls in the asymmetric unit
of PS1 in S. elongatus. Therefore, we constructed a fully atomistic model of the
trimeric PS1 complex in a solvated lipid membrane to describe the environment
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as thoroughly as possible. With this extensive structural model, we sampled ge-
ometries from classical trajectories and calculated site energies for each chloro-
phyll with the high-level DFT/MRCI method in a QM/MM scheme. Our results
identify dynamic energy sinks in the antenna complex and reveal a fundamental
asymmetry in the reaction center. Moreover, we are able to separate the envi-
ronmental influence into the electrostatic interaction of the chlorophyll with its
surroundings and the structural constraints imposed by neighboring residues.

MO 34 Monl17:30 MO-H5
Threshold Photoelectronspectra of pyrollized Trimethylantimony and
Trimethylarsenic compounds. — EMIL KARAEVI, eMARIUS GERLACHI,
PaTrICK HEMBERGER?, and INGo FiscHEr! — !Institut fiir physikalische und
theoretische Chemie, Wiirzburg, Germany — 2Swiss Light Source, Villigen,
Switzerland
Our group already investigated the pyrolysis of methylated group V compounds
X = N[1], P[2], Bi[3]. While the stable isomers of nitrogen were H-N-CH2,
N-CH2 and H-N-CH, bismuth showed only Bi-CH3. For phosphorus the iso-
mers H-P-CH2, P-CH3 and P-CH2 were observed. In order to fill the gap in
the periodic table trimethylarsenic and trimethylantimony were pyrolyzed. The
emerging reactive species were characterized with the PEPICO setup of the VUV
beamline at the Swiss Light Source in Villigen, CH. The observed mass-selected
threshold photoelectron spectra were interpreted using quantum chemical cal-
culations and Franck-Condon simulations.

Our results show that Antimony behaves similarly to bismuth, only forming
Sb-CH3. Arsenic on the other hand showed H-As-CH2, As-CH3 and As-CH2,
which is analogous to phosphorus.

[1] E Holzmeier, M. Lang, K. Hader, P. Hemberger, I. Fischer, ]. Chem. Phys.
2013, 138, 214310.

[2] D. P. Mukhopadhyay, Unpublished work.

[3] D. P. Mukhopadhyay, D. Schleier, S. Wirsing, J. Ramler, D. Kaiser, E.
Reusch, P. Hemberger, T. Preitschopf, I. Krummenacher, B. Engels, I. Fischer,
C. Lichtenberg, Chem. Sci. 2020, 11, 7562*7568.

MO 3.5 Mon17:45 MO-H5
Spectroscopy of Potassium Clusters Isolated in Helium Nanodroplets — Ro-
MAN MESSNER, ROBERT DI VORA, WOLFGANG E. ERNST, and eFLORIAN LACKNER
— Institute of Experimental Physics, Graz University of Technology, Petersgasse
16, 8010 Graz, Austria
We explore the evolution of the electronic spectrum of potassium clusters iso-
lated in helium droplets from single atoms and molecules up to nanometer sized
clusters. A supercontinuum laser equipped with a tunable filter is used to excite
the potassium clusters. In combination with a time-of-flight mass spectrome-
ter atomically precise spectra up to K;;, are recorded. Spectra for larger clus-
ters within a selected size range are also recorded, revealing insight into the
properties and growth of potassium nanoparticles in helium droplets. While
small molecules exhibit multiple distinct spectral features, a collective resonance
emerges at about 600 nm in the spectra of larger clusters. With increasing cluster
size, this resonance continuously shifts towards the blue.

MO 3.6 Mon18:00 MO-H5
Laser Spectroscopy of Shell-Isolated Au Nanoparticles Functionalized with
Rhodamine B Molecules in Helium Nanodroplets — *«ROMAN MESSNER,
WOoLFGANG E. ErRNsT, and FLORIAN LACKNER — Institute of Experimental
Physics, Graz University of Technology, Petersgasse 16, 8010 Graz, Austria
Nanoparticles comprising three different materials in a core@shell@shell con-
figuration are synthesized in cold helium droplets by sequential doping. Rho-
damine B molecules form complexes in helium droplets that give rise to a strong
fluorescence upon laser excitation, which enables an in-situ investigation of the
synthesized structures. In the presence of a Au core, the rhodamine B fluores-
cence is quenched due to excitation transfer from excited shell molecules to the
Au particle. The addition of an intermediate hexane layer inhibits the contact
between Au core and RB shell, which results in the recovery of the fluorescence.
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Time: Tuesday 10:30-11:30

MO 4.1 Tuel0:30 MO-H5
Near-Field scanning optical microscopy of molecular aggregates: the role of
light polarization — «SIDHARTHA Navak', FuLu ZHENG?, and ALEXANDER
EISFELD' — IMPIPKS, Dresden, Germany — ZBCCMS, University of Bremen,
Bremen, Germany
Strong Interaction between transition dipoles of molecules leads to formation
of delocalized excitonic eigenstates of molecular aggregates. Using a scattering
scanning near-field optical microscope setup one can record position dependent
absorption spectra[1] from which we can reconstruct the wavefunctions[2]. In
this contribution we focus on the dependence of the spectra on the direction and
polarization of the incoming electromagnetic radiation, which induces a Hertz
dipole with a specific orientation at the tip-apex. Within a simple description
based on the eigenstates of the aggregate, We find that the spatial patterns of the
spectra have a strong dependence on the orientation of this tip-dipole, which
can be understood by considering three basic functions that only depend on
the arrangement of the aggregate and the molecule-tip distance, but not on the
orientation of the tip-dipole[3]. This approach is validated by a more detailed
description where the incoming radiation and the interaction between tip and
molecules is explicitly taken into account.
[1] X. Gao and A. Eisfeld, J. Phys. Chem. Lett. 9, 6003 (2018)
[2] E. Zheng, X. Gao and A. Eisfeld, Phys. Rev. Lett. 123, 163202 (2019)
[3] S. Nayak, E Zheng and A. Eisfeld, . Chem. Phys. 155, 134701 (2021)

MO 4.2 Tuel0:45 MO-H5
Detecting Chirality in Mixtures Using Nanosecond Photoelectron Circu-
lar Dichroism — «SIMON RANECKYI, BARATT PARK>® , PETER SAMARTZIS4,
IoANNIS GIANNAKIDIS4, Dirk SCHWARZERZ, ARNE SENFTLEBENI, THOMAS
BauMERT!, and Tim ScHAFER? — ! Uni Kassel — 2Uni Goéttingen — 3Texas Tech
Lubbock (USA) — *IESL-FORTH Iraklio (Greek)
The ionization of randomly oriented chiral molecules with circularly polarized
light leads to an asymmetric angular photoelectron distribution. Depending on
the handedness of the molecules and the sense of rotation of the incident light,
more electrons are scattered forward or backward with respect to the direction of
the incident ligh. This effect is called photoelectron circular dichroism (PECD).
Its size can reach more than 10% for pure enantiomers and decreases for lower
enantiomeric excesses (e.e.). It can be applied to determine the e.e. of chiral
substances with a precision below 1% [1].

Tunable narrowband nanosecond lasers in combination with a cold molecular
beam achive vibrational resolution in resonance-enhanced multiphoton ioniza-
tion [2]. As a proof of principle, we made four mixtures of pure enantiomers of
fenchone and camphor and selectively ionized either fenchone or camphor by
tuning the wavelength to the band origin of their B-band and measured their
background suppressed PECD. We were able to discriminate the enantiomers of
both substances. This opens the perspective to determine the e.e. in mixtures.

Location: MO-H5

[1] A. Kastner et al., ChemPhysChem, 17, 1119 - 1122, (2016)
[2] A. Kastner et al., Phys. Chem. Chem. Phys., 22, 7404, (2020)

MO 4.3 Tue11:00 MO-H5
The gas-phase infrared spectra of the 2-methylallyl radical and its high-
temperature reaction products — «TOBIAS PREITSCHOPE', FLORIAN Hirsch!,
ALEXANDER LEMMENSZ, ANOUK Rusz, and INGo FiscHEr' — lInstitut fiir
Physikalische und Theoretische Chemie, Universitat Wiirzburg, Am Hubland,
97074 Wiirzburg, Deutschland — 2Radboud University, Institute for Molecules
and Materials, FELIX Laboratory, Toernooiveld 7, 6525 ED Nijmegen, The
Netherlands
The resonance-stabilized 2-methylallyl radical, 2-MA, is considered as a possi-
ble intermediate in the formation of polycyclic aromatic hydrocarbons (PAH) in
combustion processes. In this work we report on its contribution to molecular
growth in a high-temperature microreactor and provide species- and isomer-
selective IR/UV ion dip spectra of the various jet-cooled reaction products, em-
ploying free electron laser radiation in the mid-infrared region. Small (aro-
matic) hydrocarbons such as fulvene, benzene, styrene, or para-xylene, as well
as polycyclic molecules, like (methylated) naphthalene, were identified with
the aid of ab initio DFT computations. Several reaction products differ by
one or more methyl groups, suggesting that molecular growth is dominated by
(de)methylation in the reactor.

MO 4.4 Tuell:15 MO-H5
Formation and spectroscopic investigation of molecular clusters of phthalo-
cyanine and water in superfluid helium nanodroplets — «JoHANNES FISCHER
and ALKWIN SLENCzKA — Institut fiir Physikalische und Theoretische Chemie,
Universitit Regensburg, 93053 Regensburg, Germany
Superfluid helium nanodroplets serve as a gentle and ultracold (T = 0.37 K) host
system for molecular and atomic species as well as weakly bound (van der Waals)
clusters [1]. The latter can be synthesized in situ by successive pick-up of differ-
ent species by the droplets. We will present an extended investigation of a clus-
ter consisting of a single phthalocyanine and one water molecule, that possesses
a multitude of isomeric structures in helium droplets [2]. The attachment of
water to phthalocyanine becomes influential on spectroscopic observables like
electronic and vibrational transition frequencies, line shapes, and intramolecu-
lar dynamics upon electronic excitation. This study discusses all these features
by means of fluorescence excitation spectra and dispersed emission spectra. The
number of configurational variants identified thereby provides evidence that for
some of these cluster isomers the contribution of the surrounding helium goes
beyond the stabilization of local minima in the phthalocyanine to water poten-
tial hypersurface. [1] A. E Vilesov et al., Angew. Chem. Int. Ed., 43, 2622, (2004).
[2] J. Fischer et al., J. Phys. Chem., 123, 10057, (2019).

MO 5: Femtosecond Spectroscopy |

Time: Tuesday 10:30-12:15

Invited Talk MO5.1 Tuel0:30 MO-H6
Extending coherent multidimensional spectroscopy to new target systems
and new light sources — sLukas BRUDER — Institute of Physics, University
of Freiburg, Germany
Coherent multidimensional spectroscopy (CMDS) is a powerful ultrafast spec-
troscopy technique which reveals couplings and system-bath interactions with
unprecedented detail. While CMDS is mainly applied to liquid phase samples,
we have recently extended the method to cluster beams prepared in the gas phase
[1,2]. In contrast to experiments in the condensed phase, cluster beams provide
isolated nanosystems in which fundamental molecular processes can be studied
with high resolution. Furthermore, we have implemented wave packet interfer-
ometry, the basic principle of CMDS, with new extreme ultraviolet light sources
[3,4]. This opens up the perspective of CMDS experiments with attosecond time
resolution and element specific probing.

[1] L. Bruder et al., Nat Commun 9, 4823 (2018).
[2] U. Bangert et al., arXiv:2112.05418 (2021).
[3] A. Wituschek et al., Nat Commun 11, 1 (2020).
[4] A. Wituschek et al., New J. Phys. 22, 092001 (2020).

MO 5.2 Tuell:00 MO-H6
Time-Resolved Circular Dichroism Spectroscopy of Exciton Relaxations
in a Squaraine Polymer — eLEA Ress', Josuua SELBY?, PAvEL Mary'?,
JANN B. LANDGRAFI, DoMINIK LINDORFER4, CHRISTOPH LAMBERTZ, THOMAS
ReNGER?, and ToB1as BRixNER' — Institut fiir Physikalische und Theoretische
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Chemie, Universitiat Wiirzburg, Am Hubland, 97074 Wiirzburg — Institut fiir
Organische Chemie, Universitdt Wiirzburg, Am Hubland, 97074 Wiirzburg —
3Faculty of Mathematics and Physics, Charles University, Prague, Ke Karlovu 5,
121 16 Praha 2, Czech Republic — *Institute for Theoretical Physics, Johannes
Kepler University, Linz, Altenbergstrasse 69, 4040 Linz, Austria

We present a new design of a setup for simultaneous time-resolved circular
dichroism (TRCD) and transient absorption (TA) spectroscopy with fs temporal
resolution. We use a pump-probe approach by exciting the sample with a lin-
early polarized pump pulse and detecting the difference in absorption of left- and
right-circularly polarized probe pulses. The key optical element is a polarization
grating, out of which the positive (negative) first order of the diffracted light
is left- (right-)circularly polarized. We demonstrate the power of this method
on a chiral squaraine polymer, which shows ultrafast relaxations of chiral exci-
tons. According to our calculations that are based on a Frenkel exciton Hamilto-
nian with quantum chemically parameterized excitonic couplings, using the he-
lix model described in [1], exciton relaxation can be much better resolved with
TRCD than with TA.
[1] A. Turkin, et al., Chem. Eur. J. 27, 8380-8389 (2021)

MO 5.3 Tuell:15 MO-H6
Ultrafast Spectroelectrochemistry in the Visible Spectral Range on a Pery-
lene Bisimide Cyclophane — *REBECCA FROHLICH!, JEssicA RUHE?, FRANK
Wi‘JRTHNERZ, and ToBsias BrixNer! — lInstitut fiir Physikalische und The-
oretische Chemie, Universitit Wiirzburg, Am Hubland, 97074 Wiirzburg —
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2Institut fir Organische Chemie, Universitdt Wiirzburg, Am Hubland, 97074
Wiirzburg

With spectroelectrochemistry the oxidation states of molecules can be investi-
gated under potential control without the need of a chemical oxidant/reductant.
In our setup we combine spectroelectrochemistry with ultrafast spectroscopy
and use broadband excitation in the visible spectral range for TA and 2D spectro-
electrochemistry [1]. Here we describe new experiments on a perylene bisimide
cyclophane. For electrolysis we employ a custom-built flow cell with the organic
solvent dichloromethane and the supporting electrolyte TBAHFP. The meta-
xylene linked cyclophane under investigation creates a rigid system with a small
distance of 5 A between the aromatic units which leads to a coupling of the first
excited electronic state with the first vibrational state [2]. Our time-resolved
data show symmetry-breaking charge transfer leading to the generation of radi-
cal anionic and cationic species. Upon reduction of the cyclophane the dynamics
change depending on the applied potential.

[1] J. Heitmiiller et al., Spectrochim. Acta Part A, 253, 119567 (2021)

[2] J. Riihe et al., Organic Materials, 2, 149-158 (2020)

MO 5.4 Tuell:30 MO-H6
Tracking Multi-Exciton Processes in Squaraine Polymers with High-Order
Pump-Probe Spectroscopy — ¢JULIAN LoTTic!, PaveL Mary', PETER A.
ROSEZ, ARTHUR TURKIN3, CHRISTOPH LAMBERTS, Jacos J. KRICHZ, and To-
B1As BRixnNErR! — 'Institut fiir Physikalische und Theoretische Chemie, Univer-
sitit Wiirzburg, Am Hubland, 97074 Wiirzburg, Germany — *Department of
Physics, University of Ottawa, Ontario KIN 6N5, Canada — Institut fiir Organ-
siche Chemie, Universitit Wiirzburg, Am Hubland, 97074 Wiirzburg, Germany
The interpretation of time-resolved spectroscopy generally relies on the isolation
of a specific nonlinear order of the sample response. Usually the excitation power
is chosen to select the wanted signal and to suppress unwanted higher-order con-
tributions such as annihilation. However, measurements at lower power often
exhibit low signal-to-noise ratio. In the opposite case of too high powers, the
high-order signals are present and have to be considered in the analysis. We
solve this dilemma by separating all high-order signals with a novel, simple,
data acquisition sequence. Inspired by multidimensional spectroscopy [1], we
isolate the different high-order signals by measuring a pump-probe signal at sev-
eral specific excitation pulse energies. We demonstrate that with our technique
annihilation-free measurements of squaraine polymers at high pulse energies
are possible. The technique also allows us to measure pure higher-order signals
which contain the information on multi-exciton interaction.

[1]J. Dostél et al., Nat. Commun. 9, 2519 (2018).

MO 5.5 Tuell:45 MO-H6
Two-dimensional electronic spectroscopy of phthalocyanine on rare gas clus-
ters — ¢ULRICH BANGERT, LUKAS BRUDER, and FRANK STIENKEMEIER — Insti-
tute of Physics, University of Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg,
Germany

Two-dimensional electronic spectroscopy (2DES) is an ideal tool to study dy-
namics with a high spectral-temporal resolution. With recent advances of 2DES
towards the gas phase, versatile samples like rare gas cluster beams have become
accessible [1]. Rare gas clusters doped with multiple molecules act as miniature
cryostats hosting well defined many body systems. Previous experiments on the
spectroscopy and life-time measurements of such systems have provided valu-
able details about singlet fission and superradiance in acene molecules [2,3].

We apply 2DES to this approach and study free-base phthalocyanine in two
different environments: embedded in superfluid helium nanodroplets and de-
posited on the surface of solid neon clusters. First results show 2D spectra of
organic molecules with unprecedented spectral resolution and reveal details of
the cluster environment, including the homogenous linewidth of 0.42cm-1 on
neon clusters.

[1] L. Bruder et al., J. Phys. B: At. Mol. Opt. Phys. 52 183501 (2019).

[2] S. Izadnia et al., J. Phys. Chem. Lett. 8, 2068 (2017).

[3] M. Miiller et al., Phys. Rev. B 92 (12), 121408 (2015).

MO 5.6 Tue12:00 MO-H6
Measuring Interexcitonic Coherences in Semiconductor Nanocrystals using
Coherent Two-Dimensional Fluorescence Spectroscopy — +LUIsA BRENNEIS,
STEEAN MULLER, and ToB1ias BRIXNER — Institut fiir Physikalische und The-
oretische Chemie, Universitit Wiirzburg, Am Hubland, 97074 Wiirzburg, Ger-
many
Quantum technologies require the availability of materials with controllable
quantum coherences [1]. For this task, quantum dots are promising materials
because their optoelectronic properties depend on their size and composition.
However, characterizing coherent superpositions between excitonic states, i.e.,
interexcitonic coherences, is challenging in semiconductor nanocrystals because
of overlapping spectral features and solvent contributions. Moreover, size and
shape polydispersity leads to inhomogeneous broadening and ultrafast dephas-
ing (15-25 fs) of interexcitonic coherences at room temperature [1,2].

To detect the ultrafast dynamics of interexcitonic coherences in CdSeS/ZnS
quantum dots, we prepare coherences between several excitonic states using
fluorescence-detected coherent two-dimensional electronic spectroscopy (E-
2DES). Due to fluorescence detection, we achieve the absence of solvent con-
tributions [3], which enables us to measure interexcitonic coherences at room
temperature. We also investigate the possibility of F-2DES at low temperatures
to decrease homogeneous broadening which would further simplify the analysis.

[1] E. Collini et. al., J. Phys. Chem. C 123, 31286-31293 (2019).

[2] D. B. Turner et. al., Nano Lett. 12, 880-886 (2012).

[3] S. Mueller et. al., ACS Nano 15, 4647-4657 (2021).

MO 6: Theory

Time: Tuesday 10:30-12:00

MO 6.1 Tuel0:30 MO-H7
Unsupervised learning as a key tool to explore elements of the efficiency of
PS1 in an QM/MM approach — <FERDINAND Kiss, SEBASTIAN REITER, and
REGINA DE VIVIE-RIEDLE — Department of Chemistry, LMU Munich, Germany
Modern photovoltaic materials can be seen as biomimetics of photosynthesis in
photoautotrophic organisms. Photosystem I (PS1) has one of the highest con-
version efficiencies of 88%, from absorbed quanta to the reduction of NADP*.
A deeper understanding of the effects of structural relations and electrostatic
influences on the site energies, low-lying charge transfer states and absorption
profiles of photoactive components of the PS1 promises to yield the answer to its
outstanding efficiency. We developed an automated protocol for data extraction
and processing from MD simulations by unsupervised machine learning. On
this basis we set up electronic structure investigations in a QM/MM approach.
Our maxim of a bias-free, dimensionality reduced and thus computational af-
fordable approach to QM/MM studies aim towards a post-classical description
of processes in large complex systems. With the developed tools at hand, we
were able to rationalize relevant structural parameters in the 288 chlorophylls
of the PSI trimer. Furthermore, we were able to approximate electrostatic em-
bedding in different pockets within the PS1 with minimal computational cost.
The protocol as mentioned above and its results will guide the understanding
of photosynthesis. The insights will help in the development of novel artificial
photosynthesis designs.
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MO 6.2 Tuel0:45 MO-H7
A Shortcut to Self-Consistent Light-Matter Interaction and Realistic Spectra
from First-Principles — ¢«CHRISTIAN SCHAFER and GORAN JOHANSSON — De-
partment of Microtechnology and Nanoscience, MC2, Chalmers University of
Technology, 412 96 Goteborg, Sweden
Nanoplasmonic and optical cavity environments provide a novel handle to non-
intrusively control materials and chemistry. We introduce here a simple ap-
proach how an electromagnetic environment can be efficiently embedded into
state-of-the-art electronic structure methods, taking the form of radiation-
reaction forces [1]. We demonstrate that this self-consistently provides access
to radiative emission, natural linewidth, Lamb shifts, strong-coupling, electro-
magnetically induced transparency, Purcell-enhanced and superradiant emis-
sion. As an example, we illustrate its seamless integration into time-dependent
density-functional theory with virtually no additional cost, presenting a conve-
nient shortcut to light-matter interactions.

[1] C. Schifer and G. Johansson, arXiv:2106.07507 (2021).

MO 6.3 Tue11:00 MO-H7
Novel trimer states in long-range atom-ion Rydberg molecules — ¢DANIEL
BOSWORTHI’Z, FREDERIC HUMMELI, and PETER SCHMELCHER"™ — 1Zentrum
fiir Optische Quantentechnologien, Universitdit Hamburg, Luruper Chaussee
149, 22761 Hamburg, Germany — “Hamburg Centre for Ultrafast Imaging, Uni-
versitdit Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany
Recent theoretical works [1,2] predict p-state Rydberg atoms can form sta-
ble dimers with ions, defining a new class of long-range atom-ion Rydberg
molecules. In these molecules, the binding arises from avoided crossings be-
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tween attractive and repulsive polarisation potentials. Observation of these
molecules was subsequently confirmed in [3].

We build upon these latest discoveries by studying the interaction between an
ion and a *classic* ultra-long-range Rydberg molecule (ULRM). We introduce a
third, ground-state atom and calculate Born-Oppenheimer electronic potential
energy surfaces (PES) for the three nuclear species. The PES support three-body
vibrational bound states, including both linear and non-linear nuclear arrange-
ments. Estimates for the lifetimes of these trimer states are derived from decay
rates to neighbouring PES, obtained using Landau-Zener transition probabili-
ties. This work opens up a fresh avenue of investigation on the interaction of
ions with ULRMs.

[1]: A. Duspayev et al., Physical Review Research, 3, 023114 (2021)

[2]: M. Deif8 et al., Atoms, 2021, 9(2), 34

[3]: N. Zuber et al., arXiv preprint arXiv:2111.02680 (2021)

MO 6.4 Tuell:15 MO-H7
Explicitly correlated wave functions for electron-positron interactions in
atoms and molecules — ¢«JORGE CHARRY, MATTEO BARBORINI, and ALEXAN-
DRE TKATCHENKO — University of Luxembourg, Luxembourg, Luxembourg
Positrons are capable of forming metastable states with atoms and molecules
before the electron-positron annihilation process[1]. Such metastable matter—
positron complexes are stabilized by a variety of mechanisms, which can have
both covalent and non-covalent character. The study of these systems repre-
sents a challenge for quantum-chemical methods due to the need to describe
the strong attractive correlation effects, which are limited by the employment
of atom-centered basis sets to describe the positronic orbitals. In this work, we
present a robust variational ansatz based on a combination of an electronic de-
terminant, electron—positron pairing orbitals, and a Jastrow factor to explicitly
accounts for the electron-positron correlations in the nuclear field, which are op-
timized at the level of variational Monte Carlo (VMC). We apply this approach
in combination with diffusion Monte Carlo (DMC) to calculate binding ener-
gies for a positron e* bound to a set of neutral and anionic first-row atoms. To
assess our approach for molecules, we study the interaction potential of the pre-
viously reported [2] system of two hydrogen anions H™ mediated by a positron
(H -¢"-H™). We demonstrate the reliability and transferability of our correlated
wavefunctions with respect to state-of-the-art calculations reported in the liter-
ature. [1] G. E Gribakin, et al., Rev. Mod. Phys 82, 2557 (2010). [2] J. Charry, et
al., Angew. Chemie 57, 8859 (2018)

MO 6.5 Tuell:30 MO-H7
Non-adiabatic dynamics within the cavity-Born-Oppenheimer approxima-
tion — «THOMAS SCHNAPPINGER and MARKUS KOWALEWSKI — Department
of Physics, Stockholm University, Sweden

As shown by experiments, strong coupling between light and matter can be used
to modify chemical and physical properties. In the case of a molecular system
interacting with the vacuum field of a cavity, strong coupling reshapes the po-
tential energy surfaces forming hybrid light-matter states, termed as polaritons
or dressed states. In this way, it is possible to manipulate the non-adiabatic dy-
namics of the molecule and open new photophysical and photochemical reaction
pathways.

A theoretical approach to describe such coupled molecular-photon systems is
the so-called cavity-Born-Oppenheimer (CBO) ansatz. Analogous to the stan-
dard BO approximation, the system is partitioned and only the electronic part
of the system is treated quantum mechanically. This separation leads to CBO
surfaces depending on both nuclear and photonic coordinates. The interaction
between different CBO surfaces can be formulated in terms of non-adiabatic cou-
pling elements. In this work we combine the CBO ansatz with the complete active
space self-consistent field (CASSCF) method, to describe the cavity-induced ef-
fects on ground and excited states as well as the non-adiabatic couplings. Based
on the CBO-CASSCEF results we perform nuclear wave packet dynamics to de-
scribe the non-adiabatic processes within the framework of the CBO approxi-
mation for a molecular-photon system.

MO 6.6 Tuell:45 MO-H7

Inelastic H,+H,, H,+HD and HD+HD collisions in the framework of a
quantum-mechanical close-coupling approach — «RENAT A. SULTANOV —
Odessa College, Department of Mathematics, 201 W. University Blvd., Odessa,
Texas 79764, USA
Molecular energy transfer collisions such as H,+H,, H,+HD, H+H,/HD and
HD+HD will be discussed and the results for the cross sections and thermal rate
coefficients will be presented. Different H, potential energy surfaces (PESs) have
been applied in the framework of a pure quantum-mechanical close-coupling
approach [1]. The hydrogen-hydrogen atomic and molecular collisions play an
important role in the astrochemistry of the early universe. In the case of the HD
collisions it would be necessary to modify existing pure hydrogen H, PESs by
shifting the center of mass of H, to HD. It was done in the framework of two dif-
ferent methods [2, 3]. However, these alternative procedures can provide quite
different results for the rotational energy transfer cross sections. Physical and
geometrical reasons of these differences will be discussed in our presentation.
One of our methods for H,-H, potential modifications [2] have been applied in
[4,5].

1. R. A. Sultanov et al., Chem. Phys. Lett. 436, 19 (2007).

2. R. A. Sultanov et al., AIP Advances 2, 012181 (2012).

3. R. A. Sultanov et al,, J. Phys. B 49, 015203 (2016).

4. N. Balakrishnan et al., Astrophys. J. 866:95 (2018).

5Y. Wan et al., MNRAS 488, 381 (2019).

MO 7: Cold Molecules
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MO71 Tuel0:30 MO-H8
Spin-state-controlled Penning collisions between metastable helium atoms
and ground-state lithium atoms — «ToBIAS SIXT, FRANK STIENKEMEIER, and
KatrIN DuLitz — Institute of Physics, University of Freiburg, Hermann-
Herder-Str. 3, 79104 Freiburg im Breisgau, Germany
In our experiment, we study quantum-state-controlled Penning collisions be-
tween metastable helium atoms (He*) and ultracold lithium atoms (Li) in order
to investigate efficient ways of controlling the outcome of such ionizing colli-
sions. For this, we have combined a supersonic-beam source for He* with a
magneto-optical trap (MOT) for Li. In order to distinguish in between the con-
tributions of He(2%S,) and He(2'S,) to the reaction rate, we deplete the popula-
tion of He* atoms in the 2'S, level using a novel optical-excitation scheme. Fur-
thermore, we use laser-optical pumping to prepare both He(2%S,) and Li(22S, )
in selected magnetic sub-levels prior to the collision.

In this contribution, we demonstrate the efficient control of He(2® S1)-
Li(ZZSl /2) Penning ionization by spin-state preparation. Our results imply a
strong suppression (enhancement) of Penning-ionizing collisions for non-spin-
conserving (spin-conserving) reaction channels. Our results are in good agree-
ment with a model based on spin angular momentum coupling of the prepared
atomic states to the molecular reaction channels. Small deviations from the
model indicate the contribution of quartet states to the reaction rate, which is
in violation of spin-conservation rules.

MO 72 Tuel0:45 MO-H8
Bayesian optimization of molecular magneto-optical trapping — «SUPENG
Xu, PauL KAEBERT, MARIIA STEPANOVA, TiIMO PorLL, MIRCO SIERCKE, and
SILKE OSPELKAUS — Institut fiir Quantenoptik, Leibniz Universitdt Hannover
Magneto-optical trapping (MOT) is a key technique on the route towards ul-
tracold molecular ensembles. However, the realization and optimization of
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magneto-optical traps with their wide parameter space is particularly difficult.
Here, we present a very general method for the optimization of molecular
magneto-optical trap operation by means of Bayesian optimization. We take
CaF as an example and optimize the capture velocity, which can lead to signifi-
cant gains in the number of molecules loaded into a trap. In the simulation, the
nonlinear Zeeman sublevels and the magnetic field dependent transition rates
are considered to get more accurate results. We obtain a group of parameters for
both A’TI, /- X?=* and B?Z* -X?2* transitions that are superior to the con-
ventional MOT scheme in both trapping and cooling force, as well as the capture
velocity. Three laser frequency components schemes are also given to simplify
the experiment. Finally, we use the optical Bloch equations (OBEs) to investigate
sub-Doppler heating effects with the optimized schemes and find that, while the
program is designed to find the maximum capture velocity, it can also reduce the
velocity range over which the sub-Doppler heating effects occur.

MO 73 Tuell:00 MO-HS8
Evaporation of microwave-shielded polar molecules to quantum degeneracy
— ANDREAS SCHINDEWOLFI’Z, *ROMAN BAUSEI’Z, XING-YAN CHENI’Z, MAR-
CEL DUDAI’Z, Toys KARMAN3, IMMANUEL BLOCH1’2’4, and XIN-Yu LUOl‘2 —
! Max-Planck-Institut fiir Quantenoptik, 85748 Garching, Germany — 2Munich
Center for Quantum Science and Technology, 80799 Miinchen, Germany —
*Institute for Molecules and Materials, Radboud University, 6525 AJ Nijmegen,
Netherlands — *Fakultit fiir Physik, Ludwig-Maximilians-Universitat, 80799
Miinchen, Germany
Ultracold polar molecules offer strong dipole moments and rich internal struc-
ture, which makes them ideal building blocks for exotic quantum matter. How-
ever, even chemically nonreactive molecules have been shown to undergo in-
elastic two-body collisions by a mechanism that is not yet fully understood. As
these collisions have so far prevented cooling to quantum degeneracy in three
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dimensions, overcoming them represents an important step towards full quan-
tum control of molecules. In this work, we demonstrate evaporative cooling of
a bulk gas of fermionic 2 Na“’K molecules to well below the Fermi tempera-
ture. The molecules are prevented from reaching short range with a repulsive
barrier engineered by coupling rotational states with a strong microwave field,
which suppresses lossy collisions. The microwave field also induces large dipole
moments, leading to strong elastic collisons which enable efficient evaporation.
This allows us to to cool the molecular gas down to 21 nK, which is 36% of the
Fermi temperature.

MO 74 Tuell:15 MO-H8
Towards direct laser cooling of barium monofluoride — «MARIAN ROCKEN-
HAUSER, FELIX KOGEL, EINTUS PULTINEVICIUS, and TiM LANGEN — Universitit
Stuttgart, 5. Physikalisches Institut, IQST
Cold molecular gases are the starting point for many novel and interdisciplinary
applications ranging from few- and many-body physics to cold chemistry and
precision measurements. However, while there has recently been significant
progress in the direct cooling of molecules, the preparation of a new molecu-
lar species in the cold temperature regime still requires a careful optimization of
the available cooling techniques. We have performed vibrational spectroscopy
of monofluoride (BaF), to determine the cooling and repumping transitions of
this molecule with an accuracy of better than 100 MHz. Together with a detailed
modelling of the cooling processes, this brings laser cooling of this species within
reach.

MO75 Tuell:30 MO-HS8
Hyperfine resolved optical spectroscopy of the A’ —X>5" transition in
MgF — ¢MAXIMILIAN DOPPELBAUER', SIDNEY C. WRIGHT', SiMON HoFsiss',
Boris SARTAKOVZ, GERARD MEIIERI, and STEFaN TrupPE! — !Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany
— 2General Physics Institute, Russian Academy of Sciences, Vavilovstreet 38,
119991 Moscow, Russia
The group II monofluoride MgF is a promising candidate for magneto-optical
trapping at high densities. However, published information on the AT X235t
transition is incomplete, with many important properties not experimentally
measured.
Here, we present an extensive set of hyperfine-resolved spectroscopic measure-
ments on MgE. We recorded 25 rotational transitions with an absolute accuracy
of <20 MHz. From the fitted line positions, we determined precise spectroscopic
parameters for the A’IT state. We also measured the transition isotope shift be-
tween 24 rotational lines of the isotopologues **MgF and 2 MgF, and compared
to the predictions within the Born-Oppenheimer approximation. We report the
first experimental measurement of the radiative lifetime of the A*II, v = 0 level
and the measured electric dipole moments of the X>E* and A*IT states. Electric
field induced parity mixing can lead to significant optical cycling losses, unless
the fields are controlled to below 1 V/cm. This new set of measurements illus-
trates the importance of detailed spectroscopic understanding of laser cooling
candidates, and forms a stringent set of benchmarks for quantum chemical cal-
culations.

MO7.6 Tuell:4d5 MO-H8
A new perspective on cryogenic buffer gas beams: comparing AlF, CaF, MgF
and YbF — «SiDNEY C. WRIGHT, MAXIMILIAN DOPPELBAUER, XIANGYUE LIU,
H. CHRISTIAN SCHEWE, SIMON HOFsAss, SEBASTIAN KrAY, JEsUs PEREz-Rfios,
GERARD MEIJER, and STEFAN TRUPPE — Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, 14195 Berlin

MO 8:
Time: Tuesday 16:30-18:30

MO 8.1 Tuel6:30 P
Two-color X-ray pump-probe experiments with halogenized hydrocarbons
— eALICE ]UDTI, JuLius SCHWARZI, FaB1ANO LEVERZ, ALJOSCHA ROERIG3,
KAROLIN BAEV4, DENNIS MAYERZ, IvaN BAEVI, Martz NISSENl, STEFFEN
PaLutke?, MARKUS GUEHR?, MARKUS DRESCHER!, MARION KUHLMANN?,
MICHAEL MEYER® , MATTHIAS DREIMANN® , HeELmuUT ZACHARIASs, and
MICHAEL MARTINS' — 'Universitit Hamburg, Hamburg, Germany —
2Universitit Potsdam, Potsdam, Germany — 3European XFEL, Schenefeld,
Germany — “Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany
— Center for Soft Nanoscience, Westfilische Wilhelms-Universitit Miinster,
Miinster, Germany
Charge transfer on the fs time scale is the basis to understand chemical reactions
in molecules. A time resolved two-color XUV-pump/XUV-probe method was
used to analyze this process in CIBrCH,, CIBrC,H, and CIBrC3;H4 molecules.
A short 100 fs 70 eV XUV pump pulse excites a Br 3d electron, inducing a re-
laxation process within the molecule including charge transfer from Br to Cl. By

Cryogenic buffer gas beams of atoms and molecules are an essential precursor
for many experiments with ultracold matter. Whilst the production efficiency
and phase-space distribution of the target species determine the scientific ap-
plications of a buffer gas source, these properties are not well understood and
difficult to compare between experiments.

In the same setup, we produce and compare buffer gas beams of Al, Ca and Yb,
with the laser coolable molecules AIF, CaF, MgF and YbE. We deduce that pro-
duction of AIF from Al is nearly 100% efficient in our source, whereas for the
other monofluorides it is about 10%. This is supported by calculations using a
combination of molecular dynamics and density functional theory, suggesting it
may be possible to predict the production efficiency for other molecular species.
We use a Stark Decelerator to accurately map the longitudinal phase-space dis-
tribution of the AIF beam, and measure its rotational state distribution using
the convenient optical transitions. Together, this provides new insight into the
thermalisation dynamics in the buffer gas cell. Our findings have important im-
plications for the design of future cold molecule sources.

MO 7.7 Tue12:00 MO-HS8
Buffer gas cooling and optical cycling of AIF molecules — «SiMoN Horsiss',
MAXIMILIAN DOPPELBAUERI, SIDNEY WRIGHTl, SEBASTIAN KRAYI, JESus
PEREZ—RIOSI, Boris SARTAKOVZ, GERARD MEIIERI, and STEFAN TRUPPE!
— !Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany —
2Prokhorov General Physics Institute, Russian Academy of Sciences, Moscow,
Russia
Ultracold, polar molecules promise many new applications in fundamental
physics and chemistry. In particular, aluminium monofluoride (AIF) is a promis-
ing candidate to produce a dense, ultracold gas through laser cooling. We show
that AIF can be produced very efficiently in a bright, pulsed cryogenic buffer
gas molecular beam, and demonstrate rapid optical cycling on the Q rotational
lines of the A'IT &> X'S* transition near 228 nm. This is the first step towards
cooling the molecules to the ultracold regime. Losses from the cooling cycle are
sufficiently low to allow loading the molecules into a MOT. We also present our
recent progress in creating a dense and cold cloud of cadmium (Cd) atoms using
the 'P; «! S, transition near 229 nm. Cd is an excellent test species for our
MOT apparatus as it shares many properties with the more complex case of AIF.

MO 7.8 Tuel2:15 MO-H8
Singlet Pathway to the Ground State of Ultracold Polar Molecules — ANBANG
YANGI, SOFIA BOTSII, SUNIL KUMARl, SAMBIT B. PALI, MARK M. LAMl, IEVA
CEPAITE', ANDREW LAUGHARN', VICTOR A. AvALOS PINILLOS', CANMING HE',
X1A0YU NIEI, and «Ka1 Dieckmann"? — !Centre for Quantum Technologies,
3 Science Drive 2, 117543 Singapore — *Department of Physics, National Uni-
versity of Singapore, 2 Science Drive 3, 117542 Singapore
Starting from weakly bound Feshbach molecules, we demonstrate a two-photon
pathway to the dipolar ground state of bi-alkali molecules that involves only
singlet-to-singlet optical transitions. This pathway eliminates the search for a
suitable intermediate state with sufficient singlet-triplet mixing and the explo-
ration of its hyperfine structure, as is typical for pathways starting from triplet
dominated Feshbach molecules. By selecting a Feshbach state with a stretched
singlet hyperfine component and controlling the laser polarizations, we assure
coupling to only single hyperfine components of the A" excited potential and
the X'Z* rovibrational ground state. In this way an ideal three level system is
established, even if the hyperfine structure is not resolved. We demonstrate this
pathway with °Li**K molecules, and discuss our progress on its application to
coherent transfer to the dipolar ground state.

Poster 1
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exciting a chlorine 2p electron with a second (probe) pulse of 210 eV, informa-
tion about the electronic rearrangement can be obtained.

The experiment was carried out at the FL24 beamline of the free-electron laser
FLASH2 at DESY using the new split-and-delay unit. A magnetic bottle electron
spectrometer was used to measure the kinetic energy of the electrons. First re-
sults and a preliminary analysis of resonant molecular excitations using small
pump-photon energy variations will be discussed.

MO 8.2 Tuel6:30 P
Strong field ionization of NO, probed by femtosecond soft X-ray absorption
spectroscopy at N K-edge — ¢ZHUANG-YAN ZHANG, MAR-OLIVER WINGHART,
PeENG HAN, CARLO KLEINE, ARNAUD ROUZEE, and ERIK NIBBERING — Max-
Born-Institute, Berlin, Germany
The photoexcitation dynamics of NO, at 400 nm is investigated by time-resolved
soft X-ray absorption spectroscopy using a table-top, femtosecond soft X-ray
source based on high harmonic generation, which delivers femtosecond pulses
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in a photon energy range between 250 eV and 450 eV. The ionization dynamics
of the molecule from its ground state (YZAI) by intense 400 nm laser pulses is
directly mapped into the transient change of the soft X-ray absorption spectrum
near the N K-edge. Before ionization, the molecule is characterized by strong ab-
sorption features at 401 eV and 403.5 eV corresponding to transitions from the
N 1s o core-shell state to the singly occupied X*A, ground state and the A°B,
first excited state of the molecule, respectively. The ionization of the molecule
by the 400 nm laser pulse is accompanied for a strong depletion of the absorp-
tion observed near 401 and 403 eV, and is responsible for the appearance of new
absorption lines at around 394 eV and 397 eV that we assign to fast dissociation
of the molecular cation to form both NO and NO* fragments. At lower inten-
sity, these two absorption peaks are shifted by 1 eV towards lower/higher energy,
indicating a strong dependence of the ionization dynamics to the laser intensity.

MO 83 Tuel6:30 P
Construction of a laser transfer line for the Cryogenic Storage Ring —
«ANNIKA OETJENS, DAMIAN MULL, AIGARS ZNOTINS, FLORIAN GRUSSIE, and
HoLGER KRECKEL — Max-Planck-Institut fir Kernphysik, 69117 Heidelberg,
Germany
The Cryogenic Storage Ring (CSR) at the Max-Planck-Institut fiir Kernphysik in
Heidelberg is a fully electrostatic storage ring with inner vacuum chambers that
can be cooled to liquid helium temperatures. Part of the experimental program
at the CSR relies on the interaction of laser light with stored molecular ions for
photodetachment, photodissociation, and spectroscopy studies. To this end we
are currently planning the construction of a new dedicated laser area next to the
CSR, which will enable more stable and controlled laser applications. The laser
light will be guided through evacuated chambers into which optical components
can be placed. Simulations and tests on how to minimize the loss of power for
lasers with different beam quality are part of current work. Furthermore, tests
of an active beam stabilization system to improve pointing instabilities for both
continuous and pulsed lasers during frequency scans are ongoing. Moving all
lasers into a temperature-controlled and air-filtered environment will improve
experimental stability and increase safety during operation. The beam line is ex-
pected to be built in early 2022 and its design allows for adaptions to varying
experimental requirements.

MO 84 Tuel6:30 P
Laser-heated molecular deposition source — FABIANO LEVER, ALANAS
STRAECK, and sL1sA MEHNER — University of Potsdam, Potsdam, Germany
We present a setup for the laser-induced desorption of molecular samples, to be
used as a sample delivery system in ultrafast experiments in gas-phase.

For the commissioning, we used a phenylalanine sample, which has been used
with such a source before [1].We explore different sample preparation methods,
which are then tested for their reliability.

The samples are applied on Al-foil and inserted into a vacuum chamber. Anin-
frared diode-laser heats the foil, causing molecular desorption. We use a quartz-
balance to measure the rate of desorption. We systematically vary the experi-
mental parameters, such as the laser intensity, to characterize their relation to
the sample desorption rate.

Multiple solvents have been tested, with the most promising being the use of
a water-based soultion. This produces a thin layer of phenylalanine on the foil
after drying off.

[1] E Calegari et al, Science 246, 336 (2014)

MO 85 Tuel6:30 P
Signatures of non-adiabatic physics in the vibrational spectrum of Rydberg
molecules — ¢ATLEEN ANTJE THERESIA DURST and MATTHEW TRAVIS EILES —
Max-Planck-Institut fiir Physik komplexer Systeme, Néthnitzer Str. 38, D-01187
Dresden, Germany
A highly excited valence electron of a Rydberg atom scattering off of a ground
state atom forms an ultra-long range molecule. A distinctive feature of these
molecules is the so-called butterfly potential curve, which plunges through the
potentials associated with low electronic angular momentum and induces a
rapid, almost step-like, variation in them. Despite this drop in the potential,
which destroys the inner potential barrier, stable vibrational states still exist.
The occurrence of such bound states has been explained by quantum reflec-
tion from the steep drop in the potential. However, non-adiabatic couplings
which arise and may become quite strong near this cliff have been neglected.
We have developed approximate potentials which give strong indications that
this non-adiabatic coupling can provide an alternative explanation for these un-
usual bound states. In this poster, we present our study of the vibrational spec-
trum including non-adiabatic coupling. By numerically calculating the full non-
adiabatic problem and extracting the vibrational spectra, we can compare this
method to the purely adiabatic approach relying on quantum reflection. Our
study shows that long-range Rydberg dimers can provide an extreme environ-
ment to test the usual assumptions of Born-Oppenheimer physics and obtain
further insights into non-adiabatic phenomena.
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MO 8.6 Tuel6:30 P
Improved XUV magnetic bottle photoelectron spectrometer — ¢KARIMAN
EvLsHIMI, FABIAN BAR, PHILIPP ELSASSER, and BERND V. ISSENDORFF —
Physikalisches Institut der Albert-Ludwigs-Universitit Freiburg
A new XUV magnetic bottle photoelectron spectrometer (MBPES) has been
constructed for studying the electronic structure and the dynamics of free mass-
selected and temperature-controlled clusters at free-electron lasers (FEL). This
unique spectrometer system includes cryogenic (< 4K) interaction region and
special ion optics designed specifically to suppress the background contribution
in the XUV range.

The resolution of the spectrometer can be improved by both static decelera-
tion and a time-dependent deceleration focusing the electron package. Here, we
discuss test measurements on atoms and molecules demonstrating that with the
new deceleration scheme resolutions of AE/E = 0.5% can be reached.

MO 8.7 Tuel6:30 P
Novel sample delivery system for small nanoparticles and biomolecules —
«LENA WORBSI’Z, JANNIK LﬁBKE1’2’3, ARMANDO ESTILLOREI, AMIT SAMANTAI,
and JOCHEN Kopper">® — !Center for Free-ElectronLaser Science CFEL,
Deutsches Elektronen-Synchrotron DESY, Hamburg,Germany — *Department
of Physics, Universitit Hamburg,Hamburg, Germany — >Center for Ultrafast
Imaging, UniversititHamburg, Hamburg, Germany
Coherent diffractive imaging with free-electron lasers promises to allow the re-
construction of the three-dimensional molecular structures of isolated particles
at atomic resolution [1]. However, because of the typically low signal-to-noise
ratio, this requires the collection of a large amount of diffraction patterns. Since
every intercepted particle is destroyed by the intense x-ray pulse, a new and
preferably identical sample particle has to be delivered into every pulse.

We present a novel injection scheme, combining electrospray ionization for
aerosolization of the sample, followed by shock-freezing and focusing techniques
to produce a collimated or focused nanoparticle beams of a broad variety of bi-
ological nanoparticles, ranging from large nanoparticles to small single-domain
proteins. These nanoparticle beams can be further manipulated to separate, for
instance, charge states or conformational states, to allow pure samples to be de-
livered into the x-ray focus.

[1] M. M. Seibert, et al, Nature 470, 78 (2011).

MO 8.8 Tuel6:30 P
Probing structural dynamics of molecules and clusters using XFEL pulses and
synchrotron radiation — «DIMITRIS KOULENTIANOSI’Z, NipIN VADASSERYI,
LUDMILA SCHNEIDER?, HUBERTUS BROMBERGER', SEBASTIAN TriPPEL"?, and
JOCHEN Kopper"?>? — !Center for Free Electron Laser Science, Deutsches
Elektronen-Synchrotron DESY, Hamburg — 2Department of Physics, Univer-
sitit Hamburg — *Center for Ultrafast Imaging, Universitit Hamburg
The development of x-ray free-electron laser (XFEL) and third generation
synchrotron-radiation (SR) facilities, allowed for the study of molecular dynam-
ics within the (sub)picosecond timescale [1]. In the present work, preliminary
results using such light sources will be presented. Here, we will discuss both,
delay-dependent hydrogen bond changes upon irradiation of the indole-water;
cluster, using a UV-pump x-ray-probe scheme offered by the Linac Coherent
Light Source (LCLS), as well as the recording of molecular frame photoelectron
angular distributions (MFPADs), using SR at PETRA III. Finally, our Timepix 3D
camera [2] is expected to play a significant role in such experiments, as it allows
us to obtain three dimensional ion velocities and to measure simultaneously all
the ejected electrons and ions. First results demonstrating its capabilities, using
nitrogen as target species [2], will be presented.

[1] Kierspel et al., Phys. Chem. Chem. Phys. 20, 20205 (2018)
[2] Bromberger et al., arXiv:2111.14407

MO 89 Tuel6:30 P
Fluorine reactor study of Pyrdine: Formation of Pyridinyl radicals and
C5H3N isomers — ¢KATHARINA THEILI, MARIUS GERLACHI, EmiIL KARAEVI,
JEAN-CHRISTOPHE LOISONZ, CHRISTIAN ALCARAZS, LAURENT NOHAN4, and
INGo Fiscaer! — !Universitit Wiirzburg, 97074 Wiirzburg, Germany —
*Université de Bordeaux, 33405 Talence, France — >Université Paris-Saclay,
91190 Gif-sur-Yvette, France — 4Synchrotron SOLEIL, 91190 Gyf-Sur-Yvette,
France
Pyridyl radicals are the prototypical heterocyclic radicals containing nitrogen as
a heteroatom. Since pyridine is one of the main components of heterocycles in
fossil fuels, the formation of pyridyl radicals has been suggested as a possible
intermediate in combustion processes. The decomposition of pyridine has been
the subject of numerous detailed experimental and theoretical studies, which
have shown that the thermal decomposition of pyridine produces, among oth-
ers, cyanide, acetylene, and hydrogen, starting with the cleavage of the C-H bond
that initiates a decomposition cascade with diverse pyrolysis products.

We present measurements on pyridine conducted at the DESIRS beamline at
Synchrotron Soleil in France employing the fluorine discharge reactor. One and
two Hydrogen loss products are observed and are characterized by evaluating
their slow photoelectron spectra and corresponding franck condon simulations.
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MO 8.10 Tuel6:30 P
IR-Spectroscopy of Dysprosium-Chromium — SASCHA SCHALLER, Jo-
HANNES SEIFERT, NICOLE WALTER, ANDRE FIELICKE, GIACOMO VALTOLINA,
and GERARD MEIJER — Fritz-Haber-Institute of the Max-Planck-Society Berlin,
Deutschland
Spectroscopic characterization of the gas-phase DyCr dimer by a two-color ion-
ization method that combines UV light with infrared photons coming from an
infrared free electron laser (IR-FEL).

MO 8.11 Tuel6:30 P

Infrared Action Spectroscopy of Single Nanoparticles in the Gas Phase —
«SoPHIA LEIPPE, BENJAMIN HOFFMANN, and KnuT R. Asmis — Wilhelm-
Ostwald-Institut fiir Physikalische und Theoretische Chemie, Universitat
Leipzig, 04103 Leipzig, Germany
The surface of a nanoparticle (NP) can be characterized by infrared spectroscopy
in the gas phase in order to avoid perturbing interactions with its environment.
Since direct absorption spectroscopy is typically not sensitive enough for this
purpose, alternative methods are required, in which the absorption of photons
is detected indirectly by way of action spectroscopy. A novel single NP mass
spectrometer is used that allows to non-destructively monitor the absolute mass
of the NP. Adsorption of messenger compounds onto the NP is enabled by a
temperature-controllable (10 - 350 K) ion trap. Absorption of electromagnetic
radiation leads to heating of the NP and evaporation of the messenger, which
is indirectly detected as a loss of mass. Proof-of-principle experiments showed
that UV/VIS action spectra are in reasonable agreement with direct absorption
spectra obtained from measurements in solution.[1] We are currently extend-
ing this technique to the infrared regime (4200 - 2500 cm-1) and first results are
reported here. Single NP infrared action spectroscopy can ultimately provide
new insights which are of interest for various fields, such as catalysis, material
separation or medicine.

[1] B. Hoffmann, T. K. Esser, B. Abel, K. R. Asmis, J. Phys. Chem. Lett. 11,
6051*6056 (2020)

MO 8.12 Tuel6:30 P
Doppler-free spectroscopy of the H I3t — A'EY — X 21'13 /2 transition in
nitric oxide — PHILIPP NEUFELDI, PATRICK KASPARI, FABIAN MUNKESI, LEA
EBELI, YANNICK SCHELLANDERZ, ROBERT Léwl, TiLMAN PFAUI, and HARALD
KusLEr! — !5, Physikalisches Institut and Center for Integrated Quantum Sci-
ence and Technology IQST, Universitit Stuttgart — *Institut fiir Grofiflichige
Mikroelektronik, Universitét Stuttgart

On the A%S% « X711, /2 transition in nitric oxide (NO) we employ Doppler-
free spectroscopy for different total angular momenta J on the P;, branch. Via
phase sensitive detection by a lock-in amplifier the hyperfine structure of the
X 2H3 /2 state of NO is partially resolved. The data is compared to previous mea-
surements [1]. On the H?S" «— A5 transition, optogalvanic spectroscopy
is performed [2]. Both transitions are driven in continuous wave operation at
226 nm and 540 nm, respectively. Investigation of the dependence of the spec-
troscopic feature on power and pressure, should yield hyperfine constants, natu-
ral transition linewidth and the collisional cross-section between NO molecules.
The novel approach of optogalvanic spectroscopy has the potential to facilitate
the investigation of the structural details of H 2X*.

[1] W.L. Meerts and A. Dymanus, J. of Mol. Spec. 44, 320-346 (1972)

[2] P. Kaspar et. al., OSA Optical Sensors and Sensing, 19-23 July, 2021

MO 8.13 Tuel6:30 P
LLWP - A new Loomis-Wood Software applied to the Example of Propanone-
13C1 — «Luis BONAHI, OLIVER ZINGSHEIMI, SVEN THORWIRTHI, HOLGER
S. P. MULLER!, FRANK LEWEN', JEAN-CLAUDE GUILLEMIN?, and STEPHAN
ScHLEMMER! — 1. Physikalisches Institut, Universitit zu K6ln, Kéln, Germany
— 2ENSC, Univ. Rennes, France
Spectra of complex molecules are dense and complicated, especially if isotopo-
logues, low-lying vibrationally excited states, hyperfine structure and other inter-
actions are present. In addition, the analysis of these spectra can be difficult due
to line confusion. One approach to accommodate this challenge are Loomis-
Wood plots (LWPs), which are a visual aid for displaying series of transitions
in a spectrum in order to ease assignments. Programs utilizing LWPs exist al-
ready in the literature, e.g. AABS, Pgopher and LWW. Here, we present a newly
developed software which focuses on being intuitive and user friendly while si-
multaneously allowing for fast and confident assignments of molecular spectra.
The software is called LLWP and is written in Python. The core functionality
and selected features are presented on the example of first results of the analy-
sis of spectra of isotopically enriched propanone-13C1 (13CH3COCHS3). This
molecule was synthesized as its signal at natural abundance only allowed for a
very limited analysis. The software and its full documentation are available at
Itotheois.github.io/LLWP.
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MO 8.14 Tue16:30 P
Chirped-pulse millimeter wave spectroscopy on complex molecules of astro-
physical interest — «BETTINA HEYNE, MARIUS HERMANNS, NADINE WEHRES,
FRANK LEWEN, and STEPHAN SCHLEMMER — 1. Physikalisches Institut, Univer-
sitdt zu Koln, Deutschland
We present our chirped-pulse Fourier transform millimeter wave spectrometer
[1], which is operational between 75 and 110 GHz. This range overlaps with the
Atacama Large Millimeter/Submillimeter Array (ALMA) Band 3. The instru-
ment is designed to achieve high stability and sensitivity, which makes it possible
to measure spectra of isotopic species of molecules in natural abundance. The
principle setup coincides in many aspects with our emission spectrometer [2],
thus a comparison of chirped pulse measurements and emission spectroscopy
is discussed briefly. Furthermore, a high voltage DC discharge in combination
with a supersonic jet is incorporated to observe fragments of molecules. For this
application, first tests were performed with methyl cyanide (CH;CN) as a pre-
cursor molecule. We observed HCN as well as HNC discharge products.
[1] M. Hermanns, N. Wehres, B. Heyne, K. von Schoeler, G. Neplyakh, M. Topfer,
C. E. Honingh, U. U. Graf and S. Schlemmer, in preparation
[2] N. Wehres, B. Heyne, F. Lewen, M. Hermanns, B. Schmidt, C. Endres, U. U.
Graf, D. R. Higgins and S. Schlemmer, IAU Symposium, 2018, pp. 332-345

MO 8.15 Tuel6:30 P
A status report on the Cologne Database for Molecular Spectroscopy, CDMS
— eHOLGER MULLER, PETER SCHILKE, and STEPHAN SCHLEMMER — I
Physikalisches Institut, Universitit zu K6ln, Germany

The CDMS* has been founded more than 20 years ago as a link between labo-
ratory spectroscopy and astrophysics. It provides in its catalog section line lists
of mostly molecular species which were or may be detected in space by radio
astronomical means.” The line lists are generated by fitting critically evaluated
experimental data, mostly from laboratory spectroscopy, to established Hamil-
tonian models. Separate entries are generated for different isotopic species and
usually also for excited vibrational states. 1110 entries are in the CDMS catalog
as of Dec. 2021. Species representing 468 entries have been detected in space,
representing a substantial fraction of the more than 260 different molecules de-
tected in space. The catalog is an important resource for secondary data source.

Other sections of the classical incarnation of the CDMS include a page on
Molecules in Space and a help page for users of Pickett's SPFIT/SPCAT pro-
grams. A mysql-based incarnation participates in the Virtual Atomic and Molec-
ular Data Centre, VAMDC, which is linked to a plethora of other spectroscopic,
collisional, and kinetic databases via the VAMDC portal.

% Shortcut: cdms.de; web address: https://cdms.astro.uni-koeln.de/

b H.S. P. Miiller et al., Astron. Astrophys. 370 (2001) L49

¢ http://www.vamdc.org/

MO 8.16 Tuel6:30 P
Merged-beams experiments on molecular ion-neutral reactions for astro-
chemistry — «PIERRE-MICHEL HILLENBRANDI, XAVIER URBAINZ, and DANIEL
WOLE SAVIN® — 1]ustus—Liebig Universitit, Giessen, Germany — “Université
catholique de Louvain, Louvain-la-Neuve, Belgium — 3Columbia University,
New York, USA
The gas-phase formation of complex molecules in the interstellar medium pro-
ceeds dominantly through barrierless ion-neutral reactions at typical tempera-
tures of 10 — 100 K. Our merged-beams apparatus operated at Columbia Uni-
versity in New York City enables us to measure energy-dependent absolute
cross sections of molecular formation processes in reactions of singly-charged
molecules with neutral atoms and derive temperature-dependent thermal rate
coeflicients for individual product channels. Focusing on key reactions imple-
mented in astrochemical models as well as on systems of fundamental interest,
we have recently studied the reactions D + H; — H,D* + H[1], D + H,D" —
D,H" +Hand D+ D,H" - D] +H[2],C+H; - CH" +Hand C+D; —
CD" + D [3], as well as O + H;' — OH" +H, and O + H;’ — H,0" + H [4].
For example, the branching ratio of the O+ Hj reaction is relevant for accurately
modeling the gas-phase formation of water in the diffuse and dense molecular
clouds.
[1] Astrophys. J. 877, 38 (2019)
[2] J. Chem. Phys. 154, 084307 (2021)
[3] Phys. Chem. Chem. Phys. 22, 27364 (2020)
[4] Astrophys. J., accepted for publication

MO 8.17 Tuel6:30 P
Towards the Threshold Photodetachment Spectroscopic studies of C, —
eSRUTHI PURUSHU MELATH, CHRISTINE LOCHMANN, MARKUS NOTZOLD,
ROBERT WILD, and RoLAND WESTER — Institut fiir Jonenphysik und Ange-
wandte Physik, Universitit Innsbruck, Innsbruck, Austria
Different neutral and charged interstellar molecules constitute the building
blocks for a rich reaction network in the interstellar medium (ISM). Many com-
plex molecules have been detected but many observed spectra still have uniden-
tified features. Photodetachment cross-section studies are crucial for predicting
the abundance of anions in the ISM.
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The threshold photodetachment spectroscopy of CN™ was performed by our
group at both 16 K and 295 K in a 22-pole ion trap and 295 K from a pulsed ion
beam using crossed-beam velocity map imaging (VMI) setup [1]. In next ex-
periments we aim to study the threshold photodetachment spectroscopy of C;,
which is speculated to exist in the interstellar medium, in a 16-pole radiofre-
quency ion trap, which can be cooled down to 6 K to mimic conditions in the
ISM. For the photodetachment, we will use the frequency-doubled tunable dye
laser system (output produces a scanning range of 365 nm - 385 nm) in our lab.
The status of the experiment will be presented.

[1] M. Simpson, et al., Threshold photodetachment spectroscopy of the astro-
chemical anion CN™. J. Chem. Phys. 153, 184309 (2020).

MO 8.18 Tuel6:30 P
Laboratory simulations of solar wind ion irradiation on the surface of
Mercury — CAIXIA BUI, BeENnjaMIN C. BOSTICKZ, STEVE N. CHILLRUDZ,
DEBORAH L. DOMINGUES, DENTON S. EBEL4, GEORGE E. HARLOW4, RoOSE-
MARY M. KILLENS, eDANIEL SCHURYI, KyrLe P. BOWENI, PIERRE-MICHEL
HILLENBRANDI, XAVIER URBAIN6, RuITiaAN ZHANGI, DMITRY IVANOVl, and
DANIEL W. Savin' — !Columbia Astrophysics Laboratory, Columbia Univer-
sity, New York — *Lamont-Doherty Earth Observatory, Columbia University,
Palisades — 3Plane'[ary Science Institute, Tucson — 4 American Museum of Nat-
ural History, New York — *NASA-Goddard Space Flight Center, Greenbelt —
SUniversité Catholique de Louvain, Louvain-la- Neuve
Mercury possesses a Na exosphere that is thought to be in part formed by solar
wind ion sputtering of the planet’s regolith surface. However, reliable sputter-
ing data are lacking to confirm this hypothesis. Observations of the planet from
satellites such as MESSENGER provide spectral and photometric data of the sur-
face, which is affected by solar wind ion irradiation.

We have developed a novel apparatus to perform solar wind-like ion irradi-
ation of loose regolith-like powders and to measure angular sputter yields and
spectral changes. Spectra spanning 350-2500 nm will be collected in-vacuo and
in-situ as a function of ion fluence. We will present the experimental setup and
provide first results.

MO 8.19 Tuel6:30 P
Excited State Dynamics of the Q-Bands in Chlorophyll a — <LENA
BAUMLI, SEBASTIAN REITERI, Eva SEXTLZ, and REGINA DE VIvIE-RIEDLE! —
1Department of Chemistry, LMU Munich, Germany — 2Departmen‘[ of Physics,
LMU Munich, Germany
During the conversion of sunlight to chemical energy via photosynthesis the pig-
ment chlorophyll adopts different functions depending on the environment: ab-
sorption of light in the visible range, excitation energy transfer in the antenna
complex, primary charge separation in the reaction centre of the photosystems
and subsequent electron transfer to other redox-active cofactors. Thus, non-
radiative relaxation of high-energy excited states to the lowest excited state in
chlorophylls is central for the understanding of photosynthesis.

In this work, we simulate the ultrafast relaxation process in the Q-bands
of chlorophyll a with grid-based wave packet quantum dynamics in several
reduced-dimensional coordinate spaces. In particular we discuss the relaxation
process in 2D coordinate spaces spanned by the normal modes with the highest
overlap with the non-adiabatic coupling vector. The excited state energies and
non-adiabatic couplings are computed at the CASPT2 level of theory to model
the energy difference between the Q, and the Q, state correctly. Our results
show from a purely quantum mechanical point of view how the Q, and the Q,
band are strongly coupled by internal vibrations and should not be considered
as isolated transitions.

MO 820 Tuel6:30 P
Ligand release from a molybdenum carbonyl complex via an organic pho-
tosensitizer — ¢eMARCEL FISCHER, KEVIN ARTMANN, ROGER JAN KuUTTA, and
PATRICK NUERNBERGER — Institute of Physical and Theoretical Chemistry, Uni-
versitit Regensburg, 93040 Regensburg
Carbon monoxide (CO) can be released from metal carbonyl complexes upon
excitation by light. To circumvent the population of excited singlet states, also
triplet-triplet energy transfer can be employed [1,2]. We investigate the influence
of the triplet photosensitizer benzophenone (BP) on the photochemical behavior
of molybdenum hexacarbonyl Mo(CO)g. By transient absorption spectroscopy,
we observed energy transfer from BP to the complex resulting in the formation
of the dissociation products Mo(CO); and Mo(CO),. An intermediate with a
lifetime larger than a millisecond is also observed, putatively related to the in-
teraction of two product molecules in solution.

The approach may prove beneficial for mixed carbonyl-nitrosyl complexes, in
which the photorelease of a ligand may proceed differently in excited singlet and
triplet states, respectively, as implied by calculations and ongoing experiments
[3].

[1] A Vogler, Z. Naturforsch. B 25, 1069 (1970).
[2] S. H. C. Askes et al., ].Am.Chem.Soc. 139, 15292 (2017).
[3] N. Gessner et al., Phys. Chem. Chem. Phys. 23, 24187 (2021).
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MO 8.21 Tuel6:30 P
Spectroscopic Studies of Carbonyl and Carbonylate Compounds in Liq-
uid Ammonia — *STEPHAN MUTH', FRANZ SCHMIDT?, NIKOLAUS KORBER?,
and PaTrICK NUERNBERGER' — 'Institut fiir Physikalische und Theoretische
Chemie, Universitit Regensburg, 93040 Regensburg — *Institut fiir Anorganis-
che Chemie, Universitit Regensburg, 93040 Regensburg
Metal carbonyls have a multitude of applications in chemistry, biology, and be-
yond. Representing a crucial ingredient in catalysis for a long time, in recent
years these complexes even gained attention in applications treating cancer [1].
Reduction of metal carbonyls by alkali metals in liquid ammonia affords ammo-
niates, showing a vast range of different structures, characterized by single crystal
X-ray analysis [2]. Identification by interaction with visible light is cumbersome
and hence, less commonly employed.

To unveil the structural arrangement in solution, unknown for many com-
pounds, we monitor carbonyls and its reduction products in liquid ammonia at
different temperatures by utilizing a custom-built cryostat. Ion pairs are gen-
erated by direct reduction of neutral homoleptic or heteroleptic carbonyls with
solutions of alkali metals. The extent of separation of the anionic carbonylates
and the cationic ammine complexes in solution is investigated, in dependence on
the transition and alkali metals. Our studies aim at identifying characteristics of
ion pairing, especially under the impact of this rather exceptional solvent.

[1] H. Pfeiffer et al., Dalton Trans., 4292-4298 (2009).

[2] C. Lorenz et al., Z. Anorg. Allg. Chem. 644, 1678-1680 (2018).

MO 822 Tuel6:30 P
Juxtaposition of the photolysis of diphenyldiselenide Ph,Se, and diphenylse-
lenide Ph,Se and the subsequent recombination dynamics of the transient
radicals — «DANIEL GRENDAI, CARINA ALLACHERI, EL1AS HARRERI, ROGER
Jan KUTTAl, ALEXANDER BREDERZ, and PaTRICK NUERNBERGER! — !Institut
fiir Physikalische und Theoretische Chemie, Universitit Regensburg, 93040 Re-
gensburg — nstitut fiir Organische Chemie, Universitit Regensburg, 93040 Re-
gensburg
Organoselenium compounds can be used as effective catalysts in organic synthe-
sis [1], they are building up polymers with dynamic covalent bonds [2] and they
are working as antioxidants in vivo [3]. This rich chemistry is possible by virtue
of the low bond energy of selenium bonds [2] and recombination of selenium-
centered radicals.
By transient absorption spectroscopy on a nano- to microsecond timescale, we
follow the dynamics of Ph,Se and Ph,Se, after photodissociation of the carbon-
selenium or the selenium-selenium bond, respectively, forming the radicals
PhSe” and Ph". Both species photodegrade over prolonged illumination and par-
tially interconvert into each other due to bimolecular radical pair recombination.
Comparison of the differences and analogies of the photochemistry of Ph,Se,
and Ph,Se allows a specific identification of the entire reaction pathways, inter-
mediates and products.
[1] J. Trenner et al., Angew. Chem. Int. Ed. 52, 8952 (2013).
[2] S. Ji et al., Angew. Chem. Int. Ed. 53, 6781 (2014).
[3] L. P. Borges et al., Chem.-Biol. Interact., 160, 99 (2006).

MO 8.23 Tuel16:30 P
Exploring the photophysics and chemistry of triarylamin with regard to the
applicability in photocatalysis — «JOSEPHINE BABEL, PATRICK NUERNBERGER,
and ROGER JaN KuTTa — Institut fiir Physikalische und Theoretische Chemie,
Universitit Regensburg, Germany
Triarylamines Ph;N generally possess a reversible one-electron oxidation be-
haviour, allowing the formation of its stable radical cation (Ph;N*"). This makes
them particularly attractive for photocatalytic oxidiations of substrates with ex-
treme high oxidation potentials via oxidative consecutive photoinduced electron
transfer (con-PET) accumulating two photons of light.

Here, we characterize the photophysics and chemistry of Ph;N and Ph;N**
in the presence and absence of molecular oxygen via transient absorption from
fs to ms in the UV-visible spectral range. Starting from Ph;N, we find Ph;N**
formation upon illumination via a bimolecular reaction of two molecules either
each in a triplet state or one in a triplet and the other in the groundstate. The
excited state of PhyN"" is, with a decay in the sub-100 ps, shorter than typical
diffusion times for bimolecular reactions, which imposes limitations in terms of
photocatalytic applicability. Considering also the determined photoinstability
due to intra- and intermolecular photoconversion of Ph;N, photocatalytic re-
actions must outcompete the intrinsic deactivation pathways for applications of
photocatalytic con-PET type. Approaches to overcome these limitations such as
pre-assembly or enhanced intersystem crossing within the photocatalyst will be
discussed.

MO 824 Tuel6:30 P
Luminescent and excited state properties of bimetallic coinage metal
NHC-complexes — «DANIEL MARHGFERl, Pir BODENI, SOPHIE STEIGERI,
CHRISTOPH KAUBZ, PETER ROESKYZ, GEREON NIEDNER—SCHATTEBURGI, and
MARKUS GERHARDS! — 1Department of Chemistry, TU Kaiserslautern, Erwin-
Schrédinger-Str. 52-54, 67663 Kaiserslautern — *Institute of Inorganic Chem-
istry, Karlsruhe Institute of Technology, Engesserstr. 15, 76131 Karlsruhe
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A series of bimetallic coinage metal complexes containing a specific, bipyridyl
substituted, N-heterocyclic carbene ligand was investigated via luminescence
spectroscopy as well as step-scan FTIR spectroscopy. The emission lifetimes of
the different bimetallic compounds as well as the underlying monometallic gold
complex and the free ligand itself embedded in a potassium bromide matrix were
determined by time-correlated single photon counting in the temperature range
of 5K - 290 K. The excited state structures were studied by electronic excitation

by a pulsed UV laser followed by step-scan FTIR probing, allowing the determi-
nation of the IR absorption of the electronically excited molecules. The obtained
excited state spectra were then compared to both the ground state vibrational
spectrum as well as the excited state IR spectra of the other complexes of the se-
ries. A pronounced dependence of the excited state IR absorption, the emission
colour and the excited state lifetimes on the metal centers could be observed.

MO 9: Femtosecond Spectroscopy Il

Time: Wednesday 10:30-12:00

MO9.1 Wed10:30 MO-H5
Direct Comparison of Molecular-Beam versus Liquid-Phase Pump-Probe
and Two-Dimensional Spectroscopy on the Example of Azulene — HANs-
PETER SOLOWANI, PAVEL MAL\'{l’z, and ToBias Brixner! — lInstitut fiir
Physikalische und Theoretische Chemie, Universitit Wiirzburg, Am Hubland,
97074 Wiirzburg — 2Facmlty of Mathematics and Physics, Charles University,
Prague, Ke Karlovu 5, 121 16 Praha 2, Czech Republic
With mass-resolved ion detection, we have introduced cations as a new observ-
able in coherent two-dimensional (2D) spectroscopy [1]. Here we present new
results of molecular-beam coherent 2D electronic spectroscopy on the exam-
ple of azulene. We directly compare these gas-phase with liquid-phase mea-
surements of azulene dissolved in cyclohexane. Both schemes probe the same
Liouville-space pathway from S, to S,. Furthermore we show the S; excitation
dynamics of azulene obtained by pump-probe measurements in both phases and
discuss results with respect to a passage through a conical intersection between
azulene’s S; and S, state. The comparison allows us to isolate the influence of the
environment of the molecule on its excited-state dynamics.

[1] S. Roeding and T. Brixner, Nat. Commun. 9, 2519 (2018)

MO9.2 Wed10:45 MO-H5

Generation and compression of 10-fs deep ultraviolet pulses at high
repetition rate using standard optics — <LUKAS Bruper!, Lukas
WITTENBECHERZ’S’S, PAVEL KOLESNICHENKO3’4’5, and DONATAS ZIGMANTAS™"”
— UInstitute of Physics, University of Freiburg, Germany — “Department of
Physics, Lund University, 221 00 Lund, Sweden — 3NanoLund, Lund Uni-
versity, 221 00 Lund, Sweden — “Physikalisch-Chemisches Institut, Ruprecht-
Karls-Universitit Heidelberg — >Chemical Physics, Lund University, 221 00
Lund, Sweden
The generation of deep ultraviolet optical pulses featuring broad spectral band-
width and short pulse durations is a challenging task, especially when using high
repetition rate (> 100 kHz) laser systems that provide only low pulse energies
(< 10 yJ). Based on achromatic phase matching [1], we have acomplished the
efficient generation of sub-10-fs pulses at a repetition rate of 200 kHz, tunable in
the wavelength range 250-320 nm [2]. We also simplified the pulse compression
scheme, avoiding adaptive optics.

[1] P. Baum et al., Opt. Lett. 29, 1686 (2004)

[2] L. Bruder et al., Opt. Express 29, 25593 (2021)

MO9.3 Wed11:00 MO-H5

Tracking Ultrafast Exciton-Exciton Annihilation in a Squaraine Dimer
by Sixth-Order Fluorescence-Detected Two-Dimensional Spectroscopy —
«STEFAN MULLERI, PAVEL MALYI, JuLiAN Li'JTTIGl, CHRISTOPH LAMBERTZ, and
Tosias BRixNEr! — 'Institut fiir Physikalische und Theoretische Chemie, Uni-
versitdt Wiirzburg, Am Hubland, 97074 Wiirzburg, Germany — 2Institut fiir Or-
ganische Chemie, Universitit Wiirzburg, Am Hubland, 97074 Wiirzburg, Ger-
many
Exciton-exciton annihilation (EEA), that is, the loss of one exciton through the
interaction with another exciton, is an integral part of the excitation dynamics
in molecular aggregates under high light irradiation. Through recent develop-
ments, the dynamics of EEA can be measured directly by coherently detected
fifth-order two-dimensional (2D) spectroscopy, whereby the properties of exci-
ton diffusion can also be determined [1]. Nonetheless, it is challenging to iso-
late ultrafast annihilation events as they may be obscured by coherent artifacts
and nonresonant response. Here we introduce a novel 2D spectroscopic method
to temporally resolve ultrafast EEA by detecting fluorescence and using only a
single excitation beam. This is achieved by isolating specific sixth-order signals
via 125-fold phase cycling of a collinear four-pulse excitation sequence [2]. We
verify our approach on a squaraine heterodimer with aid of fifth-order 2D spec-
troscopy [3].

[1]J. Dostél et al., Nat. Commun. 9, 2466 (2018).

[2] S. Mueller et al., Nat. Commun. 10, 4735 (2019).

[3] P. Maly et al., J. Chem. Phys. 153, 144204 (2020).
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MO94 Wedl11:15 MO-H5
Tracking Ultrafast Exciton Diffusion in Squaraine Polymers at Various Tem-
peratures — «SIMON BﬁTTNERl, JuLiAN LI'JTTIGl, PAVEL MALY'I’Z, ARTHUR
TurkIN®, CHRrisToPH LaMBERT’, and ToBias Brixner! — lInstitut fiir
Physikalische und Theoretische Chemie, Universitit Wiirzburg, Am Hubland,
97074 Wiirzburg, Germany — “Faculty of Mathematics and Physics, Charles
University, Ke Karrlovu 5, 121 16 Praque, Czech Republic — Institut fiir Organ-
siche Chemie, Universitdt Wiirzburg, Am Hubland, 97074 Wiirzburg, Germany
Exciton diffusion is an important process in solar light harvesting and organic
electronics. We use exciton-exciton-interaction two-dimensional (EEI2D) spec-
troscopy [1], which observes the process of exciton-exciton annihilation (EEA)
to track the exciton diffusion in organic materials. Using EEI2D spectroscopy,
we recently found in squaraine polymers a change from wavelike transport to
a sub-diffusive character of exciton diffusion on an ultrafast timescale [2]. For
further investigations we now analyzed the influence of the environment on ex-
citon diffusion. We embedded the squaraine polymers in a polystyrene matrix
and used EEI2D spectroscopy in a cryostat to determine the effect of temperature
on exciton diffusion. We also compare the results with temperature-dependent
measurements on squaraine polymers in solution to demonstrate the differences
between a solid and a liquid environment.

[1]]. Dostal et al., Nat. Commun. 9, 2519, (2018)
[2] P. Maly et al., Chem. Sci. 11, 456 (2020)

MO9.5 Wed11:30 MO-H5
Dynamics of photoexcited Cs atoms attached to helium nanodroplets —
«NICOLAS RENDLERI, AUDREY SCOGNAMIGLIOI, MANUEL BARRANC02’3’4,
Marti Pi>!, NaADINE HALBERSTADT’, KATRIN DuLiTz', and FRANK
STIENKEMEIER' — lInstitute of Physics, University of Freiburg, Germany —
2Departament FQA, Universitat de Barcelona, Spain — *IRSAMC, Université
de Toulouse, France — “IN2UB, Universitat de Barcelona, Spain
We present an experimental study of the dynamics of photoexcited Cs atoms lo-
cated in a dimple on the surface of He nanodroplets. The repulsive interaction
between the electronically excited alkali atom and the He environment usually
leads to the ejection of the excited alkali atom from the surface of the He nan-
odroplet [1]. This process can be accompanied by fast electronic relaxation in-
duced by the He environment and by the formation of He-Cs exciplex molecules
[2]. After ionization, alkali atoms tend to be attracted by the He nanodroplet
which eventually leads to their solvation inside of the droplet interior. Using
femtosecond pump-probe spectroscopy combined with velocity-map-imaging
and ion-time-of-flight detection, we have determined the time scales for Cs atom
ejection and solvation after excitation to the 6p state as well as for CsHe exciplex
formation [3]. Our results are compared to results of density-functional-theory
simulations [4]. [1] M. Mudrich, E Stienkemeier, Int. Rev. Phys. Chem. 33, 301-
339 (2014). [2] Reho et al., Faraday Discuss. 108, 161, (1997). [3] N. Rendler et
al,, ] Phys Chem A. 125 (41), 9048-9059 (2021). [4] Coppens et al., Eur. Phys. J.
D 73, 94, (2019).

MO9.6 Wed11:45 MO-H5
Ultrafast Dynamics of Xanthine Derivatives and their Use in a Nickel-
Catalysed Cross-Coupling Reaction — sTHoMAs RITTNER!, RAFAEL E.
RODRIGUEZ-LUGO”, KARINA HEILMEIERI, SVENJA WORTMANNI, SIMON
DIETZMANNZ, ROBERT WOLFZ, and PaTRICK NUERNBERGER' — lInstitut fiir
Physikalische und Theoretische Chemie, Universitdt Regensburg, 93040 Re-
gensburg — *Institut fiir Anorganische Chemie, Universitit Regensburg, 93040
Regensburg
Carbon-carbon and carbon-heteroatom cross-coupling is of high relevance in
organic synthesis. In recent years, photo-induced nickel dual-catalysis has been
successfully implemented for such bond-forming reactions under exceptionally
mild conditions, albeit usually expensive precious metal containing photosensi-
tizers are required [1]. We circumvent this issue with newly developed Xanthine-
based ligands.

We employ both stationary and time-resolved absorption and emission spec-
troscopy to unveil the mechanism of this newly developed catalytic system. Spec-
tral properties and dynamics of the ligands, of the reaction mixture, and of a
model complex are juxtaposed. The coordination of the Xanthine ligands to
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Ni(II) is found to be rather weak. The lack of spectral overlap of ligand absorp-
tion and light source, as well as the ligand’s short excited-state lifetime queries
the direct involvement of the ligand in the primary photostep. We thus aim at

identifying alternative mechanisms for the photocatalytic process. Additionally,
a competitive photoisomerization in the Xanthine ligand may occur.
[1] C. Zhu et al., Angew. Chem. Int. Ed. 2021, 60, 17810.

MO 10: XUV-spectroscopy

Time: Wednesday 10:30-12:15

MO 10.1 Wed 10:30 MO-H6

Attosecond pump-probe coincidence spectroscopy of small molecules at 100
kHz — eMIKHAIL OSOLODKOV, ToB1AS WITTING, FEDERICO J. FURCH, FELIX
ScHELL, CLAUS PETER SCHULZ, and MARC J. ]. VRAKKING — Max Born Insti-
tute, Berlin, Germany
It is advantageous to perform attosecond photoionization experiments in
molecules with coincidence detection, since it allows resolving particular pho-
toionization channels, such as dissociative channels. Here we report on experi-
ments done at a beamline combining a table top high order harmonic generation
(HHG) based extreme ultraviolet (XUV) laser pulse source operating at 100 kHz
[1] with a reaction microscope [2], being recently commissioned. A noncollinear
optical parametric chirped pulse amplification system (NOPCPA) operating at
800 nm central wavelength [3] serves as a driver. Both XUV attosecond pulse
trains (APTs) [1], as well as isolated attosecond pulses (IAPs) are available for
attosecond pump-probe experiments with a near infrared (NIR) probe. Employ-
ing the coincidence capabilities, the photoionization dynamics corresponding to
the predissociative C state of the molecular nitrogen ion was studied state selec-
tively using the RABBIT (reconstruction of attosecond beating by interference
of two-photon transitions) technique with short XUV APTs and approximately
7 fs FWHM NIR pulses.

[1] M. Osolodkov et al., J. Phys. B: At. Mol. Opt. Phys.(2020)

[2] Sascha Birkner, PhD thesis, Freien Universitit Berlin (2015)

[3] Federico J. Furch et al., Optics Letters (2017)

MO 10.2 Wed 10:45 MO-H6

Experimental control of quantum-mechanical entanglement in an attosec-
ond pump-probe experiment — eLISA-MARIE Korr!, LAURA MAIKOWSKI',
LORENZ DRESCHERI’Z, Tosias WITTINGI, and MARc J.J. VRAKKING' — 'Max
Born Institute, Berlin, Germany — “Department of Chemistry, University of
California, Berkeley, California 94720, USA
The photoionization of atoms or molecules creates a bipartite quantum system
consisting of a photoelectron and an ion. In many experiments the observabil-
ity of a physical quantity of interest relies on the coherence between the ionic
or electronic parts of the wave function. However, this coherence can be lim-
ited by entanglement [1]. We show the control of entanglement by tuning the
delay of two phase-locked XUV pulses in the dissociative ionization of hydro-
gen molecules [2]. Our experiments show the changing degree of vibrational
coherence due to entanglement between the ionic and photoelectronic part of
the quantum system.

[1] M. J.J. Vrakking, ”Control of Attosecond Entanglement and Coherence”,
Physical Review Letters 126, 113203 (2021)

[2] L.-M. Koll et. al., ’Experimental control of quantum-mechanical entan-
glement in an attosecond pump-probe experiment”, Physical Review Letters (in
press) (or: arXiv:2108.11772 (2021))

MO 10.3 Wed11:00 MO-H6

Observing the electronic coherence in uracil via simulated XUV spectra
— eLENA BAUMLI, FLORIAN ROTTI, THOMAS SCHNAPPINGERZ, and REGINA
DE Vivie-RIEDLE' — !Department of Chemistry, LMU Munich, Germany —
Department of Physics, Stockholm University, Sweden
The nucleobase uracil exhibits a high photostability due to its ultrafast relaxation
process mediated by a S, /S, conical intersection (Coln) seam. Here especially
the interplay between nuclear and electron dynamics becomes prominent. Ap-
plying our NEMol Ansatz!"?! for coupled electron and nuclear dynamics on the
quantum level, we were able to observe a seemingly long-lived electronic co-
herence for the CoIn-mediated relaxation process in uracil. We will discuss the
origin of this longevity and will propose a possible experiment to observe this
coherence. Our method of choice is the time-dependent transient XUV/X-ray
absorption spectroscopy, since this method is sensitive to the fast changes in
electronic structure. Therefore we calculated the transient XUV spectra for the
O, N, and C edges based on the complete wavepacket relaxation dynamics after
laser excitation. The calculations were performed at the restricted active space
perturbation theory (RASPT2) level of theory as outlined by Rott et al®,

[1] T. Schnappinger et al., J. Chem. Phys., 154, 134306 (2021).

[2] L. Bauml et al., Front. Phys., 9, 246 (2021).

[3] E Rott et al., Structural Dynamics, 8, 034104 (2021).
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MO 104 Wed11:15 MO-H6
X-ray absorption spectroscopy of the hydronium cation — «JuLIUs ScHWARZ,
FriDTJOF KIELGASTI, IvaN BAEVI, SIMON REINWARDTI, FLORIAN TRINTERZ,
STEPHAN KLUMPP®, SADIA BARI™, ALEXANDER PERRY-SASSMANSHAUSEN, TI-
CIA BUHRS, STEFAN SCHIPPERSs, ALFRED MULLERS, and MICHAEL MARTINS' —
!Universitit Hamburg, Hamburg, Germany — *Goethe- Universitit Frankfurt
am Main, Frankfurt am Main, Germany — Deutsches Elektronen-Synchrotron
DESY, Hamburg, Germany — *Rijksuniversiteit Groningen, Groningen, The
Netherlands — ~Justus-Liebig-Universitit Gieflen, Gielen, Germany
Facilitated by the hydrogen-bond network of water, protons in liquid water are
diffused at a rapid rate, with several possible explanations invoking the hydro-
nium cation H;0*. Among the many ways of gaining knowledge about H;0%,
the method of soft X-ray absorption spectroscopy has been established as a valu-
able analysis tool for ionic molecules and clusters [1].

We report the use of a flowing afterglow ion source to record the soft X-ray
absorption spectrum of the hydronium H;O" cation at the O 1s edge using the
photon ion spectrometer (PIPE) at the synchrotron lightsource PETRA III in
Hamburg [2]. H,O" cations have been analyzed for comparison. The spectra
show significant shifts in resonance energies and widths compared to neutral
H, O and relative to each other.

[1] Martins et al, J. Phys. Chem. Lett., 12 5 (2021), 1390-1395

[2] S. Schippers et al., X-Ray Spectrometry, 49 11 (2020)

MO 10.5 Wed11:30 MO-H6
Revealing ultrafast proton transfer dynamics in ionized aqueous urea solu-
tion through time-resolved x-ray absorption spectra and ab initio simulations
— oYASHOJ SHAKYAI’Z, LUDGER INHESTERI, ZHONG YIN3, Yi1-PING CHANG4,
TADAS BALéIUNAs4, JEAN-PIERRE WOLF4, HANs JAkoB WC')RNER3, and RoBIN
SanTrRA">® — ICenter for Free-Electron Laser Science, DESY, Hamburg, Ger-
many — *Department of Physics, Universitit Hamburg, Hamburg, Germany —
3Laboratory for Physical Chemistry, ETH Ziirich, Ziirich, Switzerland — *GAP-
Biophotonics, Université de Genéve, Geneva, Switzerland — 5Hamburg Centre
for Ultrafast Imaging, Hamburg, Germany
Probing the early dynamics of chemical systems following ionization is essen-
tial for our understanding of radiation damage. Time-resolved x-ray absorp-
tion spectroscopy (TRXAS) on a femtosecond timescale can provide crucial in-
sights into the ultrafast processes occurring upon ionization due to its element-
specificity. However, to get a clear interpretation of the dynamical features in the
spectra, one often has to reply on theoretical simulations.

In this theoretical study, we investigate the response of urea in 10M aqueous
solution to ionizing radiation and how it can be probed via TRXAS. We are able
to interpret the temporal variation in the carbon K-edge resonance signal as an
effect of proton transfer between two hydrogen bonded ureas through our ab
initio simulations. Our results are in good agreement with recent pump-probe
experiments on 10 M aqueous urea solution.

MO 10.6 Wed11:45 MO-H6
Ultrafast photoisomerization studied by time-resolved photoelectron spec-
troscopy — CAMILO GRANADOSI, EVGENII TITOVZ, JoHAN HUMMERTI, EVGENII
IKONNIKOVl, STEFAN HAACKE® , ROLAND MITRIC4, and *OLEG KorRNILOV! —
'Max Born Institute, Berlin — Department of Chemistry, University of Pots-
dam — Institut de physique et de chimie des Matériaux, Strasbourg — *Institute
of Physical and Theoretical Chemistry, University of Wiirzburg
Ultrafast photoinduced isomerization is a fundamental process governing
molecular dynamics both in biologically relevant chromophores and in func-
tional materials. It is widely accepted that the isomerization efficiency is gov-
erned by the dynamics through conical intersections. However, the influence of
the complex environments hosting the chromophores on the dynamics through
the conical intersection is not fully understood. XUV time-resolved photoelec-
tron spectroscopy (TRPES), are promising in delivering detectable signals from
the regions of conical intersection. TRPES of molecular chromophores requires
application of photoemission methods to the liquid phase samples (molecular
solutions). By combining an ultrafast tunable XUV source with a microliquid
jet sample we demonstrated liquid phase TRPES of organic molecules. In this
contribution we will report on the recent results applying this method to the
prototypical molecules, Methyl Orange and Metanil Yellow[2]. The experimen-
tal results are complemented by high-level TDDFT surface hopping calculations
to reveal electronic state involved in ultrafast isomerization of the molecules. We
will further show preliminary results for several bio-mimetic chromophores.
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MO 10.7 Wed 12:00 MO-H6
Molecular environments in the time-domain — ¢CHRISTIAN SCHRODER,
MAXIMILIAN POLLANKA, PASCAL SCIGALLA, MICHAEL MITTERMAIR, ANDREAS
DUENSING, MARTIN WANCKEL, and REINHARD KIENBERGER — Chair for laser
and X-ray physics E11, Technische Universitdt Miinchen, Germany
We report on photoemission timing measurements performed on small iodine-
substituted organic molecules in the gas phase. The iodine atom’s 4d photoemis-
sion serves as an intra-molecular timing reference which is clocked against the
accurately known Hels photoemission.
Using the iodine atom as an intra-molecular reference is motivated by the
presence of a giant resonance in the 14d — ¢f photoemission channel which

is expected to be largely unaffected by its chemical environment. Therefore, in
proximity to the resonance, any difference in the observable photoemission de-
lay between different molecules is expected to a consequence of the differences
in molecular environment experienced by the leaving photoelectron wavepacket
during its propagation through the molecular potential landscape.

We complement our findings with scattering calculations in order to gain
deeper insight into the relationship between the observable photoemission time
and molecular geometry, the photoelectron angular distribution and the role of
the molecule’s orientation during the experiment, thereby paving the road to-
wards establishing photoemission timing experiments as an efficient and accu-
rate means to study molecular environments.

MO 11: Photochemistry |

Time: Wednesday 10:30-11:45

MO 11.1 Wed10:30 MO-H7
UV and Mid-IR Photo-induced Dissociation of Solvated (Bio)Molecular
Complexes — «MUKHTAR SINGH1’2’3, MATTHEW SCOTT ROBINSON1’2’3, Hu-
BERTUS BROMBERGER "2, JOLIJN ONVLEE"?, SEBASTIAN TRIPPEL"Z, and JOCHEN
Kopper?>? — Center for Free-Electron Laser Science, Deutsches Elektronen-
Synchrotron DESY, Hamburg — *Center for Ultrafast Imaging, Universitit
Hamburg — 3Department of Physics, Universitait Hamburg
We present the ultrafast imaging of UV and thermal energy chemical dynamics
of micro-solvated (bio)molecular complexes probed with strong field techniques
[1]. We produced a pure sample of the molecule of interest in the gas phase by
using a combination of a molecular beam and the electrostatic deflector [2]. To
study the induced dynamics, we set up the both, an UV and a mid-IR pump-
probe experiment, in which a 266 nm and 2.9 ym beam was used to excite the
system. A 1.3 pym beam was used for ionising the system. First experiments
focused on the ion imaging of the UV and mid-IR triggered system. Future ex-
periments will use laser-induced electron diffraction (LIED) [3,4] to probe the
induced dynamics in order to obtain structural information about the system
with atomic resolution.

[1] J. Onvlee, et al., arXiv:2103.07171v1 12 Mar 2021.

[2] S. Trippel, et al., Rev. Sci. Instrum. 89, 096110 (2018).
[3] J. Wiese, et al., Phys. Rev. Research 3, 013089 (2021).
[4] E. T. Karamatskos, et al., J. Chem. Phys. 150, 244301(2019).

MO 11.2 Wed10:45 MO-H7
Multiphoton light-induced potentials — sMATTHIAS KUBEL — Institut fiir Op-
tik und Quantenelektronik, FSU Jena
We study the strong-field photodissociation of H} using Cold Target Recoil Ion
Momentum Spectroscopy. Our two-color streaking method allows us to pro-
duce a coherent wave packet in the molecular cation and expose it to a phase-
controlled mid-infrared laser field. The resulting fragmentation pattern exhibits
a strikingly structured angular distribution, which depends on various laser pa-
rameters. Using two-color Floquet theory as well as numerical solutions of the
time-dependent Schrédinger equation, we show that the pattern arises from an
interplay of competing multiphoton fragmentation pathways, as well as forced
rotational dynamics. On a qualitative level, the dynamics can be intuitively un-
derstood by picturing the light-induced potential energy landscape on which the
nuclear motion takes place. Interestingly, our expeirmental approach allows us
to shape these potentials and follow the ensuing molecular dynamics. Our re-
sults highlight the complexity of intense matter interaction even in the simplest
of molecules.

MO 11.3 Wed11:00 MO-H7
A Velocity Map Imaging Study of the Photodissociation Dynamics of
the Trichloromethyl Radical — CHRISTIAN MATTHAEL', DEB PRATIM
MukHOPADHYAY?, and INGo FiscHER! — !Institute of Physical and Theoret-
ical Chemistry, University of Wiirzburg, Am Hubland, D-97074 Wiirzburg —
ZPresent address: Department of Dynamics of Molecules and Clusters, J. Hey-
rovsky Institute of Physical Chemistry, Dolej$kova 2155/3, 182 23 Praha 8, Czech
Republic
CCl; is one of the numerous halogen-containing molecules that contribute to
the catalytic destruction of the ozone layer. Here we investigate the photodis-

Location: MO-H7

sociation dynamics of this molecule following the excitation with light between
250 and 230 nm. We mainly observe the loss of a Cl atom, that is associated
with the CCl, fragment. However, the generation of CCl could also be observed.
Control experiments using CCl, as a precursor suggest that the CCl results from
the reaction CCl; to CCI + Cl,.

MO 114 Wed11:15 MO-H7

Mechanistic Studies on a Deracemization Reaction via a Triplet 1,3-Diradical
Induced by Energy Transfer from a Chiral Sensitizer — ¢ROGER JAN
KUTTAI, XINYAO LIZ, CHRISTIAN ]ANDLZ, ANDREAS BAUERZ, THORSTEN BACHZ,
and PATRICK NUERNBERGER' — 'Institut fiir Physikalische und Theoretis-
che Chemie, Universitiit Regensburg, Germany — >Lehrstuhl fiir Organische
Chemie I, Technische Universitdt Miinchen, Germany
The photochemical deracemization[1] of spiro[cyclopropane-1,3’-indolin]-2’-
ones (spirocyclopropyl oxindoles) was investigated by time-resolved spectro-
scopies and computational approaches. The corresponding 2,2-dichloro com-
pound is configurationally labile upon direct irradiation and when sensitized by
excited achiral thioxanthen-9-one. In the latter reaction the triplet 1,3-diradical
intermediate is generated via triplet energy transfer from the photosensitizer.

Deracemization is achieved by using a chiral thioxanthone photosensitizer
with a lactam hydrogen bonding site. Here, three factors co-act favorably for
high enantioselectivity: i) a factor 3 differing binding constants to the chiral
thioxanthone for the two enantiomers. ii) unequal molecular distances in the
complexes, presumably lead to differing energy transfer efficiencies. iii) the 1,3-
diradical lifetime exceeds the complex lifetime, facilitating a racemic deactiva-
tion back to the ground state.[2]

[1] Nature 2018, 564, 240-243.

[2] Angew. Chem. Int. Ed. 2020, 59, 21640-21647.

MO 11.5 Wed11:30 MO-H7
Selenyl Radicals in Solution: Photogeneration and Reactions — «CARINA
ALLACHERI, ROGER JAN KUTTAI, EL1AS HARRERI, DANIEL GRENDAI, AmMIT
KUMAR—DUTTAZ, SOOYOUNG PARKZ, ALEXANDER BREDERZ, and PATRICK
NUERNBERGER! — !Institut fiir Physikalische und Theoretische Chemie, Uni-
versitit Regensburg, 93040 Regensburg — Institut fiir Organische Chemie, Uni-
versitit Regensburg, 93040 Regensburg
Due to the low bond energy of selenium bonds, selenium-centered radicals can
be formed photochemically with visible or near-UV light [1], thereby open-
ing up new synthetic strategies based on the versatile reactivity of these radical
species. A prominent precursor of the phenylselenyl radical (PhSe") is diphenyl
diselenide (Ph,Se,) which upon irradiation with UV light may dissociate ho-
molytically [2]. In this work, we identify an additional reaction pathway that is
pursued after excitation of Ph,Se, with 355 nm light. To quantify the dynam-
ics of these competing photochemical processes, transient absorption studies on
a timescale from nano- to milliseconds are performed in various solvent envi-
ronments. Solely in the solvent hexafluoro-2-propanol, a further intermediate,
namely the radical PhSeH™", can be photogenerated. Beyond Ph,Se,, we present
time-resolved studies on further organoselenium compounds as light-triggered
sources of PhSe” and PhSeH™" radicals.
[1] S. Ji et al., Angew. Chem. Int. Ed. 53, 6781 (2014).
[2] I. P. Beletskaya et al., J. Chem. Soc., Perkin Trans. 2, 107 (2007).

MO 12: Annual General meeting
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MO 13: Femtosecond Spectroscopy lll

Time: Wednesday 14:30-15:45

MO 13.1 Wed 14:30 MO-H5
Ultrafast excited-state dynamics of new Fe(II) photosensitizers with linked
organic chromophores — *MIGUEL ANDRE ARGUELLO CoRDERO', AvLA
KRUSEI, PHILIPP DIERKSZ, MATTHIAS BAUERZ, and STEFAN LOCHBRUNNER' —
!University of Rostock, Germany — ?University of Paderborn, Germany
Photocatalytic approaches for the generation of solar fuels are of rising interest,
due to their potential as source for renewable energy. As one key component
they contain typically metal-based photosensitizers (PS) to absorb sunlight. Be-
cause of the low costs and availability of iron, PS based on it are currently inten-
sively investigated to replace their rare and noble metal-based analogues. When
the PS absorb light a metal-to-ligand charge-transfer state is populated. Its life-
time should be in the ns region to perform chemical reactions. In this work we
present newly synthetized Fe(II)-based PS with an organic chromophore linked
to its ligand backbone. With this additional unit the complexes not only show
a wider absorption range in the visible. After optical excitation emissive excited
states with lifetimes of some ns seem to become populated. Comparison with
the emission behaviour of the pure ligands lead to the assumption that the chro-
mophore moiety undergoes electronic decoupling from the rest of the ligand,
if the ligand is linked to the Fe(II) centre. This may lay a basis for the explo-
ration of the reservoir effect, facilitating a populated state located on the linked
chromophore. Here we present our results on ultrafast pump-probe absorption
and time-resolved emission spectroscopy of these new PS and discuss them with
respect to the electronic relaxation pathways.

MO 13.2 Wed 14:45 MO-H5
Femtosecond-NeNePo Spectroscopy of Small Silver Clusters — «MaxX GRELL-
MANN, JIAYE JIN, JURGEN JASCHKE, MARCEL JOREWITZ, and KNUT R. AsmIs —
Wilhelm-Ostwald-Institut fiir Physikalische und Theoretische Chemie, Univer-
sitdt Leipzig, Linnéstrasse 2, D-04103 Leipzig, Germany
Vibrational spectroscopy on mass-selected neutral silver clusters is still difficult
to be performed due to a lack of efficient methods to directly select a single mass
for neutral species in the gas-phase and rare intense and tunable far infrared
sources in the vibrational frequency range of metal-metal bonds.

Here, we present experimental results probing the wave packet dynamics on
the electronic ground state potential energy surface of the neutral silver tetramer
by using femtosecond pump-probe spectroscopy via three charge states, so-
called NeNePo (negative-neutral-positive) spectroscopy. Silver clusters are pro-
duced in a liquid nitrogen cooled magnetron sputter source. Mass-selected sil-
ver tetramer anions are accumulated in a gas-filled ion trap, thermalized to 20
K and subsequently photodetached using an 800 nm ultrafast pump pulse. The
wave packet dynamics are then probed using a second, photoionizing ultrafast
400 nm probe pulse. The so produced signal of silver tetramer cations (and its
fragments) is monitored mass-selectively as a function of the laser pulses delay
time, yielding a NeNePo spectrum. Frequency analysis by Fourier transform re-
veals evidence for the time-dependent excitation of all six vibrational modes and
the time scale of intramolecular vibrational energy redistribution processes.

MO 13.3 Wed 15:00 MO-H5
Time-resolved ultrafast spectroscopy of acene monomers and acene com-
plexes in helium nanodroplets — <AUDREY SCOGNAMIGLIO, NICOLAS
RENDLER, KATRIN DuLITZ, LUKAS BRUDER, and FRANK STIENKEMEIER — In-
stitute of Physics, University of Freiburg, Hermann-Herder Strafle 3, 79104
Freiburg-im-Breisgau
The motivation to study acene molecules such as tetracene and pentacene orig-
inates from the recent interest in organic photovoltaics research (OPVs)[1]. In-
deed, those molecules are known to produce multiple charge carriers through
singlet fission, thus enhancing the efficiency of such devices[2], [3]. On the

Location: MO-H5

one hand, we experimentally study acene monomers in the gas phase to get
insights into their energy-level structure, and into the possible intramolecular
relaxation dynamics and associated time scales. On the other hand, we use the
helium nanodroplet matrix isolation technique to synthesize complexes of two or
more molecules. So far, experimental studies are available only for crystalline or
solution-based systems. We present here time-resolved two-colour pump-probe
studies on acene monomers and acene complexes, investigated using photoelec-
tron imaging and high-resolution ion-time-of-flight mass spectrometry over a
large mass/charge range.

[1] T. M. Clarke and J. R. Durrant, Chem. Rev., vol. 110(11), 2010 [2] P. M. Zim-
merman et al., J. Am. Chem. Soc., vol. 133(49), 2011 [3] P. M. Zimmerman et
al., Nat. Chem., vol. 2(8), 2010

MO 134 Wed 15:15 MO-H5
Coherent two-dimensional photoelectron spectroscopy — «DANIEL UHL, UL-
RICH BANGERT, LUKAS BRUDER, and FRANK STIENKEMEIER — Institute of
Physics, University of Freiburg, Germany.
Coherent multidimensional spectroscopy (CMDS) is a powerful ultrafast spec-
troscopic technique which provides spectro-temporal information otherwise
only accessible in disjunct experiments. Photoelectron spectroscopy, on the
other hand, provides detailed information about the chemical composition and
electronic states of the sample.

Here we present a combination of both methods in a single experiment [1].
This becomes feasible with the development of an efficient single-counting detec-
tion and multichannel software-based lock-in amplification [2]. The approach
offers high temporal, spectral and kinetic energy resolution. It enables differ-
ential CMDS experiments with unprecedented selectivity and enhances the dy-
namic range of CMDS by up to two orders of magnitude. The presented concept
opens up a new perspective for atomically-resolved CMDS experiments using
X-ray photoelectron spectroscopy.

[1] D. Uhl, U. Bangert, L. Bruder, and F. Stienkemeier, Optica 8, 1316-1324
(2021)

[2] D. Uhl, L. Bruder, and F. Stienkemeier, Review of Scientific Instruments
92, 083101 (2021).

MO 13.5 Wed 15:30 MO-H5
Simulating time-resolved X-ray absorption spectroscopy of pyrazine at the
nitrogen K-edge with a full time-domain approach — ¢«ANTONIA FREIBERT 2,
Davip MENDIVE-TAPIA?, Nirs HusE', and Orror VENDRELL? — 1University of
Hamburg, Hamburg, Germany — *Heidelberg University, Heidelberg, Germany
Ultrafast X-ray absorption spectroscopy offers elemental specificity and in prin-
ciple access to the natural time evolution of valence excitations when studying
electronic and structural configurations of molecules and materials. Due to the
complex nature of probing structural dynamics on the femtosecond timescale,
detailed theoretical studies are required to link the spectroscopic observables to
the underlying dynamics and thereby access the high information content con-
tained in this experimental method. A large influence of nuclear dynamics can
be expected in nonlinear spectroscopy which requires a time-dependent frame-
work that is able to describe non-adiabatic phenomena.

I will present time-resolved X-ray absorption spectroscopy simulations of
pyrazine at the nitrogen K-edge including wavepacket dynamics in both the
valence- and core-excited state manifolds. We discuss the validity of the widely
used short-time (or Lorentzian) approximation which neglects the nuclear dy-
namics following the X-ray probe transition. We further demonstrate the impact
of an explicit description of the external electric field and explicitly calculate the
effect of an increasingly longer excitation pulse on the observed photo-triggered
wavepacket dynamics.

MO 14: Photochemistry Il

Time: Wednesday 14:30-16:00

MO 14.1 Wed 14:30 MO-H6
Studying the photodynamics of a formazan in binary solvent mixtures —
eSVENJA WORTMANN, SYLVIA SCHLOEGLMANN, and PATRICK NUERNBERGER —
Institut fir Physikalische und Theoretische Chemie, Universitit Regensburg,
93040 Regensburg
1,3,5-Triphenylformazan (TPF) contains an azo group and a hydrazone group, of
which both can isomerize upon excitation with visible light. Therefore, TPF can
exist in different isomeric forms, which can be converted into each other accom-
panied by a color change of the solution [1,2]. The ratio of the present formazan
isomers and their thermal stability are dependent on the solvent environment
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and the illumination conditions. Thus, we studied the photodynamic behavior
of TPF in toluene solution and with additional admixtures of protic and aprotic
cosolvents with transient absorption spectroscopy on different time scales. Es-
pecially, the thermal back-isomerization around the C=N double bond shows a
high sensitivity regarding the binary solvent mixtures. Finally, it was possible
to elucidate the role of solvent polarity as well as the impact of hydrogen bond-
ing. Whereas an increased solvent polarity of the binary mixture results in a
decreased activation barrier, hydrogen bonding may have the contrary effect on
the thermal back-relaxation. Hence, both hydrogen-bond donors and acceptors
as cosolvents can slow the isomerization reaction of TPF [3].
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[1] R. Kuhn, H.M. Weitz, Chem. Ber. 86, 1199-1212 (1953)

[2] U.-W. Grummt, H. Langbein, J. Photochem. 15, 329-334 (1981)

[3] S. Wortmann, S. Schloeglmann, P. Nuernberger, J. Org. Chem. (2021),
DOI:10.1021/acs.joc.1c01928.

MO 14.2 Wed 14:45 MO-H6
Transient FTIR spectroscopy after one- and two-colour excitation on a highly
luminescent chromium(III) complex — «P1T BopEN!, PATRICK DI MARTINO-
FUMol, GEREON NIEDNER-SCHATTEBURG' , WOLFRAM SEIDELZ, and Katja
Heinze® — 'TU Kaiserslautern, Fachbereich Chemie and Research Center Op-
timas, Germany — “University of Rostock, Institute of Chemistry, Germany —
*JGU Mainz, Department of Chemistry, Germany

In this contribution!!! the electronic and structural properties of a highly lu-
minescent mononuclear chromium(III) complex with polypyridyl ligands are
investigated via luminescence and in particular transient step-scan FTIR spec-
troscopy at different temperatures.

The relative population of two NIR-emissive energetically close-lying elec-
tronically excited doublet states strongly depends on the available thermal en-
ergy. In a new kind of two-colour step-scan FTIR experiments the population of
the long-lived excited states is further modulated via pump/pump/probe (FTIR)
and pump/dump/probe (FTIR) schemes. Hereby, the second pump or dump ex-
citation, following the initial UV pump excitation, is stimulated by an NIR laser
pulse with the wavelength being set according to the phosphorescence spectrum.
The successful establishment of this new technique is an important step towards
investigations on further transition metal complexes.

[1] P. Boden, P. Di Martino-Fumo, G. Niedner-Schatteburg, W. Seidel, K.
Heinze, M. Gerhards, Phys. Chem. Chem. Phys. 2021, 23, 13808.

MO 14.3 Wed 15:00 MO-H6
Reversible (photo)chemistry of Cr(0), Mo(0) and W(0) carbonyl complexes —
«SOPHIE STEIGERl, Pi1T BODEN", PATRICK DI MARTINO—FUMOI, ToBI1AS BENSZ,
DANIEL MARH@FERI, BiprAJIT SARKARZ, GEREON NIEDNER-SCHATTEBURGI,
and MaRkUSs GERHARDS' — 'TUK, FB Chemie, Erwin-Schrédinger-Str. 52,
67663 Kaiserslautern — 2University of Stuttgart, Institute of Inorganic Coordi-
nation Chemistry, Pfaffenwaldring 55, 70569 Stuttgart
This contribution presents the investigations of the photochemical reactivity of
chromium, molybdenum and tungsten carbonyl complexes containing a biden-
tal pyridyl-mesoionic carbene ligand. The photochemical reactivity of these
complexes in pyridine, acetonitrile or in a KBr pellet was analysed by rapid-
scan FTIR spectroscopy or by recording static FTIR spectroscopy at defined
time intervals. Hereby, the carbonyl stretching vibrations represented suitable
IR probes. In the dark after excitation, a reverse reaction to the initial species
occurs. The influence of the metal centre and the solvent on the kinetics of the
reverse reaction in solution and the quantum yield of the initial photochemical
reaction were determined.

Quantum chemical calculations were performed for conceivable photoprod-
ucts to characterise the underlying reaction. The loss of an axial CO ligand was
assigned to the photoproduct in the solid state at low temperature, with subse-
quent occupation of the vacant coordination site by a solvent molecule in fluid
solution. This interpretation simultaneously explains the appearance of a signal
of free CO in the FTIR spectra.

MO 14.4 Wed 15:15 MO-H6
Photochemistry of the Benzaldehyde-BCl; Complex — ¢MARTIN PESCHEL',
ProTrR KABACINSKI?, DANIEL SCHWINGER’, ERLING THYRHAUG?, THOMAS
KNOLLl, GIULIO CERULLOZ, THORSTEN BACH3, JORGEN HAUER4, and REGINA
pE Vivie-RiepLe! — 'Department Chemie, Ludwig-Maximilians-Universitat
Miinchen — 2IFN-CNR and Dipartimento di Fisica, Politecnico di Milano —
3Department of Chemistry and Catalysis Research Center (CRC), Technische
Universitit Miinchen — *Professur fiir Dynamische Spektroskopien, Fakultiit
fiir Chemie, Technische Universitit Miinchen

The excited state properties of «, f-enones can be altered by complexation with
a Lewis acid to enable otherwise unaccesible photochemical transformations.[1]
After excitation, «, $-enones relax to a triplet state from which subsequent re-
actions can occur. This 7" triplet is stabilized by interaction with a Lewis acid
and studies using UV/Vis transient absorption spectroscopy and quantum chem-
ical calculations show that its formation only takes a few picoseconds.[2] We ex-
pected this behavior to also occur in the aromatic «, 3-enone benzaldehyde when
interacting with the Lewis acid BCl;. Instead, non-adiabatic dynamics calcula-
tions showed ultrafast dissociation of a chlorine atom. The resulting benzyl rad-
ical could be identified in a theory-guided UV/Vis ultrafast transient absorption
experiment and was found to be surprisingly long lived. This led to the discovery
of a novel chemical reaction of benzaldehyde which uses the radical chemistry
of chlorine.

[1] Angew. Chem. Int. Ed. 2018, 57, 14338-14349.

[2] Angew. Chem. Int. Ed. 2021, 60, 10155-10163.

MO 14.5 Wed 15:30 MO-H6

Accurate determination of the Adenine-Thymine binding energy —
«SEBASTIAN HARTWEGI, MaAjp1 HOCHLAFZ, GUSTAVO GARCIAS, and LAURENT
NanoN® — ! Albert-Ludwigs-Universitiit Freiburg, Deutschland — ?Université
Gustave Eiffel, Champs-sur-Marne, Frankreich — 3Synchrotron SOLEIL, St-
Aubin, Frankreich
Among the many intermolecular interactions known between biomolecules, the
hydrogen bonding between the nucleobases Adenine (A) and Thymine (T) as
well as between Guanine and Cytosine take a special place since they shape the
DNA double strand structure. The strength of these hydrogen-bond interactions,
at the center of the genetic code, is thus of significant interest for radiobiology.

We will present a study of the single photon ionization of gas phase A and T
molecules and their dimers AA, AT and TT using double imaging photoelectron
photoion coincidence (i2PEPICO) spectroscopy performed at the VUV beam-
line DESIRS of the French SOLEIL synchrotron. By evaluating the threshold
photoelectron spectra (TPES) and photon energy-dependent ion kinetic energy
release data we determined the threshold for photoionization and dissociative
photoionization of the different clusters. By comparison with high-level ab initio
calculations dealing with neutral and ionic species, we can relate the determined
quantities to the binding energy of the neutral AT pair. The favorable comparison
between theory and experimental results gives further credibility in theoretical
predictions for similar systems.

MO 14.6 Wed15:45 MO-H6
Exciton Diffusion in Perylene Derivative Microcrystals *CHRIS
REHHAGENI, ALEXANDER VILLINGERZ, and STEFAN LOCHBRUNNER!
Institute for Physics and Department of Life, Light and Matter, University
of Rostock, 18051 Rostock, Germany — 2Institute for Chemistry, University of
Rostock, 18051 Rostock, Germany
Improving light harvesting and opto-electronic organic devices relays on our
knowledge about the transport mechanism of electronic excitations. The trans-
port efficiency of excitons in molecular systems is strongly influenced by the
order of the molecules. Amorphous and crystalline structure represent two ex-
treme cases. In this work, we investigate the exciton dynamics in single organic
microcrystals consisting of Perylene Red, a member of the perylene bisimide
dye class and exploited already in many applications. We characterize the ab-
sorption, emission and geometric properties of single crystals in order to get a
detailed view of the intermolecular coupling and the exciton distribution inside
an irradiated crystalline sample. X-ray structure analysis reveals an orthorhom-
bic unit cell with a volume of 12 nm> consisting of eight dye molecules. Spatially
resolved time-correlated single photon counting at high excitation powers is used
to extract the diffusion properties of the excitons from two-exciton interaction.
We find, that the excitons are indeed mobile within the sample and their mo-
tion can be described by an incoherent "hopping’ process. The diffusion length
is about 12 nm.

MO 15: Poster 2

Time: Wednesday 16:30-18:30

MO 15.1 Wed16:30 P
Multiple-Quantum Two-Dimensional Fluorescence Spectroscopy of a
Squaraine Polymer — eAJAY JAYACHANDRAN, STEFAN MULLER, and ToBIAS
BRIXNER — Institut fiir Physikalische und Theoretische Chemie, Universitat
Wiirzburg, Am Hubland, 97074 Wiirzburg
Molecular aggregates such as squaraine heteropolymers feature a manifold of
multiexcitonic states [1]. These multiexcitonic states are a result of numerous
electronically coupled heterochromophoric units. However, it is challenging to
investigate the correlations and spectral properties of the states of a particu-
lar multiexciton manifold using conventional spectroscopic tools due to con-
volution with spectral signatures of singly excited states. Here we make use
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Location: P

of advances in fluorescence-based multidimensional spectroscopy to selectively
measure multi-quantum correlations by using phase-cycled pulse sequences in
a collinear excitation geometry [2]. Spectrally resolved two-quantum and three-
quantum coherence signatures are captured through fourth-order and sixth-
order signals which are acquired using a 36-fold phase-cycling scheme of a three-
pulse excitation sequence. We also examine the eighth-order signals which can
be resolved by using 64-fold phase cycling to observe correlations with four-
quantum coherences without signal aliasing.

[1] S. E. Volker et al., J. Phys. Chem. C. 118, 17467 (2014).

[2] S. Draeger et al., Opt. Express 25, 3259 (2017).
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MO 152 Wed16:30 P

Improved mass spectrometer for two-dimensional electronic spectroscopy in
the gas phase — *ARNE MORLOK, ULRICH BANGERT, LUKAS BRUDER, YILIN L1,
DanIeL UHL, and FRANK STIENKEMEIER — Institute of Physics, University of
Freiburg, Germany
Two-dimensional electronic spectroscopy (2DES) is a very powerful method to
study the ultrafast dynamics of matter. In our group, we apply the technique
to molecules and cluster beams in the gas phase and combine it with photoion
mass-detection [1,2]. To increase the flexibility of the mass spectrometer, we im-
plement a pulsed electron gun for electron impact ionization. This enables beam
depletion measurements and cluster beam characterization while avoiding the
issue of overcoming the high ionization potentials of most molecules. We will
present first characterization results.

[1] L. Bruder et al., Nat Commun 9, 4823 (2018).

[2] L. Bruder, U. Bangert, M. Binz, D. Uhl, and E Stienkemeier, J. Phys. B: At.
Mol. Opt. Phys. 52, 183501 (2019)

MO 15.3 Wed 16:30 P
Femtosecond time-resolved pump-probe spectroscopy of benzene isomers —
+LukAs FASCHINGBAUER', ToBIAS PREITSCHOPE', LIONEL Po1sson?, and INGO
Frscuer' — !University of Wuerburg, Institute for Physical and Theoretical
Chemistry, Am Hubland, 97074 Wuerzburg, Germany — 2Universite Paris-
Saclay, Institut des Sciences Moléculaires d’Orsay, Rue André Riviére, Batiment
520, 91405 Orsay Cedex, France
The excited state dynamics of the benzene isomers 3,4-dimethylenecyclobutene
and fulvene were investigated by femtosecond time-resolved pump-probe spec-
troscopy at ISMO, Paris-Saclay, France. Liefetimes of the exited states were ob-
tained by time-of-flight mass spectrometry, while photoelectron spectroscopy
enabled the identification of the states involved in the relaxation processes. Pre-
liminary results are presented.

MO 154 Wed16:30 P

Coherent multidimensional spectroscopy of molecular and cluster beam
samples — «YILIN L1, ARNE MORLOK, ULRICH BANGERT, DANIEL UHL, FRANK
STIENKEMEIER, and Lukas BRUDER — Institute of Physics, University of
Freiburg, Germany
Coherent multidimensional spectroscopy is a versatile technique enabling fur-
ther insight into intra- and inter-molecular couplings on femtosecond time
scales. We have recently extended the method to molecular and cluster beam
samples in the gas phase [1] and combined it with photoionization probes [2,3].
In preparation for further experiments, we are currently characterizing the opti-
cal absorption, fluorescence, and photoelectron/-ion yields of various molecular
and cluster samples in the gas phase. We will give an overview of the optical
setup and first characterization results.

[1] L. Bruder et al., Nat Commun 9, 4823 (2018)

[2] L. Bruder et al., J. Phys. B: At. Mol. Opt. Phys. 52, 183501 (2019)

[3] D. Uhl et al.,, Optica 8, 1316 (2021).

MO 155 Wed16:30 P
Studies on the Photocleavage Mechanism of the Manganese Com-
plex MnBr(CO);(pytz-CH,C¢H;5) eNixLAs GessNer!, ULRICH
SCHATZSCHNEIDER?, and PATRICK NUERNBERGER! — !Institut fiir Physikalis-
che und Theoretische Chemie, Universitit Regensburg, 93040 Regensburg —
“Institut fir Anorganische Chemie, Universitit Wiirzburg, Am Hubland, D-
97074 Wiirzburg
Photoactivatable carbon monoxide (CO) releasing molecules (PhotoCORM:s)
have promising applications in medicine and biology, e.g. as cancer treatment
agents [1]. In a common approach, one or more CO molecules are bound to an
inert transition metal complex that comprises a multidentate organic ligand to
control its physical and (bio-)chemical properties [2] like photoexcitation ener-
gies or the enrichment efficiency in cancerous tissue.

By using UV pump/mid-IR probe ultrafast transient absorption spectroscopy,
the PhotoCORM [MnBr(CO); (pytz-CH, C¢Hs)], pytz being 2-(1,2,3-triazol-4-
yl)pyridine, has been investigated in order to identify the ligand that is cleaved
off and to elucidate the reaction mechanism and the dynamics after photoexcita-
tion. Results are compared to density functional theory calculations of possible
transient intermediates and products, as well as to steady-state absorption mea-
surements. It is found that a ligand is cleaved off after photoexcitation and that
the dynamics are finished within 100 ps, so that either the reactant complex is
retrieved or a persistent photoproduct is formed.

[1] J. Niesel et al., Chem. Commun. 15, 1798-1800 (2008).

[2] M. A. Gonzalez et al., Inorg. Chem. 21, 11930-11940 (2012).

MO 15.6 Wed 16:30 P
Ultrafast dynamics of [Ru(bipyridim-:)z(nicotinamide)z]2+ and photoin-
duced formation of its water splitting adducts in gas and liquid phase —
*ROUMANY ISRAILI, LARS SCHI'JSSLERZ, PATRICK HﬁTCHENl, ‘WERNER THIEL',
Rorr DiLLER?, and CHrisTorH RIEEN! — 'TU Kaiserslautern, FB Chemie, 52,
54 — 2TU Kaiserslautern, FB Physik, 46
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A fundamental understanding of the kinetics of Ru'’ polypyridyl complexes is
essential to exploit their photochemical applicability in areas such as medicine
(photoactivatable prodrugs) and material science (photovoltaics/catalysis). In
particular, the monodentate ligand nicotinamide in [Ru(bpy)z(na)z]zJr (bpy =
bipyridine) enables the efficient population of the dissociative triplet metal-
centered (*MC) state on a sub-ps time scale, allowing for fast photosolvolysis and
subsequent reactions of the complex. Here, the photoactive [Ru(bpy)z(na)z]2+
, including its related photoproducts such as the penta-coordinate intermedi-
ate (PCI, [Ru(bpy)z(na)]“) and the monoaqua species [Ru(bpy)z(na)(HZO)]2+
were object to transient ion action spectroscopy in gas phase and transient ab-
sorption spectroscopy in solution. In gas phase, dynamics (71 ~0.6 ps, T, ~3 ps)
of [Ru(bpy)z(na)2]2+ is in line with the liquid phase. However, prominent larger
time components (~10 ps, 100-400 ps) found in solution, do not appear in gas
phase, allowing their unequivocal assignment to intermolecular processes. This
study is an important step towards controlling the efficiency and photoactivity
of Ru'! polypyridyl complexes by tailored ligands design.

MO 15.7 Wed16:30 P

Chirp dependence of the Circular Dichroism in ion vyield of 3-
methylcyclopentanone — «SAGNIK DAs, JAYANTA GHOSH, SUDHEENDRAN VA-
SUDEVAN, HANGYEOL LEE, NicoLAs LADDA, SIMON RANECKY, TONIO ROSEN,
ARNE SENFTLEBEN, THOMAS BAUMERT, and HENDRIKE BRAUN — Institut fiir
Physik, Universitit Kassel, Heinrich-Plett-Strasse 40, 34132 Kassel, Germany
One of the methods to differentiate between the two enantiomers of a chiral
molecule is Circular Dichroism (CD). It arises due to the difference in absorp-
tion of left and right circularly polarised light. The difference in absorption can
also be mapped to the difference in ionisation of the enantiomers and is known
as CD in ion yield [1,2]. We use our home-built Time of Flight (ToF) mass spec-
trometer with our recently established twin peak [3] measurement setup to study
the effect of linear chirp (GDD) on the anisotropy. The candidate molecule for
this experiment is 3-methylcyclopentanone (3-MCP). The experiments are done
at 309 nm and 322 nm, where 3-MCP is known to have anisotropies of up to
4% and 1%, respectively, for bandwidth limited pulse. At these wavelengths, a
1+1+1 resonance-enhanced multi-photon ionisation (REMPI) takes place in 3-
MCP through the 7* « n transition. We observe an asymmetric enhancement
of anisotropy for chirped pulses, which we compare to bandwidth limited pulses
of equal peak intensity.

[1] U. Boesl and A. Bornschlegl, ChemPhysChem, 7, 2085, 2006

[2] H. G. Breunig et al., ChemPhysChem, 10, 1199, 2009

[3] T. Ring et al,, Rev. Sci. Instrum., 92, 033001, 2021

MO 15.8 Wed16:30 P
Probing vibrational wave packets in the electronic ground state of methyl p-
tolyl sulfoxide via time-resolved PECD — «NicoLAs LADDAl, Max WATERSZ,
Vit SVOBODAZ, MIKHAIL BELOZERTSOVZ, SUDHEENDRAN VASUDEVANl, SIMON
RANECKYl, TonN1O ROSENl, SAGNIK DASI, JAYANTA GHOSHI, HANGYEOL LEEI,
HENDRIKE BRAUNI, THOMAS BAUMERTI, HANs JAKOB WéRNERz, and ARNE
SENFTLEBEN' — 'Institut fiir Physik, Universitit Kassel, 34132 Kassel, Germany
— 2Laboratorium fiir Physikalische Chemie, ETH Ziirich, 8093Ziirich, Switzer-
land
The dynamic change of the chiral character upon the laser-induced vibrational
motion in the electronic ground state of methyl p-tolyl sulfoxide (MTSO) is in-
vestigated. For this purpose, the forward/backward asymmetry of the photo-
electron angular distribution (PAD) with respect to the propagation direction
of ionising circularly polarised light of the randomly oriented chiral molecule,
known as photoelectron circular dichroism (PECD), was measured. Geome-
try dependent ionisation rates of a molecule when interacting with an ultrashort
laser pulse causes the formation of a coherent oscillating wave packet in the elec-
tronic ground state. The vibrational motion - umbrella motion of the sulfoxide
molecule - changes the chiral character of the molecule, which can be studied by
probing the time-resolved PECD with a VUV femtosecond laser pulse.

MO 159 Wed16:30 P
Spectroscopic investigation of the light-induced rearrangement of a Xan-
thine derivative — KARINA HEILMEIER' , THOMAS RITTNERI, RAFAEL E.
RODRfGUEZ-LUGOZ, ROBERT WOLFZ, and PaTrRick NUERNBERGER' — !Institut
fiir Physikalische und Theoretische Chemie, Universitit Regensburg, 93040 Re-
gensburg — *Institut fiir Anorganische Chemie, Universitit Regensburg, 93040
Regensburg
The Xanthine derivative 7-(4-methoxyphenyl)-1,3-dimethyl-8-(pyridin-2-yl)-
3,7,8,9-tetrahydro-1H-purine-2,6-dione possesses a characteristic purine skele-
ton additionally modified with pyridine and anisole moieties bound to the five-
membered ring. Our studies reveal that ultraviolet light induces the migration
of the anisole group from the 7-nitrogen of the purine skeleton to the nitrogen of
the pyridine moiety. The isomer emerging as rearrangement product could even
be isolated, and the structure was determined by single-crystal X-ray diffraction.
For obtaining a comprehensive picture of the light-induced mechanism lead-
ing to the rearrangement, results from stationary measurements are compared
to those from ultrafast transient absorption and fluorescence upconversion spec-
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troscopy. In addition, we contrast the photodynamics of the in-situ generated
isomer with that of the synthetically isolated one. In further systematic studies,
we explore whether photoinduced back-isomerization is achievable as well, and
address the role of the solvent’s polarity on the rearrangement.

MO 15.10 Wed16:30 P
Low dispersive phase modulation scheme for interferometric XUV experi-
ments — *FABIAN RICHTER, SARANG DEV GANESHAMANDIRAM, IANINA KOSSE,
RONAK SHAH, GIUSEPPE SANSONE, FRANK STIENKEMEIER, and LUKAS BRUDER
— Institute of Physics, University of Freiburg, Hermann-Herder-Str. 3, 79104
Freiburg, Germany
Quantum interference spectroscopy schemes are well established in the visible
range to control and resolve the static properties and dynamics of quantum sys-
tems. Recently these principles got extended into the XUV regime [1,2]. Here
acousto-optical modulators are used to achieve interferometric measurements
supported by a phase cycling scheme. However, in this setup a significant amount
of material is introduced in the optical beam path at the fundamental frequency
which prohibits using ultrashort pulses and high laser intensities. We present a
new approach to achieve phase cycling while minimizing the amount of material
dispersion by an order of magnitude. We will present the basic concept of this
approach and first characterization results.

[1] Wituschek, A., Bruder, L., Allaria, E. et al. Tracking attosecond electronic
coherences using phase-manipulated extreme ultraviolet pulses. Nature Com-
munications 11, 883 (2020).

[2] Wituschek, A., Kornilov, O., Witting, T., et al. Phase Cycling of Extreme
Ultraviolet Pulse Sequences Generated in Rare Gases. New Journal of Physics
22, Nr. 9 (September 2020): 092001.

MO 15.11 Wed 16:30 P
A setup for extreme ultraviolet wave packet interferometry using tabletop
high harmonic generation — «SARANG DEV GANESHAMANDIRAM, FABIAN
RICHTER, IANINA KOSSE, RONAK SHAH, LUKAS BRUDER, GIUSEPPE SANSONE,
and FRANK STIENKEMEIER — Institute of Physics, University of Freiburg,
Hermann-Herder-Str. 3, 79104 Freiburg, Germany
Quantum interference techniques such as wave packet interferometry (WPI) in
the extreme ultraviolet (XUV) regime set the basis for advanced nonlinear spec-
troscopy methods, such as multidimensional spectroscopy. These methods are
however very difficult to implement at short wavelengths due to the required
high phase stability and sensitivity. Recently, we have overcome these difficul-
ties and have introduced a concept to implement such experiments with XUV
free-electron lasers [1]. We are now developing a new setup optimized for seed-
ing tabletop high-harmonic generation sources which is based on acousto-optic
modulation of intense near infrared pulses. In the initial experiments, photons
around 30 eV (19th harmonic) are generated and the effect of temporal and spa-
tial dispersion were studied. Here, we will present the concept of the setup along
with first characterization results. 1. A. Wituschek et al., Tracking attosecond
electronic coherences using phase-manipulated extreme ultraviolet pulses, Na-
ture Communications, 11:883 (2020).

MO 15.12 Wed 16:30 P
EUV absorption and recombination dynamics in atmospheric gas species
— STEFFEN WOLTERI, ERrRIk SCHijLTERz, JENS BERDERMANNZ, and STEFAN
LocHBRUNNER' — !Institute of Physics, University of Rostock, 18051 Ros-
tock, Germany — 2Department for Space Weather Impact, Institute for Solar-
Terrestrial Physics, Kalkhorstweg 53, 17235 Neustrelitz, Germany
Ground- and space-based measurements show that the extreme ultraviolet
(EUV) part of the solar spectrum changes continuously and can be very dynamic,
especially during solar flares. The ionospheric plasma in the upper atmosphere
is created by the absorption of this radiation and affected by the related varia-
tions. Therefore, exact knowledge of the ionization and recombination rates of
the atmospheric gas species, mainly oxygen, nitrogen and their ions, is needed
to model the ionospheric response to the EUV variations.
To this end, a high harmonic generation (HHG) setup driven by a femtosecond
laser combined with an EUV spectrometer is applied to investigate the ioniza-
tion cross-sections. The setup and first results for different gas species as well as
the approach to measure recombination rates are presented in this contribution.

MO 15.13 Wed 16:30 P
Isosteric molecules in the time-domain — ¢eMAXIMILIAN POLLANKA, CHRIS-
TIAN SCHRODER, PASCAL SCIGALLA, ANDREAS DUENSING, MICHAEL MITTER-
MAIR, and REINHARD KIENBERGER — Chair for laser and x-ray physics E11,
Technische Universitdt Miinchen, Germany
In this work, we report on photoemission timing measurements performed on
small isosteric molecules in the gas phase. By comparing the photoemission time
delay between the respective o and 7 orbitals in the valence band of CO2 and
N20 we expect to find deeper insight in the characteristics of isosterism in the
time-domain. Furthermore, the isoelectronicity of CO and N2 is investigated in
detail as a complementary study. Due to the similarities in molecular structure
(isostericity) and electronic configurations (isoelectronicity), the pure effect of
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the specific element’s characteristics is expected to be probed. The results regard-
ing similarities and differences in photoemission dynamics in these molecules
can serve as a stepping stone for gaining deeper insight into isosteric character-
istics in these molecules and may bear the potential to draw conclusions from
these simple systems to unknown or unexplored isosteric molecular bonds in
general.

Scattering calculations help us to gain a greater understanding of the corre-
lations between molecular geometry and photoemission time and therefore the
isosteric influence, with the focus on assessing the differences between modeling
and experimental findings.

MO 15.14 Wed16:30 P
Probing well aligned molecular enviroments on surfaces in the time-domain
— ePASCAL SCIGALLA, CHRISTIAN SCHRODER, PETER FEULNER, and REINHARD
KIENBERGER — Chair for laser and x-ray physics, E11, Technische Universitat
Miinchen, Germany
We report on the photoemission timing measurements of well-aligned ethyl io-
dine molecules on a platinum crystal surface. The 4d photoemission of iodine
is clocked against the Pt5p photoemission, allowing the extraction of an relative
photemission delay. As the iodines photoemission in the chosen energy region
stems from a giant resonance in the I4d — ¢ f transition its photoemission time
is mostly unaffected by its chemical enviroment. Thus any observed change in
the photoemission delay can be attributed to changes in the traversed potential
landscape of the molecule.

By carefully selecting the detection angle and coverage of the crystal we can
reliably change which parts of the molecular potential landscape were traversed
by the detected photoelectron wavepackets.

Complementary scattering simulations are then used in order to gain deeper
insight into the observations in order to establish photoemission timing exper-
iments as an efficient and accurate means to study molecular environments on
surfaces.

MO 15.15 Wed16:30 P
Strong-field effects on singly excited vibronic resonances in the hydro-
gen molecule — «PAULA BARBER BELDAI, GERGANA D. BORISOVAI, DANIEL
FANl, SHUYUAN HUl, MAXIMILIAN HARTMANNI, PauL BIRKI, ALEJANDRO
SAENZ?, CHRISTIAN OTT!, and THoMAS PFEIFER' — 'Max-Planck-Insititut fiir
Kernphysik, 69117 Heidelberg, Germany — ZInstitut fiir Physik, Humboldt-
Universitét zu Berlin, 12489 Berlin, Germany
Studies of the hydrogen molecule and its interaction with ultrashort light pulses
allow for the understanding of many quantum molecular phenomena in the sim-
plest possible case of a molecule with only two nuclei and two electrons. In a
transient absorption experiment with H, in the spectral range 13-17eV we drive
transitions from the molecular ground state to the electronically excited B, C
and D states. The included energy levels of the eigenstates of H, are calculated
numerically, as well as the dipole matrix elements for the considered transitions.
We observe intensity-dependent changes in the XUV absorption spectrum in the
presence of moderately strong NIR field, coupling different excited states. In a
few-level simulation, where we can consciously include and exclude states in the
model system, we use numerically calculated energy levels of the eigenstates of
H,, as well as dipole matrix elements for the considered transitions. We aim to
understand with it the importance of different couplings to the changing absorp-
tion lines and the corresponding time-dependent dipole we reconstruct from the
measurement.

MO 15.16 Wed16:30 P
Channel-Resolved Laser-Driven Electron Rescattering in the Molecular-
Frame — <FEDERICO BRANCHIl, FELIX SCHELLI, TILMANN EHRLICHI, MARK
MERol, HorsT ROTTKEI, SERGUEI PATCHKOVSKIII, VARUN MAKHIJAZ, MARC
J.J. VRAKKING', and JocHEN Mikoscu! — Max-Born-Institut, Berlin, Ger-
many — 2University of Mary Washington, Fredericksburg, USA
A series of reaction microscope experiments on strong-field ionization and laser-
driven electron rescattering of the asymmetric top molecule 1,3-butadiene is pre-
sented. Importantly, by virtue of the ion-electron coincidence detection, these
experiments separate the ground-state (D) and first excited state (D) ioniza-
tion channel. By analyzing coherent rotational wavepacket evolution we extract
the polar and azimuthal angle-resolved molecular frame ionization and rescat-
tering probability. By extracting the differential scattering cross section (DCS)
for near- to mid-infrared wavelengths we explore the role of different continuum
wavepackets for molecular structure determination. By measuring the ellipticity
dependence of the return-energy dependent rescattering probability we explore
the role of short versus long trajectories. A multi-faceted picture of molecular
effects in strong-field ionization and laser-induced electron diffraction ensues.

MO 15.17 Wed 16:30 P
Experimental study of the laser-induced ionization of heavy metal and met-
alloid ions: Au* and Si** — «Bo Ying""*?, FRaNK MACHALETT'">, VANESSA
HUTHI, MATTHIAS Ki'JBELl’Z, A Max SAYLER1'2’4, THOMAS STGHLKERI’Z’s, GER-
HARD G Paurus"??, and PurLipp WusterT? — 'Institute of Optics and Quan-
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tum Electronics, Friedrich Schiller University Jena, Max-Wien-Platz 1, 07743
Jena, Germany — “Helmholtz Institute Jena, Frobelstieg 3, 07743 Jena, Germany
— 3GSI Helmholtzzentrum fiir Schwerionenforschung, Planckstrafle 1, 64291
Darmstadt, Germany — “Benedictine College, Atchison, KS 66002, USA

We implement a liquid metal ion source in a 3D coincidence momentum spec-
troscopy setup for studying the interaction of ionic targets with intense laser
pulses. Laser intensities of up to 4x10'® W cm™ allow for the observation of up
to ten-fold ionization of Au*-ions and double ionization of Si**-ions. Further,
by utilizing two-color sculpted laser fields to control the ionization process on
the attosecond time scale, we demonstrate the capability to resolve the recoil ion
momenta of heavy metal atoms. Simulations based on a semiclassical model as-
suming purely sequential ionization reproduce the experimental data well. This
work opens up the use of a range of metallic and metalloid ions, which have
hardly been investigated in strong-field laser physics so far.

MO 15.18 Wed 16:30 P
Design and implementation of XUV setup for time resolved photoelectron
spectrometry — «MARTA LUISA MURILLO-SANCHEZ, CONSTANTIN WALZ, DEN-
NIS MAYER, and MARKUS GUHR — Institut fiir Physik und Astronomie, Univer-
sitdt Potsdam, Karl-Liebknecht-Strafle 24/25, 14476 Potsdam-Golm Germany
To investigate photoinduced ultrafast relaxation processes in gas phase isolated
molecules, a tabletop setup for time-resolved photoelectron spectroscopy em-
ploying ultrashort extreme ultraviolet pulses (XUV) is currently under construc-
tion in the laboratory of the Experimental Quantum Physics group at Potsdam
University. High-energy XUV pulses obtained by high order generation are
achieved by focusing a fraction of the output pulses from an amplified laser sys-
tem into a cell filled with a rare gas, under proper phase matching conditions.
The odd frequency comb constituted by several harmonics is two-step filtered by
a silicon wafer and an aluminium bandpass metallic filter to remove the residual
infrared radiation. Afterwards, the beam is sent to a toroidal mirror to focus the
beam. The different harmonics are spatially separated by a diffraction grating
allowing to individually select them by means of a slit. This system for obtaining
monochromatic XUV pulses is perhaps the simplest possible nevertheless com-
promising the optimum temporal duration of the pulses. Focused XUV laser
pulses interact with an evaporated sample by an oven in the interaction region
of a magnetic bottle spectrometer through which photoelectrons are detected
with increased efficiency. XUV pulses can also be recombined with UV pulses
in order to perform pump-probe experiments.

MO 15.19 Wed16:30 P
Development of a glass based supersonic molecular beam source for organic
molecules — ¢+ BRENDAN WOUTERLOOD, SEBASTIAN HARTWEG, LUKAS BRUDER,
and FRANK STIENKEMEIER — Institute of Physics, University of Freiburg, Ger-
many
Two-dimensional electronic spectroscopy (2DES) is a powerful spectroscopic
tool which allows for the probing of atomic and molecular dynamics on ultra-fast
timescales [1]. Application of this spectroscopic technique to polycyclic aromatic
hydrocarbons (PAHs), such as acenes and porphyrins, promises a detailed un-
derstanding of their electronic structure and excited state dynamics. These elec-
tronic properties make some of these molecules interesting candidates for ap-
plication in organic photovoltaics and motivate much past and present research
[2]. One challenge of these studies has been the generation of high gas-phase
target densities of these molecules due to their low vapour pressure and thermal
decomposition by excessive heating.

In order to provide large target densities, since these molecules have relatively
low vapour pressures, the supersonic nozzle will need to be heated to around
500°C. A quartz glass nozzle system will thus be developed in order to allow
us to heat the molecules to these high temperatures while minimising the risk of
thermal decomposition of the sample that can be catalysed by hot metal surfaces.
We will present the nozzle design and initial characterisation results.

[1] L. Bruder et al., Nat Commun 9, 4823 (2018).

[2] O. Ostroverkhova, Chemical Reviews 116 (22), 13279-13412 (2016).

MO 1520 Wed 16:30 P
Setup Of A Spectrometer To Detect Raman Optical Activity — «KrLaus HoE-
MANN — Universitdt Wiirzburg, Institut fir Physikalische und Theoretische
Chemie
A custom-built Raman spectrometer was modified to detect Raman optical ac-
tivity (ROA), a type of vibrational circular dichroism. A modulation scheme
was implemented to repeatedly convert linear to right and left circular polarized

92

light for excitation. Python was used to automate the experiment, data acquisi-
tion and post-processing. Experimental challenges and their influences on the
resulting ROA signal as well as the margins of error are presented. The recorded
ROA spectrum of (-)-a-pinene was acquired by subtracting the spectra of both
enantiomers and shows good agreement with literature.

MO 1521 Wed16:30 P

Towards laser ionisation of H-atoms for kinematically complete coinci-
dence imaging of ion-molecule reactions — *FLORIAN TRUMMER, DASARATH
SwARAJ, TIM MICHAELSEN, ARNAB KHAN, and RoLAND WESTER — Institut fiir
Ionenphysik und Angewandte Physik, Universitit Innsbruck, Innsbruck, Austria
Crossed-beam velocity map imaging (VMI) has proven to be a powerful tool
to gain insight into atomistic reaction mechanisms [1-3]. Here we will present
concepts and simulations for a new experimental setup that uses coincidence de-
tection of reaction products for a kinematically complete VMI study of certain
reaction types, involving neutral hydrogen products. Instead of solely detecting
the charged initial product of the reactive encounter, a high power and high rep-
etition rate Lyman-alpha source in combination with a UV laser will be used to
ionise the neutral H-atoms, which are a product of the chemical reactions under
study (e.g., O+ H, — OH™ + H). We will present the planned laser setup for our
upcoming project which is currently under construction. The search for quan-
tum resonances in vibrational state-resolved spectroscopic studies of ion-neutral
reactions is among the goals that shall be explored in the future.

[1] R. Wester, Phys. Chem. Chem. Phys. 16, 396 (2014)

[2] M. Stei et al., Nature Chemistry 8.2, 151-156 (2016)

[3] T. Michaelsen et al., J. Phys. Chem. Lett. 11.11, 4331-4336 (2020)

MO 1522 Wed 16:30 P
eCOMO - A new endstation for controlled molecule experiments —
*WUWEI ]INl, SEBASTIAN TRIPPEL1’3, HUBERTUS BROMBERGERl’s, ToBias
RéHLINGl, KaroL DLUGOLECKII, SERGEY RYABCHUKI, ERrik M;\NSSONI,
ANDREA TRABATTONII, VINCENT WANIEI, Ivo VINKLAREK4, FRANCESCA
CALEGART', and JocHEN KuppER"?® — !Center for Free-Electron Laser Sci-
ence, Deutsches Elektronen-Synchrotron DESY, Hamburg — 2Department of
Physics, Universitit Hamburg — *Center for Ultrafast Imaging, Universitit
Hamburg — *Department of Chemical Physics and Optics, Faculty of Mathe-
matics and Physics, Charles University, Prague, Czech Republic
We present details on our newly established transportable endstation eCOMO
(Endstation for Controlled Molecules) for investigating the dynamics of small
molecules in the gas phase [1]. The endstation consists of three main parts:
1) An Even-Lavie-valve-based gas source. 2) An electrostatic deflector for the
generation of pure molecular samples [2-3]. 3) A double-sided VMI spectrom-
eter coupled with two time- and position-sensitive Timepix3 cameras and the
PymePix software [4-5]. We found a novel damped oscillation dynamics in the
UV-IR(pulse duration are both 6 fs) ionization dynamics of carbonyl sulfide
(OCS).

[1]M Johny, ] Onvlee, et al.,Chem. Phys. Lett.,721,149(2019)

[2]S Trippel, M Johny, et al.,Rev. Sci. Instrum.,89,096110(2018)
[3]Y P Chang, D A Horke, et al.,Int. Rev. Phys. Chem.,557,34(2015)
[4]A.F Al-Refaie, M Johny, et al., J. Instrum.,14,P10003(2019)
[5]A Zhao, M van Beuzekom, et al.,Rev. Sci. Instrum.,88,113104(2017)

MO 15.23 Wed16:30 P
Optical Imaging and Tracking of Single Molecules in Ultrahigh Vacuum —
«TIANYU FANG, FLORIAN ELSEN, N1CK VOGELEY, and DAQING WANG — Institute
of Physics, University of Kassel, Heinrich-Plett-Strafle 40, 34132 Kassel, Ger-
many
Molecule-surface interaction is key to many physical and chemical processes
at interfaces. Here, we show that the dynamics of single molecules on a sur-
face under ultrahigh vacuum can be resolved using fluorescence imaging. By
adapting oil-immersion microscopy to a thin vacuum window, we measure the
surface adsorption and translational and rotational diffusion of single perylene
molecules on a fused silica surface with high spatial and temporal resolutions.
Time-dependent measurements of the fluorescence signal allow us to deduce
two characteristic decay time scales, which can be explained through a simpli-
fied model involving two adsorption states and five energy levels. The system
presented in this work combines fluorescence imaging with essential ingredients
for surface science and promises a platform for probing single-molecule-surface
interactions in highly defined conditions.
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Invited Talk MO 16.1 Thul0:30 MO-H5
Infrared Spectroscopy of Ionic Hydrogen-Helium Complexes — ¢OSKAR As-
VANY and STEPHAN SCHLEMMER — I. Physikalisches Institut, Universitit zu
Kéln, Ziilpicher Str. 77, Koln

Ionic species consisting of only hydrogen and helium, H,,He}, are of interest
in astrophyics (those with small n and m) and in molecular physics (because
some of them exhibit a floppy behaviour). Using a combination of cryogenic
ion-trap machines, operated at 4 K, and different laser sources, the ionic species
HHe: (n=2-6), DHe; (n = 3 -6), HyHe", D,He" and H;He" have been
investigated by low- and high-resolution infrared spectroscopy. This contribu-
tion gives an overview about the investigations done in the last couple of years,
with an emphasis on HHe] (1 = 2 — 6). These species are known to consist of a
linear He-H*-He (n = 2) chromophore, with additional helium atoms attached
to the central proton (n = 3,4, ..). The IR results confirm this motif, with n = 3
and n = 6 being of T-shaped C,, and of Dy;, symmetry, respectively, while the
species with n = 4, 5 are suggested to exhibit interesting dynamical phenomena
related to large-amplitude motion.

MO 16.2 Thull:00 MO-H5
Deuteration effects in the reactive scattering of a nucleophilic substitu-
tion reaction. — <ATILAY Avasrr', THOMAS GSTIR', ARNAB KHAN', Tim
MICHAELSENI, Do6RrA PAPPZ, GABOR CZAKéz, and RoLaND WESTER'
!nstitut fiir lonenphysik und Angewandte Physik, Universitit Innsbruck, 6020
Innsbruck, Austria — 2University of Szeged, Szeged, Hungary
Our group studies ion-molecule reactions using a crossed-beam setup with kine-
matically complete velocity map imaging (VMI). We have investigated reactive
scattering of fully deuterated methyl iodide CD;I with atomic fluorine anions
in the energy range from 0.7 to 2.3 eV relative collision energy. The results are
compared with the hydrogenated system F~ + CH;I [1] as well as quasi-classical
trajectory (QCT) simulations [2]. The two main reaction channels are nucle-
ophilic substitution (Sy2) and deuteron/proton transfer for both systems. The
F~ + CH;l reaction shows a significant large-impact parameter contribution in
the Sy 2 channel, a feature that is absent for its deuterated counterpart. While
the simulations can fully capture the Sy2 dynamics in the reaction with CDsI,
large-impact parameter events from F~ + CH;I cannot be reproduced. Such a
discrepancy between experimental and theoretical work might hint towards a
quantum effect that cannot be captured by QCT simulations.
[1] Michaelsen et al., J. Phys. Chem. Lett. 2020, 11, 11, 4331-4336
[2] Olasz et al., Chem. Sci., 2017, 8, 3164-3170

MO 16.3 Thull:15 MO-H5
Disentangling elimination and nucleophilic substitution dynamics — «Tim
MICHAELSENI, JENNIFER MEYERI, VIKTOR TA]TIZ, EpuarRDO CARRASCOSAI, Ti-
BOR GY(’)R12, MARTIN STEII, BjORN BASTIANI, GABOR CZAK(’)Z, and ROLAND
WesTER! — Institut fiir lonenphysik und Angewandte Physik, Universitiit Inns-
bruck, Innsbruck, Austria — “Interdisciplinary Excellence Centre and Depart-
ment of Physical Chemistry and Materials Science, University of Szeged, Szeged,
Hungary
In the presented study we combine angle- and energy-differential cross sec-
tions, obtained in a crossed-beam velocity map imaging experiment, with quasi-
classical trajectory (QCT) calculations on an accurate 21-dimensional hyper-
surface to disentangle the competition of base induced elimination (E2) and
nucleophilic substitution (Sy2) in the reaction of F~ with CH;CH,Cl [1]. As
the detected product ion Cl” is identical for Sy2, anti and syn-E2, separating
the pathways from experiment alone is very challenging. The QCT calculations
quantitatively reproduce the measured total experimental cross section due to
their novel accuracy for such polyatomic reactions and allow us to differentiate
the competing channels and extract detailed information on the underlying re-
action mechanisms. We find that the anti-E2 pathway is dominant, but that Si;2
contributions become more important towards larger collision energies.

[1] J. Meyer, V. Tajti, E. Carrascosa et al., Nat. Chem. 13, 977-981 (2021)

MO 164 Thull:30 MO-H5
Aromaticity and structure variation from cationic cyclopropenyl by varying
the number of hydrogen atoms — +SIMON REINWARDT', PATRICK CIESLIK,
ALEXANDER PERRY»SASSMANNSHAUSENZ, Ticia BUHRZ, ALFRED MﬁLLERz, STE-

93

Location: MO-H5

3,4 1

FAN SCHIPPERSZ, FLORIAN TRINTER™”, and MICHAEL MARTINS — 1Universitit
Hamburg, Hamburg, Germany — *Justus-Liebig-Universitit GieSen, GiefSen,
Germany — 3 Goethe-Universitit Frankfurt am Main, Frankfurt am Main, Ger-
many — *Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

Small carbon systems play an important role in the ion chemistry in the interstel-
lar medium [1] and planetary atmospheres [2]. Soft X-ray spectroscopy enables
the analysis of these small structures as well as their aromaticity [3]. This allows
a comprehensive understanding of the chemical bonding of these hydrocarbon
cations and the transition from rings to chains. The smallest aromatic ion, the
cyclopropenyl cation (C3H;"), is an ideal system for studying the aromaticity
in chemical bonds on a fundamental level. Through the production in an ion
source and a subsequent mass analysis, the structure and the aromaticity can be
selected by controlling the number of attached hydrogen atoms. We present new
results on these systems that we have measured on the photon ion spectrometer
(PIPE) [4] at PETRA III in Hamburg.

[1] D. Smith et al., Chem. Rev., 92 (1992).
[2] C. A. Nixon et al.,, A. ]., 160 205 (2020).
[3] C. Kolczewski et al., ].Chem.Phys., 124 034302 (2006).
[4] S. Schippers et al., X-Ray Spectrometry, 49 11 (2020).

MO 16.5 Thul1:45 MO-H5
Time-resolved photon interactions of size- and charge-state selected polyan-
ionic tin clusters — ¢ALEXANDER JANKOWSKI, PAUL FISCHER, MORITZ
GRUNWALD-DELITZ, and LuTZ SCHWEIKHARD — Institute of Physics, Univer-
sity of Greifswald, Germany

Small tin clusters (Sn,, of sizes n < 50) are formed by so-called building blocks
of Sny, Snyy [1-3] and, in the case of anionic clusters, Sn;5 [3]. These cluster
sizes n = 7,10 and 15 lead to corresponding fragmentation patterns [4,5] which
have been confirmed and further investigated [6,7] at the ClusterTrap setup [8].
These previous findings suggested for dianionic tin clusters fission processes into
two monoanionic fragments in analogy to the case of lead clusters [9]. Recently,
photodissociation experiments have been performed on size- and charge-state-
selected polyanionic tin clusters. By delaying the ejection/analysis of the trapped
clusters with respect to the pulsed photoexcitation, time-resolved measurements
allow the reconstruction of the decay pathways.

[1] C. Majumder et.al., Phys. Rev. B 64, 233405 (2001)
[2] H. Liet al., J. Phys. Chem. C 116, 231-236 (2011)
[3] A. Lechtken et al., J. Chem. Phys. 132, 211102 (2010)
[4] E. Oger et al., J. Chem. Phys. 130, 124305 (2009)
[5] A. Wiesel et al., Phys. Chem. Chem. Phys. 14, 234-245 (2012)
[6] S. Konig et. al., Eur. Phys. J. D 72, 153 (2018)
[7] M. Wolfram et.al., Eur. Phys. J. D 74, 135 (2020)
[8] E. Martinez et al., Int. J. Mass Spectrom. 266, 365-366 (2014)
[9] S. Konig et. al., Phys. Rev. Lett. 120, 163001 (2018)

MO 16.6 Thu 12:00 MO-H5
Cryo Kinetics and IR Spectroscopy of Nitrogen on Tantalum Cluster —
eDANIELA V. FRIES, ANNIKA STRASSNER, MATTHIAS P. KLEIN, MAXIMILIAN HU-
BER, MARC H. PROSENC, and GEREON NIEDNER-SCHATTEBURG — TU Kaiser-
slautern, Kaiserslautern, Deutschland

As motivated by prior room temperature studies on Ta} W we investigate larger
Ta}, clusters (3 < n < 8) and their N, adsorption and activation abilities by
adsorption kinetics and infrared spectroscopy under cryo conditions compared
with DFT calculations.

The model system Ta; appears to be of particular interest with regard to
cryo N, activation. Experimental results reveal peculiar details for the first
and second adsorption kinetics. The absence of any NN stretching signature in
[Ta,(N,),]" and [Ta,(N,),]" indicates cleavage of the first two adsorbed dini-
trogen molecules. We unravel a multistep above edge across surface (AEAS)
activation mechanism.

In addition to the investigations of these tantalum cations we are interested
in the N, adsorption on tantalum anions (Ta,, 4 < n < 10). Initial experiments
observe strong size dependencies which are subject of ongoing interpretation.
(1) Proc. Natl. Acad. of Sci. USA, 2018, 115, 11680-11687.

@I phys. Chem. Chem. Phys., 2021,23, 11345-11354.
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MO 17.1 Thu10:30 MO-H6
Spin precession with BaF for EDM searches — « VIRGINIA MarsHALL"?, PARUL
AGGARWALI’Z, HEeNDRICK L. BETHLEM1’3, ALEXANDER BOESCHOTENI’Z, ANAS-
TASIA BORSCHEVSKYI’Z, MALIKA DENIsl’Z, P1 HAASEI’Z, STEVEN HOEKSTRAI’Z,
JoosT vAN HOFSLOTLZ, Kraus ]UNGMANNLZ, THOMAS B. MEIIKNECHTI’Z,
MAARTEN C. M001]2‘3, RoB G.E. TIMMERMANSI’Z, ANNO TOUWENI’Z, Wim
UsacHs®, LorRENZ WiLLMANN"?, and YANNING Yin'? — ! Netherlands, Gronin-
gen, RUG — 2Netherlands, Amsterdam, Nikhef — >Netherlands, Amsterdam,
VU
eEDM sensitive searches form a probe into the Standard Model of particle
physics and its extensions. A BaF supersonic beam with a velocity of around
600 m/s, moving in a controlled 10 kV/cm electric field and nT magnetic field,
forms an exgerimental setup for eEEDM sensitive searches. The eEEDM search em-
ploys the X*="v = 0, N = 0 ground state of BaF, which is controlled solely by
interactions with laser fields in order to execute a spin precession measurement
in well known E- and B-fields. Our particular interest is on the dependence of
the signal on the laser parameters such as intensity, polarization and frequency
detuning. With this we aim to complete a first measurement step in the coming
year at a sensitivity level 10> ecm.

MO 17.2 'Thu 10:45 MO-H6
eEDM sensitive searches with BaF molecules — sTHOMAS B. MEKNECHT 2,
PARrRUL AGGARWALI’Z, HEeNDRICK L. BETHLEM1’3, ALEXANDER BOESCHOTENI’Z,

ANASTASIA BORSCHEVSKYl’Z, MALIKA DENISI’Z, P1 HAASEl’Z, STEVEN
VIRGINIA

HOEKSTRAl’Z, JoosT VAN HOFSLOTM, Kraus ]UNGMANNI’Z,
MARSHALLI’Z, MAARTEN C. M00112’3, RoB G.E. TIMMERMANSI’Z, ANNO
Touwen"?, Wim UBacHs>, LorRENz WiLLMANN'?, and Yanning YiN!? —
INetherlands, Groningen, RUG — 2Netherlands, Amsterdam, Nikhef —
3Netherlands, Amsterdam, VU

eEDM sensitive searches form a probe into the Standard Model of particle
physics and its extensions. A BaF supersonic beam with a velocity of around

Location: MO-H6

600 m/s, moving in a controlled 10 kV/cm electric field and nT magnetic field,
forms an experimental setup for eEEDM sensitive searches. The emphasis lies on
characterizing and controlling the electric and magnetic fields. Not only of inter-
est are these fields themselves, but in particular (the use of) the sensitivity of the
BaF quantum system in such fields. This provides multiple handles on statistical
and systematic effects, critical in EDM searches. With this we aim to complete
a first measurement step with the supersonic BaF beam in the coming year at a
sensitivity level 10™*%ecm.

MO 17.3 Thull:00 MO-H6
Electrostatic lens for ThO molecules in the ACME III electron EDM search
— «XING WUl’z, DANIEL ANGZ, Davip DEMILLEI, JoHN DOYLEI, GERALD
GABRIELSE3, ZHEN HANI, BINGJIE HA03, Avami HIRAMOTO4, PEIRAN HUI,
DaNIEL Lascar® , ZACK LASNERZ, SIYUAN LIU3, TAKAHIKO MASUDA4, and
CoLE MEISENHELDER? — !The University of Chicago — “Harvard University
— *Northwestern Unviersity — *Okayama University
Measurements of the electron electric dipole moment (eEDM) using atoms and
molecules shed light on T-symmetry violating new physics beyond the Standard
Model. The best upper limit on the eEDM was recently set by the ACME collab-
oration: |d,| < 1.1 X 10 ®e-cm, using a cold beam of thorium monoxide (ThO)
molecules. This result significantly constrains 7 -violating new physics in the
1 ~ 10 TeV range and above. The next generation of ACME aims to improve the
sensitivity to d, by another order of magnitude. A molecular lens is used to fo-
cus, into the EDM measurement region, beams of ThO molecules that have been
prepared in the highly polarizable Q state. Our lens system requires several new
features: 1) a new, spatially compact rotational cooling scheme which we demon-
strated to work with efficiency near its theoretical limit; 2) a STIRAP process to
transfer molecules into and out of the Q state, demonstrated with 80% total effi-
ciency; and 3) an electrostatic hexapole lens operated at +23kV, demonstrated to
enhance molecular signal by 16 times relative to an unfocused molecular beam.

MO 18: High-Resolution Spectroscopy

Time: Thursday 14:30-16:30

Invited Talk MO 18.1 Thu14:30 MO-H5
High-resolution spectroscopic studies of transient carbon-rich species —
*SVEN THORWIRTH, OSKAR ASVANY, and STEPHAN SCHLEMMER — L. Physikalis-
ches Institut, Universitdt zu Koln

Carbon-rich material is of importance in diverse scientific areas such as ma-
terial science, structural chemistry, theoretical- and astrochemistry. In space,
carbon-rich molecular chains both in their neutral and charged forms are abun-
dant ingredients of molecular clouds and circumstellar shells. In this talk, recent
efforts towards spectroscopic characterization of neutral and positively charged
carbon-rich species harboring selected heteroelements will be presented. Neu-
tral chains were studied at high spectral resolution using a combination of laser
ablation production and infrared laser spectroscopy. Positively charged species
were observed as products of electron impact ionization of precursor gases us-
ing infrared/millimeter-wave techniques and action spectroscopy in 22-pole ion
trap instruments. Spectroscopic analyses were guided and facilitated by high-
level quantum-chemical calculations.

MO 18.2 Thul15:00 MO-H5
High-resolution electronic spectroscopy of phthalocyanines in the gas phase
— *FLORIAN SCHLAGHAUFER and ALKWIN SLENCZKA — Institut fiir Physikalis-
che und Theoretische Chemie, Universitidt Regensburg, 93053 Regensburg, Ger-
many
The spectral shape of the zero-phonon-line in the electronic and Stark spectra
of organic molecules such as phthalocyanines [1] and porphine [2] and their
clusters with small atoms and molecules (e.g. H,O, Ar) recorded in superfluid
helium nanodroplets is determined by pure molecular contributions and the in-
fluence of the helium environment. Since the analysis of such line shapes is not
straightforward, corresponding gas phase studies are essential for dissecting he-
lium induced spectral features from molecular rotor fingerprints.

This talk will give an overview of our recent experimental proceedings on
spectroscopy of jet cooled phthalocyanines as well as data analysis used to ob-
tain information on structure and polarity of the molecular systems for both the
ground and the electronically excited state. To our best knowledge phthalocya-
nine is the largest molecule ever studied with respect to its rotational degrees of
freedom so far.

Ultimately, this project heads for a better understanding of microsolvation
and the dynamics of electronic excitation of molecules inside superfluid helium
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nanodroplets via combined gas phase and helium droplet investigations.
[1] J. Chem. Phys. 2018, 148, 144301.
[2] J. Chem. Phys. 2018, 149, 244306.

MO 18.3 Thu15:15 MO-H5
Vibronic couplings in Serotonin — «CHRISTIAN BranD'? and MICHAEL
ScumITT' — 'Heinrich-Heine University, Institute of Physical Chemistry I —
2German Aerospace Center, Institute of Quantum Technologies
We discuss vibronic couplings between the lowest two excited singlet states (L,
and L;) of the neurotransmitter serotonin. In this derivative of indole, we expect
a large energy gap between the two states of ~ 3300 cm ™! and thus only weak
couplings. Nevertheless, using rotationally resolved electronic spectroscopy, we
observe a mode-dependent rotation of the L, transition dipole moment vector in
the direction of the L,,. This study bridges the gap between strong and completely
suppressed couplings, as previously observed for other indole derivatives.

[1] C. Brand and M. Schmitt, J. Mol. Struct. 1250, 131819 (2022)

MO 184 Thu15:30 MO-H5
High resolution continuous wave spectroscopy of the A’EY < X 2H3/2
transition in nitric oxide — *PATRICK KasPaR!, FABIAN MUNKES', PHILIPP
NEUFELDI, LEA EBELI, YANNICK SCHELLANDERz, ROBERT L('jwl, TILMAN
Prau’, and HARALD K&BLER' — 5. Physikalisches Institut and Center for Inte-
grated Quantum Science and Technology IQST, Universitit Stuttgart — 2Institut
fiir Grofiflachige Mikroelektronik, Universitit Stuttgart
Within the scope of the development of a new kind of gas sensor[1,2], we em-
ploy Doppler-free saturated absorption spectroscopy on the A?S* « X *II, /2
transition in nitric oxide (NO) for different total angular momenta J on the Py,
branch. Spectroscopy is performed in continuous wave operation at 226 nm in a
50 cm long through-flow cell. Via phase sensitive detection by a lock-in amplifier
the hyperfine structure of the X *TI, /2 state of NO is partially resolved. The data
is compared to previous measurements [3], showing good agreement. Investi-
gation of the dependence of the spectroscopic feature on power and pressure,
should yield hyperfine constants, natural transition linewidth and the collisional
cross-section between NO molecules.
[1] P. Kaspar et. al., OSA Optical Sensors and Sensing, 19-23 July, 2021
[2] J. Schmidt et. al., Appl. Phys. Lett. 113, 01113 (2018)
[3] W.L. Meerts and A. Dymanus, J. of Mol. Spec. 44, 320-346 (1972)
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MO 18.5 Thul15:45 MO-H5
Spectral learning for (ro-)vibrational calculations of weakly-bound
molecules — ¢YAHYA SALEHI’Z, JANNIK EGGERSI’Z, VISHNU SAN]AY6, ANDREY
YacHMENEVD?, ARMIN IskE?, and JOCHEN Kopper»>*° — 1Center for Free-
Electron Laser Science, Deutsches Elektronen-Synchrotron DESY, Hamburg,
Germany — “Department of Mathematics, Universitit Hamburg, Hamburg,
Germany — >Center for Ultrafast Imaging, Universitit Hamburg, Hamburg,
Germany — *Department of Physics, Universitit Hamburg, Hamburg, Ger-
many — >Department of Chemistry, Universitit Hamburg, Hamburg, Germany
— SGran Sasso Science Institute
Weakly-bound complexes of organic molecules with water play diverse roles in
various fields ranging from biology to astrochemistry. Planning experiments re-
quires accurate quantum mechanical calculations of (ro-)vibrational energies up
to dissociation, which is a challenging task for these systems. Standard predic-
tions for these problems represent the wavefunctions as a linear combination of
some fixed basis set. The quality of the predictions deteriorate for highly-excited
states. Moreover, the computational costs scale poorly with the dimension of the
problem.

We present a nonlinear variational framework to simultaneously compute
multiple eigenstates of quantum systems using neural networks. The proposed
framework is shown to model excited states more accurately and is believed to
scale better with the size of the system. We also present numerical analysis’ re-
sults and convergence guarantees of the proposed approach.

MO 18.6 Thul16:00 MO-H5
SFQEDtoolkit: a high-performance library for modeling strong-field QED
effects in relativistic laboratory astrophysics — «SAMUELE MONTEFIORI and
MaTTEO TAMBURINI — Max-Planck-Institut fiir Kernphysik, Saupfercheckweg
1, D-69117 Heidelberg, Germany
Given the need of modeling strong-field QED (SFQED) processes such as high-
energy photon emission and electron-positron pair creation in forthcoming rel-

ativistic laboratory experiments at ultrahigh fields, we have developed an open
source library that allows the implementation of SFQED effects in existing Monte
Carlo and Particle-In-Cell (PIC) codes. The SFQEDtoolkit library is primar-
ily designed to simultaneously achieve high performance and high accuracy in
modeling the functions that describe SFQED processes within and beyond the
locally constant field approximation (LCFA).

MO 18.7 Thul6:15 MO-H5

Auger electron spectroscopy of Fulminic acid, HCNO — «MARIUS GERLACH! N
ToB1As PREITSCHOPFI, EmiIL KARAEVl, HEeipy LARAl, DENNIS MAYERZ, JoHN
Bozex®, RENHOLD Fink*, and INGo Fiscuer! — !Universitit Wiirzburg,
97074 Wiirzburg, Germany — 2Universitit Potsdam, 14476 Potsdam-Golm —
3Synchrotron SOLEIL, 91192 Gif Sur Yvette, France — *Universtiit Tiibingen,
72076 Tibingen
In 2009 fulminic acid, HCNO, was first detected in space in the three starless
cores B1, L1544 and L183.[1] The isomer isocyanic acid, HNCO, is also ubig-
uitous in interstellar systems.[2] Due to their composition of Hydrogen, Car-
bon, Nitrogen and Oxygen these molecules have been proposed to have a prebi-
otic role as intermediates for organic life. Investigating the interaction of these
molecules with X-ray radiation is critical in understanding their fate in space.

As such, we present the gas phase auger electron spectra of fulminic acid which
were recorded at the PLEIADES beamline at the Synchrotron SOLEIL in France.
Fulminic acid was synthesized by preparative pyrolysis.[3] The spectra are com-
pared to theoretical simulations and previously recorded spectra of isocyanic
acid.

[1] N. Marcelino, J. Cernicharo, B. Tercero, E. Roueff, Astrophys. ., 2009, 690,
L27-L30.

[2] Nguyen-Q-Rieu, C. Henkel, J. M. Jackson, R. Mauersberger, Astron. As-
trophys., 1991, 241, L33.

[3] C. Wentrup, B. Gerecht, H. Briehl, Angew. Chem. Int. Ed., 1979, 18, 467-
468.
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MO 19.1 Thul6:30 P
High resolution spectroscopy of biomolecules in a cryogenic 16-pole wire ion
trap — *ENDRES ERICl, GEISTLINGER KATHARINAI, DAHLMANN FRANZISKAI,
MICHAELSEN Tim! , ONCAK MiLan’ , MOHANDAS SALVIZ, and WESTER RoLAND"
— !Institut f. lonenphysik und Angewandte Physik, Universitit Innsbruck, Aus-
tria — 2Institute of Science Education and Research, Tirupati, India
Spectroscopy plays an increasingly important role in the study of structural de-
tails of complex biological systems and the investigation of UV photodamage
of genetic material. In combination with electrospray ionization, ion trap spec-
troscopy has been successfully used to investigate electronic and vibrational tran-
sitions in biomolecules in order to determine geometrical structures or the decay
channels following electronic excitation.
In this contribution a recently developed linear cryogenic 16-pole wire ion trap
for ion spectroscopy at temperatures below 4 K will be presented. The trap offers
alarge field-free region in the radial direction, reducing radio-frequency heating
and provides large optical access perpendicular to the ion beam direction.[1] The
low temperatures enabled multiple helium tagging of glycine ions, allowing high
resolution IR action spectroscopy of the OH stretching vibration. Simulated ro-
tational contours of the absorption band yield a rotational temperature of about
6 K.[2] Furthermore, preliminary results of photodissociation measurement of
[dAMP-H]~, a monomer of DNA, will be presented.
[1]Geistlinger et. al., Rev. Sci. Instrum. 92, 023204 (2021)
[2]Geistlinger et. al., J. Mol. Spectrosc. 379, 111479 (2021)

MO 19.2 Thul6:30 P
Numerical Justification for Increased Conductance of Ferrocene Molecule at
Room Temperature — «STEPAN MAREK — Department of Condensed Matter
Physics, Faculty of Mathematics and Physics, Charles University, Prague, Czech
Republic
The conductance of molecular junctions is numerically challenging prob-
lem combining physics of macroscopic electrodes/reservoirs and microscopic
molecules. Recent experimental advances help guide the theoretical calculations
and provide a good testing case for the numerical methods. Perhaps the most
widely used approach to numerical electronic structure calculations is the den-
sity functional theory (DFT). This method is used to calculate ground state elec-
tronic structure of several electrode-plus-ferrocene molecule geometries. The
results are then refined in conductance calculations, and by thermal averaging
of the conductance in different geometries, predictions on the thermal depen-
dence of the conductance of the junction are made, which qualitatively agree
with the experiment.
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MO 19.3 Thul6:30 P
High resolution photoelectron spectroscopy on deeply cold niobium and tan-
talum clusters — «FABIAN BAR, MORITZ WEIGT, and BERND V. ISSENDORFF —
Physikalisches Institut der Albert-Ludwigs-Universitit Freiburg

The properties of deeply cold niobium clusters Nby to Nb3, and tantalum clus-
ters Tag to Ta,, at 3.9K have been investigated.

In combination with a time-dependent potential applied to the flight tube, our
magnetic bottle time-of-flight photoelectron spectrometer has a current resolu-
tion of AE/E = 0.37% [1]. This is at least a factor five better than a standard
magnetic bottle spectrometer and still competitive with a hemispherical energy
analyzer whose drawback is a significantly worse collection efficiency. Com-
bining the improved spectrometer with a low-jitter, short-pulse excimer laser
operating at 157nm, we gain access to bound states down to 7.9eV at a so far
unreached precision in such a setup [2].

In this configuration we recorded more detailed photoelectron spectra for
small niobium and tantalum clusters cooled down to their vibrational ground
state.

[1] M.Weigt, PhD thesis, Albert-Ludwigs-Universitét Freiburg (2021).

[2] O.Kostko, PhD thesis, Albert-Ludwigs-Universitat Freiburg (2007).

MO 194 Thul6:30 P
New apparatus for synchrotron-based photoelectron spectroscopy of cold,
mass-selected and cold ions in the gas phase — «PHILLIP STOCKS, FABIAN BAR,
Lukas WEISE, and BERND V. IsSENDORFF — Physikalisches Institut der Albert-
Ludwigs-Universitat Freiburg
A novel instrumentation is under development for photoelectron spectroscopy
of gas phase ions, aiming for wide exploitation of the potential of synchrotron ra-
diation sources like BESSY II for the study of mass-selected nanoparticles, com-
plexes and molecules.

The setup will make use of the strongly increased ion density in an ion trap
for photoelectron spectroscopy of size-selected cluster or molecular ions with
synchrotron radiation. Photoelectrons emitted by the ions inside the ion trap
will be guided by a tailored magnetic field out of the ion trap, extracted from
the magnetic guiding field by custom designed electron optics, and transferred
into a hemispherical energy analyser with a position sensitive detector. By em-
ploying this method, photoelectron intensities can be obtained that are orders
of magnitude higher than by direct irradiation of an ion beam. This worldwide
unique setup will make core-levels and the full valence band of free ions rou-
tinely accessible for the first time and can be used for a broad range of studies,
from the characterisation of the electronic structure of transition metal clusters
and organometallic complexes via core-level shifts, to the examination of reac-
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tions on the surface of catalytically active nanoparticles; tackling problems of
both, fundamental importance and direct technological relevance.

MO 19.5 Thul16:30 P
Detailed investigation of unexpected photoelectron spectra via angle resolved
spectroscopy of Copper clusters — «LUKAS WEISE and BERND V. ISSENDORFF
— Physikalisches Institut der Albert-Ludwigs-Universitét Freiburg
Angle resolved spectroscopy provides an important test of the theoretical de-
scription of clusters since these spectra carry more information than the bare
energy levels. The anisotropy of photoelectron spectra for example depends on
the angular momentum state.
The cluster anions are produced in a magnetron sputter source, cooled to 7 Kand
enter a time-of-flight spectrometer for mass measurement and selection. After-
wards electrons are detached by linear polarised laser light and projected onto a
MCP detector in a velocity map imaging setup.
The presented analysis utilises the additional information from angle resolved
spectroscopy to gain a better understanding of photoelectron spectra, that have
not been predicted by theory so far. For Cug; an electronic shell closing is ex-
pected. Previous experiments [1,2], however, have shown an additional peak as-
sociated to the occupation of the next orbital, that would be predicted for Cug,.
Based on the angle resolved measurements an f-type character can be assigned
to the additional state.
[1] O. Kostko, PhD thesis, Albert-Ludwigs-Universitét Freiburg (2007).
[2] M. Knickelbein, Chemical Physics Letters 192, 1 (1992), 129-134.

MO 19.6 Thul16:30 P
Disentangling the relationship between Sy 2 and E2 reactions in ethyl halides
— oTHOMAS GSTIR, ATILAY AvAsLI, TiIM MICHAELSEN, ARNAB KHAN, and
RoLAND WESTER — Institut fiir Ionenphysik und Angewandte Physik, Univer-
sitdt Innsbruck, Innsbruck, Austria
The bimolecular nucleophilic substitution reaction (Sy2) and bimolecular elim-
ination reaction (E2) are two essential reaction types in organic chemistry. As
both reactions lead to the same ionic product, it is inherently difficult to distin-
guish between them solely with experimental approaches. In an attempt to over-
come this, we measured the reaction of fluoride with iodoethane (CH; CH,I) and
its fully B-carbon-fluorinated counterpart (CF;CH,I). These lead to the com-
plete suppression of the E2 pathway. Here, we report the results of the reac-
tions in the gas phase at four collision energies between 0.4 and 2 eV. For these
measurements, we employed a crossed molecular beam setup combined with a
velocity map imaging spectrometer. The obtained energy and angle differen-
tial cross sections can reveal a mechanistic understanding of reaction dynamics
on an atomic level, especially in cooperation with state-of-the-art theory. In the
present experiment we observe an increased signal in the proton transfer channel
and at higher collision energies the formation of CF,CI . Both reaction path-
ways originate from an attack on a a-carbon hydrogen. In CH3CH,I this would
most likely lead to a hydrogen migration along the C-C bond and a subsequent
E2 breakup.

MO 19.7 Thul16:30 P
Experimental setup towards High-Resolution Ion-Molecule Crossed Beam
Imaging — sDASARATH SWARAJ, FLORIAN TRUMMER, TIM MICHAELSEN, ARNAB
KHAN, ROBERT WILD, FABI0 ZAPPA, and ROLAND WESTER — Institut fiir Ionen-
physik und Angewandte Physik, Universitit Innsbruck, 6020 Innsbruck,Austria
Detailed insight into the dynamics of elementary reactions in the gas phase
can be obtained from crossed-beam reactive scattering experiments. Crossed
beam combined with velocity map imaging (VMI), angle and energy differen-
tial crossections can be obtained.[1][2] In this contribution, we present the de-
sign plan and relevant simulations for an experimental setup to investigate ion
molecule reactions with higher precision than previously attainable. The ions
will be created by laser ionization so that they are mostly in the vibrational
ground state. In addition, according to our simulation, a proper shaping of the
ionization volume and a very weak acceleration of the ions play a crucial role in
deciding the ion beam energy resolution. The ion beam is overlapped with the
beam of neutral molecules and the collision products are collected by the VMI
spectrometer. We also plan a coincidence detection of both the ionic and neutral
products after the reaction, which will be further implemented by a laser ioniza-
tion scheme. With our new setup, we plan to study fundamental astrophysically
significant reactions such as Hj +H, —Hj +H.

[1] R. Wester, Mass Spectrometry Reviews, 2021.
[2] R.Wester, Phys. Chem. Chem. Phys., vol. 16, pp.396-405,2014.

MO 19.8 Thul6:30 P
Observation and manipulation of long-lived electronic coherences in lan-
thanide complexes at room temperature — «MIRALI GHEIBI, JAYANTA GHOSH,
CRISTIAN SARPE, BASTIAN ZIELINSKI, TILLMANN KALAS, RAMELA CIOBOTEA,
ARNE SENFTLEBEN, THOMAS BAUMERT, and HENDRIKE BRAUN — Institute of
Physics and CINSaT, University of Kassel, Heinrich-Plett-Strasse 40, 34132 Kas-
sel, Germany
The aim of SMolBits - Scalable Molecular Quantum Bits - is the realization of
ideal quantum systems with long-lived levels, isolated from the environment
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to form quantum bits as key building blocks for advanced quantum technolo-
gies. Lanthanides are particularly promising with respect to possible applications
in quantum-based information storage and gate operations at the atomic and
molecular levels. Their energy levels and electronic states are barely influenced
by the environment and their bonds to the ligands attached to the lanthanides.
Some of them show a prominent absorption feature around 800 nm. In this re-
search, the electronic coherences excited in lanthanide complexes by interaction
with IR femtosecond laser pulses and their lifetimes using phase-locked double
pulses and fluorescence detection under a confocal-microscope are investigated.
An electronic coherence time of more than 600 fs for two different complexes
containing Neodymium is observed. Currently, we study Rabi oscillations in
these complexes. As a next step, the influence of spectrally phase-shaped fem-
tosecond laser pulses in the non-perturbative regime onto the electronic excita-
tion and the created coherence for quantum gate implementation is researched.

MO 19.9 Thul6:30 P
Towards quantum control of Calcium ions for the use in molecular spec-
troscopy — eMANIKA BHARDWAJ, JOSSELIN BERNARDOFF, JAN THIEME, DAQING
WANG, MARKUS DEBATIN, and KILIAN SINGER — University of Kassel, Kassel,
Germany
We present our advances towards establishing a new two- dimensional spec-
troscopy method that selectively maps the suitable quantum states. For this
purpose, the molecular ions to be investigated are sympathetically cooled and
trapped in an ion trap with laser-cooled calcium ions [1]. We will use the photon-
recoil spectroscopy method to study the molecular ions through studying the
photon-recoil imparted on co-trapped calcium ion [2].

[1] Groot-Berning, Kornher, Jacob, Stopp, Dawkins, Kolesov, Wrachtrup,
Singer, Schmidt-Kaler, Phys. Rev. Lett. 123, 106802 (2019) [2] Wan,
Gebert, Wiibbena, Scharnhorst, Amairi, Leroux, Hemmerling, Lérch, Ham-
merer, Schmidt, Nat Commun 5, 3096 (2014)

MO 19.10 Thul6:30 P
Towards the production of groundstate RbYb molecules — «CHRISTIAN SIL-
LUS, BASTIAN POLLKLESENER, CELINE CASTOR, and AXEL GORLITZ — Heinrich-
Heine Universitat Diisseldorf
Ultracold dipolar molecules constitute a promising system for the investigation
of topics like ultracold chemistry, novel interactions in quantum gases, precision
measurements and quantum information. Here we report on first experiments in
our apparatus for the production of ultracold RbYb molecules. This setup consti-
tutes an improvement of our old apparatus, where the interactions in RbYb and
possible routes to molecule production have already been studied extensively.
In the new setup a major goal is the efficient production of ground state RbYb
molecules. We employ optical tweezers to transport individually cooled samples
of Rb and Yb from their separate production chambers to a dedicated science
chamber. Here we start to study interspecies interactions of different isotopes
by overlapping crossed optical dipole traps. We report of first results of imple-
menting an optical lattice and using photoassociation spectroscopy on the way
towards groundstate molecules.

MO 19.11 Thul6:30 P
Self-bound dipolar droplets and supersolids in molecular Bose-Einstein con-
densates — eMATTHIAS SCHMIDTI, PHILLIP GROSSI, Lucas LASSABLI‘ER}:Z,
GouLveN QUEMENER?, and Tim LANGEN' — '5. Physikalisches Institut and
Center for Integrated Quantum Science and Technology, Universitit Stuttgart,
Pfaffenwaldring 57, 70569 Stuttgart, Germany — >Université Paris-Saclay,
CNRS, Laboratoire Aimé Cotton, 91405 Orsay, France
We numerically study the many-body physics of molecular Bose-Einstein con-
densates with strong dipole-dipole interactions. We observe the formation of
self-bound droplets, and explore phase diagrams that feature a variety of exotic
supersolid states. In all of these cases, the large and tunable molecular dipole
moments enable the study of unexplored regimes and phenomena, including
liquid-like density saturation and universal stability scaling laws for droplets, as
well as pattern formation and the limits of droplet supersolidity. We discuss a
realistic experimental approach to realize both the required collisional stability
of the molecular gases and the independent tunability of their contact and dipo-
lar interaction strengths. Our work provides both a blueprint and a benchmark
for near-future experiments with bulk molecular Bose-Einstein condensates.

MO 19.12 Thu16:30 P
Preparing and characterizing ultracold bosonic *Na*K spin polarized
ground state molecules — ¢sMARA MEYER ZUM ALTEN BORGLOHI, PHILIPP
GERSEMAI, Kar KoNRAD VOGESI, TORSTEN HARTMANNl, LeoN KARPAI,
ALESSANDRO ZENESINT, and STLKE OsPELKAUS' — !Leibniz Universitit Han-
nover, Institut fiir Quantenoptik — 2INO-CNR BEC Center and Dipartimento
di Fisica, Universita di Trento
Recently, ultracold polar molecules have become the focus of interest for research
in quantum chemistry and metrology. Heteronuclear molecules have a large
electric dipole moment, which allows the study of long-range and anisotropic
dipole-dipole interactions. Moreover, their large number of degrees of freedom,
such as rotation and vibration, opens up new possibilities for quantum simula-
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tions. We report the preparation of ground-state bosonic spin-polarized NaK
molecules with a large electric dipole moment of 2.7 D. Starting from an ultra-
cold quantum gas mixture of K and Na atoms, we first generate weakly bound
molecules near a Feshbach resonance. The Feshbach molecules are then trans-
formed into strongly bound molecules in the absolute molecular ground state by
stimulated Raman adiabatic passage (STIRAP). The STIRAP pulse is performed
within 12 ys and has an efficiency of about 70 %, preparing up to 4200 molecules
at a temperature of about 300 nK. Finally, we report the dependence of the en-
ergy structure of the vibrational ground state manifold on the electric field and
the manipulation of the molecular hyperfine and rotational state.

MO 19.13 Thul16:30 P

Complex Formation in Three-Body Reactions of Cl~ with H, — «CHRISTINE
LocHMANN, ROBERT WILD, MARKUS NOTZOLD, and ROLAND WESTER — Insti-
tut fiir Ionenphysik und Angewandte Physik, Universitit Innsbruck, Osterreich
Dihydrogen halide clusters are the subject of various theoretical and experimen-
tal studies [1]. In their anionic state they are weakly bound complexes and can
provide insight into dynamical processes in chemical reactions. Here we report
the three-body reaction rate of ClI” with H, forming the Cl”(H2) complex, as
well as the temperature dependence of this reaction in the range of 10 - 26 K [2].
Furthermore, we observe the back-reaction with an unexpected dependence to
the third power of the density. Comparisons of the experiment in a 22-pole rod
and a newly installed 16-pole wire trap [3] are presented and show that the ions
reach lower temperature in the 16-pole trap. We have recently also observed a
three-body process in the reaction of C; with two H, which leads to the product
C,H . In the future we plan on expanding the research of three-body reactions
at low temperatures. One focus will be the influence of the nuclear spin state of
hydrogen on three-body reaction rates.

[1] E Dahlmann, et al,, J. Chem. Phys. (in press) (2021);

[2] R. Wild, et al., J. Phys. Chem. A, 125, 8581 (2021)

[3] K. Geistlinger, et al., Rev. Sci. Instrum. 92, 023204 (2021)

MO 19.14 Thul16:30 P
Progress on Zeeman slowing of CaF — «MARIIA STEPANOVA, TiM0 PoLL, PAuL
KAEBERT, SUPENG XU, MIRCO SIERCKE, and SILKE OSPELKAUS — Institut fiir
Quantenoptik, Leibniz Universitat Hannover
Recently, great progress has been made in direct laser cooling of molecules to
temperatures close to absolute zero. However, experiments are limited by the
number of molecules that can be captured from molecular beams using typical
laser-based trapping methods. In Petzold et al. 2018, we proposed to trans-
fer Zeeman deceleration to laser-coolable molecules and thus substantially in-
crease the number of molecules that can be captured by e.g. magneto-optical
traps. Here, we now present our characterisation of the Zeeman force for CaF
molecules, Kaebert et al. 2021. We find excellent agreement of the force with
an optical Bloch equation model. This shows that the generated force profile
can compress the initial molecular velocity distribution from a standard buffer
gas cell to the velocity required for trapping in a magneto-optical trap (MOT).
We present the current status of our experiment as well as theoretical work on a
novel Bayesian-optimised molecular MOT scheme for CaF molecules.

MO 19.15 Thul16:30 P
Characterization of an experimental setup to investigate cold molecule-
Rydberg-atom interactions — «MARTIN ZEPPENFELD — MPI fiir Quantenoptik
Strong interactions between molecules and Rydberg atom extend to distances
larger than 1 ym, promising exciting applications in quantum science. This in-
cludes possibilities for cooling internal and external molecular degrees of free-
dom, nondestructive molecule detection and state readout, and performing
quantum gates.

Towards these goals, I will present an experimental setup for the investiga-
tion of cold molecule-Rydberg-atom interactions. Cold molecules are produced
via velocity filtering with an electrostatic quadrupole guide. Rydberg atoms are
produced via two-photon excitation of ultracold atoms in a rubidium MOT. A
key feature of the setup is a set of 24 electrodes, allowing the electric fields expe-
rienced by the Rydberg atoms to be precisely controlled. Combined with mm-
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waves at roughly 400 — 500 GHz to drive Rydberg transitions and state selec-
tive field ionization for detection, this allows precise control and read-out of the
atomic Rydberg states.

MO 19.16 Thul6:30 P
Modelling laser cooling and molecular structure in BaF — «FELIX KOGEL,
MARIAN ROCKENHAUSER, EINTUS PULTINEVICIUS, and TiMm LANGEN — Univer-
sitdt Stuttgart, 5. Physikalisches Institut, IQST
Cold molecular gases are promising candidates for studies of cold chemistry, pre-
cision tests of fundamental symmetries and quantum simulation. Motivated by
our experiments on barium monofluoride (BaF), we report here on the simula-
tion of laser cooling for this species, using multi-level rate equations and optical
Bloch equations. We present efficient Doppler, sub-Doppler and coherent cool-
ing schemes for both bosonic and fermionic isotopologues of this species. In ad-
dition, we discuss the analysis of experimental spectra of the lowest vibrational
transitions relevant for laser cooling of BaF.

MO 19.17 Thul6:30 P
Towards nanoplasma formation from size selected helium droplets using an
electrostatic deflector — CRISTIAN MEDINAI, «SEBASTIAN TRIPPELZ, ROBERT
MOSHAMMER3, THOMAS PFEIFERS, JOCHEN KUPPERZ, FrRANK STIENKEMEIERI,
and MarceL Muprica? — '1University of Freiburg, Freiburg im Breisgau,
Germany — “Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany —
*Max Planck Institute for Nuclear Physics, Heidelberg, Germany — *Aarhus
University, Aarhus, Denmark
It has recently been demonstrated that passing a molecule with a large dipole mo-
ment embedded inside a helium nanodroplet across an inhomogeneous electric
field allows deflecting the entire droplet depending on its mass [1]. We present
the calculations and design for a helium droplet size selector apparatus using CsI
molecules as dopants. The doped clusters are deflected transversally by a type-B
deflector with an inhomogeneous electric field [2]. In the proposed experiment,
ananoplasma is ignited in the helium droplet by a NIR femtosecond laser, tightly
focused by a motorized back-focusing mirror, moving the focus across the di-
verted beam. The resulting electrons and ions emitted by the nanoplasma are
collected by an electron velocity-map imaging and an ion time-of-flight spec-
trometer. The theoretical calculations of the spatial deflections were done us-
ing the CMIfly software developed by the Molecule Imaging group (CMI) at the
Centre for Free-Electron Laser Science (CFEL)[2].

[1]D.]. Merthe et al., j. phys. chem. lett. 7 (2016).
[2]]-P. Chang et al., comput. phys. commun. 185 (2014).

MO 19.18 Thul6:30 P
Preparations for experiments with triatomic hydrogen ions at the Cryogenic
Storage Ring — *AIGARS ZNoTINs!, ANNIKA OETJENS', FLORIAN GRUSSIE!,
DAMIAN MULLI, OLDRICH NOVOTNYI, FELIX NUESSLEINI, ANDREAS WOLFI,
ARNAUD DocHAIN?, XaviEr UrBAIN?, and HorGer Krecker! — 'Max-
Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany — “Institute of
Condensed Matter and Nanoscience, Louvain-la-Neuve B-1348, Belgium

The triatomic hydrogen ion Hj is considered a key species in astrochemistry. It
serves as a benchmark system for theoretical calculations of small polyatomic
molecules and has been identified as one of the main drivers of an active inter-
stellar ion-neutral chemistry network, contributing to the formation of complex
molecules in space. Additionally, electron recombination of H; has received a lot
of attention, owing to the influence of its rate coefficient on the ionization balance
of interstellar chemistry networks. Here, we report current efforts to understand
the cooling behavior of H; and H,D" inside the Cryogenic Storage Ring, and
the preparation of laser diagnostic schemes and dedicated ion sources for future
studies. We explore the feasibility of using multi-color action spectroscopy of
cold HJ ions to probe excited states in the energy region above 20000 cm ™.

As the use of a rotationally cold ion source is a crucial component of the fore-
seen studies, we present the design and characteristics of a pulsed supersonic
expansion source to produce molecular ion beams with low rotational tempera-
tures.
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Direct high-precision measurement of the electron capture Q-value in '’ Ho for the de-
termination of the effective electron neutrino mass — ¢«CHRISTOPH SCHWEIGER, MAR-
TIN BRASS, VINCENT DEBIERRE, MENNO DOOR, HOLGER DORRER, CHRISTOPH E. DULL-
MANN, SERGEY ELISEEV, CHRISTIAN ENSS, PAVEL FILIANIN, LOREDANA GASTALDO, ZOLTAN
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MARTSCHINI, KARIN HAIN, MAKI HONDA, JOHANNES LACHNER, OSCAR MARCHHART,
SILKE MERCHEL, CARLOS VIVO-VILCHES, ROBIN GOLSER

Two-photon decay of nuclear isomers — e WOLFRAM KORTEN

Isobar separation with cooled ions and laser light for compact AMS facilities —
*JOHANNES LACHNER, STEFAN FINDEISEN, ROBIN GOLSER, MICHAEL KERN, OSCAR
MARCHHART, MARTIN MARTSCHINI, ANTON WALLNER, ALEXANDER WIESER

PUMA: nuclear structure with low-energy antiprotons — e ALEXANDRE OBERTELLI
Present and future prospects for MRTOF-based mass spectroscopy at KEK and RIKEN
— ePETER SCHURY, MICHIHARU WADA, TOSHITAKA NIWASE, MARCO ROSENBUSCH,
YosHikAazU HIRAYAMA, HIRONOBU IsHIYAMA, DA1vA KAj1, SotA KiIMURA, HIROARI M1Y-
ATAKE, Koujyt MoRIMOTO, MOMO MUKAI, HIROARI MIYATAKE, AIKO TAKAMINE, YUTAKA
WATANABE, HERMANN WOLLNIK

Isochronous mass spectrometry and beam purification in an electrostatic storage ring
— oVIVIANE C. SCHMIDT
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Audimax  State-to-State Rate Coefficients for NH,-NH, Collisions obtained from Pump-

Probe Chirped-Pulse Experiments — ¢CHRISTIAN P. ENDRES, PAorLA CASELLI,
STEPHAN SCHLEMMER

Audimax A multifaceted approach to investigate the reactivity of PAHs under electrical dis-

charge conditions — +DONATELLA LORU, AMANDA L. STEBER, JOHANNES M. M.
THUNNISSEN, DANIEL B. RaAp, ALEXANDER K. LEMMENS, ANOUK M. R1js, MELANIE
SCHNELL

Audimax  Exploring the Femtosecond Dynamics of Polycyclic Aromatic Hydrocarbons Us-

ing XUV FEL Pulses — ¢JasoN LEg, DENIs TIKHONOV, BASTIAN MANSCHWETUS,
MELANIE SCHNELL

98



Mass Spectrometry Division (MS)

Overview

Invited talks of the joint PhD symposium Solid-state Quantum Emitters Coupled to Optical Microcav-
ities (SYPD)
See SYPD for the full program of the symposium.

SYPD 1.1

SYPD 1.2

SYPD 1.3

SYPD 1.4

Mon

Mon

Mon

Mon

16:30-17:00

17:00-17:30

17:30-18:00

18:00-18:30

AKjDPG-H17  Fiber-based microcavities for efficient spin-photon interfaces — «DAvID

HUNGER

AKjDPG-H17 A fast and bright source of coherent single-photons using a quantum dot in

an open microcavity — ¢RICHARD ]. WARBURTON

AKjDPG-H17  New host materials for individually addressed rare-earth ions — «SEBASTIAN

HoRVATH, SALIM OURARI, LUKASZ DUSANOWSKI, CHRISTOPHER PHENICIE, ISA-
IAH GRAY, PAUL STEVENSON, NATHALIE DE LEON, JEFF THOMPSON

AKjDPG-H17 A multi-node quantum network of remote solid-state qubits — s\RoNALD HAN-

SON

Invited talks of the joint symposium SAMOP Dissertation Prize 2022 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1

SYAD 1.2
SYAD 1.3

SYAD 1.4

Sessions

MS1.1-1.7
MS2.1-2.6
MS 3.1-3.5
MS 4.1-4.7
MS5

MS 6.1-6.6
MS7.1-7.4
MS 8.1-8.4
MS9.1-9.4

Tue

Tue
Tue

Tue

Mon
Mon
Tue

Wed
Wed
Wed
Wed
Thu

14:00-14:30

14:30-15:00
15:00-15:30

15:30-16:00

14:00-16:00
16:30-18:15
10:30-12:05
10:30-12:30
13:00-14:00
14:00-15:45
16:30-18:15
10:30-11:45
14:00-15:15

Audimax

Audimax
Audimax

Audimax

MS-H9
MS-H9
MS-H9
MS-H9
MS-MV
MS-H9

MS-H9
MS-H9

New insights into the Fermi-Hubbard model in and out-of equilibrium —
*ANNABELLE BOHRDT

Searches for New Physics with Yb* Optical Clocks — sRICHARD LANGE

Machine Learning Methodologies for Quantum Information — «HENDRIK POULSEN
NAUTRUP

Precision Mass Measurement of the Deuteron’s Atomic Mass — «SASCHA RAU

Penning-Trap Mass Spectrometry

Mass Spectrometry Methods

Studies of Nuclear Metastable States
Accelerator Mass Spectrometry

Annual general meeting

New Developments

MS Poster Session

Multi-Reflection Time-of-Flight Spectrometers
Ion Storage Rings

Annual General Meeting of the Mass Spectrometry Division

Wednesday 18:00-19:00 MS-MV

« Bericht

o Verschiedenes
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Mass Spectrometry Division (MS)

Monday

Sessions
— Invited Talks, Group Reports, Contributed Talks, and Posters —

MS 1: Penning-Trap Mass Spectrometry

Time: Monday 14:00-16:00

Invited Talk MS1.1 Mon 14:00 MS-H9
Direct high-precision measurement of the electron capture Q-value in 163 Ho
for the determination of the effective electron neutrino mass — «CHRISTOPH
SCHWEIGERI, MARTIN BRASSZ, VINCENT DEBIERREI, MENNO DOORI, HOLGER
DORRER3, CHRISTOPH E. Dt'JLLMANN3’4’5, SERGEY ELISEEVl, CHRISTIAN ENSSs,
PAVEL FILIANINl, LOREDANA GASTALDOG, ZOLTAN HARMANI, MAURITS W.
HAVERKORTZ, JosT HERKENHOFFI, PauL INDELICATO7, CHRISTOPH H. KEITELI,
KATHRIN KROMER', DANIEL LANGE', YURI N. Novikov®®, DENNIS RENTSCH ™,
ALEXANDER RISCHKAI, Rima X. SCHI"JSSLERl, and Kraus BLaum' — 'Max-
Planck-Institut fiir Kernphysik, Heidelberg, Germany — *Institute for Theoreti-
cal Physics, Heidelberg University, Germany — >Department Chemie - Standort
TRIGA, Mainz University, Germany — *Helmholtz-Institut Mainz, Germany
— >GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Darmstadt, Ger-
many — ®Kirchhoff-Institute for Physics, Heidelberg University, Germany —
7Laboratoire Kastler Brossel, Sorbonne Université, Paris, France — *NRC “Kur-
chatov Institute”-Petersburg Nuclear Physics Institute, Gatchina, Russia — ost.
Petersburg State University, Petersburg, Russia

Among the most important quantities for fundamental physics is the effective
mass of the electron neutrino m,,, which has far-ranging consequences for cos-
mology and theories beyond the Standard Model. At present, the most precise
indirect upper limit on 1, is <120 meV/c* resulting from astrophysical obser-
vations while the most precise direct limit is set by the KATRIN collaboration
with <0.8 meV/c?, based on the kinematic study of the tritium f-decay. Com-
plementary, the ECHo and HOLMES collaborations investigate the electron cap-
ture decay in '®*Ho using microcalorimeters. In order to reach the anticipated
sub-eV limits on m,, with calorimetric measurements, the exclusion of possible
systematic uncertainties is crucial and is achieved by a comparison of the calori-
metrically determined Q-value of the decay to an independently measured one
with the same uncertainty level. Within this talk, an independent, direct, ultra-
precise measurement of this Q-value using the Penning-trap mass spectrometer
PENTATRAP is presented with a sub-eV uncertainty. Using this technique, the Q-
value is determined by measuring the ratio of the free cyclotron frequencies of
higle charged ions of the mother and daughter nuclides, the synthetic radioiso-
tope '**Ho and '’ Dy, respectively. The Q-value is finally determined from the
measured ratio of cyclotron frequencies by including precise atomic physics cal-
culations of the electronic binding energies of the missing electrons in the mea-
sured highly charged ions. This more than 40-fold improved Q-value compared
to the previous best direct measurement paves the way for a sub-eV upper limit
on m,, within the ECHo and HOLMES collaborations.

MS1.2 Mon 14:30 MS-H9
Plans and development of the gas-jet apparatus for laser spectroscopy
of the heavy actinides at GSI/HIM — «DANNY Mi‘JNZBERGI’Z’s, MICHAEL
BLock!??, PREMADITYA CHHETRI?, ARNO CLAESSENs®, PIET VAN DuppEN?,
RAFAEL FERRER4, JEKABS ROMANS4, SANDRO KRAEMER4, JEREMY LanTis® S
MusTAPHA LAATIAOUT’, STEVEN NOTHHELFER">?, SEBASTIAN RAEDER'?,
MoRriITZ SCHLAICHS, Lutz SCHWEIKHARD6, SIMON SELS4, THOMAS WALTHERS,
and FRANK WieNHOLTZ® — 'GSI Helmholtzzentrum fiir Schwerionen-
forschung, Darmstadt, DE — 2Helmholtz-Institut, Mainz, DE — 3Department
Chemie, Johannes Gutenberg-Universitat, Mainz, DE — *Institut voo Kern- en
Stralingsfysica, KU Leuven, Leuven, Belgium — >Technische Universitit Darm-
stadt, DE — ®Universitit Greifswald, DE
At GSI-Darmstadt we use the Radiation-Detected Resonance-Ionization Spec-
troscopy (RADRIS) technique, to study elements in the heavy actinide region
to determine their basic nuclear and atomic properties. A setup combining the
features of RADRIS with laser spectroscopy in a gas-jet is currently under devel-
opment to minimize broadening mechanisms occuring in the gas environment
of RADRIS, improving the spectral resolution by about an order of magnitude.
Due to low production rates in these experiments it is important to minimize the
background from other reaction or decay products. In addition, for long-lived
nuclides a decay-based detection will not be feasible. With a multi-reflection
time-of-flight mass seperator (MR-ToF MS) a separation of ions with different
mass to charge ratio can be achieved with a high mass resolving power, suppress-
ing background from unwanted species. For this reason an MR-ToF MS will be
added to the gas-jet apparatus. A technical overview oft the MR-ToF MS will be
given and its integration into the system will be discussed.
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MS1.3 Mon 14:45 MS-H9
Precision mass measurements of actinides at SHIPTRAP — <MANUEL
J. GUTI]::RREZI’Z, MICHAEL BLOCKI’Z’S, CHRrIsTOPH E. DfILLMANNl’Z’S,
FRANCESCA GIACOPPOI’Z, OLIVER KALE]A1’4, KANIKA KANIKAI’S, JACQUES
J. W. VAN DE LAAR2’3, YUrY NECHIPORENK06’7, Yurl NOVIK0V6’7, WOLFGANG
QUINTI’S, and Dexnnis Renisca>® — !GSI Darmstadt, Germany — 2HIM
Mainz, Germany — 3IGU Mainz, Germany — 4University of Greifswald, Ger-
many — >University of Heidelberg, Germany — *PNPI Gatchina, Russia —
7 Saint Petersburg State University, Russia
The existence of superheavy nuclides is possible due to quantum-mechanical
shell effects. A region of enhanced stability, dubbed island of stability, was long
ago predicted at the next spherical shell closure above the doubly magic 208pp,
Although not yet experimentally found, its location has been pinned down to
around Z=114-126 and N=184. More information can be retrieved from the
study of the actinides, linked to heavier nuclides by decay chains.

Penning-trap mass spectrometry provides precise measurements of atomic
masses, which directly translate into binding energies. Their high-resolution
measurement provides a powerful indicator of nuclear structure effects. An of-
fline campaign for direct mass measurements of selected U and Pu isotopes was
recently carried out at the SHIPTRAP mass spectrometer at GSI, usually de-
voted to the investigation of superheavy elements. The campaign complements
the more extensive program carried out at the TRIGA-TRAP setup in Mainz.
This contribution presents the first results of the SHIPTRAP campaign.

MS14 Mon 15:00 MS-H9

Status report on the TRIGA-Trap experiment — «STANISLAV CHENMAREV,
Kraus BLAUMI, MICHAEL BLOCK3’4’5, CHRISTOPH E. Dt‘JLLMANN3’4’5, STEFFEN
Lonse>*, SziLARD NaGY', and JACQUEs J. W. vaN DE Laar>* — ! Max-Planck-
Institut fiir Kernphysik, Heidelberg, DE — 2Petersburg Nuclear Physics Insitute,
Gatchina, RU — *Department Chemie - Standort TRIGA, Johannes Gutenberg-
Universitit Mainz, DE — Helmholtz-Institut Mainz, DE — > GSI Helmholtzzen-
trum fiir Schwerionenforschung, Darmstadt, DE
The TRIGA-Trap setup [1] is a double Penning-trap mass spectrometer at the re-
search reactor TRIGA Mainz. Currently we are performing high-precision mass
measurements of long-lived transuranium isotopes. A new cylindrical measure-
ment trap made possible the implementation of the phase-imaging ion cyclotron
resonance (PI-ICR) technique [2], originally developed at SHIPTRAP. The cur-
rent status including results for several long-lived actinide isotopes will be pre-
sented. Our results find application in nuclear structure studies and provide re-
liable atomic mass anchor points in the transuranium region.

1. J. Ketelaer et al., Nucl. Instrum. Meth. A 594, 162-177 (2008).

2. S. Eliseev et al., Phys. Rev. Lett. 110, 082501, (2013).

MS1.5 Mon15:15 MS-H9
Status of precision mass measurements at the LIONTRAP experiment —
«SANGEETHA SASIDHARANI’Z, OLESIA BEZRODNOVAI, SASCHA RAUI, ‘WOLE-
GANG QUINTZ, SVEN STURMI, and Kraus BLaum! — 1MPIK, Heidelberg, Ger-
many — 2GSI Helmholtzzentrum, Darmstadt, Germany
The LIONTRAP experiment is a high-precision mass spectrometer dedicated to
light ions. The results at LIONTRAP include the atomic mass measurements of
the proton [1], the deuteron and the HD" molecular ion [2]. The deuteron mass
was measured to a relative precision of 8.5 ppt [2]. Our results show an excel-
lent agreement with values extracted from laser spectroscopy of HD" [3] and the
comparison is limited by the precision of the electron’s atomic mass. The electron
mass in atomic mass units (amu) is currently extracted from the bound electron
g-factor measurement of '>C°* [4]. This could be improved in the future via a
better measurement of the magnetic moment of the bound electron. *He ion is
a prime candidate for the same as it has smaller theoretical uncertainties for the
g-factor due to its lower Z than 12C5* and also has a simpler nuclear structure.
Currently, we are measuring the atomic mass of *He to support such a determi-
nation of the electron mass in amu. In this contribution, the present status of the
experiment will be discussed.

[1] E. Heife et al., Phys. Rev. A 100, 022518 (2019).
2] S. Rau et al., Nature 585, (2020) pp. 43-47.
3] I. V. Kortunov et al., Nature Physics, 17, (2021) pp. 569-573.
]

(
[
[4] S. Sturm et al., Nature 506, (2014) pp. 467-470.
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MS1.6 Mon 15:30 MS-H9
Latest results of the high-precision Penning-trap mass spectrometer PEN-
TATRAP — M. Door!, J. R. Cresro L6pEZ-URrUTIA!, P. FILIANIN', ].
HERKENHOFFI, K. KROMERI, D. LANGEI, Y. N0v1K0v2, A. RISCHKAI, E
HERrzOG', CH. SCHWEIGER', S. STURM', 8. ULMER®, S. EL1sEEV', and K. BLAUM'
— Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany — 2Peterburg
Nuclear Physics Institute, Gatchina, Russia — RIKEN, Fundamental Symme-
tries Laboratory, Saitama, Japan
Measurements with the Penning-trap mass spectrometer PENTATRAP [1], lo-
cated at the Max-Planck-Institut fiir Kernphysik in Heidelberg, allow to deter-
mine mass ratios with a relative uncertainty in the few parts per trillion regime
using highly charged ions [2]. PENTATRAP’s mass measurements of selected nu-
clides allow, among others, to contribute to tests of special relativity, bound-
state quantum electrodynamics and neutrino-physics research. Achieving this
level of precision requires using a cryogenic image-current detection system
with single-ion sensitivity and phase-sensitive detection methods in combina-
tion with highly charged ions provided by external ion sources. The talk will
present recent measurement results on neon for tests of bound-state quantum
electrodynamics as well as medium heavy isotopes of ytterbium for dark matter
search [3].
[1] Repp, J. et al,, Appl. Phys. B 107, 983 (2012).
[2] Filianin, P. et al. Phys. Rev. Lett. 127, 072502 (2021).
[3] Counts, I. et al. Phys. Rev. Lett. 125, 123002 (2020).

MS 1.7 Mon 15:45 MS-H9
Towards a High-Precision Atomic Mass Measurement of the *He and T Nuclei
— +OLESIA BEZRODNOVA', SANGEETHA SASIDHARAN"?, SascHA Rau’, WoLs-
GANG QUINTZ, SvEN STurM!, and Kraus Braum! — 'Max-Planck-Institut fiir
Kernphysik, Heidelberg, Germany — >GSI Helmholtzzentrum fiir Schwerionen-
forschung, Darmstadt, Germany

The mass difference of T and *He nuclei, measured with the highest precision,
will allow an important consistency check for the systematic uncertainty of an
upper limit of the m(v,) by the KATRIN project [1]. The most precise mass
measurements of the lightest nuclei, including 3He nucleus, revealed consider-
able inconsistencies between the values reported by different experiments [2]. In
order to provide an independent cross-check, LIONTRAP, a multi-Penning trap
mass spectrometer, has carried out mass measurements on the proton [3], the
deuteron and the HD* molecular ion [4].

The present activities of the LIONTRAP group aim at ultra-precise mass mea-
surements of the *He and T nuclei with a relative uncertainty better than 5 ppt. In
this contribution, I present the current status of the experiment, which includes
the *He source preparation for the upcoming mass measurement campaign and
modifications of the experimental setup for the radioactive T source placement.
[1] M. Aker et al. Phys. Rev. Lett. 123, 221802 (2019)

[2] S. Hamzeloui et al. Phys. Rev. A 96, 060501(R) (2017)

[3] . Heife et al. Phys. Rev. A 100, 022518 (2019)

[4] S. Rau et al. Nature 585, 43-47 (2020)

MS 2: Mass Spectrometry Methods

Time: Monday 16:30-18:15

Invited Talk MS2.1 Mon 16:30 MS-H9
Ion Laser InterAction Mass Spectrometry with fluoride molecular anions —
¢MARTIN MARTSCHINII, KARIN HAINl, MAKI HONDA1’3, JOHANNES LACHNERZ,
OSCAR MARCHHARTI, SILKE MERCHELI, CARLOS VIVO-VILCHESZ, and RoBIN
Gorser! — 'University of Vienna, Faculty of Physics, Austria — “HZDR, Dres-
den, Germany — 3NSRC, JAEA, Japan

AMS generally has the best abundance sensitivity for long-lived radionuclides,
but the detection of *'Ca, *°Sr, *Tc, 13°Cs and '®2Hf in the general environ-
ment has been limited or even hampered by strong isobaric interferences. Using
molecular fluoride anions, the novel technique of Ion Laser-InterAction Mass
Spectrometry (ILIAMS) provides unprecedented isobar suppression for these
nuclides of 10*-10® inside an RFQ ion guide. Therein, isobaric molecules are
efficiently eliminated via laser photodetachment. In addition, molecular inter-
actions with the buffer gas further enhance isobar suppression, e.g. via breakup
of KF; into KF; +F or via O-pickup of WF;. Thereby, the VERA-facility has
recently achieved the most sensitive detection of '**Hf and *°Sr, the latter at
the 15 attogram level. For 41Ca, the blank level with CaF; and ILIAMS is
1 Ca/*Ca=(1.57]7)x107"°. Recent tests also demonstrated that *' Ca can now
be measured directly in stony meteorites with sample sizes down to 1-2 mg with-
out performing any chemical preparation, i.e. in the presence of ~1000 ppm K.
This talk will review these benefits of fluoride anions with ILIAMS but also dis-
cuss the challenges involved like the strong parasitic ion current and the influ-
ence of excited molecules coming from a sputter ion source.

MS22 Mon17:00 MS-H9
A digital RF ion filter and trap combination for the MS SPIDOC prototype —
«FLORIAN SIMKE, PAUL FISCHER, and LuTzZ SCHWEIKHARD — Universitit Greif-
swald, Institut fiir Physik, Felix-Hausdorff-Str. 6, 17489 Greifswald
The MS SPIDOC (Mass Spectrometry for Single Particle Imaging of Dipole
Oriented protein Complexes) prototype [1] will deliver mass- and conforma-
tion separated samples of protein-based biomolecules for single-particle imag-
ing analysis at the European X-Ray Free-Electron Laser Facility (XFEL)[2]. The
design, simulation, and construction of one of its key modules is presented along
with first offline results. The module consists of a linear-quadrupole filter assem-
bly and a linear-quadrupole ion trap, both operated with digital radio frequen-
cies. The restriction to keep investigated biomolecules as native as possible leads
to a design that separates ion filtering and accumulation/trapping. The module is
able to filter ions of interest with mass-to-charge ratios of up to m/z = 12000 Th.
The ion trap is utilized to collect and bunch incoming ions from a continuous
source and eject them with a narrow temporal width for downstream analysis
and X-ray interaction.
[1] C. Uetrecht et al., Native mass spectrometry provides sufficient ion flux for
XFEL single-particle imaging, Journal of Synchrotron Radiation 26 (3) (2019)
653-659. doi:10.1107/51600577519002686
[2] Europe turns on bright x-ray source, Nature Photon; 11 (2017) 609-609,
doi:https://doi.org/10.1038/541566-017-0025-z
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MS23 Mon17:15 MS-H9
Production and characterization of standard particles for rL-SNMS calibra-
tion — STEFAN BISTER, sPAUL HANEMANN, MANUEL RAIwA, SANDRA REIN-
HARD, DARCY VAN EERTEN, and CLEMENS WALTHER — Institute of Radioecol-
ogy and Radiation Protection, Leibniz University Hannover
Resonant laser secondary neutral mass spectrometry (rL-SNMS) is a non-
destructive method that combines high sensitivity and resolution of ToF-SIMS
with high element selectivity of resonant laser ionisation. One main applica-
tion is the determination of isotope ratios on individual micro particles of spent
nuclear fuel from the Chernobyl exclusion zone (CEZ). Standard materials are
needed for dealing with isobaric interferences such as 238U and 238Pu as well as
differences in the laser ionisation and sputter efficiencies for different elements
and isotopes. This work produced particles via Fe-coprecipitation to achieve ho-
mogeneous U and Pu bearing particles. Isotopes with different mass numbers
were used to determine relative ionisation efficiencies without isobaric interfer-
ences. The homogeneity of U and Pu in the particles was confirmed by ToF-SIMS
and EDX measurements. On several particles Pu-resonant measurement were
performed to investigate the suppression of non-resonant U. It was shown that
the suppression is high enough to be able to detect 238Pu in a particle with a 1E5
higher 238U content, as found in “hot particles” from the CEZ. RL-SNMS mea-
surements of produced particles containing only different U isotopes allowed the
investigation of isotope effects in the resonant laser ionisation.

MS24 Mon17:30 MS-H9
Dissociative electron attachment studies with nitro-heterocyclic aromatic
compounds — eMUHAMMAD SAQIB, EUGENE ARTHUR-BAIDOO, MILAN
ONCAK, and STEPHAN DENTIFL — Institute of Ion Physics and Applied Physics,
University of Innsbruck, Technikerstrale 25, 6020 Innsbruck, Austria
Nitro-heterocyclic aromatic compounds have a wide range of applications in
medicine. Due to their specific toxicity, which is defined by their reduction
to the biologically active form in the lack of oxygen, these compounds play a
crucial role in targeting the hypoxic tumor cell during cancer treatment. We
have studied the formation of anions following electron attachment to nitro-
heterocyclic compounds in the gas phase. By using a crossed electron/molecular
beams experiments with mass spectrometric detection of the anions, we stud-
ied electron attachment to 2-nitrofuran, 3-nitro-1,2,4-triazole, and 1H-1,2,4-
triazole molecules. Dissociative electron attachment and non-dissociative elec-
tron attachment were observed. The obtained results of electron attachment
to 2-nitrofuran indicate that low-energy electrons, with kinetic energies from
0 eV to 12 eV, effectively decompose the molecule and lead to a large variety
of charged fragments and radicals with the nitrogen dioxide anion as the most
abundant fragment anion. The experimental study was supported by thermo-
chemical threshold calculations. This work was supported by the FWE, Vienna
(P30332).

MS2.5 Monl17:45 MS-H9
Investigation of mass-scale drift effects in the milli-mass range using MC-
ICP-MS — ¢AXEL PRAMANN, JANINE NOORDMANN, and OLAF RIENITZ —
Physikalisch-Technische Bundesanstalt; Braunschweig, Germany
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During the application of an MC-ICP magnetic sector field mass spectrometer,
severe mass drift effects in the milli-mass range in the high resolution mode
(M/AM = 8000) have been observed [1]. Their potential origins, experimental
prevention, and the consequences are outlined. Additional simulations were per-
formed using silicon enriched in 28Si as the main element in this investigation.
One background is the fact that a drift of the mass scale influences the determi-
nation of isotope ratios strongly. For example, the signal-plateau width of 29Si+
in Si highly enriched in 28Si exhibits an extremely narrow mass plateau width
of AM = 4 * 10-3 u, one of the smallest plateaus routinely investigated in isotope
ratio measurements. A change of the magnetic field B, the acceleration voltage
Uacc or the ESA voltage UESA by 0.01% induces respective changes of the mass
scale of 6 * 10-3 u, 3 * 10-3 u, and 1 * 10-3 u, respectively. Electrical charg-
ing/discharging effects in the MS were observed and suggested to be affecting
the mass scale stability. Therefore, the instrument was completely dismantled,
grounded, and carefully reinstalled. Subsequent stability tests yielded a negligi-
ble mass drift of AM/At = 0.001 u/8 h, allowing for the measurement of isotope
ratios with lowest uncertainty.

[1] A. Pramann, J. Noordmann, O. Rienitz, ]. Mass Spectrom. 56:e4732 (2021)

MS2.6 Mon18:00 MS-H9
The PUMA offline ion source for high-intensity, purified ion bunches —
eCLARA KLINK, ALEXANDRE OBERTELLI, FRANK WIENHOLTZ, and MORITZ
ScHLAICH — TU Darmstadt, IKP, Darmstadt, Deutschland
The antiProton Unstable Matter Annihilation (PUMA) experiment aims at in-
vestigating the nucleonic composition in the tail of the nuclear density distribu-
tion of stable and exotic nuclei using antiprotons. The combined charge of the
reaction products, which originate from the annihilation of the antiproton with
the nucleons on the nucleus’ surface, will allow for a determination of neutron
and proton densities. Inter alia, PUMA plans on performing experiments with
low-energy antiprotons from the ELENA facility of CERN with a broad range
of stable isotopes from an offline ion source to observe their behaviour dur-
ing antiprotonic annihilation. The beamline, which transports the stable ions to
the experimental site of PUMA, must meet several requirements to reliably for-
ward the beam and shape it according to our needs. The ions are mass-separated
with a multi-reflection time-of-flight mass spectrometer and then accumulated,
bunched and cooled with a buffer gas in a linear Paul trap. Strict vacuum re-
quirements due to the attached antiproton beamline (p < 10e-11 mbar) must be
considered. This talk will give an introduction to the setup and operation of the
offline ion source beamline, which will be essential for achieving the first physics
results of PUMA.

MS 3: Studies of Nuclear Metastable States

Time: Tuesday 10:30-12:05

Invited Talk MS3.1 Tue10:30 MS-H9
Two-photon decay of nuclear isomers — «WoLFRAM KORTEN — IRFU, CEA,
Université Paris-Saclay

The nuclear two-photon decay is a rare decay mode in atomic nuclei whereby
a nucleus in an excited state emits two gamma rays simultaneously. First order
processes usually dominate the decay by many orders of magnitude, but two-
photon emission may become significant when first order processes are forbid-
den or strongly retarded. This is the case for nuclei with a first excited 0+ state,
since the emission of a single gamma ray is strictly forbidden for the resulting
electric monopole transition to the 0+ ground by angular momentum conser-
vation. Such a configuration occurs when the potential energy of the nucleus is
characterized by local minima for different shapes. If the potential barrier sep-
arating the secondary minimum from the ground-state minimum is sufficient
strong the excited 0+ state will become a long-lived state, a so-called shape iso-
mer.

The first successful observation of a nuclear two-photon decay was achieved in
the 1980s by a direct detection of the simultaneously emitted gamma-rays. How-
ever, the very small branching ratio with respect to other decay paths, such as
internal conversion, becomes minuscule when searching for low-lying 0+ states
below ~1 MeV. In this talk I will present an alternative method to directly search
for such isomers by using time-resolved mass spectrometry at relativistic ener-
gies, where the atomic nucleus is completely stripped of its atomic electrons and
report on the first successful experiment to directly observe the decay from an
isomer in 72Ge at the GSI Experimental Storage Ring (ESR).

Group Report MS32 Tuell:00 MS-H9
Towards the Lifetime Measurement of the >>*"Th** Nuclear Clock Isomer —
«KEVIN SCHARLI, BENEDICT SEIFERLEI, SHIQIAN DINGI’Z, DANIEL MORITZl’z,
FLORIAN ZACHERL', and PETER G. THIROLF' — 'LMU Munich — 2Tsinghua
University Beijing, China
The elusive Thorium Isomer (***™Th) with its unusually low-lying first excited
state (8.19 £ 0.12 eV or A = 150.4 + 2.2 nm) represents the so far only candidate
for the realization of an optical nuclear clock, potentially capable to outperform
even state-of-the-art optical atomic clocks. Moreover, possible applications of a
nuclear clock are not limited to time keeping, but reach into many other fields
from geodesy to dark matter research. Considerable progress was achieved in
recent years on the characterization of the thorium isomer, from its first identifi-
cation, the determination of its lifetime in neutral charge state and of the isomeric
hyperfine structure to recent direct decay measurements. While the identifica-
tion of the nuclear resonance with laser spectroscopic precision is still awaited, a
measurement of the ionic lifetime of the isomer (theory prediction: 10%-10* s) is
being prepared by our group. A cryogenic Paul trap is the core of this setup, pro-
viding long enough storage time for the 2™ Th ions. Prior to targetin§ the ionic
lifetime by hyperfine spectroscopy, sympathetic laser cooling using **Sr* ions
will be applied to the stored ions. The talk will present the status of the commis-
sioning of the setup for 2> Th** ion generation, cryogenic storage, laser cooling
and spectroscopic studies.

This work was supported by the European Research Council (ERC): Grant
agreement No. 856415.
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MS 3.3 Tuell:20 MS-H9
Shedding light on low-lying metastable states in the heaviest elements with
SHIPTRAP at GSI — «FRANCESCA GIACOPPOI'Z, BRANKICA ANﬁELIél'Z’S,
LuisA ARCILA GONZALEZ®, JoaQuin BERrROCAL?, LENNART BLaAUW?,
Kraus BLAUMS, MICHAEL BLOCK1'2’6, PIERRE CHAUVEAUI’Z, STANISLAV
CHENMAREV2’5’7, CHRISTOPH E. DI"JLLMANNl’Z’s, JuLia EVEN3, MANUEL J.
GUTIERREZ1’2’4, FriTz P. HESSBERGERI’Z, NASSER KALANTAR—NAYESTANAKIS,
OLIVER KALE]AI’S, STEFFEN LOHSE2’6, ENRIQUE MINAYA RAMIREZQ, ANDREW
MisTRY', ELODIE MORIN’, YURY NECHIPORENKO”'®, DENNIS NEIDHERR',
STEVEN NOTHHELFER2’6, YURI NOVIKOV7’10, SEBASTIAN RAEDERI’Z, ELISABETH
RICKERT2’6, DANIEL RODRiGUEz4, Lutz SCHWEIKHARDS, PETER G. THIROLF“,
JEssICA WARBINEK1’2’6, and ALEXANDER YAKUSHEV "2 — 1 GSI Darmstadt, Ger-
many — “HIM Mainz, Germany — >University of Groningen, the Nederlands —
“University of Granada, Spain — *MPIK Heidelberg, Germany — *JGU Mainz,
Germany — "PNPI Gatchina, Russia — 8Universiy of Greifswald, Germany —
°IJCLab Orsay, France — '*Saint Petersburg State University, Russia — ''LMU
Munich, Germany
Probing the limit of existance at the uppermost corner of the nuclear chart re-
quires a deep understanding of the nuclear properties of very heavy nuclides and
their evolution in the superheavy region.

In the framework of the FAIR phase-0 program, the goal of directly inves-
tigating the mass of superheavy nuclei (Z>104) is pursued at the Penning-trap
mass spectrometer SHIPTRAP at GSI. In the latest campaign the masses of the
ground states as well as of low-lying metastable states of >’ Rf (Z=104) and ***Db
(Z=105) have been precisely measured. In addition, several heavy nuclides above
the Z=82 magic shell closure have been investigated. Many of these nuclei display
shape deformation and complex shell configurations with often more than one
competing level at low energies. Such states have traditionally been studied by
decay and laser spectroscopy, as for instance the 2°Fr-2? At-®Bi chain. In our
last campaign the excitation energies of the metastable states in some of the key
nuclei in this region have been finally directly measured, allowing to benchmark
the proposed level and decay schemes.

MS 3.4 Tuell:35 MS-H9
Fission isomer studies with the FRS Ion Catcher — «NAZARENA TORTORELLI s
TiMo Dicker>?, ILkKA POHJALAINEN>*, PETER G. THIROLE', MICHIHARU
Wapa®, and JIANWEI ZHao>® — 1Ludwig—Maximilian»University, Munich,
Germany — *GSI Helmholtzentrum fiir Schwerionenforschung Darmstadt,
Germany — *JLU Gieflen, Germany — *University of Jyviskyld, Finland —
SKEK Wako Nuclear Science Center, Japan — ®Peking University, Beijing,
China
The potential energy landscape in actinide nuclei (Z = 92-97, N = 141-151) shows
a "super-deformed" second minimum. The ground state in this minimum is
called a fission isomer, as it will preferably decay via isomeric (delayed) fission
with known half-lives between 5 ps and 14 ms. The fragmentation mechanism
(i.e. the collision of a heavy relativistic beam with a light target) offers rapid pro-
duction, hence access to isomers with short half-lives, and most importantly, a
clean beam and event-by-event identification.
In this contribution, we will present fission isomer studies (e.g. on ~’mU)
with the FRS Ton Catcher at GSI where a 1 GeV/u ***U beam fragments on a Be
target. The projectile fragments are filtered by the FRS magnetic fragment sep-
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arator and then slowed down and thermalized in the Cryogenic Stopping Cell
(CSC) before being extracted into the diagnostic section for time-of-flight mass
spectrometry (MR-TOF-MS).

MS 35 Tuell:50 MS-H9
A cryogenic Paul trap setup for the determination of the ionic radiative life-
time of 22" Th>* — «DanteL MoriTz!, K. ScHARL!, B. SEIFERLE!, F. ZACHERL,
T. DICKEL2’3, E GREINER2’3, W. PLASSZ’3, L. VON DER WENSE1’4, T. LEOPOLDS’G,
P. Micke®”’, J. CREsPO L6pEz-UrruTiA®, P.O. ScHMIDT®, and P.G. THIROLE' —
! Ludwig Maximilians Universitit Miinchen — *Justus Liebig Universitit Gieflen
— 3GSI Darmstadt — 4]ILA, University of Colorado, USA — > Max-Planck-
Institut fiir Kernphysik, Heidelberg — °PTB Braunschweig — ’ CERN, Genf,
Schweiz

The exceptionally low energy of the isomeric first excited nuclear state of **Th,
which has recently been constrained to 8.28+0.17 eV (i.e. A=149.7+3.1 nm)[1],
allows for direct laser excitation with current technology. This offers the unique
opportunity to develop a nuclear clock capable of competing or even outper-
forming existing atomic clocks. One of the next steps towards the realization of
such a clock is the determination of the 22°Th isomer’s ionic lifetime (theoreti-
cally expected to range between 10°—10* seconds) via hyperfine spectroscopy. In
order to achieve the required long ion storage time, a cryogenic Paul-trap with a
corresponding mass-selective ion guide system has been set up at LMU Munich.
The talk will present this new experimental platform. This work was supported
by DFG (Th956/3-2) as well as by the European Union’s Horizon 2020 research
and innovation program under grant agreement 6674732 "nuClock" and the ERC
Synergy Grant "ThoriumNuclearClock".
[1] B. Seiferle et al., Nature 573, 243 (2019).

MS 4: Accelerator Mass Spectrometry

Time: Wednesday 10:30-12:30

Invited Talk MS41 Wed10:30 MS-H9
Isobar separation with cooled ions and laser light for compact AMS facili-
ties — ¢JOHANNES LACHNERI’Z, STEFAN FINDEISEN! , ROBIN GOLSERZ, MICHAEL
KERNZ, OSsCAR MARCHHARTZ, MARTIN MARTSCHINIZ, ANTON WALLNERI, and
ALEXANDER WIESER® — 'HZDR, Dresden — “University of Vienna, Faculty of
Physics, Austria

Ton-Laser InterAction Mass Spectrometry (ILIAMS) slows down anions to ther-
mal kinetic energies in a radiofrequency quadrupole (RFQ) filled with He buffer
gas. Laser light (e.g. 532 nm) is overlapped with the decelerated anions to sepa-
rate isobars via photodetachment.

Here, we present two applications of ILIAMS at the 3 MV Vienna Environ-
mental Research Accelerator (VERA): 2% Al is an established AMS nuclide but its
detection can be improved using AlIO™, which is formed more likely than the
customarily applied Al™. ILIAMS suppresses the isobar 2*Mg by neutralization
of MgO™ and overcomes the disadvantage of AIO™ compared to Al”, where Mg~
is not extracted from the ion source. This enhances the sensitivity of 26 Al detec-
tion and the prolific AIO™ beam can be used at facilities with terminal voltages
<10 MV. 1*>1%Cs measurements are presented as an example of highly sensitive
detection of novel AMS nuclides. In this case, we use 135’137CSF; anions and
ILIAMS suppresses the isobaric 135’137BaF£.

We furthermore present a new design of a modular ion cooler with multiple
RFQ sections. With more control of the ion energy during their passage through
the RFQ we want to improve the transport efficiency for molecular anions. This
ion cooler will be integrated in a new 1 MV AMS facility at Dresden in 2023.

MS4.2 Wed11:00 MS-H9
Why and how producing an isotopic spike for the analysis of environmen-
tal 237Np — «KARIN HAINI, MARTIN MARTSCHINII, Ava SAKAGUCHIZ, PETER
STEIERI, ANDREAS WIEDERINI, AKAHIKO YOKOYAMAS, and RoBIN GoLSER! —
!University of Vienna, Faculty of Physics, Austria — 2University of Tsukuba,
Faculty of Pure and Applied Science, Japan — 3Kanazawa University, Institute
of Science and Engineering, Japan

The quantitative analysis of the potential oceanographic tracer *’Np by mass
spectrometric techniques such as Accelerator Mass Spectrometry (AMS) still
suffers from the lack of an isotog'c spike. Measurements using non-isotopic
spikes for normalisation, such as ***Pu, have achieved acceptable results for se-
lected environmental materials, but require careful control of the oxidation states
during chemical separation and monitoring of the relative ion source output. In
our joint project with the University of Tsukuba we successfully produced mass
236 by the irradiation of Th foils with a ’Li beam in the 30-40 MeV range at the
RIKEN Nishina Center. First AMS measurements using fluoride molecules in-
dicate that the observed surplus of mass 236 above background is indeed **Np.
The by-production of mass 237, however, is higher than expected from model
calculations with the EMPIRE code and needs further investigation. This con-
tribution will discuss environmental levels of >’ Np obtained with AMS using
non-isotopic normalisation and the present status of the *Np spike produc-
tion.

MS43 Wed11:15 MS-H9
Separation of U and Np Isobars by ILIAMS — *ANDREAS WIEDERIN®, KARIN
HAINI, MARTIN MARTSCHINII, AvA SAKAGUCHIZ, PETER STEIERI, and RoBIN
Gorser! — 'University of Vienna, Faculty of Physics - Isotope Physics, Austria
— 2University of Tsukuba, Faculty of Pure and Applied Science, Japan

237Np (T1/2=2.1 Ma) is the second most abundant anthropogenic actinide in the
environment, but a reliable quantification by AMS independent of the environ-
mental matrix would require an isotopic spike for normalization. We currently
consider >**Np the most suitable candidate to serve this purpose. Such a spike
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material is currently under development and needs a careful characterization
regarding interfering by-products. Possible isobaric background from 2**U ne-
cessitates the separation of U and Np by chemical means and/or during the AMS
measurement. Ion Laser Inter Action Mass Spectrometry (ILIAMS) uses selective
laser photodetachment inside an RFQ ion cooler to neutralize anions of the in-
terfering isobar. By applying a 2.33 eV laser, UF; has been suppressed by at least
four orders of magnitude in recent experiments, while NpF, passed unaffected.
The comparatively low formation rate and high sensitivity to interactions with
the buffer gas of UF; further increased the suppression relative to NpF,. This
result represents the first isobar separation in the mass range of the actinides
in AMS. The U suppression achieved is already sufficient for the application of
236Np to quantitatively determine 237Np by isotope ratio measurements.

MS44 Wed11:30 MS-H9
Study of Actinide Signatures as Potential Markers for the Anthropocene —
*JANIS WOLFI, KARIN HAINI, MARIA MESZARZ, MICHAEL STRASSER3, MICHAEL
WAGREICH?, and ROBIN GOLSER! — 1University of Vienna, Faculty of Physics,
Wihringer Str. 17, 1090 Vienna, Austria — 2University of Vienna, Department
of Geology, Althanstrafle 14, 1090 Vienna, Austria — 3University of Innsbruck,
Department of Geology, Innrain 52f, 6020 Innsbruck, Austria
The Anthropocene is the proposed geological epoch that follows the Holocene
and is defined by the predominance of human impact on the Earth System. An
epoch-defining impact must produce stratigraphic signals that are unique, dis-
tributed globally, and well preserved for a long time. Long-lived radionuclides
released in atmospheric nuclear weapon testings may have produced a suitable
signal. The proposed markers for the Anthropocene, Pu-239 and Am-241, and
additionally U-233, U-236, Np-237 and Pu-241 were analyzed in the different
reservoirs, urban strata and Austrian lake sediments, using the AMS facility
VERA. The anthropogenic radionuclides have been successfully detected in lay-
ers corresponding to the active phase of nuclear weapons testing. In the urban
strata, the isotopic ratio U-233/U-236, a new signature for nuclear weapons fall-
out, marks the onset of the Anthropocene whereas the concentrations of the
other radionuclides in general gradually increase towards younger ages.

MS4.5 Wed11:45 MS-H9
Towards the Redetermination of the Half-life of >2Si - Isobar Separation of
328i from the Isobar >2S — sMATTHIAS SCHLOMBERG, DR. CHRISTOF VOCKEN-
HUBER, and PROF. DR. HANS-ARNO SYNAL — Laboratory of Ion Beam Physics,
ETH Ziirich
The 3Si is a cosmogenic, long-lived radionuclide with potentially interesting ap-
plications for dating the recent past. However, its half-life of about 150 years is
still not known with sufficient precision despite several independent measure-
ments over the past four decades. The SINCHRON collaboration with partners
from PSI, CHUV, PTB and ETH aims at a comprehensive redetermination of the
half-life of *Si.
The Laboratory of Ion Beam Physics (LIP) at ETH Zurich will perform the AMS
measurements using the 6 MV-Tandem facility for the determination of the
number of **Si atoms in the samples used for the activity measurement. In ad-
dition to the challenge of performing an absolute measurement without having
standards available, *2Si must be separated from its intense isobar 32,
We developed a method based on a passive gas absorber in front of a gas ion-
ization detector that allows us detection of **Si by stopping the isobar 325 at 30
MeV. However, background from light recoils from the absorber material and
deviations of the stopping power at low energies still pose challenges.
An overview of the SINCHRON project will be presented. The setup and the
obtained data will be discussed with respect to an absolute measurement.
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MS 4.6 Wed12:00 MS-H9
Improved 41Ca AMS measurements at DREAMS — «CARLOS Vivo-VILCHES,
GEORG RUGEL, JOHANNES LACHNER, ANTON WALLNER, DoMINIK KoLL, KoN-
STANZE STUEBNER, SEBASTIAN FICHTER, and STEPHAN WINKLER — Helmholtz-
Zentrum Dresden-Rossendorf, AcceleratorMass Spectrometry and Isotope Re-
search, Dresden, Germany

Sensitivity of *' Ca measurements at the 6 MV AMS system at HZDR, DREAMS,
using calcium fluoride (CaF,) targets, is mainly limited by 2 factors: the total ef-
ficiency of the measurements; and the fraction of ions of its isobar *'K which
mimic the signal of *! Ca in the gas ionization chamber detector.

The addition of lead fluoride (PbF,) to the target mixture has been proven
to boost the production of different (MF, )" ions. At DREAMS, changing the
previously used mixture of CaF,+Ag (1:4 w/w) by CaF,+Ag+PbF, (1:4:4 w/w),
ionization efficiency is increased from ~0.15% to ~0.45%.

The *'K suppression by the detector can also be improved, even without
changes in the instrumentation itself. With an optimized analysis of the 4-
dimensional signals from the gas ionization chamber detector, the suppression
factor can be increased, at least, a factor 2: from 2 x 10* to 4 x 10*.

The reported changes improve the total efficiency of ! Ca detection as well
as the suppression of the #IK isobar and lead to a *'Ca/*’Ca sensitivity of 2-
3 x 1071 with an overall efficiency of ~0.03%.

MS4.7 Wed12:15 MS-H9
Normalization methods for the analysis of environmental 99Tc — «STEPHANIE
ADLER, KARIN HAIN, MARTIN MARTSCHINI, FADIME GULCE, and ROBIN
GoLseR — University of Vienna, Faculty of Physics

Quantification of the anthropogenic radionuclide **Tc (t, =21 10° yr) in the
general environment by AMS requires suppression of the stable isobaric back-
ground of *’Ru and a reliable normalization method to overcome the lack of a
stable Tc isotope.

At VERA, previous research has shown that extracting TcF; from the ion
source is suitable for Ion Laser InterAction Mass Spectrometry (ILIAMS) as
RuFj can be suppressed by a laser by up to 10°.

Experiments at other AMS-facilities using TcO™ normalized the **Tc to the
%*Nb-current of the matrix material with a precision of 30%. Using this ap-
proach, our experiments showed Tc-deficits of > 40%, indicating major loss of Tc
during sample preparation. This lead to thorough investigations of the final tar-
get preparation steps utilizing °>Tc and y-Spectrometry. The chemical recovery
was improved to reliable yields >92%, by lowering the calcination temperature.

When extracting **TcF; from the source as required for ILIAMS, the Nb-
normalization scatters by a factor of 10 and seems less reliable. Thus research
on using an alternative spike material '*>Rh for normalization is currently on-

going.

MS 5: Annual general meeting

Time: Wednesday 13:00-14:00

Annual general meeting

Location: MS-MV

MS 6: New Developments

Time: Wednesday 14:00-15:45

Invited Talk MS6.1 Wed14:00 MS-H9
PUMA: nuclear structure with low-energy antiprotons — eALEXANDRE
OBERTELLI — Technische Universitdt Darmstadt
Nuclear halos are a fascinating manifestation of quantum physics. They belong
to a subset of low-density clustering for which most of the probability to find
the halo nucleon extends to a region of space that is classically forbidden. Their
properties show universal aspects of few-body systems such as scaling laws. Ad-
vances in the production of radioactive isotope beams give access to loosely-
bound neutron-rich systems at the nuclear driplines, where halos are found.
Low-energy antiprotons offer a very unique sensitivity to the neutron and pro-
ton densities in the tail of the nuclear density. Such studies with stable nuclei at
ELENA, CERN, and with short-lived nuclei at ISOLDE, CERN, are the moti-
vation of the recently-accepted experiment PUMA (antiProton Unstable Matter
Annihilation). The concept, sensitivity and status of the experiment will be in-
troduced.

MS6.2 Wed14:30 MS-H9
A novel transportable PI-ICR Penning-trap mass spectrometer — oD.
LANGEI’Z, M. DOORl, S. ELISEEVl, P FILIANINI, IR HERKENHOFFI, K. KROMERI,
A. RiscHKA', CH. ScHWEIGER', and K. Braum! — 'Max-Planck-Institut for
Nuclear Physics, Heidelberg, Germany — 2Heidelberg University, Heidelberg,
Germany
The new, transportable PILOT-trap (Phase-Imaging Located in One
Transportable-trap) experiment aims to measure masses of short-lived nu-
clides with low production rates and half-lives down to 100 ms with relative
uncertainties of about 1078, This should be realised with a Penning-trap based
modified buffergas cooling and PI-ICR technique [1]. In order to deal with the
low production rates of some isotopes a modified dynamic buffer gas cooling
technique is used in only a single measurement trap. Therefore a fast piezo valve
is being developed, which enables a fast and precisely timed helium injection
into the Penning-trap, followed by a fast helium release to be directly able to
measure in the same trap. This increases the overall efficiency by also avoiding
the transport. The setup is situated in the warm bore of a 6T superconducting
cryocooled magnet which ensures transportability to different radioactive beam
facilities. Here, mass measurements of e.g. rare superheavy nuclides become
possible contributing to nuclear physics and the search for the island of stability,
see e.g. [2]. The current status as well as the developed dynamic cooling method
of this experiment are presented.
[1] Eliseev, S. et al., Phys. Rev. Lett. 110, 082501 (2013).
[2] Block, M. et al., Nature 463, 785-788 (2010).
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MS 6.3 Wed14:45 MS-H9
New developments in radiation-detected resonance ionization towards the
heaviest actinides — ¢JEssICA WARBINEKI’Z, BRANKICA ANDELIc’l’a, MICHAEL
BLOCK1’2’4, PREMADITYA CHHETR11’4, ARNO CLAESSENSS, RAFAEL FERRERS,
FrANCESCA Giacoppo™, OLiver Karejal®, Tom Kieck™, EunKanG
KIMZ, MUSTAPHA LAATIAOUIZ, JEREMY LANTISZ, ANDREW MISTRY1'7, DANNY
MﬁNZBERG1’2’4, STEVEN NOTHHELFER1’2’4, SEBASTIAN RAEDER1’4, Em-
MANUEL REY—HERMES, ELISABETH RICKERT1'2’4, JEKABS ROMANSS, ELisA
ROMERO-ROMEROZ, MARINE VANDEBROUCKS, and PiET VAN DUPPEN’ —
'GSI Helmholtzzentrum fiir Schwerionenforschung, Germany — >Johannes
Gutenberg-Universitit, Mainz, Germany — >KVI-CART, Groningen, The
Netherlands — “Helmholtz Institut Mainz, Germany — ’KU Leuven, IKS,
Belgium — SUniversitit Greifswald, Germany — ’TU Darmstadt, Germany —
8CEA Saclay, France
Laser spectroscopy can be a powerful tool to get insight into atomic and nuclear
structures of exotic elements such as the heavy actinides. However, commonly
applied techniques often lack the required sensitivity as most of these nuclides
are very short-lived and can only be produced in atom-at-a-time quantities. The
efficient and sensitive RAdiation-Detected Resonance Ionization Spectroscopy
(RADRIS) method enabled the first laser spectroscopy of nobelium and it was
recently applied to study a chain of fermium isotopes. To expand this technique
for the search of atomic levels in the heaviest actinide, lawrencium (Z=103), the
sensitivity of the setup needs to be further improved. Therefore, a new mov-
able double-detector setup was developed, which allows an enhancement in the
overall efficiency by about 60 % compared to the single-detector design. Further
development work was performed to enable the study of shorter-lived (<1s) and
longer-lived (>1h) nuclides with the RADRIS method. The most recent results
on the commissioning of the new setup will be presented.

MS 6.4 Wed15:00 MS-H9
Commissioning and status of a gas-jet apparatus for laser spectroscopy
of the heaviest elements — ¢JEREMY LANTIsl‘Z, JULIAN AULERl, MICHAEL
BLOCK1’2’3, PREMADITYA CHHETRI4, ARNO CLAESSENS4, CHRrISTOPH E.
DﬁLLMANNl’Z’S, RAFAEL FERRER4, FRANCESCA GIACOPPOZ’S, MAGDALENA
KA]AI, OLIVER KALE]A1’3’5, Tom KIECK3, NiNa KNEIPI, SANDRO KRAEMER4,
MuUSTAPHA LaATIAOUI®®, NATHALIE LECESNE®, VLADIMIR MANEA®’,
DANNY MUNZBERGD?? , STEVEN NotHHELFERD>? , JEKABS ROMANS4, HERVE
Savajors®, SiMoN SeLs?, MATOU STEMMLER!, DOMINIK STUDER!, BARBARA
SULIGNANOS, PIET VAN DUPPEN4, MARINE VANDEBROUCKS, THOMAS WALTERQ,
JEssicA WARBINEK' ", FELIX WEBER', and Kraus WENDT! — Johannes Guten-
berg University Mainz, 55099 Mainz, Deutschland — 2Helmholtz Institute
Mainz, 55099 Mainz, Germany — 3GSI Helmholtzzentrum fiir Schwerionen-
forschung GmbH, 64291 Darmstadt, Germany — *KU Leuven, Instituut voor



Mass Spectrometry Division (MS)

Wednesday

Kern- en Stralingsfysica, B-3001 Leuven, Belgium — >Max-Planck-Institut fiir
Kernphysik, 69117 Heidelberg, Germany — ®Grand Accélérateur National
d’Tons Lourds, 14000 Caen, France — ’Laboratoire de Physique des 2 Infinis
Iréne Joliot Curie, 91400 Orsay, France — 8CEA Saclay, 91190 Saclay, France —
TU Darmstadt, 64289 Darmstadt, Germany

Laser spectroscopy measurements can provide information about fundamental
properties of both atomic and nuclear structure. These techniques are of particu-
lar importance for the heaviest actinides and superheavy elements, where atomic
data are sparse. Recent resonance ionization spectroscopy experiments at GSI,
Darmstadt have focused on in-gas-cell measurements using the RADRIS tech-
nique, with success measuring several nobelium and fermium isotopes. How-
ever, the resolution of these measurements is limited by collisional and Doppler
broadening and cannot be applied to isotopes with half-lives shorter than one
second. Simultaneously, work has been performed at KU Leuven performing
laser spectroscopy on atoms in a hypersonic jet, allowing for high resolution
measurements in an almost collision-free and reduced Doppler broadening en-
vironment. A new gas- jet apparatus has been constructed combining the sensi-
tivity of the RADRIS technique with the resolution of in-gas jet spectroscopy to
overcome these limitations. Commissioning experiments have been performed
using thulium and dysprosium to optimize the experimental conditions, ensur-
ing that the achievable resolution is sufficient for planned online experiments
with nobelium. The most recent results will be presented.

MS 6.5 Wed15:15 MS-H9
Efficiency measurements of in-gas-jet resonance ionization spectroscopy
— ¢JULIAN AULERI, MICHAEL BLOCK1‘2’3, PrREMADITYA CHHETRI, ARNO
CLAESSENS4, RAFAEL FERRER4, MAGDALENA KA]AI, Tom KIECK3, NiINA
KNEIPI, JEREMY LANTISI’Z, VLADIMIR MANEA5’6, DANNY M(‘JNZBERGI’Z’3,
STEVEN NOTHHELFERI’Z’S, SEBASTIAN RAEDERZ’S, JEKABS ROMANS4, SIMON
SELS4, MaTou STEMMLERI, DomMmiINIk STUDERl, PIET VAN DUPPEN4, JESsICA
WARBINEK " , FELIX WEBERI, and Kraus WeNDT! — 1]ohannes Gutenberg-
Universitit Mainz, 55099 Mainz, Germany — “Helmholtz Institute Mainz, 55099
Mainz, Germany — 3GSI Helmholtzzentrum fiir Schwerionenforschung GmbH,
64291 Darmstadt, Germany — *KU Leuven, Institutuut voor Kern- en Stral-
ingsfysica, B-3001 Leuven, Belgium — °Laboratoire de Physique des 2 Infinis
Iréne Joliot Curie, 91400 Orsay, France — SGrand Accélérateur National d’Tons
Lourds, 14000 Caen, France

We present a new gas-jet experiment intended to study optical transitions of the
heaviest elements at the Separator for Heavy Ion reaction Products (SHIP) at GSI,
Darmstadt. The novel aspect of the gas-jet experiment is the extraction of previ-
ously stopped and neutralized heavy ions in a well-defined, low-temperature, ho-
mogeneous, hypersonic gas-jet. Laser resonance ionization spectroscopy is per-
formed in the gas jet, yielding high spectral resolution due to reduced Doppler
broadening. Considering the limited production rate of heavy ions at on-line fa-
cilities, such as GSI, a high total efficiency is a crucial requirement for the gas-jet
experiment. The overall efficiency can be factorized into different contributions,
like the injection of heavy ions into the setup, the ion transport efficiency, the
re-evaporation efficiency, the efficiency of resonance ionisation and the detector
efficiency. Additionally, for radioactive elements the losses due to decay have to
be taken into account. Efficiency measurements are performed with both sta-
ble and radioactive samples. The results of the efficiency measurements will be
presented.

MS6.6 Wed15:30 MS-H9
Sympathetic cooling of single ions in a Penning trap using a self-cooled
electron plasma — eJosT HERKENHOFF, MENNO DOOR, SERGEY ELISEEV,
PAVEL FILIANIN, KATHRIN KROMER, DANIEL LANGE, ALEXANDER RISCHKA,
CHRISTOPH SCHWEIGER, SVEN STURM, and Kraus Braum — Max-Planck-
Institut fiir Kernphysik, 69117 Heidelberg, Germany
The amazing evolution of precision in recent Penning-trap experiments is driv-
ing the need for ever-improving cooling techniques. In this talk, the prospect of
a new sympathetic cooling technique using an electron-plasma coupled to a sin-
gle ion is presented. Utilizing the synchrotron-radiation of electrons in a strong
magnetic field enables cooling to very low motional quantum numbers, almost
to their ground state. Using a common-resonator, the motion of this self-cooled
electron plasma can be coupled to a single ion stored in a spatially separated Pen-
ning trap, allowing sympathetic cooling of all modes of the ion. The extremely
low expected temperatures in the milllikelvin range open up an exciting new
frontier of measurements in Penning traps.

MS 7: MS Poster Session

Time: Wednesday 16:30-18:15

MS7.1 Wed16:30 P
Direct high-precision measurement of the Q-value of the electron capture in
1Ho — «K. Kromer!, M. Brass®, V. DEBIERRE®, M. Door!, H. DORRER’,
CH.E. DI'JLLMANN3’4‘5, S. ELISEEVI, C. ENSSﬁ, P. FILIANINI, L. GASTALDOS,
7. HARMAN', M.W. HAVERKORT?, J. HerkeNHOFE!, P. INDELICATO’, C.H.
KEITELI, D. LANGEI, Yu.N. NOVIKOVS, D. RENISCH4’5, A. RISCHKAI, CH.
SCHWEIGERI, and K. Baum! — !Max-Planck-Institut fiir Kernphysik, 69117
Heidelberg, Germany — “Institute for Theoretical Physics, Heidelberg Uni-
versity, 69120 Heidelberg, Germany — 3Institat fiir Kernchemie, Johannes-
Gutenberg-Universitit Mainz, 55128 Mainz, Germany — *Helmholtz-Institut
Mainz, 55128 Mainz, Germany — 5GSI Helmholtzzentrum fiir Schwerio-
nenforschung GmbH, 64291 Darmstadt, Germany — ®Kirchhoff-Institute for
Physics, Heidelberg University, 69120 Heidelberg, Germany — ’Laboratoire
Kastler Brossel, Sorbonne Université, CNRS, ENS-PSL Research University, Col-
lege de France, 75005 Paris, France — ®NRC “Kurchatov Institute”-Petersburg
Nuclear Physics Institute, Gatchina 188300, Russia
PENTATRAP [1] is a high-precision Penning-trap mass spectrometer featuring a
stack of five Penning traps and determining mass-ratios with a relative uncer-
tainty of below 10™''. Mass-ratio determinations of stable and long-lived highly
charged ions at this level have numerous applications, among others, in neutrino
physics. The ECHo collaboration [2] plans to set an upper limit on the mass of the
electron neutrino by measuring the sprectrum of the electron capture decay of
163Ho with metallic magnetic calorimeters. In order to exclude systematic errors
and have an independent value of the endpoint of the electron capture spectrum,
PENTATRAP measured the Q-value by means of Penning-trap mass spectometry,
comparing the mass of highly charged ions of the mother and daughter nuclides
183 Ho and '’ Dy. The uncertainty of the final Q-value including binging energy
calculations of the missing electrons is as low as 1.1 eV.
[1] Repp, J. et al., Appl. Phys. B 107, 983, (2012)
[2] Gastaldo, L. et al., Eur. Phys. J. ST 226, 1623 (2017)

105

Location: P

MS72 Wed16:30 P
Schottky detectors for high resolution and fast Schottky spectroscopy of

short-lived fragments in heavy ion storage rings — *SHAHAB SANJARI™Z,

DmyYTRO DMYTRIIEV1’3, GEORGE HUDSON—CHANG4’5, Yuri A. LITVINOVI’S,
and MaRriA SELINA® — 'GSI Helmholtz Center, D-64291 Darmstadt, Ger-
many — > Aachen University of Applied Sciences, D-52005 Aachen, Germany —
3Heidelberg University, D-69117 Heidelberg, Germany — 4University of Surrey,
GU2 7XH, Surrey, UK — °RIKEN Nishina Center, 351-0198, Wako, Saitama,
Japan

Using non-destructive Schottky detectors, precise determination of masses and
lifetimes of exotic nuclear species and their isomeric states can be performed in
heavy ion storage rings. Single ion sensitivity has regularly been achieved in the
past using resonant cavity pick-ups. New designs are targeting an increase in
measurement accuracy by additionally measuring particle position in the dis-
persive section of the storage ring. In this work, we report on the latest progress
on the development of new position sensitive cavity pickup detectors.

MS73 Wed16:30 P
Implementation of a software defined radio (SDR) based beam current moni-
tor for Schottky detectors in heavy ion storage rings — «MARIIA SELINA', SHA-
HAB SANJARII’Z, DmyTRO DMYTRIIEVZ’S, and Yurr A. Litvinov>® — 'Aachen
University of Applied Sciences, D-52005 Aachen, Germany — 2GSI Helmholtz
Center, D-64291 Darmstadt, Germany — 3Heidelberg University, D-69117 Hei-
delberg, Germany
With the increasing sensitivity and precision of resonant Schottky detectors, this
technology becomes more valuable in the determination of masses and lifetimes
of the yet unstudied nuclei inside heavy ion storage rings but also in general
storage ring physics. At present, information from these detectors is gained by
high-end units with software and hardware interface that are not versatile and /
or not suitable for applications where scalability is indispensable. Here, software-
defined radio (SDR) based data acquisition systems come in handy, mainly due
to their low cost and relatively simple hardware but also due to the fact that
their functionality is almost entirely software-defined/programmable. If cali-
brated, Schottky detectors can facilitate beam current measurements that are or-
ders of magnitude more sensitive compared to existing DC current transformers
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(DDCT). In this work, we report on the implementation of an SDR-based online
beam current monitor for use with Schottky detectors in heavy ion storage rings
such as ESR in GSI/FAIR.

MS7.4 Wed16:30 P
LISEL@DREAMS progress report — ¢OLIVER FORSTNER"®?, THOMAS
WEBER!, VapiM GapELsHIN?, and Kraus WeNDT? — !Friedrich-Schiller-
Universitit Jena, Jena — 2Helmholtz-Institut Jena, Jena — >GSI Holmholtzzen-
trum, Darmstadt — 4]ohannes Gutenberg-Universitit Mainz, Mainz

The LISEL setup (Low-energy Isobar SEparation by Lasers) is currently being

built at the University of Jena in the framework of a BMBF funded project. It
comprises a gas-filled radio frequency quadrupole cooler where negative ions
will be slowed down to thermal energies and overlapped with a laser beam. This
allows an elemental selective suppression of isobars by laser photodetachment by
careful selection of the photon energy. The tunable laser system is currently be-
ing developed at the University of Mainz. After commissioning the LISEL setup
will be transferred to the DREAMS (DREsden AMS) facility at the Helmholtz
Center Dresden Rossendorf (HZDR).

In this presentation I will give a status report of the construction of the LISEL
cooler and present an outlook of the future activities.

MS 8: Multi-Reflection Time-of-Flight Spectrometers

Time: Thursday 10:30-11:45

Invited Talk MS8.1 Thul0:30 MS-H9
Present and future prospects for MRTOF-based mass spectroscopy at KEK
and RIKEN — +PETER SCHURY', MICHIHARU WaDA', TOSHITAKA NIWASE',
MARCO ROSENBUSCHI, Yosuikazu Hirayamal , HIRONOBU ISHIYAMAZ, Daiva
KA]IZ, SoTA KIMURAZ, HIROARI MIYATAKEI, Kouj MORIMOTOZ, Momo
MUKAIZ, HIROARI MIYATAKEI, AIko TAKAMINEZ, YUTAKA WATANABEI, and
HERMANN WoOLLNIK® — 'Wako Nuclear Science Center, Wako, Japan —
RIKEN Nishina Center for Accelerator-Based Science — *New Mexico State
University

The KEK Wako Nuclear Science Center in collaboration with the RIKEN
SLOWRI group presently operates three high-performance multi-reflection
time-of-flight (MRTOF) mass spectrographs within the RIKEN accelerator com-
plex - one for superheavy elements, one for in-flight fission and fragmentation
products, and one for multi-nucleon transfer products — with more planned for
the near future. With typical mass resolving power approaching m/Am=10°,
we are able to achieve relative mass precision 8m/m~10"" with 100 detected
ions; in many cases isomeric states can be resolved. By embedding silicon
detectors within the time-of-flight detector, we have initiated a new field of
decay-correlated mass spectroscopy which greatly enhances the capabilities of
the MRTOF. The results of recent measurement campaigns and plans for future
MRTOEF-based studies will be presented.

MS8.2 Thull:00 MS-H9
A Multi-Reflection Time-of-Flight Mass Spectrometer (MR-ToF MS) for the
Offline Ion Source of PUMA — ¢MORITZ SCHLAICH, ALEXANDRE OBERTELLI,
FrRANK WIENHOLTZ, and CLARA KLINK — TU Darmstadt, Darmstadt, Deutsch-
land
Using low-energy antiprotons provided by the Extra Low Energy Antiproton ring
(ELENA) at CERN, the antiProton Unstable Matter Annihilation experiment
(PUMA) aims to probe the isospin composition of the density tail of radioac-
tive nuclei. For this purpose, PUMA intends to trap one billion antiprotons at
ELENA in a portable Penning trap and transport them to the Isotope mass Sep-
arator On-Line DEvice (ISOLDE) at CERN. There, the isotopes of interested are
produced and will be brought together with the antiprotonic cloud. By analyzing
the residuals of the subsequent annihilation reactions, the experiment plans to
study neutron skin formation of multiple neutron-rich nuclei and possible halo
nuclei.

In order to perform reference measurements and initially apply the experi-
mental technique to stable nuclei, a versatile offline ion source is needed that
must be able to generate isotopically pure ion bunches with sufficiently high par-
ticle intensity. Therefore, an MR-ToF MS will be used to analyze the constituents
of the incoming beam and to selectively forwards only the ions of interest within
milliseconds. The talk will cover an overview of the system and its capabilities
with respect to mass separation.

Location: MS-H9

MS83 Thull:15 MS-H9
Improving a multi-reflection time-of-flight mass spectrometer with multiple
active voltage-stabilization loops — sPauL FIsCHER', PAUL FLORIAN GIESEL!,
FRANK WIENHOLTZ?, and LUTZ SCHWEIKHARD' — ! Institut fiir Physik, Univer-
sitit Greifswald, 17487 Greifswald, Germany — “Institut fiir Kernphysik, Tech-
nische Universitdt Darmstadt, 64289 Darmstadt, Germany
The principal observable in multi-reflection time-of-flight mass spectrometry
(MR-ToF MS)—a stored ion species’ lapping period between two electrostatic
mirrors—is most stable over long measurement times when the MR-ToF ana-
lyzer’s potential configuration is as constant as possible. By stabilizing the most
sensitive mirror potential with an active feedback loop, long-term resolving pow-
ers can be significantly increased, as has been demonstrated recently [1].

Based on this concept, the Greifswald MR-ToF mass spectrometer is equipped
with subsequent stabilization loops for multiple mirror potentials [2]. Isobaric
species of atomic clusters are used to probe the subsequent gain in MR-ToF per-
formance and characterize different-quality hardware for the implementation of
the active voltage controller. The system shows improved long-term mass resolv-
ing power, settling behavior for different experimental cycles, and better condi-
tions for the timing of pulsed in-trap photoexcitation of atomic clusters.

[1] Wienholtz et al., Nucl. Instrum. Meth. B 463:348 (2020)

[2] Fischer et al., Rev. Sci. Instrum. 92:063203 (2021)

MS84 Thull:30 MS-H9
Study of a laser ablation carbon cluster ion source for MR-TOF MS — ¢JIAJUN
Yu'? and FRS Ton CATCHER COLLABORATION"? — !'GSI Helmholtzzentrum
fiir Schwerionenforschung GmbH, Darmstadt — >Justus-Liebig-Universitit
Giessen, Giessen — *Jinan University, Guangzhou, China
The MR-TOF-MS can be used for mass measurement with a resolving power of
up to 1,000,000 (FWHM) and a relative accuracy down to a few 107%. To achieve
high-precision mass measurement with a relative accuracy below 107%, calibrants
over a broad mass range are needed for mass accuracy studies in the 10~ level
with the MR-TOE-MS. Furthermore, calibrants close to the ion of interest for a
lowest uncertainty calibration are also needed. We have designed a laser abla-
tion carbon cluster ion source (LACCI) capable of providing references in a mass
range of 36 u to 240 u with a repetition rate up to 100 Hz in order to match the
needs of the MR-TOF-MS.

Recently, the commission of LACCI has been carried out to study the capabil-
ity of repetition rates, laser optics (laser spot size, laser energy), and ion optics
(ion transfer efficiency). Especially, LACCI has been designed to be operated sta-
bly over a long time (several days) with a high frequency (> 10 Hz), then stability
for long term operation was also tested. The commissioning results of LACCI
coupled with a quadrupole mass filter and the MR-TOF-MS will be reported in
this contribution.

MS 9: lon Storage Rings

Time: Thursday 14:00-15:15

Invited Talk MS9.1 Thu14:00 MS-H9
Isochronous mass spectrometry and beam purification in an electrostatic
storage ring — +VIVIANE C. SCHMIDT — Max-Planck-Institut fiir Kernphysik,
69117 Heidelberg, Germany

Electrostatic storage rings have been primarily used for collision studies of
charged atoms or molecules with photons, atoms, and electrons until now. Due
to the electrostatic nature and therefore mass-independent storage of the de-
vices, multiple ion species can be stored simultaneously. The identification and
removal of these predominantly isobaric contaminations from the beam is not
obvious. So far, electrostatic storage rings mostly rely on identification and pu-
rification methods prior to injection for contaminant-free measurements. Here,
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Location: MS-H9

we report the first successful isochronous operation of an electrostatic storage
ring achieved at the Cryogenic Storage Ring (CSR) facility at the Max-Planck-
Institut fiir Kernphysik in Heidelberg (von Hahn et al., Rev. Sci. Instrum. 87,
2016). The isochronous operation enables a sensitive, mass based identification
of the stored beam components, information vital for all experiments conducted
at CSR. Uncooled beams with typical momentum spreads of 1072 and emittance
of a few mm-mrad were investigated at non-relativistic beam energies of a few
hundred keV. Mass resolutions of AWm < 107° could be reached and isobaric
contaminations below relative beam fractions of 107 could be identified. The
proof-of-principle measurements presented here open up a new field of appli-
cation in the form of ion mass measurements for these devices. Furthermore,
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beam purification methods to remove the identified contaminations inside the
ring have been developed.

MS9.2 Thul4:30 MS-H9
4k-pixel microcalorimeter detector for the Cryogenic Storage Ring
CSR - standalone experimental setup and new readout possibilities —
«CHRISTOPHER ]AKOBI, Lisa GAMERI, Kraus BLAUMI, CHRISTIAN ENSSZ, AN-
DREAS FLEISCHMANN?, ANSGAR LOWACK’, MICHAEL RAPPAPORT’, DENNIS
SCHULZZ, YonI TOKER4, ANDREAS WOLFl, and OLpiica Novorny! — 'MPIK
Heidelberg — “KIP Heidelberg University — >Weizmann Institute of Science,
Rehovot, Israel — *Bar-Tlan University, Ramat Gan, Israel
The Cryogenic Storage Ring CSR at the Max Planck Institute for Nuclear Physics,
Heidelberg, can store heavy molecular ions in their rotational and vibrational
ground states, enabling the investigation of electron-ion interactions such as the
dissociative recombination in laboratory environment under conditions close to
those in cold interstellar plasmas. To reconstruct the full kinematics of these
processes, position- and energy-sensitive coincident detection of multiple re-
action products is necessary. For this purpose, MOCCA, a 4k-pixel molecule
camera based on magnetic calorimeters with a detection area of 45 mmx45 mm,
was developed at the Kirchhoff-Institute for Physics in Heidelberg. We intro-
duce a new readout scheme and present the plans for the integration of MOCCA
and its *He/*He dilution refrigerator into CSR, as well as a CSR-independent
experimental setup where MOCCA will be used to study collision- and photon-
induced ion fragmentation processes.

MS9.3 Thul4:45 MS-H9
Measurement of the bound-state beta decay of bare 205-Thallium and its nu-
clear astrophysical implications — *RAGANDEEP SINGH SIDHU, RuI-Jiu CHEN,
Yu. A. LitviNOov, and AND THE E121 cOLLABORATION — GSI Helmholtzzen-
trum fiir Schwerionenforschung, Planckstrafle 1, 64291 Darmstadt, Germany
We report on the first direct measurement of the bound-state beta decay [1] of
205718 jons, an exotic decay mode, in which an electron is directly created in
one of the empty atomic orbitals instead of being emitted into the continuum.
One of the most awaited and pioneering experiments was realized in the spring
beamtime at GSI, Darmstadt in 2020, wherein the entire accelerator chain was
employed. 2057181 jons (with no electron) were produced with the projectile
fragmentation of 2°Pb primary beam on ?Be target, separated in the fragment
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separator (FRS), accumulated, cooled, and stored for different storage times (up
to 10 hours) in the experimental storage ring (ESR). The experimentally mea-
sured half-life value [2] draws a 2.70 [3] and 4.20 [4] tension with the theoret-
ically predicted values, which could influence our understanding of the abun-
dance of chemical elements in the early universe. In this contribution, the au-
thors aim to present the s-process motivation and a preliminary value of the
20518 half-life.

[1] R. Daudel et al., J. Phys. Radium, 8, 238, 1947.

[2] Ragandeep Singh Sidhu, Ph.D. Thesis, Ruprecht-Karls-Universitit, 2021.

[3] K. Takahashi et al., Phys. Rev. C, 36, 1522, 1987.

[4] S. Liu et al., Phys. Rev. C, 104, 024304, 2021.

MS9.4 Thul15:00 MS-H9
Search of the exotic nuclear two-photon emission decay in isochronous heavy
ion storage rings — «DAVID FREIRE1’2’3’4, F. CAGLA AKINCIS, Kraus BLAUMI’Z,
‘WOLFRAM KORTENS, Yuri1 A. LITVINOV2’4, SHAHAB SANIARI4’6, and THE E143
CorLaBoraTION® — "Max Planck Institute for Nuclear Physics, D-69117 Hei-
delberg, Germany — “Heidelberg University, D-69117 Heidelberg, Germany —
SIRFU, CEA, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France — 4GsI
Helmholtz Center, D-64291 Darmstadt, Germany — >Istanbul University, T-
34452 Istanbul, Turkey — ®Aachen University of Applied Sciences, D-52005
Aachen, Germany
The nuclear two-photon (2y) decay is a rare decay mode in atomic nuclei
whereby a nucleus in an excited state emits two gamma rays simultaneously. First
order processes usually dominate the decay, however two-photon emission may
become significant when first order processes are forbidden or strongly retarded,
which can be achieved at the experimental storage ring ESR (GSI/FAIR). Within
this work we will present the implemented methodology and the obtained results
of two beam times performed in 2021, when for the first time the isochronous
mode of ESR alongside non-destructive Schottky detectors were operated for
the study of short-lived isomer production yields and lifetimes. We investigated
specifically the isotope *Ge, as it is the most easily accessible nucleus having a
first excited 0" state below the pair creation threshold paramount for the study
of 2y decay without competition of first order decays. In addition, the nuclei
79Se and 7*Br were studied, as their isomeric states play a major role in nuclear
astrophysics.
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Overview of Invited Talks and Sessions
(Lecture halls Q-H10, Q-H11, Q-H12, Q-H13, Q-H14, and Q-H15; Poster P)

Q-H10

Q-H14
Q-HI11

Q-H13

Q-HI12
Q-H14

Q-H11

Q-H13
Q-H14

Q-H14
Q-H11

Q-H10

Matter-wave microscope for sub-lattice-resolved imaging of 3D quantum systems —
*CHRISTOF WEITENBERG

Quantum Cooperativity: from ideal quantum emitters to molecules — «CLAUDIU GENES
Rotation sensors for planet Earth: Introducing ring laser gyroscopes — «SIMON
STELLMER, OLIVER HECKL, ULRICH SCHREIBER

Quantum-state engineering with optically-trapped neutral atoms — «VLADIMIR M. STO-
JANOVIC, GERNOT ALBER, THORSTEN HAASE, SAscHA H. HAauck

A hybrid quantum classical learning agent — «SABINE WOLK

Superradiant lasing in presence of atomic motion — «SiMoN B. JAGER, HAoNAN Livu,
JouN COOPER, MURRAY J. HOLLAND

Searching for physics beyond the Standard Model with isotope shift spectroscopy —
*ELINA FucHs

Quantum rotations of levitated nanoparticles — «BENJAMIN A. STICKLER

Optical properties of porous crystalline nanomaterials modeled across all length scales
— e«MARJAN KRSTIC

Nanophotonic structure-mediated free-electron acceleration and manipulation in the
classical and quantum regimes — «Roy SHILOH

Nanoscale heat radiation in non-reciprocal and topological many-body systems —
*SVEND-AGE BIEHS

Self-bound Dipolar Droplets and Supersolids in Molecular Bose-Einstein Condensates
— oTiM LANGEN

Invited talks of the joint PhD symposium Solid-state Quantum Emitters Coupled to Optical Microcav-

ities (SYPD)

See SYPD for the full program of the symposium.

SYPD 1.1

SYPD 1.2 Mon

SYPD 1.3

SYPD 1.4 Mon

Mon

Mon

16:30-17:00 AKjDPG-H17  Fiber-based microcavities for efficient spin-photon interfaces — «DavID
HuNGER

17:00-17:30  AKjDPG-H17 A fast and bright source of coherent single-photons using a quantum dot in
an open microcavity — ¢RICHARD ]. WARBURTON

17:30-18:00 AKjDPG-H17  New host materials for individually addressed rare-earth ions — «SEBASTIAN
HoRvATH, SALIM OURARI, LUKASZ DUSANOWSKI, CHRISTOPHER PHENICIE, ISA-
IAH GRAY, PAUL STEVENSON, NATHALIE DE LEON, JEFF THOMPSON

18:00-18:30 AKjDPG-H17 A multi-node quantum network of remote solid-state qubits — «RoNALD HAN-

SON

Invited talks of the joint symposium SAMOP Dissertation Prize 2022 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1

Tue

14:00-14:30

Audimax  New insights into the Fermi-Hubbard model in and out-of equilibrium —

«ANNABELLE BOHRDT
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Tue 14:30-15:00
Tue 15:00-15:30

Tue 15:30-16:00

Audimax
Audimax

Audimax

Searches for New Physics with Yb* Optical Clocks — «RICHARD LANGE

Machine Learning Methodologies for Quantum Information — «HENDRIK POULSEN
NAUTRUP

Precision Mass Measurement of the Deuteron’s Atomic Mass — sSASCHA RAU

Invited talks of the joint symposium Rydberg Physics in Single-Atom Trap Arrays (SYRY)
See SYRY for the full program of the symposium.

SYRY 2.1

SYRY 2.2

SYRY 2.3
SYRY 3.3

SYRY 3.4
SYRY 3.5

Wed

Wed

Wed
Wed

Wed
Wed

10:30-11:00

11:00-11:30

11:30-12:00
14:30-15:00

15:00-15:30
15:30-16:00

Audimax

Audimax

Audimax
Audimax

Audimax
Audimax

Many-body physics with arrays of Rydberg atoms in resonant interaction —
*ANTOINE BROWAEYS

Optimization and sampling algorithms with Rydberg atom arrays — <HANNES
PicHLER

Slow dynamics due to constraints, classical and quantum — «JUAN P. GARRAHAN
New frontiers in quantum simulation and computation with neutral atom arrays
— ¢GIULIA SEMEGHINI

New frontiers in atom arrays using alkaline-earth atoms — «ApAM KAUFMAN

Spin squeezing with finite range spin-exchange interactions — ¢ANA MARIA REY

Invited talks of the joint symposium Quantum Cooperativity of Light and Matter (SYQC)
See SYQC for the full program of the symposium.

SYQC1.1 Thu 10:30-11:00 Audimax
SYQC1.6 Thu 12:00-12:30 Audimax
SYQC2.1 Thu 14:00-14:30  Audimax
SYQC2.6 Thu 15:30-16:00 Audimax
Sessions

Q1.1-1.2 Mon  11:00-13:00

Q2.1-2.7 Mon 14:00-16:00 Q-H10
Q3.1-3.8 Mon 14:00-16:00 Q-H11
Q4.1-4.8 Mon 14:00-16:00 Q-HI2
Q5.1-5.8 Mon 14:00-16:00 Q-H13
Q6.1-6.7 Mon 14:00-16:00 Q-Hl14
Q7.1-7.6 Mon  14:00-15:30  A-H2
Q8.1-8.8 Mon 16:30-18:30 Q-H10
Q9.1-9.6 Mon 16:30-18:15 Q-H11
Q10.1-10.5 Mon 16:30-17:45 Q-HI12
Q11.1-11.5 Mon 16:30-18:00 Q-H13
Q12.1-126 Mon 16:30-18:00 Q-Hl14
Q13.1-13.8  Tue 10:30-12:30 Q-H10
Q14.1-147 Tue 10:30-12:15 Q-HI1
Q15.1-15.7  Tue 10:30-12:30 Q-HI12
Q16.1-16.10 Tue  10:30-13:00 Q-H13
Q17.1-17.7 Tue 10:30-12:30 Q-Hl14
Q18.1-18.6  Tue 10:30-12:00 Q-H15
Q19.1-19.7 Tue  10:30-12:15 A-H2
Q20.1-20.11 Tue 16:30-18:30 P
Q21.1-21.15 Tue 16:30-18:30 P
Q22.1-22.15 Tue 16:30-18:30 P
Q23.1-23.17 Tue 16:30-18:30 P
Q24.1-24.16 Tue 16:30-18:30 P
Q25.1-254  Tue 16:30-18:30 P
Q26.1-268 Wed 10:30-12:30 Q-H10
Q27.1-27.7  Wed 10:30-12:30 Q-H1l
Q28.1-288 Wed 10:30-12:30 Q-HI12

Super- and subradiant states of an ensemble of cold atoms coupled to a nanopho-
tonic waveguide — ¢ ARNO RAUSCHENBEUTEL

Cooperative Effects in Pigment-Protein Complexes: Vibronic Renormalisation of
System Parameters in Complex Vibrational Environments — «Susana F. HUELGA
Quantum simulation with coherent engineering of synthetic dimensions — «PaorLA
CAPPELLARO

Quantum Fractals — ¢CRISTIANE MORAIS-SMITH

AKjDPG-H17  Tutorial Rydberg Physics (joint session AKjDPG/SYRY/Q)

Quantum Gases (Bosons) I

Precision Measurements and Metrology I

Quantum Information (Concepts and Methods) I

Quantum Technologies I

Quantum Optics (Miscellaneous) I

Precision spectroscopy of atoms and ions I (joint session A/Q)
Quantum Gases (Bosons) II

Precision Measurements and Metrology 11

Quantum Information (Concepts and Methods) II

Quantum Technologies II

Quantum Optics (Miscellaneous) 11

Quantum Gases (Bosons) I1I

Precision Measurements and Metrology I1I

Quantum Information (Quantum Computing and Simulation)
Quantum Effects I

Quantum Optics (Miscellaneous) 111

Laser and Laser Applications

Ultra-cold atoms, ions and BEC I (joint session A/Q)
Quantum Gases I

Ultracold Atoms and Plasmas (joint session Q/A)

Precision Measurements and Metrology I (joint session Q/A)
Quantum Information I

Quantum Effects

Ultra-cold plasmas and Rydberg systems (joint session A/Q)
Quantum Gases (Fermions)

Precision Measurements and Metrology IV (joint session Q/A)
Quantum Information (Quantum Communication) I
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Sessions
— Invited Talks, Tutorials, Contributed Talks, and Posters —

Q 1: Tutorial Rydberg Physics (joint session AKjDPG/SYRY/Q)

Time: Monday 11:00-13:00

Tutorial Q1.1 Monl11:00 AKjDPG-H17
From the Rydberg Formula to Rydberg arrays — ¢JAN MICHAEL RosT — Max
Planck Institute for the Physics of Complex Systems, Dresden, Germany
Covering milestones in the development of Rydberg physics, the tutorial will in-
troduce the properties of Rydberg atoms and major elements for a theoretical
description. Milestones include hydrogen in a magnetic field and doubly ex-
cited states of atoms with their connection to classical chaos and periodic orbits
through the semiclassical nature of Rydberg electrons. With ultracold environ-
ments and traps ultra long-range Rydberg molecules as seeds for Rydberg chem-
istry have been realized as well as ultracold plasmas. Fundamental phenomena
such as the interaction blockade and Rydberg dressing have been identified as
major tools to establish and control correlation in Rydberg dynamics on the way
to quantum computation with Rydberg arrays which will be the covered in the
second tuturial.

Location: AKjDPG-H17

Tutorial Q1.2 Mon12:00 AKjDPG-H17
Quantum simulation and quantum computation with Rydberg atom arrays
— *JOHANNES ZEIHER — Max Planck Institute of Quantum Optics, 85748
Garching, Germany — Munich Center for Quantum Science and Technology
(MCQST), 80799 Munich, Germany

Understanding quantum mechanical systems of many particles at a microscopic
level is one of the grand challenges of modern physics. In 1982, Feynman ad-
dressed this issue by formulating his vision that one can use well-controlled
quantum systems to simulate and understand other quantum systems. Single
atoms trapped in individual optical traps coupled to Rydberg states have recently
emerged as a versatile experimental platform geared towards realizing Feynman’s
vision. In this tutorial, I will focus on the basics of this platform. First, I will de-
scribe how individual atoms are loaded, detected, and manipulated in optical
tweezers. Afterwards, I will explain how strong, switchable interactions between
highly excited atomic Rydberg states emerge, and how they can be induced and
controlled by lasers. This will set the stage for highlighting the accessible many-
body models for quantum simulation and the potential of the platform for quan-
tum computation, followed by a brief discussion of recent experimental break-
throughs in the field.

Q 2: Quantum Gases (Bosons) |

Time: Monday 14:00-16:00

Invited Talk Q2.1 Mon14:00 Q-HI10
Matter-wave microscope for sub-lattice-resolved imaging of 3D quantum sys-
tems — «CHRISTOF WEITENBERG — Institut fiir Laserphysik, Luruper Chaussee
149, 22761 Hamburg

Imaging is central to gaining microscopic insight into physical systems, and new
microscopy methods have always led to the discovery of new phenomena and
a deeper understanding of them. Ultracold atoms in optical lattices provide a
quantum simulation platform, featuring a variety of advanced detection tools
including direct optical imaging while pinning the atoms in the lattice. How-
ever, this approach suffers from the diffraction limit, high optical density and
small depth of focus, limiting it to two-dimensional (2D) systems.

In this talk, I will present our new imaging approach where matter-wave op-
tics magnifies the density distribution before optical imaging, allowing 2D sub-
lattice-spacing resolution in three-dimensional (3D) systems. The method opens
the path for spatially resolved studies of new quantum many-body regimes and
paves the way for single-atom-resolved imaging of atomic species, where effi-
cient laser cooling or deep optical traps are not available, but which substantially
enrich the toolbox of quantum simulation of many-body systems.

Q22 Monl14:30 Q-H10
Observation of a dissipative time crystal — «HaNs KESSLERI, PHATTHAMON
KONGKHAMBUTL, Jim SKULTEI, LupbwiG MATHEYI’Z, Jayson G. COSME3, and
ANDREAS HEMMERICH"? — !Institut fiir Laser-Physik, Universitit Hamburg —
*The Hamburg Center for Ultrafast Imaging — >National Institute of Physics,
University of the Philippines
We are experimentally exploring the light-matter interaction of a Bose-Einstein
condensate (BEC) with a single light mode of an ultra-high finesse optical cavity.
The key feature of our cavity is the small field decay rate (x/2m=4.5kHz), which
is in the order of the recoil frequency (wrec/27=3.6kHz). This leads to a unique
situation where cavity field evolves with the same timescale as the atomic distri-
bution. If the system is pumped transversally with a steady state light field, red
detuned with respect to the atomic resonance, the Hepp-Lieb superradiant phase
transition of the open Dicke is realized. Starting in this self-ordered density wave
phase and modulating the amplitude of the pump field, we observe a dissipa-
tive discrete time crystal, whose signature is a robust subharmonic oscillation
between two symmetrybroken states [1]. For a blue-detuned pump light with
respect to the atomic resonance, we propose an experimental realization of limit
cycles. Since the model describing the system is time-independent, the emer-
gence of a limit cycle phase heralds the breaking of continuous time-translation
symmetry [2]. References [1] H. Kefiler et al., PRL 127, 043602 (2021). [2] H.
Kefiler et al., PRA 99, 053605 (2019).
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Q2.3 Mon14:45 Q-HI10

Realization of a periodically driven open three-level Dicke model —
ePHATTHAMON KONGKHAMBUTl, HaNs KESSLERl, Jim SKULTEI’Z, LupwiG
MATHEYI’Z, Jayson G. CosMmE> , and ANDREAS HemmericH"? — !Institut fiir
Laser-Physik, Universitit Hamburg — >The Hamburg Center for Ultrafast Imag-
ing — *National Institute of Physics, University of the Philippines
A periodically driven open three-level Dicke model is realized by resonantly
shaking the pump* field in an atom-cavity system. As an unambiguous signa-
ture, we demonstrate the emergence of a dynamical phase, in which the atoms
periodically localize between the antinodes of the pump lattice, associated with
an oscillating net momentum along the pump axis. We observe this dynamical
phase through the periodic switching of the relative phase between the pump
and cavity fields at a small fraction of the driving frequency, suggesting that it
exhibits a time crystalline character.

[1] P. Kongkhambut et al., arXiv:2108.11113 (2021).
arXiv:2108.10877 (2021).

[2] J. Skulte et al.,

Q24 Mon15:00 Q-HI10
Extended Bose-Hubbard models with Rydberg macrodimer dressing —
«MaTHIEU BARBIER!, StMON Horrerrta®, and WALTER HOESTETTER' —
nstitut fiir theoretische Physik, Goethe Universitit, 60438 Frankfurt am Main
— ?Max-Planck-Institut fiir Quantenoptik, 85748 Garching, Germany
We propose dressing bosonic quantum gases dressed with macrodimer states -
molecular bound states in Rydberg interaction potentials - as a promising ap-
proach for experimental observation of novel quantum phases such as super-
solids. We investigate the scaling laws of the dressed interaction strength and
the scattering rate with respect to the effective principal quantum number and
trapping frequency of the ground state atoms for the molecular potentials of Ru-
bidium and Potassium. Additionally, we propose a two-color excitation scheme
which significantly increases the dressed interaction and cancels otherwise lim-
iting AC Stark shifts. Furthermore, we study the corresponding extended Bose-
Hubbard model within the Cluster Gutzwiller approach and compute the equi-
librium phase diagram. By means of time-evolution simulations in the pres-
ence of realistic dissipation we investigate the possible preparation of supersolid
phases and suggest a parameter regime for which, through ramping up to cou-
pling to the macrodimer states, supersolid phases could be experimentally ob-
servable.
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Q2.5 Monl15:15 Q-HIO
Supersolid phases of ultracold bosons trapped in optical lattices dressed
with Rydberg p-states — «eMATHIEU BARBIER, HENRIK LUTJEHARMS, and WAL-
TER HOFSTETTER — Institut fiir theoretische Physik, Goethe Universitit, 60438
Frankfurt am Main, Germany
In recent years Rydberg-excited bosonic quantum gases have emerged as a
promising platform for realizing quantum phases with broken lattice transla-
tional symmetry, such as density wave and lattice supersolid phases. Although
numerous theoretical works on trapped gases dressed with Rydberg s-states have
predicted these phases, their experimental observation proves to be difficult due
to challenges such as scattering processes and the limited experimentally achiev-
able coupling strength. On the other hand, the less investigated case of Rydberg
p-state dressing possesses advantages in this respect. We therefore study the
quantum phases of an ultracold bosonic quantum gas trapped in a square optical
lattice and dressed with Rydberg p-states, going both beyond the weak-dressing
regime and the frozen regime. We consider an extended Bose-Hubbard model
and compute its ground state phase diagram within Gutzwiller mean-field the-
ory. We obtain Mott insulating, superfluid, density wave and supersolid regimes
within the parameter space considered. Furthermore, through comparison with
the ground state phases of bosons dressed with Rydberg s-states, we find the
anisotropy of the long-range interaction to be beneficial for the coexistence of
a condensate and spontaneously broken lattice translational symmetry, which is
promising for realizing supersolid phases.

Q2.6 Monl15:30 Q-HI10
Complex Langevin simulation of Bose-Einstein condensates — ePHILIPP
HEINEN and THOMAS GASENZER — Kirchhoft-Institut fiir Physik, Heidelberg
Complex Langevin (CL) is an approach to the solution of the sign problem,
which arises when trying to numerically compute path integrals for complex-
valued actions with standard Monte Carlo techniques. The idea behind the

method is to rewrite the path integral as a stochastic Langevin equation. The lat-
ter can be straightforwardly generalized to the case of a complex action, leading
to a stochastic evolution in a complexified field manifold. Whereas the appli-
cation of CL has a long-standing tradition in high energy physics, in particular
in the simulation of quantum chromodynamics at finite chemical potential, it is
less established so far in the field of ultracold atomic gases. We present results of
CL simulations for multi-component Bose-Einstein condensates.

Q27 Mon 1545 Q-HI10
Spectroscopy of heteronuclear xenon-noble gas mixtures - Towards Bose-
Einstein condensation of vacuum-ultraviolet photons — «THILO VoM HOVEL,
ErIC BOLTERSDORF, FRANK VEWINGER, and MARTIN WEITZ — Institut fiir
Angewandte Physik, Universitit Bonn, Wegelerstr. 8, 53115 Bonn
In the vacuum-ultraviolet regime (VUYV, 100 - 200 nm), realizing lasers is diffi-
cult, as excited state lifetimes scale as 1/ w3, resulting in the need of high pump
powers to achieve population inversion in active media. We propose an experi-
mental approach for the realization of a coherent light source in the VUV based
on Bose-Einstein condensation of photons. In our group, Bose-Einstein con-
densation of visible photons is investigated using liquid dye solutions as ther-
malization media in wavelength-sized optical microcavities, the latter providing
a non-trivial low-energy ground state the photons condense into.

Conveying these principles into the VUV, a suitable thermalization medium
has to be found. For this, we here consider heteronuclear mixtures of xenon and
another noble gas atom as a potential candidate, with absorption re-emission cy-
cles on the transition from the atomic ground state (5p°) to the lowest electron-
ically excited state (5p°6s) and emission from a lightly bound heteronuclear ex-
cimer state for thermalization. We report on the results of current spectroscopic
measurements, investigating VUV line profiles of samples containing xenon and
different noble gases. Also, the data is tested for the validity of the Kennard-
Stepanov relation, a fundamental prerequisite for the suitability of a medium as
thermalization mediator in the scheme.

Q 3: Precision Measurements and Metrology |

Time: Monday 14:00-16:00

Q3.1 Mon 14:00 Q-HI1
Quantum Hybridized accelerometer for Inertial Navigation — «MOUINE
ABIDIl, PHILIPP BARBEYI, YUEYANG ZOUl, ASHWIN RA]AGOPALANI, CHRIS-
TIAN SCHUBERTI’Z, MATTHIAS GERSEMANNI, DENNIS SCHLIPPERTI, SVEN
ABEND', and ERNsT.M Raser! — lInstitut fiir Quantenoptik - Leibniz Univer-
sitat, Hannover, Germany — 2Deutsches Zentrum fiir Luft- und Raumfahrt e.V.
(DLR), Institut fiir Satellitengeodésie und Inertialsensorik, Germany
Today, precise inertial navigation and positioning systems are the basis for con-
trolling vehicles such as aircrafts, ships, or satellites. However classical iner-
tial sensors suffer from device-dependent drifts and require GNSS corrections
that themselves rely on the availability of the signal broadcasted by the satellites.
This leads to the non-usability of classical sensors in some environments like
in-between buildings, underground, or space.

Hybrid quantum navigation, based on the combination of classical Inertial
Measurement Units with quantum sensors based on atom interferometry, is a
serious candidate for a new technology that meets the demand of our time re-
quirements for inertial navigation.

Atom interferometers have proven to measure drift-free at very high sensitiv-
ities. The main challenge is to transfer a complex laboratory-based device to a
robust and compact measurement unit that can be used regardless of their small
bandwidth and dynamic range to subtract the drifts of the classical devices. We
present the current status of our teststand for a quantum accelerometer employed
on a gyro-stabilized platform.

Q3.2 Mon14:15 Q-HI1
Gravitational Redshift Tests with Atomic Clocks and Atom Interferometers
— «FaBI0 D1 PuMPO', CHRISTIAN UFRECHT', ALEXANDER FRIEDRICH', ENNO
GIESEZ, WOLFGANG P. SCHLEICH1’3, and WiLLiaM G. Unrun® — lInstitut fiir
Quantenphysik and Center for Integrated Quantum Science and Technology
(IQST), Universitit Ulm — ZInstitut fiir Angewandte Physik, Technische Uni-
versitit Darmstadt — >Institute of Quantum Technologies, German Aerospace
Center (DLR) — 4Department of Physics and Astronomy, University of British
Columbia
Atomic interference experiments test the universality of the coupling between
matter-energy and gravity at different spacetime points, thus probing possible
violations of the universality of the gravitational redshift (UGR). In this contribu-
tion, we introduce a UGR violation model and then discuss UGR tests performed
by atomic clocks and atom interferometers on the same footing. Consequently,
we present a large class of atom-interferometer geometries which are sensitive
to violations of UGR, and identify their underlying mechanisms leading to such
tests [see PRX Quantum 2, 040333 (2021)].
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The project “Metrology with interfering Unruh-DeWitt detectors” (MIUnD) is
funded by the Carl Zeiss Foundation (Carl-Zeiss-Stiftung) through IQ°T. The
QUANTUS project is supported by the German Aerospace Center (DLR) with
funds provided by the Federal Ministry of Economics and Technology (BMWi)
due to an enactment of the German Bundestag under grant DLR 50WM1956
(QUANTUS V).

Q3.3 Mon 14:30 Q-HI11
Atom interferometry aboard an Earth-orbiting research lab — «MATTHIAS
MEISTERI, NACEUR GAALOULZ, NicHoras P. BIGELOWS, and THE CUAS
teEam>** — nstitute of Quantum Technologies, German Aerospace Center
(DLR), Ulm, Germany — 2Leibniz University Hannover, Institute of Quantum
Optics, QUEST-Leibniz Research School, Hanover, Germany — 3Department of
Physics and Astronomy, University of Rochester, Rochester, N'Y, USA — *Institut
fiir Quantenphysik and Center for Integrated Quantum Science and Technology
IQST, Ulm University, Ulm, Germany
Atom interferometers based on Bose-Einstein condensates are exquisite systems
for quantum sensing applications such as Earth observation, relativistic geodesy,
and tests of fundamental physical concepts. The sensitivity of these devices de-
pends on the free fall time of the quantum gas and, therefore, can be strongly im-
proved by working in a microgravity environment. Here we report on a series of
experiments performed with NASA’s Cold Atom Lab aboard the ISS demonstrat-
ing atom interferometers with different geometries in orbit. By employing Mach-
Zehnder-type interferometers we have realized atomic magnetometers and suc-
cessfully compared their outcome to complementary non-interferometric mea-
surements. Our results pave the way towards future precision measurements
with atom interferometers in space.

This project is supported by NASA/JPL through RSA No. 1616833 and the
German Space Agency (DLR) with funds provided by the Federal Ministry for
Economic Affairs and Energy (BMWi) under the grant numbers 50WP1705 and
50WM1861-1862.

Q34 Mon14:45 Q-HI11
Effective Models for Atom-interferometry with Center-of-mass Motion in
Quantized Electromagnetic Fields — ¢ALEXANDER FriEDRICH!, NIKOLIJA
MOMéILOVIél, SABRINA HARTMANNI, and WOLFGANG P. SCHLEICH? —
'nstitut fiir Quantenphysik and Center for Integrated Quantum Science and
Technology (IQST), Universitat Ulm, Albert-Einstein-Allee 11, 89069 Ulm, Ger-
many — “Institut fiir Quantentechnologien, Deutsches Zentrum fiir Luft- und
Raumfahrt, S6flinger Str. 100, 89077 Ulm, Germany
Entanglement enhanced metrology promises to boost the sensitivity of quan-
tum devices beyond the classical limit. Future atom interferometric gravita-
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tional wave detectors, tests of the equivalence principle or inertial sensors are
already envisioned to employ these techniques to reach their full projected po-
tential. However, proper characterization of the dynamic entanglement transfer
between parts of the system due to the atom-light interaction requires a quan-
tized description of the light field as well as the atomic degrees of freedom. Start-
ing with a few-mode model of the light-field, coupled to a few-level atom with
second quantized motional degrees of freedom we show: (i) how effective Jaynes-
Cummings-Paul like multi-mode Rabi models can be derived for multi-photon
interactions, and (ii) our approach and the resulting models are not limited to
atom interferometry configurations but have possible applications ranging from
cavity optomechanics to ion traps.

The QUANTUS project is supported by the German Aerospace Center (DLR)
with funds provided by the Federal Ministry for Economic Affairs and Energy
(BMWi) under grant number 50WM1956.

Q3.5 Mon15:00 Q-HI1
Mitigation of spurious effects in double Bragg diffraction — +JENS JENEWEIN',
SABRINA HARTMANNI, ALBERT ROURAZ, and Enno GiesgP>* — Institut fiir
Quantenphysik and Center for Integrated Quantum Science and Technology
(IQST), Universitit Ulm — 2Institut fiir Quantentechnologien, DLR — 3Institut
fiir Angewandte Physik, TU Darmstadt — “Institut fiir Quantenoptik, Leibniz
Universitdt Hannover
The Mach-Zehnder interference signal of single and double Bragg diffraction is
influenced by the multiport nature of the diffraction process [1]. Under appro-
priate conditions, higher-order path contributions can be neglected and just two
or three paths are respectively relevant for single and double diffraction. Al-
though the central path can contribute significantly to the exit-port population
for double diffraction, the coherent overlap with the resonant paths is only small
due to velocity selectivity effects. Even when the two resonant paths are dom-
inant for double Bragg diffraction, the interference signal due to a phase shift
exhibits that the outer ports are shifted to each other. For three paths, we addi-
tionally observe a beating. By summing over the two outer exit ports, one can
define an effective port that is insensitive to these effects. We analyze how this
feature changes under gravity which cannot be completely compensated by fre-
quency chirping in this case. The QUANTUS project is supported by the German
Space Agency (DLR) with funds provided by the Federal Ministry of Economics
and Energy (BMWi) under grant number 50WM1956 (QUANTUS V).
[1] Phys. Rev. A 101, 053610 (2020)

Q3.6 Mon15:15 Q-HI1
Modelling the Impact of Wavefront Aberrations on the Phase of a Precision
Mach-Zehnder Light-Pulse Atom Interferometer — sSTEFAN SECKMEYER,
FLORIAN FITZEKI, Tim KOVACHYZ, YIPING WANGZ, ERNST M. RASELI, and
NACEUR Gaarour! — !Leibniz Universitit Hannover, Hannover, Germany —
Northwestern University, Chicago, United States
Wavefront aberrations are one of the leading systematics in current state-of-the-
art atom interferometry experiments. We compare the impact of wavefront aber-
rations on the final phase of a 21k Mach-Zehnder geometry between two models.
One is derived in the limit of infinitely short atom light interactions where the

atoms follow classical paths based on Feynman's path integral method. The other
recently developed one models the wavefunction as a complex function in posi-
tion and momentum space to include among others effects from finite atom-light
interaction and coherent diffraction.

Q3.7 Mon 1530 Q-HI11
Space-borne Atom Interferometry for Tests of General Relativity —
«CHRISTIAN STRUCKMANN', ERNST M. RASEL', PETER WOLF®, and NACEUR
GaarouL' — Institut fiir Quantenoptik, Leibniz Universitdt Hannover, Welfen-
garten 1, D-30167 Hannover, Germany — “LNE-SYRTE, Observatoire de Paris,
Université PSL, CNRS, Sorbonne Université 61 avenue de I'Observatoire, 75014
Paris, France
Quantum sensors based on the interference of matter waves provide an excep-
tional access to test the postulates of general relativity by comparing the free-fall
acceleration of matter waves of different composition. Space-borne quantum
tests of the universality of free fall (UFF) promise to exploit the full potential
of these sensors due to long free-fall times, and to reach unprecedented perfor-
mance beyond current limits set by classical experiments.

In this contribution, we present a dedicated satellite mission to test the UFF
with ultra-cold atoms to 10-17 as proposed to the ESA Voyage 2050 initiative
[Battelier et al., Exploring the foundations of the physical universe with space
tests of the equivalence principle, Experimental Astronomy (2021)]. To this end,
we highlight our model for suppressing spurious error terms [Loriani et al., PRD
102, 124043 (2020)] and outline our work on a dedicated simulator for satellite-
based atom interferometry, which will be an indispensable tool for the detailed
analysis of future space mission scenarios.

Q3.8 Mon 1545 Q-H11
Dynamic Time-Averaged Optical Potentials for Atom Interferometry —
«HENNING ALBERSI, ALEXANDER HERBSTI, VERA VOLLENKEMPERl, ERNST M.
RasgL!, DENNIS SCHLIPPERT !, and THE PRIMUS-TeaM? — !Institut fiir Quan-
tenoptik, Leibniz Universitdt Hannover — ZZARM, Universitit Bremen
Optical dipole traps are a commonly used tool for trapping and cooling neutral
atoms. However, typical dipole traps are disadvantaged compared to magnetic
traps for example implemented on atom chip traps, due to their small trapping
volume and lower evaporation speed. The modulation of the center-position of
dipole trap beams helps to overcome these limitations by creating large-volume
time-averaged potentials with nearly arbitrary shape. The properties of these
kind of atom traps can be changed dynamically and allow for faster evaporative
cooling as well as atom-optical elements like matter-wave lenses.
We use time-averaged optical potentials to generate Bose-Einstein condensates
with up to 2 x 10° condensed ¥ Rb atoms after 3s of evaporative cooling. Subse-
quently we apply an all-optical matter-wave lens by rapid decompression of the
trap. This change in trap confinement induces oscillations of the ensemble, that
we stop by turning off the trap, when the size is at a maximum, which reduces
the further expansion of the free falling cloud. By means of this matter-wave lens
we reduce the expansion temperature to 3nK in the horizontal directions.
We present the results of the matter-wave lens and discuss the impact of this
technique when used as the source an inertial sensitive free fall atom interfer-
ometer.

Q 4: Quantum Information (Concepts and Methods) |

Time: Monday 14:00-16:00

Q4.1 Mon14:00 Q-HI2
Electromagnetic Modelling of a Surface-Electrode Ion Trap for High Fi-
delity Microwave Quantum Simulations — <AXEL HOFFMANNI, FLORIAN
UNGERECHTS, RODRIGO MUNOZ?, TERESA MEINERS?, BRIGITTE KAUNE?, DIRK
MANTEUFFEL', and CHRISTIAN OSPELKAUS> — ! Institut fiir Hochfrequenztech-
nik und Funksysteme, Leibniz Universitidt Hannover, Appelstr. 9A, 30167 Han-
nover, Germany — 2Institut fiir Quantenoptik, Leibniz Universitit Hannover,
Welfengarten 1, 30167 Hannover, Germany
Surface-electrode ion traps with integrated microwave conductors for near-field
quantum control are a promissing approach for scaleable quantum computers.
The goal of the QVLS-Q1 Project is to realize the first scalable 50-qubit quantum
computer based on surface-electrode ion traps. Designing a multi-layer ion trap
with surface-electrodes for electromagntic near-field operations comes with high
demands on the design of the electrical components, such as impedance match-
ing of the surface electrodes to the microwave and radio frequency sources. The
near field had to be designed considering the necessary conditions to trap °Be™-
Tons in a multi layer trap. This process will be presented in this talk, emphasising
on the constraints of the electrically small chip size compared to the length of the
applied electromagnetic waves. In electromagnetic full-wave simulations we can
show that a properly desinged electrode combined with an efficient impedance
matching accounts for a significant decrease of electrical losses. The design of
the meander-like microwave guide will be discussed including the simulation
methods and approaches.
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Q42 Mon 14:15 Q-HI2
Distinguishability and mixedness in multiphoton interference — «SHREYA
KUMARz, ALex E JONEs1 , SIMONE D’AURELIOZ, MATTHIAS BAYERBACHZ,
ADRIAN MENSSEN®, and STEFANIE Barz? — 'QET Labs, H. H. Wills Physics
Laboratory and Department of Electrical and Electronic Engineering, University
of Bristol, Bristol BS8 1FD, UK — 2Institute for Functional Matter and Quan-
tum Technologies & IQST, University of Stuttgart, 70569 Stuttgart, Germany
— 3Research Laboratory of Electronics, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA
Quantum interference of photons is central to many applications in quantum
technologies such as generating entangled states, quantum metrology, quantum
imaging and photonic quantum computing. One of the fundamental prerequi-
sites for these applications is that the photons are indistinguishable and have high
purity. The visibility of the Hong-Ou-Mandel (HOM) interference dip is usually
used to deduce the nature of the photons. In case of two photons, this visibility
is reduced by distinguishability, and by mixedness in the same way. However,
here, we show that that when scaling up to three photons, despite having similar
HOM interference visibilities, one can differentiate between distinguishability
and mixedness of the photons by observing the count statistics after interfer-
ence at a tritter. This shows that the visibility alone is inadequate to discriminate
between distinguishability and mixedness of the photons and that it becomes im-
portant to characterize photon state purity, in order to study interference effects
at larger scales.
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Q4.3 Mon 14:30 Q-HI2
Quantum Frames and Distance Measures — «MORITZ FERDINAND RICHTER
and HEINZ-PETER BREUER — Institute of Physics, University of Freiburg,
Hermann-Herder-Stra3e 3, D-79104, Germany
Based on Informationally Complete Positive Operator Valued Measures (IC-
POVM) the poster will introduce a decomposition of generally mixed quantum
states - given by their density operators - in a fixed set of pure quantum states,
i.e. rank-one projection operators (quantum frame). This decomposition allows
a vector like representation for arbitrary quantum states which can be linearly
connected to the probability distribution generated by the IC-POVM - underly-
ing the quantum frame - applied to the quantum state at hand. Both the proba-
bility distribution and the quantum frame decomposition can be used to define
certain distance measures for quantum states which provide a lower and upper
bound for the trace distance between quantum states.

Q44 Mon14:45 Q-HI2
Exact approach to strong-coupling quantum thermodynamics in open sys-
tems — «ALESSANDRA Corra' and Heinz-PETER BREUER"? — !Institute of
Physics, University of Freiburg, Hermann-Herder-Strafle 3, D-79104 Freiburg,
Germany — “EUCOR Centre for Quantum Science and Quantum Computing,
University of Freiburg, Hermann-Herder-Strafle 3, D-79104 Freiburg, Germany
The formulation of a solid and consistent thermodynamic theory in the quan-
tum regime has proven to be extremely challenging. Particularly in the case of
strong system-reservoir interactions, agreement on how to properly define ther-
modynamic quantities such as work, heat, and entropy production has yet to be
reached. Using the exact time- local quantum master equation for the reduced
open system states, we develop an exact theory describing the thermodynamical
behavior of open quantum systems coupled to thermal baths [1]. We define an
effective energy operator for the reduced system using a recent principle of min-
imal dissipation, which gives a unique prescription for decomposing the mas-
ter equation into a Hamiltonian part (coherent evolution) and a dissipator part
(decoherence). From this, we derive the first two laws of thermodynamics and
investigate the relationship between violations of the second law and quantum
non-Markovianity.

[1] A. Colla and H.-P. Breuer, arXiv:2109.11893 [quant-ph] (2021)

Q4.5 Mon15:00 Q-HI2
Thermomajorization in Quantum Control — «FREDERIK VOM EnpE"?, GUN-
THER DIRR®, and THOMAS SCHULTE-HERBRUGGEN"? — 1Department of Chem-
istry, Technische Universitit Miinchen, Garching, 85737, Germany — 2Munich
Centre for Quantum Science and Technology & Munich Quantum Valley,
Schellingstr. 4, 80799 Miinchen, Germany — 3Depar'[ment of Mathematics, Uni-
versity of Wiirzburg, Wiirzburg, 97074, Germany
Based on the recent description of thermomajorization — known in the math-
ematics literature as d- or relative q-majorization - as a convex polytope
(arXiv:1911.01061) we visualize the constraints coming from thermomajoriza-
tion for a qutrit as a parameter of the temperature. It is known that one of the
extreme points of this polytope majorizes every element from the polytope cla-
sically; this extreme point is of particular interest in quantum control systems
where one of the controls is to couple the system to a bath of finite temperature
(arXiv:2003.06018). Thus this graphical approach allows us to highlight some
critical temperatures for when this maximal extreme point changes its behaviour.
Finally, we point to a recently drawn connection to Markovian thermal opera-
tions (arXiv:2111.12130) and its possible implications for control systems of the
above type.

Q4.6 Monl15:15 Q-HI2
Quantum simulations in a linear Paul trap and a 2D array — «FLORIAN HASSE,
DEVIPRASATH PALANI, APURBA DAS, LENNART GUTH, INGOLF KAUFMANN, UL-
RICH WARRING, and ToB1as SCHAETZ — Physikalisches Institut, University of
Freiburg

Trapped ions present a promising platform for quantum simulations [1]. In our
laboratory in Freiburg, we are performing experiments on multiple ions trapped
in a linear or a surface RF-trap. In our linear Paul trap, we switch the trapping
potential sufficiently fast to induce a non-adiabatic change of the ions’ motional
mode frequencies. Thereby, we prepare the ions in a squeezed state of motion.
This process is accompanied by the formation of entanglement in the ions’ mo-
tional degree of freedom and can be interpreted as an experimental analogue
to the particle pair creation during cosmic inflation in the early universe [2].
Furthermore, we will transfer entanglement of the motional degree of freedom
to the external degree of freedom. In our basic triangular array of individually
trapped ions with 40 um inter-site distance, we realize the coupling between ions
at different sites via their Coulomb interactions. We demonstrate its tuning in
real-time and show interference of coherent states of currently large amplitudes
[3]. In addition, we employ the individual control for local modulation of the
trapping potential to realize Floquet-engineered coupling of adjacent sites [4].
[1] T. Schaetz et al., New J. Phys. 15, 085009 (2013).
[2] M. Wittemer et al., Phys. Rev. Lett. 123, 180502 (2019).
[3] F. Hakelberg et al., Phys. Rev. Lett. 123, 100504 (2019).
[4] P. Kiefer et al., Phys. Rev. Lett. 123, 213605 (2019).

Q4.7 Mon15:30 Q-HI2
Broadband detection of a 200 MHz squeezing comb — «DENNIS WILKEN"?,
JoNAs ]UNKERl’z, and MicuiLE Heurs"? — lInstitut fiir Gravitationsphysik,
Leibniz Universitit Hannover, Germany — “Max-Planck Institut fiir Gravita-
tionsphysik, Hannover, Germany
Non-classical continuous-variable states such as squeezed vacua are promising
resources in the field of quantum information. One common technique to gen-
erate such states relies on optical parametric oscillators, which produce squeezed
states in a frequency comb structure. These combs usually have two limitations:
first, the tooth separation (free-spectral range) is often larger than GHz, strongly
limiting the number of accessible sidebands. Second, only one frequency can be
measured at a given time. Here, we present a broadband measurement of our 200
MHz squeezing comb allowing simultaneous access to 18 sidebands. We have de-
tected more than 9 dB of squeezing at a frequency of 3.6 GHz. To achieve this,
we have designed a GHz photodetector with close to unity quantum efficiency.
It turned out that a balanced detection scheme was not feasible. Therefore, our
homodyne detection is based on a 99:1 beam splitter. Our method significantly
simplifies the detection process and allows the simultaneous measurement of
multiple squeezed states at different frequencies. This flexibility makes our ap-
proach an ideal cornerstone on the way to quantum computation with frequency
encoded continuous-variable cluster states.

Q4.8 Mon 1545 Q-HI2
Joint measurability in non-equilibrium quantum thermodynamics —
«KONSTANTIN BEYERI, RooPE UOLAZ, KimMmo LUOMAa, and WALTER STRUNZ!
— 'TU Dresden, Dresden, Germany — *University of Geneva, Geneva, Switzer-
land — University of Turku, Turku, Finland
Quantum work and fluctuation theorems are mostly discussed in the frame-
work of projective two-point measurement (TPM) schemes. According to a well
known no-go theorem, there is no work observable which satisfies both (i) an
average work condition and (ii) the TPM statistics for diagonal input states.
Projective measurements are an idealization and difficult to implement in ex-
periments. We generalize the TPM scenario to arbitrary measurements and ask
if the no-go theorem still holds. The answer is twofold. If the initial and the final
measurement are incompatible for at least some intermediate unitary evolution,
a work observable cannot be constructed. However, if the measurements in the
TPM scheme are jointly measurable for any unitary, the no-go theorem does not
hold anymore. Then, a (noisy) work observable that satisfies (i) and (ii) can exist.

Q 5: Quantum Technologies |

Time: Monday 14:00-16:00

Q5.1 Mon 14:00 Q-HI3
Monolithic double resonant Bragg-Cavities for efficient Second Harmonic
Generation in MoS2 and WS2 — «HEIKO KNOPF1’2’3, SAI1 SHRADHAI, FATEMEH
ALSADAT ABTAHI', GIa QUYET NGo', EMAD NAJAFIDEHAGHANI?, ANTONY
GEORGE4, ULRIKE SCHULZZ, SVEN SCHR6DER2, and FALK EILENBERGER'>?
— !Institute of Applied Physics, Abbe-Center of Photonics, Friedrich-Schiller-
University, Albert-Einstein-Strafle 15, 07745 Jena — “Fraunhofer-Institute for
Applied Optics and Precision Engineering IOF, Albert-Einstein-Straf3e 7, 07745
Jena — 3Max Planck School of Photonics, Albert-Einstein-Strafie 7, 07745 Jena
— “Institute of Physical Chemistry, Friedrich Schiller University Jena, Less-
ingstrafle 10, 07743 Jena
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Transition metal dichalcogenides (TMDCs) are semiconducting 2D-materials
with a strong second-order nonlinearity per unit thickness, making them inter-
esting for nonlinear light-conversion devices. Due to their small thickness, an
interaction enhancement is, however, required for efficient operation. Consid-
ering the dispersion of real optical layers, double-resonant monolithic Fabry-
Perot systems with integrated MoS2 monolayers are designed that provide the
required efficiency enhancement through resonances for both fundamental and
SHG modes at A_"FW” =800 "nm” and A_"SHG” =400 “nm” respectively. We
then report on the fabrication of such cavities, with an ion-assisted deposition
process. We demonstrate enhanced second-harmonic generation and discuss
possible generalization schemes.
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Q5.2 Mon14:15 Q-H13
Maximising qubit per node in a quantum memory node using silicon va-
cancy color center and isotope nuclear spin in 4H-SiC — <SHRAVAN KU-
MAR PARTHASARATHYI, RoLAND NAGYZ, BERWIAN PATRICKI, and BIRGIT
KALLINGER' — !Fraunhofer IISB — “FAU Erlangen

The silicon vacancy color center (Vg;) in 4H-SiC is examined to be a potential
candidate for quantum technology applications. The experimental feasibility of
realizing a quantum memory node is probed into currently by coupling the spin
of VSi- in a 4H-SiC sample which is composed of electrons with that of the iso-
tope nuclear spin (**C or ?Si) in the lattice. The coupling of the isotope with the
color center can be utilized using a controlled rotation (CROT) pulse sequence
to achieve maximal entanglement between the corresponding spins. Maximiz-
ing the isotope nuclear spin qubits entangled within one node would prove to be
beneficial to the construction of a distributed quantum computing network. It is
hence important to analyze how many such nuclear spins could be identified to
achieve maximal entanglement. A numerical model that makes use of a protocol
to identify the nuclear spin is hence constructed. The sample parameters like the
concentration of the isotope and that of the experimental parameters of the mi-
crowave pulse sequence which plays a vital role are fed into the simulation and
a statistical analysis is performed to understand their corresponding influence.
The simulation is aimed at providing a direction on how to adjust the sample
and experimental parameters to optimise the control over maximal number of
qubits within one quantum memory node.

Q5.3 Mon14:30 Q-H13
Successful nanophotonic integration of silicon vacancy colour centres in
silicon carbide — eFLORIAN KaIser', CHARLES BaBIN!, RAINER STOHR!,
Naova MORIOKAI'Z, ToBi1as LINKEWITZI, Timo STEIDLI, RAPHAEL WGRNLEI,
Dr Liv', Erik HesseLMEIER!, VADIM VORrOBYOV!, ANDRE] DENISENKO!,
MARIO HENTSCHELI, CHRISTIAN GOBERT3, PATRICK BERWIAN3, GEORGY
Vv ASTAKHOV4, WOLFGANG KNOLLE® , SRIDHAR MAIETY6, SAHA PRANTAG,
MARINA RADULASKIﬁ, NGUYEN T SON7, JaAwAD UL—HASSAN7, and JORG
WracuTRUP' — !Universitit Stuttgart — Kyoto University — IISB Erlangen
— *HDZI Dresden — *IOM Leipzig — ®Davis University — ’Linképing Uni-
versity
We nanofabricate silicon vacancy (VSi) centres in silicon carbide (SiC) without
degrading their good spin-optical properties. We show nearly lifetime limited
optical lines and record spin coherence times for single defects generated via ion
implantation and in SiC waveguides.

We show further controlled coupling to nearby nuclear spin qubits with fideli-
ties of 95%. In this regard, VSi centres are unique central spins due to their high
operation temperature (T=20 K). The high cooling powers of cryogenic equip-
ment at these temperatures make it possible to directly control nuclear spins via
radiofrequency drive.

This shows that VSi centres are prime candidates for developing next-
generation quantum networks based on integrated quantum computational clus-
ters with efficient spin-photon interfaces. We will also highlight how the electri-
cal control capabilities offered by the semiconductor SiC platform will play a
major role towards scalability.

Q54 Mon14:45 Q-HI3
Fiber-coupled plug-and-play heralded single-photon source based on
Ti:LiNbO3 and polymer technology — CHRISTIAN KIEsSLER', HaARr-
ALD HERRMANNI, HAUKE CONRADIZ, MORITZ KLEINERTZ, and CHRISTINE
SiLBERHORN! — !'Paderborn University, Integrated QuantumOptics, Institute
of Photonic Quantum Systems (PhoQS), Warburger Str. 100, 33098 Paderborn
— 2Fraunhofer HHI, Einsteinufer 37, 10587 Berlin
The large amount of research in quantum technology has led to much progress
in this field. Nevertheless, many of the experimental setups in the laboratories
are very large, expensive and not robust. In order for quantum technology to
take the next step and follow a success story like microelectronics, it is neces-
sary to convert these complex meter-sized systems into millimeter-sized chips.
This transition reduces size and cost, improves robustness and reproducibility
and opens up the possibilty for future commercialization.
Here, we present the first chip-size plug-and-play heralded single photon source
(HSPS) module based on Ti:LiINbO3 and Polymer technology. A SPDC process
in a periodicly-poled Ti:LiINbO3 waveguide with a pump wavelength of 532 nm
leads to signal and idler of 810 nm and 1550 nm. The chip has a size of 2 x 1 cm?
and is fully fibercoupled with one pump input fiber and two output fibers for
seperated signal and idler. Additional components like optical filters and heaters
are integrated within the module. For 1 yW pump power we can achieve a her-
alded second-order correlation function of gf)(o) < 0.07 with a heralding effi-
ciency of 7, = 4 %.
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Q55 Mon15:00 Q-H13
Engineering of Quantum Light with Space-Time Correlations — <FABIAN
SCHLUE, MARCELLO MASSARO, JANO GIL LOPEZ, BENJAMIN BRECHT, HARALD
HERRMANN, and CHRISTINE SILBERHORN — Paderborn University, Integrated
Quantum Optics, Institute for Photonic Quantum Systems (PhoQS), Warburger
Strafle 100, 33098 Paderborn, Germany
Deterministic single photon sources are necessary for numerous quantum appli-
cations, e.g., quantum communication, quantum metrology, and quantum com-
puting. To approximate a deterministic single photon source with probabilistic
sources, source-multiplexing can be used. Examples are spatial multiplexing and
frequency multiplexing, which both have challenges: the former requires a large
resource overhead, the latter relies on fast and efficient frequency shifting of sin-
gle photons, which is still an outstanding goal.

Here, we demonstrate a time-frequency multiplexing scheme. Different
sources are encoded in the frequency of one photon and, simultaneously, the
timing of the partner photon. Frequency-resolved detection reads out the source
and low-loss electro-optic time shifting realises the routing. This requires a spe-
cially designed source. We utilize our in-house design and production capa-
bilities to fabricate a dispersion-engineered photon-pair source. We combine
this with techniques from ultrafast pulse shaping and demonstrate the operation
of a tuneable, user-chosen number of multiplexed sources. This demonstration
brings us one step closer to a deterministic single photon source based on mul-
tiplexing.

Q5.6 Monl15:15 Q-H13

Coupling function from bath density of states — <SOMAYYEH NEMATI,
CARSTEN HENKEL!, and JANET AnpERs"? — 1University of Potsdam, Institut fiir
Physik und Astronomie, 14476 Potsdam, Germany. — “Department of Physics
and Astronomy, University of Exeter, Stocker Road, Exeter EX4 4QL, UK.
Quantum technologies face many challenges, often arising due to the unavoid-
able coupling of any system to its environment. Modelling of such open quan-
tum systems requires parameters and the functional form of this coupling, which
critically affects the system dynamics [1,2]. However, beyond relaxation rates,
realistic parameters for specific environments or materials are rarely known.

Here [3] we present a method of inferring the coupling function between a
generic system and its bosonic (e.g., phononic) environment from the experi-
mentally measurable density of states (DOS). The DOS of the well-known De-
bye model for three-dimensional solids is shown to be equivalent to an Ohmic
bath. We further match a real phonon DOS to a series of Lorentzian coupling
functions, and determine parameters for gold, yttrium iron garnet (YIG) and
iron. The results also illustrate the functional shape of memory kernels. The
proposed method may predict more accurately the relaxation of spin systems
that are damped by coupling to the crystal lattice.
[1] Zou H. M., Liu R., Long D., Yang J., Lin D., Phys. Scr. 95, 085105 (2020).
[2] Anders J., Sait C. R. J., Horsley S. A. R., arXiv:2009.00600.
[3] Nemati S., Henkel C., Anders J., arXiv:2112.04001.

Q57 Mon15:30 Q-HI13
Quantum science and technology with small satellites — «ToB1As Voar?, Sk-
BASTIAN RITTERI, JOSEFINE KRAUSEI, MOSTAFA ABASIFARDI, HEeiko KNOPFI’S,
and FaLk EILENBERGER"™ — !Institute of Applied Physics, Friedrich-Schiller-
University Jena, Germany — “Cavendish Laboratory, University of Cambridge,
United Kingdom — >Fraunhofer Institute for Applied Optics and Precision En-
gineering IOF, Germany
The maximal transmission distance of quantum states in telecom fibers is limited
due to absorption. Global quantum communication therefore requires to link
metropolitan fiber networks with satellites. In space-to-ground scenarios, these
satellites need to be equipped with efficient and space-compatible single photon
sources. Quantum emitters hosted by hexagonal boron nitride (hBN) have been
proven to be a suitable candidate for single photon quantum communication,
due to their high intrinsic quantum efficiency and photon purity.

Here, we present the QUICK3 space mission, where we combine a quantum
emitter in hBN with integrated optics. The optical circuit is based on a laser-
written waveguide, that provides the necessary compact footprint for implemen-
tation on our 3U CubeSat. The satellite verifies the full functionality of the quan-
tum light source in orbit. Moreover, the satellite has also a quantum interferom-
eter on board, which allows us to test certain quantum gravity models - thereby
searching for physics beyond the standard model. To route the photons to the
different experiments, we use active Mach-Zehnder switches in the waveguide.

Q5.8 Mon 1545 Q-H13
Near-infrared single photon detector with yHz dark count rate —
KATHARINA-SOPHIE ISLEIF and eALPS COLLABORATION Deutsches-
Elektronen Synchrotron DESY, Hamburg, Germany
On behalf of the ALPS Collaboration we present the use of near-infrared photon-
counting technology with yHz dark count rate in the Any Light Particle Search
(ALPS II) at DESY. ALPS II is a laboratory-based light shining through a wall
experiment that searches for axion-like particles (ALPs). It will utilize a super-
conducting transition edge sensor (TES) to detect single photons at a wavelength
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of 1064 nm, which are converted from axion-like particles about once per day as-
suming an axion-photon coupling strength of g, = 2 X 107" GeV™". To detect
this weak signal, a low dark count rate, a high detection efficiency and a good en-
ergy resolution are required. We present the experimental setup of the TES and
how we reach an intrinsic dark count rate of yHz by using analysis routines in

the time and frequency domain. Connecting an optical fiber increases the rate
by three orders of magnitude, which can be explained by blackbody radiation
and can be decreased by improving the detector’s energy resolution and other
measures. Additionally, we present the setup for characterizing system detec-
tion efficiency using a calibrated single photon source.

Q 6: Quantum Optics (Miscellaneous) |

Time: Monday 14:00-16:00

Invited Talk Q6.1 Mon 14:00 Q-H14
Quantum Cooperativity: from ideal quantum emitters to molecules —
+CLAUDIU GENES — Max Planck Institute for the Science of Light, Erlangen,
Germany

Light-matter platforms provide an optimal playground for the observation and
exploitation of quantum cooperative effects. Quantum light, either multimode,
as naturally arising in the quantum electromagnetic vacuum or single mode,
as confined in the small volume of an optical resonator, can induce strong in-
teractions among quantum emitters. At the level of ideal quantum emitters,
recent proposals employing cooperativity aim at the design of extremely thin
atom-thick metasurfaces with applications in nonlinear quantum optics or nano-
optomechanics or acting as platforms for the study of topological quantum optics
effects. For more complex quantum emitters, such as molecules, recent experi-
ments hint towards strong modifications of material properties such as chemical
reactivity, charge conductivity and energy transfer. In this talk, I will introduce
the basic concepts of quantum cooperativity with emphasis on light-molecule
platforms. Aside from a quick introduction into the physics of electron-vibron
interactions, I will present recent results on cavity quantum electrodynamics
with systems ranging from single molecules to mesoscopic ensembles.

Q6.2 Mon 14:30 Q-HI14
A Quantum Optical Microphone in the Audio Band — +RapHAEL NoLp'?,
CHARLES BABINI’Z, JoEL SCHMIDTI’Z, ToB1As LINKEWITZI’Z, MARIA T. PEREZ
ZABALLOS’, RAINER STOHR"?, RoMaN Koresov'?, VADIM Vorosyov'?,
DANIIL M. LUKIN4, RUDIGER BOPPERTS, STEFANIE BARZZ’ﬁ, JELENA VUéK0V1<’34,
CHRISTOF M. GEBHARDT2'7, FLORIAN KAISERI’Z, and JORG WRACHTRUP? —
'3rd Institute of Physics, University of Stuttgart, Stuttgart, Germany — >Center
for Integrated Quantum Science and Technology (IQST), Germany — 3The OId
Schools, Cambridge CB2 1TN, Reino Unido , UK — *Ginzton Laboratory, Stan-
ford University, Stanford, CA, USA — >Department of Pediatric Audiology and
Neurotology, Olgahospital, Stuttgart, Germany — SInstitute for Functional Mat-
ter and Quantum Technologies, University of Stuttgart, Stuttgart, Germany —
"Institute of Biophysics, Ulm University, Ulm, Germany
We introduce a easy-to-use nonlinear interferometer, that infers optical phase
shifts through intensity measurements and sampling rates up to 100 kHz, while
still maintaining a quantum advantage in the measurement precision. Capital-
ising on this, we present an application as a quantum microphone in the audio
band. Recordings of both, the quantum sensor and an equivalent classical coun-
terpart are benchmarked with a medically-approved speech recognition test. The
results show that the quantum sensor leads to a by 0.57 dBgp; reduced speech
recognition threshold. These results open the door towards applications in quan-
tum nonlinear interferometry, and additionally show that quantum phenomena
can be experienced by humans.

Q6.3 Mon 14:45 Q-HI14
Many-particle coherence and higher-order interference — ¢«MARC-OLIVER
PLEINERTI, Eric LUTZZ, and JOACHIM VON ZANTHIER' — lInstitut fiir Op-
tik, Information und Photonik, Friedrich-Alexander-Universitit Erlangen-
Niirnberg (FAU), 91058 Erlangen, Germany — Institute for Theoretical Physics
I, University of Stuttgart, 70550 Stuttgart, Germany
Quantum mechanics is based on a set of only a few postulates, which can be sep-
arated into two parts: one part governing the ‘inner’ structure, i.e., the definition
and dynamics of the state space, the wave function and the observables; and one
part making the connection to experiments. The latter is known as Born’s rule,
which - simply put - relates detection probabilities to the modulus square of the
wave function. The resulting structure of quantum theory permits interference
of indistinguishable paths; but, at the same time, limits such interference to cer-
tain interference orders. In general, quantum mechanics allows for interference
up to order 2M in M-particle correlations. Depending on the mutual coherence
of the particles, however, the related interference hierarchy can terminate ear-
lier. Here, we show that mutually coherent particles can exhibit interference of
the highest orders allowed. We further demonstrate that interference of mutu-
ally incoherent particles truncates already at order M + 1 although interference
of the latter is principally more multifaceted due to a significantly higher number
of different final states. Finally, we demonstrate the disparate vanishing of such
higher-order interference terms as a function of coherence in experiments with
mutually coherent and incoherent sources.
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Q6.4 Mon15:00 Q-H14
Information Extraction in Photon Counting Experiments — ¢TIMON
ScHAPELER and TIM BARTLEY — Mesoscopic Quantum Optics, Department of
Physics, Paderborn University, Warburger Str. 100, 33098 Paderborn, Germany
How much information out of the total available Hilbert space can be extracted
with a certain detection architecture in photon-counting experiments? The an-
swer to this question can quantify the photon-number resolution of the detector
under test. We use quantum detector tomography, which yields a quantum me-
chanical description of a detector in terms of its positive operator valued mea-
sures (POVMs), to compare the quality of five different multiplexed detectors.
Quantum detector tomography yields the conditional probabilities of different
detection outcomes occurring given a certain number of incident photons, which
can directly be used to determine figures of merit such as efficiency, dark counts
and cross-talk. These measures provide an intuition of the quality of the de-
tector; however, it may be unclear how they combine to determine the utility
of certain detection outcomes. Here, the concept of information is much more
useful. From the POVMs we can calculate the amount of information that can
be extracted out of the Hilbert space by certain detection outcomes.

Q65 Monl515 Q-Hl4

Parametrically driven dissipative three-level Dicke Model — ¢Jim SkuLTE'?,

PHATTHAMON KONGKHAMBUT', HaNS KESSLER', ANDREAS HEMMERICH %,
Lubwic MarHey"?, and Jayson G. CosME> — ! Zentrum fiir Optische Quan-
tentechnologie and Institut fiir Laser-Physik, University of Hamburg, Hamburg,
Germany — >The Hamburg Center for Ultrafast Imaging, University of Ham-
burg, Hamburg, Germany — *National Institute of Physics, University of the
Philippines, Diliman, Philippines

In this talk, we discuss the three-level Dicke model, which describes a funda-
mental class of light-matter systems. We determine the phase diagram in the
presence of dissipation, which we assume to derive from photon loss. Utiliz-
ing both analytical and numerical methods we characterize the incommensu-
rate time crystalline, light-induced, and light-enhanced superradiant states in
the phase diagram for the parametrically driven system. As a primary applica-
tion, we demonstrate that a shaken atom-cavity system is naturally approximated
via a parametrically driven dissipative three-level Dicke model.

Q6.6 Mon15:30 Q-HI14
N-photon Subtractor Using a 1D Rydberg Superatom Chain — eNINa
STIESDALI, Lukas AHLHEITI, HANNES Buscus! , KEVIN KLEINBECKZ, JaN
KUMLINZ, HANS-PETER BﬁCHLERZ, and SEBASTIAN HOFFERBERTH' — !Institute
for Applied Physics, University of Bonn — “Institute for Theoretical Physics II1,
University of Stuttgart
Here we present our experiments with a 1D chain of Rydberg superatoms cou-
pled to a few-photon probe field. Our Rydberg superatoms consist of thousands
of atoms collectively acting as a single two-level system because of the Rydberg
blockade.

Due to the collective nature of the excitation, we reach very high coupling be-
tween the light field and our superatoms and strongly directional emission back
into the initial probe mode. Thus, our system resembles a system of emitters
coupled to a single-mode waveguide - but in free space.

We discuss how this waveguide description can lead to insights into the inter-
nal dymanics of the Rydberg superatom, and show how we can use our cascaded
system to realize a N-photon subtractor.

Q6.7 Monl1545 Q-Hl4

Transient dipolar interactions in a thin thermal vapor — <FELIX
MOUMTSILISI, Max MAUSEZAHLI, FLORIAN CHRISTALLERI, HADISEH
ALAEIANZ, HARALD KfJBLERl, ROBERT L('jwl, and TiLman Prau! — !5

Physikalisches Institut and Center for Integrated Quantum Science and Technol-
ogy IQST, Universitat Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany —
*Departments of Electrical & Computer Engineering and Physics & Astronomy,
Purdue University, West Lafayette, IN 47907, USA

Micrometer-sized cells for atomic vapors are powerful devices in the realm of
fundamental research and applied quantum technology. The effect of light-
induced atomic desorption (LIAD) is exploited to produce high atomic densities
(n > k®) in a rubidium vapor cell. An intense off-resonant laser is pulsed on a
micrometer-sized sapphire-coated cell, which results in the desorption of atomic
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clouds from both internal surfaces. The resulting transient (LIAD-induced)
atomic densities are investigated by time-resolved absorption spectroscopy for
the D1 and D2 line respectively [1]. This time dependent broadening and line
shift is attributed to dipole-dipole interactions. As this timescale is much faster
than the natural atomic lifetime, the experiment probes the dipolar interaction

in a non-equilibrium situation beyond the usual steady-state, assumed in the
derivation of the Lorentz-Lorenz shift. This fast switching of the atomic density
and dipolar interactions could be the basis for future quantum devices based on
the excitation blockade.

[1] Christaller et al., arXiv:2110.00437 (2021)

Q 7: Precision spectroscopy of atoms and ions | (joint session A/Q)

Time: Monday 14:00-15:30

See A 3 for details of this session.

Location: A-H2

Q 8: Quantum Gases (Bosons) Il

Time: Monday 16:30-18:30

Q81 Monl16:30 Q-HI10
Floquet-heating-induced non-equilibrium Bose condensation in a dissipative
optical lattice — e ALEXANDER ScuNeLL! , LING-NA wu' , ARTUR WIDERAZ, and
ANDRE ECkARDT' — !Technische Universitit Berlin, Institut fiir Theoretische
Physik, 10623 Berlin, Germany — 2Department of Physics and State Research
Center OPTIMAS, University of Kaiserslautern, 67663 Kaiserslautern, Germany
We investigate theoretically a mixture of two weakly interacting species of
bosonic quantum gases, where the parameters are such that an open-system
description in terms of a Floquet-Born-Markov master equation applies. One
component, the system, is a non-interacting gas in a one-dimensional optical
lattice potential, the other component, the bath, is a three-dimensional weakly-
interacting BEC. Interestingly, by additionally time-periodically driving the sys-
tem at one lattice site, a nonequilibrium steady state that features Bose condensa-
tion can be induced in the system. Condensation can occur at bath temperatures
well above equilibrium condensation temperature as well as in excited single-
particle states. An intuitive explanation is that the Floquet drive induces a large
inflow of heat that can be avoided by the system by condensing in a mode that
decouples from the driving site. The model should be realizable with state of the
art quantum gas experiments.

Q8.2 Monl6:45 Q-HI10
Driving a 1D Bose Gas into Non-Equilibrium by Particle Losses — ANja
SEEGEBRECHT and eCARSTEN HENKEL — Universitidt Potsdam, Institut fiir
Physik und Astronomie
Low-dimensional Bose gases form a model system where comparison to a
portfolio of theories (Lieb-Liniger, Luttinger liquid, stochastic Gross-Pitaevskii
equation [1]) is possible. Being a nearly integrable system, long-lived non-
equilibrium states appear while particles are lost [2]. We perform stochastic
simulations for loss processes also involving 2-, or 3-body collisions. The ther-
mometers we developed give different readings as the system evolves, that can
be given heuristic interpretations and compared to experiments. Particular large
discrepancies appear due to the “shot noise” that arises from the information gain
due to particle loss [3].
[1] N. Proukakis, S. Gardiner, M. Davis, and M. Szymanska, Quantum Gases:
Finite Temperature and Non-Equilibrium Dynamics, Series Cold Atoms vol. 1
(Imperial College Press 2013).
[2] A. Johnson, S. Szigeti, M. Schemmer, and I. Bouchoule, “ Long-lived non-
thermal states realized by atom losses in one-dimensional quasi-condensates,”
Phys. Rev. A 96 (2017) 013623.
[3] P. Grisins, B. Rauer, T. Langen, J. Schmiedmayer, and I. E. Mazets, “Degener-
ate Bose gases with uniform loss,” Phys. Rev. A 93 (2016) 033634; I. Bouchoule,
M. Schemmer, and C. Henkel, “Cooling phonon modes of a Bose condensate
with uniform few body losses,” SciPost Phys. 5 (2018) 043.

Q83 Monl17:00 Q-H10
Experimental realization of a 3D random hopping model — «PATRICK Mis-
CHKE, CARSTEN LIPPE, JANA BENDER, TANITA KLAS, THOMAS NIEDERPRUM, and
HerwiG OTT — Department of Physics and research center OPTIMAS, Tech-
nische Universitdt Kaiserslautern, Germany
We present experimental results from a Rydberg system described by the XY-
model Hamiltionian with random couplings.

While systems with disordered potentials have already been studied in de-
tail, experimental investigations on systems with disordered hopping are still
rare. Small amounts of disorder can dramatically change the transport prop-
erties of a system compared to the underlying simple model. We present
an experimental study of a dipole-dipole-interacting three-dimensional Ryd-
berg system described by the XY transport model for spin-1 particles Hyy

2
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i &j.v ) + . &;6;. We observe spectroscopic agreement with theo-
retical models and discuss emerging localization phenomena.
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The presented Rydberg platform allows for high control over the microscopic
parameters and will allow to further study transport processes and localization
phenomena in random hopping models.

Q84 Monl17:15 Q-HI10
Experimental characterization of a dissipative phase transition in a multi-
mode system — ¢MARVIN ROHRLE, JENS BENARY, CHRISTIAN BaaLs, Erik
BERNHART, JIAN JIANG, and HERwIG OTT — Department of Physics and Re-
search Center OPTIMAS, Erwin-Schrédinger-Strafle 46, Technische Universitat
Kaiserslautern, 67663 Kaiserslautern, Germany
We experimentally investigate the behavior of a driven-dissipative Bose-Einstein
condensate of weakly interacting  Rb atoms in a 1-D optical lattice. The dissi-
pation is induced by a scanning electron microscope setup, which allows us to
observe a single site time resolved. Tunneling from the neighboring sites makes
up the driving force.

By changing the tunnel coupling J of the lattice, a dissipative phase transi-
tion from a coherent super fluid phase to an incoherent phase can be seen. In
the vicinity of the phase transition, both branches coexist in a meta stable re-
gion depending on the initial state. Measuring the relaxation rates between the
two states allows us to approximate the adiabatic decay rate and find the critical
point. In every individual realization of the experiment, the filling of the site
shows a digital behavior, which is visible as pronounced jumps in the site occu-
pation. We find that the switching between both states takes only a few tunneling
times despite hundreds of atoms tunneling. Furthermore, starting from an ini-
tially filled site, the losses induce a super fluid current which keeps the site filled.
This complete extinction of a matter wave within a medium indicates the onset
of coherent perfect absorption.

Q85 Mon17:30 Q-HI10
High signal to noise imaging of potassium at high magnetic fields — s-MAURUS
HANs, CELIA VIERMANN, MARIUS SPARN, NIKOLAS LIEBSTER, HELMUT STRO-
BEL, and MARKUS K. OBERTHALER — Kirchhoff-Institut fiir Physik, Universitat
Heidelberg, Deutschland
In 39K a broad Feshbach resonance at 560G allows for the tuning of the atomic
interaction over a wide range. To detect the in-situ atomic density with high
spatial resolution, direct imaging at this field is necessary. However, for the F=1
ground state manifold a closed optical transistion does not exist. In this talk, we
present an imaging scheme that utilises four atomic levels and two laser frequen-
cies to get an approximately closed optical cycle [1]. It allows for a drastic en-
hancement of the number of scattered photons. We demonstrate the extraction
of the atomic column density of a 39K Bose-Einstein condensate with absorption
imaging and show the suitability of the scheme for fluorescence imaging of few
atoms per detection volume.

[1] Hans, M. et al., Rev. Sci. Instrum. 92, 023203 (2021)

Q86 Monl17:45 Q-HI10
Disorder in topological Floquet engineered systems. — «CHRISTOPH
BRAUN1’2’3, RAPHAEL SAINT-]ALMI’Z, ALEXANDER HESSEI’Z, MONIKA
AIDELSBURGER"?, and IMMANUEL Brocu'?? ! Ludwig-Maximilians-
Universitdt Miinchen, Miinchen, Germany — 2Munich Center for Quantum Sci-
ence and Technology (MCQST), Miinchen, Germany — 3 Max-Planck-Institut
fiir Quantenoptik, Garching, Germany
Floquet engineering, i.e. periodic modulation of the systems parameters, has
proven as a powerful experimental tool for the realization of quantum systems
with exotic propertiest that are otherwise not accessible in static realizations. Our
experimental system consists of bosonic atoms in a periodically driven honey-
comb lattice. Depending on the driving parameters several topological phases
can be realized, including genuine out-of-equilibrium topological phases with-
out any static analog [1]. Recently, we have added a random optical potential to
study localization in topological bands. To this end we are investigating the real-
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space evolution of an initially localized wavepacket after release from a tightly-
focused optical tweezer. In general, disorder will drive a transition to a topo-
logically trivial phase. The interplay between topology and disorder in driven
systems, however, was further predicted to give rise to exotic disorder-induced
topological phases, such as the anomalous Floquet Anderson insulator.

Q8.7 Mon18:00 Q-H10
A Kapitza Pendulum for Ultracold Atoms — «ERIK BERNHART, JIAN JIANG,
MARVIN ROHRLE, JENS BENARY, MARVIN BECK, CHRISTIAN BAALS, and HER-
wiG OTT — Department of Physics and Research Center OPTIMAS, Technische
Universitit Kaiserslautern, 67663 Kaiserslautern, Germany

We present the experimental realization of a Kapitza pendulum for ultacold ¥ Rb
atoms.

Our experiment shows how a periodic modulation of the potential can lead to
dynamical stabilization of the atomic motion in an otherwise unstable potential.
While the time average of the modulated potential vanishes, the corresponding
Floquet Hamiltonian results in an effective time independent potential, which
traps the atoms.

In our experiment we create the Kapitza pendulum by two time modulated
Gaussian shaped laser beams, which generate an attractive and repulsive poten-
tial. We analyze the lifetime and the stability of the trap, depending on the driv-
ing frequency of the potentials.

Q8.8 Mon18:15 Q-HI10
Quantum phases of a dipolar gas of bosons in an one-dimensional optical
lattice — sREBECCA Kraus', Titas CHANDAZ?, JAkUB ZAKRZEWSKI>?, and
G1ovaNNa Morici' — Theoretical Physics, Saarland University, Saarbriicken,
Germany — “Institute of Theoretical Physics, Jagiellonian University, Krakéw,
Poland — >ICTP, Trieste, Ttaly — 4Mark Kac Complex Systems Research Center,
Jagiellonian University, Krakéw, Poland
We present a theoretical analysis of the phase diagram of ultracold bosons in
a lattice and interacting with long-range forces decaying with the inter-particle
distance. The theoretical model is an extended Bose-Hubbard model and de-
scribes the dynamics of ultracold atoms in optical lattices realised in present ex-
perimental platforms. We determine the ground state in one dimension using
numerical programs based on tensor networks. We focus in particular on pa-
rameters for which quantum fluctuations compete with the interaction-induced
correlated hopping between lattice sites. We analyse the phases emerging from
the competition of these two mechanisms. For larger densities we identify the
parameters where correlated hopping and quantum fluctuations destructively in-
terfere. This quantum interference leads to insulating phases at relatively large
kinetic energies, where one would otherwise expect superfluidity. For unit den-
sity our results predict that correlated tunnelling can significantly modify the
parameter range where the topological phase is found. At vanishing values of
the onsite interactions, moreover, correlated tunnelling promotes here the onset
of a phase separation.

Q 9: Precision Measurements and Metrology Il

Time: Monday 16:30-18:15

Invited Talk Q9.1 Mon16:30 Q-Hl11
Rotation sensors for planet Earth: Introducing ring laser gyroscopes
— eSIMON STELLMERI, OLIVER HECKLZ, and ULRICH SCHREIBER™® —
'Rheinische Friedrich-Wilhelms-Universitit Bonn, Germany — 2Universitit
Wien, Austria — >Technische Universitit Miinchen, Germany — *University of
Canterbury, Christchurch, New Zealand — 5Fundamentalstation Wettzell, Bad
Kétzting, Germany

The rotation rate of Earth is not as constant as it may seem: in fact, it is perturbed
by various effects, ranging from astronomical and atmospheric phenomena all
the way to anthropogenic climate change.

Very-long baseline interferometry (VLBI) is a well-established and highly pre-
cise method to access the rotation of Earth, but VLBI is not well-suited for con-
tinuous monitoring at high temporal resolution. This is where ring laser gyro-
scopes enter the stage.

In this presentation, we will introduce the working principle of ring lasers
and their application in geodetic observations. We will present the latest devel-
opments and future concepts that will allow for continuous tracking of sub-daily
variations in the Earth rotation rate. Such observations are in high demand in
the fields of radioastronomy, geodesy, and geophysics.

Q9.2 Mon17:00 Q-HI1
Precision and readout algorithms of DFM-interferometry — «ToB1as Eck-
HARDT — Universitit Hamburg, Hamburg, Germany
We present our work on the readout of compact displacement sensors based on
deep-frequency modulation interferometry. We aim to use such sensors for the
local readout of test-masses in future gravitational wave detectors. We show the
results of a readout noise analysis for such sensors where we derive their limita-
tions by computing the Cramer-Rao lower bound of their phase estimator in the
presence of common noise sources. Additionally we discuss a new algorithm to
extract the interferometric phase in deep-frequency-modulation interferometry
in a fast and non-recursive way. Finally, we present the status of implementing
such an algorithm using real-time FPGA processing.

Q9.3 Mon17:15 Q-HI1
Investigation of Photoelastic Noise in Einstein Telescope — *JaN Meyer2,
STEFANIE KROKER1’2’3, MIKA GAEDTKE2’4, and JOHANNES DickManN"?? —
'Tu Braunschweig, Institut fiir Halbleiterphysik — 2LENA Laboratory for
Emerging Nanometrology, Braunschweig — >Physikalisch-Technische Bunde-
sanstalt, Braunschweig — 4Leibniz Universitit Hannover
Since the first direct detection of gravitational waves in 2015, the research in
the field of interferometric gravitational wave detectors underwent a decisive
progress. The second generation of the Laser Interferometer Gravitational-Wave
Observatory (Advanced LIGO) and Advanced VIRGO utilizes pioneering noise
reduction techniques like squeezing of light to reach sensitivities of better than
1E-23. The most critical noise sources limiting this precision are driven by ther-
mal fluctuations in the optical components. To ensure that future gravitational
wave detectors can reach their best possible sensitivity, all noise sources have
to be investigated. In this contribution, we quantify photoelastic fluctuations in
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solids as a noise source in Einstein Telescope (ET). The local variations of the
stress caused by thermal fluctuations lead to fluctuations of the refractive index
due to the photoelastic material property. We present calculations of the pho-
toelastic noise in the beam splitter and the input test mass of the ET. We show
that the amplitude of the photoelastic noise in the ET low-frequency detector is
about four orders of magnitude below the maximum design sensitivity and five
orders of magnitude below that of the ET high-frequency detector.

Q94 Mon17:30 Q-HI11
High-reflective Si metamaterial coating for 1550 nm *MARIIA
MATIUSHECHKINAI, ANDREY EVLYUKHINz, Boris CHICHKOVZ, and MICHELE
Heurs' — 'Institute for Gravitational Physics, Leibniz Universitit Hannover,
Callinstr. 36, 30167 Hannover, Germany — 2Institute of Quantum Optics, Leib-
niz Universitidt Hannover, Welfengarten 1, 30167 Hannover, Germany
Modern quantum experiments require systems with unique mechanical and op-
tical properties that would be able to operate at the quantum regime. One partic-
ular possible implementation is a high-reflective at the wavelength 1550 nm sub-
strate that will be kept at cryogenic temperature for the purpose to increase sen-
sitivity in the future gravitational wave detectors. We suggest a design of a system
that exposes not only high mechanical properties but also high-reflectivity due
to the metamaterial surface on the top. The metasurface is made from periodi-
cally arranged silicon nano-spheres placed on a sapphire substrate that coming
into the Mie-resonance with the incident light. We theoretically and numeri-
cally investigate the functionality of such metasurface and study the influence of
structural and dimensional imperfections on the optical properties.

Q9.5 Mon17:45 Q-H11
Frequency-Dependent Squeezing from a Squeezer — <JONAS JuNker»??,
NIVED ]OHNY1’2’3, DENNIS WILKEN1'2’3, and MicuiLe Heurs'®? — 'Max
Planck Institute for Gravitational Physics, and Institute for Gravitational Physics,
Germany — 2QuantumFrontiers — >PhoenixD
In opto-mechanical force measurements, quantum back-action noise funda-
mentally limits the measurement sensitivity at low frequencies. To reduce or
even evade back-action noise, several techniques have been proposed, e.g. the
injection of squeezed light. When the squeezed sidebands have a frequency-
dependent phase difference the noise can be likewise reduced in a broad fre-
quency band. However, for a full back-action evasion, an inversely input
squeezed state [1] serving as an effective negative mass oscillator can be used
[2]. This state calls not only for a frequency-dependent squeezing phase but also
for a frequency-dependent squeezing factor. In our talk, we present the idea
of using a detuned optical-parametric oscillator (OPO) to generate this needed
state. We briefly show how we have realized and experimentally controlled our
detuned OPO. We reconstruct the output state of this squeezer with quantum
tomography for different measurement frequencies. This allows to even visually
demonstrate and analyze the frequency-dependent state rotation. Our system
seems to be applicable as a non-ideal, but very simple effective-negative mass
oscillator applicable in opto-mechanical force measurements limited by back-
action noise. [1] Kimble et al. Phys. Rev. D65, 022002 (2001) [2] Wimmer,
Steinmeyer, Hammerer, and Heurs, Phys. Rev. A89,053836 (2014)
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Q9.6 Mon18:00 Q-HI1
Suitable optomechanical oscillators for an all optical coherent quantum noise
cancellation epxeriment — «BERND Scuurre"?, RomaN Kossakx'?, NIVED
]OHNYI’Z, MARIIA MATIUSHECHKINA1’2'3, and MicuiLe HEurs™?? — 'Max
Planck Institute for Gravitational Physics and Institute for Gravitational Physics,
Hannover, Germany — 2Quantum Frontiers — >PhoenixD
Optomechanical detectors have reached the standard quantum limit in position
and force sensing where backaction noise, caused by radiation pressure noise,
starts to be the limiting factor for sensitivity. One strategy to circumvent mea-
surement backaction, and surpass the standard quantum limit, has been sug-

gested by M. Tsang and C. Caves [1] and is called Coherent Quantum Noise
Cancellation (CQNC). This scheme can be viewed as coupling a second oscilla-
tor with an effectively negative mass (see J. Junker) to the one subject to quantum
radiation pressure noise and thus realizing a quantum non-demolition measure-
ment. After an introduction of the idea and the requirements for CQNC this
talk will be focused on the oscillator susceptible to quantum radiation pressure
noise. We discuss and show the measurement principles intended to determine
mechanical and optical properties of our devices (membrane-in-the-middle vs.
membrane-at-the-end setup). These set-ups could also be used to shift the me-
chanical properties via the optical spring effect to satisfy CQNC requirements.
[1] M. Tsang and C. Caves, Phys. Rev. Lett. 105,123601, 2010.

Q 10: Quantum Information (Concepts and Methods) I

Time: Monday 16:30-17:45

Q10.1 Mon16:30 Q-HI12
Initial state dependence in the dynamics of open systems — sSEBASTIAN
WENDEROTH and MICHAEL THoss — Physikalisches Institut, Albert-Ludwigs-
Universitit Freiburg, Freiburg, Germany
Intuitively, an open system coupled to an environment relaxes to a well-defined
and unique equilibrium state, which is determined by macroscopic properties
of the environment like the temperature or the chemical potential only. In the
long-time limit, the state of the open system is thus expected to be independent
of its initial state.

In this contribution we present a concept which allows us to characterize the
influence of the initial state on the dynamics of an open system. Our approach
is based on the reduced system propagator, the latter being a linear map on the
open system’s state space. Using properties of the reduced system propagator we
quantify the influence of the initial state on expectation values of observables of
the open system. Additionally, we provide necessary and sufficient conditions
under which the long-time dynamics of an open system is independent of its
initial state. We demonstrate our concepts for different long-time behaviors of
the spin-boson model.

Q10.2 Mon16:45 Q-HI12
Bohmian Trajectories in a Double Slit Experiment — <CARLOTTA
VERSMOLDI’Z’S, Jan DIEWIOR1’2’3, Lukas KNIPs1’2’3, FLORIAN HUBER1’2’3, Jas-
MIN MEINECKE"??, and HARALD WEINFURTER?® — 1Department fiir Physik,
Ludwig-Maximilians-Universitit, Munich, Germany — “Max-Planck-Institut
fiir Quantenoptik, Garching, Germany — *Munich Center for Quantum Sci-
ence and Technology (MCQST), Munich, Germany
Bohmian mechanics (BM) is one of many alternative interpretations of quan-
tum mechanics (QM). Attributing a definite position to particles at all times it
allows the introduction of particle trajectories, which are forbidden in standard
QM. Necessary for this is the introduction of nonlocal effects into the theory,
which can cause instantaneous reordering of trajectories. In order to investi-
gate this non-locality one photon of an entangled photon pair is sent through a
double slit apparatus where its average Bohmian trajectory is observed via weak
measurement. Employing the entanglement in the photon’s polarization degree
of freedom enables to analyze different cases of which-way-information as the
evolution of the interfering photon depends on the observation of the second
photon. By varying the point in time of the polarization-measurement of the
second photon, delayed choice measurements of the corresponding trajectories
can be performed.

Average trajectories have already been measured in experiments and are
shown to correspond with those calculated in BM. Nevertheless, the meaning of
average trajectories and BM is much discussed. This experiment will contribute
to a better understanding of the theory.

Q10.3 Mon 17:00 Q-H12
Markovian Quantum Systems with Full and Fast Hamiltonian Control
— «EMANUEL MALVETTIl’z, FREDERIK VOM ENDEI’Z, THOMAS SCHULTE-
HERBRUGGEN"?, and GUNTHER DIrRr> — 1Dept. Chem., TU-Miinchen (TUM)
— 2Munich Centre for Quantum Science and Technology (MCQST) and
Munich Quantum Valley (MQV) — 3Institute of Mathematics, Universitit
Wiirzburg
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Markovian quantum systems with full and fast Hamiltonian control can be re-
duced to an equivalent control system on the eigenvalues of the density matrix
describing the state. First we consider the case of a single qubit, presenting ex-
plicit solutions of the optimal control problem for a large family of Lindblad
operators. For the cases where analytic solutions seem out of reach, we can still
efficiently compute numerical solutions. Second we consider quantum systems
of arbitrary finite dimension. While analytic solutions to optimal control prob-
lems do not exist in the general case, the reduced control system on the eigen-
values is still a powerful tool. As an example, we derive necessary and sufficient
conditions for a Markovian quantum system to be coolable.

Q104 Mon17:15 Q-HI2
Bohmian Trajectories of Quantum Walks — FLORIAN Huserb>? , CAR-
LOTTA VERSMOLD1’2’3, Jan DZIEWIOR1’2’3, Lukas KNIPs1’2’3, HarALD
WeINrURTERD??, and JASMIN MEINECKED?? — 1Department fir Physik,
Ludwig-Maximilians-Universitit, Munich, Germany — “Max-Planck-Institut
fiir Quantenoptik, Garching, Germany — *Munich Center for Quantum Sci-
ence and Technology (MCQST), Munich, Germany
Quantum walks are the quantum mechanical equivalent to the classical random
walk and ,in standard quantum mechanics (QM), describes the coherent prop-
agation of a quantum particle in a discrete environment, which cannot be rep-
resented with trajectories, as it would be possible in the classical case. However,
certain interpretations of QM, as for example Bohmian mechanics, a non-local
hidden variable theory, attribute definite positions and momenta to particles and
therefore allow particle trajectories. In classical electrodynamics energy flow
lines of photons, given by the Poynting vectors, correspond to these Bohmian
trajectories. Here we report on the simulation and how to observe energy flow
lines of a quantum walk, realized in an integrated waveguide array written into
fused silica substrate. The curvature of the phase front, corresponding to the
Poynting vector is reconstructed via weak measurements. To this end, the cur-
vature is first weakly coupled to the polarization of the photons. Subsequently,
a strong polarization measurement, behind a phase front preserving magnifica-
tion optics, gives the desired information on the phase front curvature and thus
makes a reconstruction of the Bohmian trajectories possible.

Q10.5 Mon17:30 Q-HI2
On Quantum Cats and How to Control Them — eMATTHIAS G. KRAUSSI’Z,
DaNIEL M. Reicu?, and CurisTiane P. Kocu'? — Universitit Kassel, Kas-
sel, Germany — 2Freie Universitit, Berlin, Germany
Schrédinger cat states are non-classical superposition states that are useful in
quantum information science, for example for computing or sensing. Optimal
control theory provides a set of powerful tools for preparing such superposition
states, for example in experiments with superconducting qubits [Ofek, et al. Na-
ture 536, 2016]. In general, the preparation of specific cat states is considered to
be a hard problem [Kallush et al. New J. Phys. 16, 2014]. Since many applications
do not rely on a particular cat state, it can be beneficial to optimize towards ar-
bitrary cat states instead. We derive optimization functionals that target the cat
properties without prescribing a specific cat state. To analyze the practical per-
formance of these functionals, we exemplify their use in conjunction with Kro-
tov’s method [Reich et al. J. Chem. Phys. 136, 2012]. In particular, we analyze the
quantum speed limit for generating entangled cat states in a Jaynes-Cummings
model and test their robustness under dissipation.
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Q 11: Quantum Technologies Il

Time: Monday 16:30-18:00

Invited Talk Q11.1 Monl16:30 Q-HI13
Quantum-state engineering with optically-trapped neutral atoms —
«VLADIMIR M. STOJANOVIC, GERNOT ALBER, THORSTEN HAASE, and SAscHA H.
Hauck — Institut fiir Angewandte Physik, Technical University of Darmstadt,
Germany

Recent years have seen tremendous experimental progress in the realm of
optically-trapped neutral atoms. In this talk, three theoretical proposals for
quantum-state engineering in this type of systems will be presented. It will
first be demonstrated that a deterministic conversion of a three-qubit W state
into its Greenberger-Horne-Zeilinger counterpart can efficiently be carried out
in the Rydberg-blockade regime of neutral-atom systems using a dynamical-
symmetry-based approach. It will then be shown that a W-type entanglement
can be engineered in arrays of neutral atoms with Rydberg-dressed resonant
dipole-dipole interaction. Finally, a time-efficient control scheme for coher-
ent single-atom transport in moving optical lattices (optical conveyor belts and
double-well lattices) — based on the enhanced shortcuts-to-adiabaticity approach
- will be described.

Q112 Mon17:00 Q-H13
Fabrication of NbTiN Superconducting Nanowire Single-Photon Detectors
using Helium-Focused Ion Beam — «MATTHIAS D. KURSCHNER, MARTIN A.
WOLFF, LIsA SOMMER, MATVEY LYATTI, and CARSTEN SCHUCK — Physics Insti-
tute, University of Miinster, Wilhelm-Klemm-Str. 10, 48149 Miinster, Germany
Superconducting nanowire single-photon detectors (SNSPDs) have shown to be
the detector technology of choice for single photon counting experiments as they
offer high repetition rate, high quantum efficiency, low time jitter and low dark
count rates [1]. However, current fabrication methods employ e-beam lithog-
raphy and dry etching in order to realize nanowire geometries in a top-down
approach, which limits the resolution and suffers from proximity effects. In this
work, we introduce state-of-the-art focused helium ion beam (HE-FIB) milling
for the fabrication of niobium titanium nitride (NbTiN) nanowires. Moreover,
we use automated patterning capabilities to achieve scalable fabrication of larger
numbers of devices on a chip. We assess the damage nanowires may incur when
exposed to helium ions and investigate the effective width and length of the
manufactured nanowires. We compare results with HI-FIB milling with more
established patterning techniques using a gallium FIB. We further realize long
meander-shaped wires connected in series with the photosensitive nanowire for
controlling the kinetic inductance, which allows realizing SNSPDs with wider
nanowire width.

[1] S. Ferrari et al., Nanophotonics, 7, 1725 (2018)

Q113 Mon17:15 Q-HI13
Argon Trap Trace Analzlsis - an applied Quantum Technology — eJUuLIAN
ROBERTZI, YANNIS ARCK”, DAVID WACHSI’Z, FLORIAN MEIENBURGI'Z, WERNER
AescHBACH™?, and MARKUS OBERTHALER' — ' Kirchhoff Institute for Physics,
Heidelberg, Germany — Institute of Environmental Physics, Heidelberg, Ger-
many — *Heidelberg Center for the Environment, Heidelberg, Germany
Environmental tracers serve as an important source of information in a wide
range of sciences. Due to the low relative abundance of some of these tracers an
ultra-sensitive detection technique is necessary. In the case of the environmental
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tracer > Ar the Argon Trap Trace Analysis (ArTTA) allows us to measure relative
abundances in the range of 107'°. The isotopic shift in the resonance frequency
together with multiple resonant scattering processes grants perfect selectivity.
Single atoms are captured and identified in a magneto-optical trap (MOT), while
the huge background of abundant isotopes remains unaffected.

This ultra-sensitive Quantum Technology was successfully used to study
groundwater, lake, ocean and ice samples. Resulting requirements on ArTTA
as well as (fundamental) limits will be discussed.

Q11.4 Mon17:30 Q-HI3
Epitaxial growth of InP-based 1.3 micrometer quantum dots
«VINAYAKRISHNA JOSHI, SVEN BAUER, VITALII SICHKOVSKYI, KERSTIN FUucCHS,
and JoHANN REITHMAIER — Technische Physik, Institute of Nanostructure
Technologies and Analytics (INA), CINSaT, Uni-versity of Kassel Kassel, Ger-
many
The transmission bands for medium to long range data communication are cen-
tered at 1.3 and 1.55 micrometer. The InAs/GaAs material system is widely re-
searched at 1.3 micrometer[1], but 1.55 micrometer is hard to accomplish. Con-
trary, InP and InAs have a smaller lattice mismatch, which enables emission at
1.55 microns and already has been playing a dominant role. Compared to GaAs,
InP devices allows higher frequency response and also has a higher modal gain.
Therefore, to cover also the 1.3 micrometer regime, a strongly modified growth
process is needed.

The structures were grown on S-doped InP (100) substrates, starting with a
thick InP buffer layer, followed by InAlGaAs barrier layer. The active layer of 3
ML thick InAs QDs was grown. This was capped by another InAlGaAs layer. To
achieve lasing at 1.3 microns, the QDs were grown on a nucleation layer which
enables in creating more nucleation points for the QDs. This new type of QD gain
material processed into broad area and ridge waveguide lasers. Static character-
ization data showed a high modal gain of about 15 cm-1 per quantum dot layer
similar to 1.55 micrometer high-performance QD lasers [2]. [1]*M. Suguwara,
et al,, Journal of Applied Physics 97 (2005) [2]*S. Bauer et al., IEEE Nanotech-
nology Magazine 23 (2021)

Q11.5 Mon17:45 Q-HI13
Cryogenic Fiber-based Fabry-Pérot Microcavities — «TIMON EICHHORN',
MAXIMILIAN PArLLMANN!, THOomAs HiomMmEeR?, and Davip Hunger! —
IKarlsruher Institut fiir Technologie, Karlsruhe, Germany — 2Qlibri Projekt,
Fakultit fiir Physik, Ludwig-Maximilians-Universitit Miinchen, Germany
One of the fundamental challenges in realizing optical quantum technologies is
to have an efficient light-matter interface. A promising approach therefore is to
use fiber-based Fabry-Pérot microcavities due to their high cooperativities and
large coupling efficiencies into single-mode optical fibers [1]. For the sake of
good coherence properties of the quantum emitters, systems have to be cooled
down to cryogenic temperatures. During the past decade, much effort was put
into the development of cryo-compatible microcavity stages. The noisy environ-
ment in closed-cycle cryostats poses the biggest challenge to operate such fully
tunable open microcavities. Here, we present our achievements regarding the
operation of high-finesse scanning cavities with cavity length stabilities of down
to 1pm rms and full 3-axis tunability at cryogenic temperatures in closed-cycle
and flow cryostats. [1] New J. Phys. 12 (2010) 065038

Q 12: Quantum Optics (Miscellaneous) II

Time: Monday 16:30-18:00

Q12.1 Mon16:30 Q-HI14
Two-Mode Photon-Number Correlations Created by Measurement-Induced
Nonlinearity — «JaAN PHILIPP HOPKER, MAXIMILIAN PROTTE, CHRISTOF
EIGNER, CHRISTINE SILBERHORN, POLINA SHARAPOVA, JAN SPERLING, TORSTEN
MEIER, and TiM BARTLEY — Department of Physics, Paderborn University, War-
burger Str. 100, 33098 Paderborn, Germany
In quantum optics, a measurement can be used as a tool to manipulate a quan-
tum state. Photon subtraction, implemented with a partial detection of a quan-
tum state, is a pertinent example for this nonlinear manipulation. Furthermore,
single-photon measurements (a particle-like phenomenon) can be directly com-
bined with the interference of two quantum states (a wave-like phenomenon),
yielding interesting features in both phase space and the photon-number basis.
In this work, we explore theoretically and experimentally complex correlations
in the photon numbers of two-mode quantum states using this scheme. For this,
we use integrated beam-splitter networks based on titanium in-diffused lithium
niobate waveguides and superconducting single-photon detectors.
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Q122 Monl16:45 Q-H14
Compensating decoherence of squeezed light in cavity-enhanced quan-
tum metrology — <MIKHAIL KoroBko', JAN SUDBECK', SEBASTIAN
STEINLECHNER?, and ROMAN ScHNABEL! — !Institut fiir Laserphysik und Zen-
trum fiir Optische Quantentechnologien, Universitit Hamburg — *Maastricht
University, Netherlands
Quantum states of light are commonly used to enhance detection in modern
sensors. For instance, quantum squeezed light allows to reach high sensitivity
without using significant optical power, and thus it finds application in various
metrological devices, from biological sensing to gravitational-wave detection. At
the same time, quantum states are very fragile, and even a small amount of deco-
herence significantly impacts them. For example, decoherence due to optical loss
limits the benefit from using squeezed light to enhance the sensitivity of cavity-
enhanced sensors, such as gravitational-wave detectors. We propose a new ap-
proach that allows to compensate a significant part of quantum decoherence,
thus increasing the sensitivity beyond the previously established decoherence-
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induced quantum limit. To achieve this, we use an optimally tuned quantum
squeezer placed directly inside the detector cavity. We present the first exper-
imental combination of intra-cavity and externally injected squeezing used to
enhance the sensitivity. We use intra-cavity squeezing to demonstrate for the
first time quantum enhancement to the sensitivity that is not affected by the in-
crease in optical loss. Finally, we derive the new decoherence-induced quantum
limit. Our approach will add the new level of flexibility to the design of quantum
sensors.

Q123 Mon17:00 Q-HI14
Characterization of Cryogenic Integrated Spontaneous Parametric Down-
Conversion — eNINA AMELIE LANGEI, JAN PHILIPP HC’)PKERI, RAIMUND
RICKEN?, VIKTOR QUIRINGZ, CHRISTOF EIGNER?, CHRISTINE SILBERHORNZ,
and Tim J. BARTLEY! — ' Mesoscopic Quantum Optics, Department of Physics,
Paderborn University, Warburger Str. 100, 33098 Paderborn, Germany —
*Integrated Quantum Optics, Department of Physics, Paderborn University,
Warburger Str. 100, 33098 Paderborn, Germany
We show for the first time that spontaneous parametric down-conversion
(SPDC) in nonlinear waveguides remains functional when operated at cryo-
genic temperatures. With this proof-of-principle experiment, we demonstrate
that SPDC, a standard technology for the generation of nonclassical light under
ambient conditions, is fully compatible with integrated components that require
cryogenic operating conditions, such as superconducting detectors. We charac-
terize our SPDC source at room temperature and under cryogenic conditions
at 4.7 K. We measure the spectral properties, including the marginal spectra of
the signal and idler photons and the joint spectral intensity. Our experimen-
tal results show very good agreement with theory, based on the temperature-
dependent dispersion of the waveguide. Furthermore, we investigate the source
performance metrics, which do not show a significant change compared to our
results at room temperature. Although we change the operation temperature by
nearly two orders of magnitude, our SPDC source remains fully operational.

Q124 Mon17:15 Q-HI14
A stepwise approach to the BSV description — ¢DENNIS SCHARWALD and
PoLINA SHARAPOVA — Paderborn University, Department of Physics, War-
burger Str. 100, D-33098 Paderborn, Germany
The bright squeezed vacuum state of light (BSV) is a macroscopic state generated
by unseeded parametric down-conversion (PDC). Its large photon number and
strong correlations between the signal and idler photons make it an interesting
candidate for applications and theoretical investigations. One of the prominent
theoretical frameworks for the BSV description is the “regular” Schmidt-mode
theory, which describes the BSV in terms of Schmidt modes. This provides a fully
analytical description but fails to explain the broadening of the itensity spectrum
with increasing gain [1]. Another purely numerical approach involves the solu-
tion of integro-differential equations in order to obtain the output state of the
PDC section [2]. This approach is in good agreement with the experiment even
with increasing gain.

In our work, we combine both approaches by splitting the PDC section into
small segments which are connected via the input/output relations for the plane-
wave operators. As a result, we can observe the evolution of the Schmidt-modes
as they propagate through a nonlinear crystal, as well as the broadening in the in-
tensity spectrum which matches the prediction of the integro-differential equa-

tion method and the experimental results.
[1] P. Sharapova et al., Phys. Rev. A 91, 043816 (2015)
[2] P. R. Sharapova et al., Phys. Rev. Research 2, 013371 (2020)

Q125 Mon17:30 Q-H14
Microwave Stimulated Raman Adiabatic Passage in the Electronic Ground
State of the NV Center — ¢FLORIAN BC’)HMI, NIKO NIKOLAYl, SASCHA
NENErT', CHRISTOPH E. NEBEL?, and OLIVER BEnson' — !Institut fiir Physik
IRIS Adlershof, Humboldt-Universitit zu Berlin, Germany — 2Nanomaterials
Research Institute, Kanazawa University, Japan
The nitrogen-vacancy (NV) center in diamond features an electronic qutrit
ground state with long coherence times even at room temperature, which can
conveniently be manipulated by microwave pulses and read-out optically [1].
The NV center is well-known for offering a broad range of quantum applica-
tions, which stimulates a great interest in developing new, or adapting known
control schemes.

Here we present the well-known concept of stimulated Raman transitions [2],
which can be used to excite transitions between two states not directly coupled
to a radiation field, applied to the NV center’s triplet ground state. Depending on
the two-photon microwave pulse sequence, either stimulated Raman transitions
(SRT) or stimulated Raman adiabatic passage (STIRAP) could successfully be
implemented in the NV center [3]. We show, that both schemes can successfully
drive the dipole-forbidden m; = -1 < mg = +1 transition. Furthermore we
compare both mechanisms on their robustness and success of spin-swap, as well
as their experimental challenges.

[1] Doherty, Marcus, et al., Physics Reports 528.1 (2013): 1-45

[2] Sola, Ignacio, et al., Adv. Mol. Opt. Phys., 67 (2018): 151-256.

[3] Bohm, Florian, et al., Phys. Rev. B, 104.3 (2021): 035201

Q12,6 Monl17:45 Q-Hl4
Fabrication of periodically poled LNOI for efficient non-linear optical pro-
cesses — esLAURA BOLLMERSI, PETER MACKWITZZ, LAURA PADBERGI, MAR-
CELLO MAssaRO', GERHARD BERTH?, CHRISTOF EIGNER', and CHRISTINE
SILBERHORN' — !Paderborn University, Integrated Quantum Optics, Institute
of Photonic Quantum Systems (PhoQS), Warburger Str. 100, 33098 Paderborn,
Germany — “Paderborn University, Nanostructure Optoelectronics, Warburger
Str. 100, 33098 Paderborn, Germany
Miniaturization of optical circuits has been a vivid field of both, research and de-
velopment for several decades. Within the last years, this progress has reached
the realms of integrated optics and quantum photonics. Here, LNOI has become
one of the most promising materials, as it combines the excellent properties of
lithium niobate with small feature sizes. In order to fully exploit the possibili-
ties of the material platform, dispersion engineered processes can be tailored by
means of quasi-phase matching, which is based on periodic poling of the crys-
tal. For periodically poled LNOI samples, novel processes need to be developed,
which makes LNOI technology challenging and demanding. On our first step
we focused on the fabrication of finger electrodes for periodic poling and in-
vestigated and optimized the respective design parameters. We tested different
timing schemes for periodic domain inversion to optimize switching kinetics.
We demonstrate that poling lengths up to 7.5 mm are possible and show first
nonlinear optical conversion analysis.

Q 13: Quantum Gases (Bosons) lll

Time: Tuesday 10:30-12:30

Q13.1 Tuel0:30 Q-HI10
Emerging Dissipative Phases in a Superradiant Quantum Gas with Tun-
able Decay — FRANCEscO FERRII, RoODRIGO ROSA—MEDINAI, «FABIAN
FINGERI, NISHANT DOGRAI, MATTEO SORIENTEZ, ODED ZILBERBERGZ, ToBI1AS
DoNNER', and TiLMAN EssLINGER' — !Institute for Quantum Electronics, ETH
Ziirich, 8093 Ziirich, Switzerland — Institute for Theoretical Physics, ETH
Ziirich, 8093 Ziirich, Switzerland
Dissipative and coherent processes are at the core of the evolution of many-body
systems. Their competition and interplay can lead to new phases of matter, insta-
bilities, and complex non-equilibrium dynamics. However, probing these phe-
nomena at a microscopic level in a setting of well-defined, controllable coherent
and dissipative couplings often proves challenging. We realize such a system
using a ¥ Rb spinor Bose-Einstein condensate (BEC) strongly coupled to a sin-
gle optical mode of a lossy cavity [1]. Two transverse laser fields incident on
the BEC allow for cavity-assisted Raman transitions between different motional
states of two neighboring spin levels. Adjusting the drive imbalance controls co-
herent dynamics and dissipation, with the appearance of a dissipation-stabilized
phase and bistability. We relate the observed phases to microscopic elementary
processes in the open system by characterizing the properties of the underlying
polariton modes. Our findings provide prospects for studying squeezing in non-
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Hermitian systems, quantum jumps in superradiance, and spin-orbit coupling in
a dissipative setting.
[1] E Ferri, et al., Phys. Rev. X 11, 041046 (2021).

Q132 Tuel0:45 Q-H10
Engineering dynamical tunneling in a superradiant quantum gas —
*RODRIGO ROSA-MEDINA, FRANCESCO FERRI, FABIAN FINGER, NISHANT Do-
GRA, KATRIN KROEGER, Rul LIN, R. CHITRA, ToBIAS DONNER, and TILMAN
EssLINGER — ETH Zurich, 8093 Zurich, Switzerland
Dynamic transients are a natural ingredient of non-equilibrium quantum sys-
tems. One paradigmatic example is Dicke superradiance, describing the collec-
tively enhanced population inversion of an ensemble of two-level atoms coupled
to a single mode of light. In this talk, we present a new experimental approach,
which exploits superradiance in a quantum degenerate gas to engineer dynami-
cal currents in a synthetic lattice geometry.

Our experimental implementation is based on a spinor Bose-Einstein con-
densate coupled to a single mode of an ultrahigh finesse optical cavity. Two
transverse laser fields induce cavity-assisted Raman transitions between discrete
momentum states of two spin levels, which we interpret as tunnelling in a mo-
mentum space lattice [1]. As the cavity field depends on the local density and
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spin configuration, the tunneling rate evolves dynamically with the atomic state.
By monitoring the cavity leakage, we gain real-time access to the emerging cur-
rents and benchmark their collective nature. Our results provide prospects to
explore dynamical gauge fields and transport phenomena in driven-dissipative
quantum systems.

[1] Rosa-Medina, R., Ferri, E, Finger, E,, Dogra, N., Kroeger, K., Lin, R., Chi-
tra, R., Donner, T., Esslinger, T. (2021). arXiv:2108.11888

Q133 Tuell:00 Q-HI10
Photon BEC with Thermo-Optic Interaction at Dimensional Crossover —
*ENRICO STEIN and AXEL PELSTER — Physics Department and Research Center
OPTIMAS, Technische Universitit Kaiserslautern, Erwin-Schrodinger Strafle
46, 67663 Kaiserslautern, Germany
Since the advent of experiments with photon Bose-Einstein condensates in dye-
filled microcavities in 2010, many investigations have focused upon the emerging
effective photon-photon interaction. Despite its smallness, it can be identified to
stem from two physically distinct mechanisms. On the one hand, a Kerr non-
linearity of the dye medium yields a photon-photon contact interaction. On the
other hand, a heating of the dye medium leads to an additional thermo-optic
interaction, which is both delayed and non-local.
In this talk, we theoretically analyse how the effective photon-photon interac-
tion increases when the system dimension is reduced from 2D to 1D. To this
end, we consider an anisotropic harmonic trapping potential and determine
how the properties of the photon Bose-Einstein condensate in general, and both
aforementioned interaction mechanisms in particular, change with increasing
anisotropy. We find that the thermo-optic interaction strength increases at first
linearly with the trap aspect ratio and lateron saturates at a certain value of the
trap aspect ratio. Furthermore, in the strong 1D limit the roles of both inter-
actions get reversed as the thermo-optic interaction remains saturated and the
contact Kerr interaction becomes the leading interaction mechanism.

Q134 Tuell:15 Q-HI0
Observation of curvature and particle production in expanding space-time
geometries — CELIA VIERMANNI, ToBias Haas® , MAURUS HANSl, ELI-
NOR Karn', Nikoras LIEBSTER', ALVARO PARRA-LOPEZ®, NATALIA SANCHEZ-
KUNTZZ, eMARIUS SPARNI, HeLmuT STROBELI, MIREIA TOLOSA—SIMEONZ, STE-
FAN FLOERCHINGER?, and MARKUS OBERTHALER' — !Kirchhoff Institute for
Physics, University of Heidelberg, Germany — *Institute for Theoretical Physics,
University of Heidelberg, Germany
The traces of particle production in the very early instances of our universe can
today be found in the cosmic microwave background. The modern view on this
inflation stage suggests, that the initial particle production starting from a quan-
tum vacuum state is caused by rapid expansion of space. However, inferring
the precise expansion history from the structure of the traces is a formidable
task. Here, we present an experimental implementation of an effective expand-
ing space-time for phonons in a potassium Bose-Einstein condensate. We show
the resulting excitation structure from density measurements of the ultracold
gas and observe a clear dependence on the expansion history. Furthermore, we
realize and observe curvature of space in the form of an FLRW metric in the
system.

Q13.5 Tuell:30 Q-HI10
Compressibility and the Equation of State of an Optical Quantum Gas in
a Box — <ERIK BUSLEY, LEON ESPERT, ANDREAS REDMANN, KIRANKUMAR
UMESH, MARTIN WEITZ, and JuLIAN ScHMITT — Institut fiir Angewandte
Physik, Universitit Bonn, Wegelerstr. 8, D-53115 Bonn
The compressibility of a medium, quantifying its response to mechanical per-
turbations, is a fundamental quantity determined by the equation of state. For
gases of material particles, studies of the mechanical response are well estab-
lished, in fields from classical thermodynamics to cold atomic quantum gases.
Here we demonstrate a measurement of the compressibility of a two-dimensional
quantum gas of light in a box potential and obtain the equation of state of the
optical medium. The experiment is carried out in a nanostructured dye-filled
optical microcavity. Upon reaching quantum degeneracy we observe signatures

of Bose-Einstein condensation in the finite-size system, and strikingly, the mea-
sured density response to an external force sharply increases, hinting at the pe-
culiar prediction of an infinite compressibility of a Bose gas condensate [1].

[1] E. Busley et al., Science (accepted for publication)

Q13.6 Tuell:45 Q-HI10
Bose Einstein Condensate and Cold Atom Laboratory (BECCAL) —
oLisA WORNER', CHRISTIAN SCHUBERT>, JENS Grosse®, and Tue BEC-
CAL CoLLaBORATION" 34567891011 __ DI R QT — 2DLR-SI — *LUH —
4ZARM — °DLR-SC — °FBH — "HUB — $JGU — °0OHB — *UHH — "' UUIm
BECCAL (Bose Einstein Condensate and Cold Atom Laboratory) is a joint mis-
sion between NASA and DLR. The payload will be installed to the international
space station (ISS) to enable research on cold and condensed atoms in the unique
microgravity environment.
To create a design baseline, six main areas of research for BECCAL were de-
fined by the science definition team: Atom Interferometry, Coherent Atom Op-
tics, Scalar Bose Einstein Condensates, Spinor Bose Einstein Condensates and
Quantum Gas Mixtures, Strongly Interacting Gases and Molecules, and Quan-
tum Information.
With those areas as a baseline, BECCAL offers researchers several possibilities to
work with cold and condensed atoms using magnetic and optical fields. BECCAL
operates with Rubidium and Potassium, also enabling the study of mixtures.
In this talk, we will give an overview over the payload and the possibilities offered
by the mission.

Q137 Tuel2:00 Q-H10
Thermalization dynamics of a gauge theory on a quantum simulator — «Guo-
XIAN SUI, ZHAO-YU ZHOUI, JaDp HALIMEHZ, ROBERT OTTS, Hur SUNI, PHILIPP
HAUKEZ, BinG YANG4, ZHEN-SHENG YUANI, JORGEN BERGESS, and JIAN-WEI
Pan' — !Physikalisches Institut, Ruprecht-Karls-Universitit Heidelberg, Hei-
delberg, Germany — 2INO-CNR BEC Center and Department of Physics, Uni-
versity of Trento, Trento, Italy — >Institute for Theoretical Physics, Ruprecht-
Karls-Universitit Heidelberg, Heidelberg, Germany — *Department of Physics,
Southern University of Science and Technology, Shenzhen, China
Gauge theories form the foundation of modern physics, with applications rang-
ing from elementary particle physics to early-universe cosmology. We demon-
strate emergent irreversible behavior, such as the approach to thermal equilib-
rium, by quantum simulating the fundamental unitary dynamics of a U(1) sym-
metric gauge field theory. This is made possible through the experimental im-
plementation of a large-scale cold atomic system in an optical lattice. The highly
constrained gauge theory dynamics is encoded in a one-dimensional Bose—
Hubbard simulator, which couples fermionic matter fields through dynamical
gauge fields. We investigate global quantum quenches and the equilibration to
a steady state well approximated by a thermal ensemble. Our work establishes
a new realm for the investigation of elusive phenomena and paves the way for
more complex higher-dimensional gauge theories on quantum synthetic matter
devices.

Q13.8 Tuel2:15 Q-H10
Non-equilibrium steady states of driven dissipative quantum gases beyond
ultraweak coupling — «ADRIAN KOHLER — TU Berlin, Berlin, Deutschland
The microscopic description of ideal quantum gases in presence of a finite cou-
pling to a heat bath poses a theoretical challenge. Even though the system itself is
non-interacting, the system-bath coupling is cubic in the field operators making
the problem interacting. As a first step, we study the mean-field dynamics of the
single-particle density matrix under the Redfield quantum master equation. We
find that typical steady-state solvers converge only in a very limited parameter
regime, forcing one to rely on numerically more costly time-integration. We also
discuss approaches to overcome this problem using perturbation theory in the
coupling strength. We apply our approach to a Bose gas coupled to two baths of
different temperature, for which in the regime of ultraweak coupling Bose con-
densation is predicted also in cases, where both bath temperatures lie well above
the equilibrium crtitical temperature [PRL 119, 140602].

Q 14: Precision Measurements and Metrology lll

Time: Tuesday 10:30-12:15

Q141 Tuel0:30 Q-HI1
Atom interferometry in the presence of quadratic potentials — «MATTHIAS
ZIMMERMANN — Institute of Quantum Technologies, German Aerospace Cen-
ter (DLR), 89081 Ulm, Germany
Matter-wave interferometers employing trapped atoms are promising candidates
to enhance the achievable interferometer time. These compact devices could, for
instance, be employed for precision measurements of accelerations and rotations.
This talk will address several fundamental issues that arise for atom inter-
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ferometry in the presence of quadratic potentials. In particular, we distinguish
classical and quantum closing conditions which have a crucial influence on the
contrast and thus the signal of the interferometer. Moreover, we present mod-
ifications [1] of existing devices that allow their operation within compact ge-
ometries. As a particular example, we demonstrate a modified version of the
T? interferometer [2,3] in the presence of quadratic potentials. We analyze ad-
vantages and potential drawbacks of this device, and suggest measures to over-
come the latter.
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[1] M. Zimmermann, Interference of Matter Waves - Branch-dependent dynam-
ics, the Kennard phase, and T* Stern-Gerlach interferometry, Ph.D. thesis, Ulm
University (2021).

[2] M. Zimmermann et al., T° interferometer for atoms, Appl. Phys. B 123, 102
(2017).

[3] O. Amit et al., T3 Stern-Gerlach Matter-Wave Interferometer, Phys. Rev. Lett.
123, 083601 (2019).

Q142 Tuel0:45 Q-HI1
3D Simulations of Guided BEC Interferometers — sRur Li', Simon
KaNTHAK?, and NACEUR GaaLouL! — !Leibniz Universitit Hannover, Institute
of Quantum Optics, Hannover, Germany — 2Humboldt-Universitit zu Berlin,
Institut fiir Physik, Berlin, Germany
Atom interferometry has grown into an extremely successful tool for precision
measurements since the pioneering works of Mark Kasevich and Steve Chu [1, 2].
Experiments with record-breaking precision have been performed in the fields
of inertial sensing and tests of the foundations of physics. These high preci-
sion measurements are achieved either by large momentum transfer (LMT) or
long interrogation times (LIT). Bose-Einstein Condensates (BECs) can be used
to further enhance precision atom interferometry due to its high coherence and
narrow momentum width. In this talk, we use numerical methods to study BEC
interferometers in an optical guide by time-evolving 3D Gross-Pitaevskii equa-
tion (GPE). We specifically investigate the double-Bragg diffraction (DBD) of
BEC pulsed by two retroretlecting laser beams and its momentum distribution
after time of flight (ToF) in the guide, which is provided by the dipole trap of the
red-detuned Gaussian laser beam.

[1] Kasevich M. and Chu S., Phys. Rev. Lett., 67 (1991) 181.
[2] Kasevich M. and Chu S., Appl. Phys. B, 54 (1992) 321.

Q143 Tuell:00 Q-H11
Simulations of Integrated Laser-Guided Atom Interferometers — ¢ MATTHEW
GLAYSHER, HANNAH PALTZER, ERNST MARIA RASEL, and NACEUR GAALOUL —
Leibniz Universitat Hannover, Institute of Quantum Optics, Germany
Atom interferometry provides a highly accurate measurement tool, its appli-
cations ranging from inertial sensing and navigation to tests of fundamental
physics. High precision interferometry is achieved either by Large Momentum
Transfer or long interrogation times. Whereas the more common light pulse
interferometer schemes can produce the necessary momentum transfer, guided
interferometers can achieve long interrogation times. For guided ensembles it
is essential to understand the internal interactions, as well as the continuous in-
teractions with a light field, to realize a phase-sensitive interferometer. For this
purpose we combine the computation of the dynamics of Bose-Einstein Conden-
sates (BECs) by numerically solving the Gross-Pitaevskii-Equation (GPE) and
classical n-particle simulation. We specifically investigate beam-splitting mech-
anisms and the phase evolution of BECs in a guided system, in which the guide
is realized by dynamically shaped cavity modes or painted potentials.

Q144 Tuell:15 Q-H11
Analytic theory for Bloch-oscillation-based LMT atom interferometry —
*FLORIAN FITZEKI’Z, JAN-NICLAS SIEMSSI’Z, NACEUR GAALOULZ, and KLEMENS
HaMMERER' — !Institut fiir Theoretische Physik, Leibniz Universitit Hannover,
Germany — Institut fiir Quantenoptik, Leibniz Universitit Hannover, Germany
Light-pulse atom interferometers are quantum sensors that enable a wide range
of high-precision measurements such as the determination of inertial and elec-
tromagnetic forces or the fine-structure constant. Increased sensitivities can be
achieved by implementing large momentum transfer (LMT) techniques. A well-
known method to increase the momentum separation between the two arms
of the interferometer are Bloch oscillations. Despite operating in the adiabatic
regime, finite lattice ramping times will eventually lead to non-adiabatic correc-
tions.

We develop an analytic model that describes non-adiabatic corrections to ex-
cited Bloch bands and verify our model by comparing to an exact numerical
integration of the Schrédinger equation [Fitzek et al., Sci Rep 10, 22120 (2020)].
Furthermore, we characterize losses to excited Bloch bands as well as losses to the
continuum to discuss their role for the realization of LMT atom interferometry.

This work is supported through the Deutsche Forschungsgemeinschaft (DFG)
under EXC 2123 QuantumFrontiers, Project-ID 390837967 and under the
CRC1227 within Project No. A05 as well as by the VDI with funds provided
by the BMBF under Grant No. VDI 13N14838 (TAIOL).

Q145 Tuell:30 Q-HII
QUANTUS - Theory in the Ulm group — <RICHARD Lorp!, ALEXANDER
FriepricH!, ENNO GIese®, WoLFGANG P. ScHLEIcH!?, and THE QUANTUS
Team' — !Institut fiir Quantenphysik and Center for Integrated Quantum Sci-
ence and Technology (IQST), Universitit Ulm — 2Institute of Quantum Tech-
nologies, German Aerospace Center (DLR) — *Institut fiir Angewandte Physik,
Technische Universitit Darmstadt
Atom interferometry provides a unique opportunity not only for probing the
foundations of physics at the interplay of relativity and quantum theory, but
also for devising diverse, compact applications like sensors. In this spirit, the
long-standing and fruitful QUANTUS collaboration investigates the dynamics
of Bose-Einstein condensates under microgravity conditions and its application
to atom interferometry. In particular, the QUANTUS theory group in Ulm fo-
cuses on a fundamental modelling of the light-matter dynamics, its impact on
interferometric experiments, as well as potential setups to improve sensitivitity
in the test of relativistic physics and fundamental principles. In this contribution,
we will present an overview of the current, diverse work of the QUANTUS the-
ory group in Ulm, and provide a perspective on upcoming projects of the newly
starting QUANTUS+ collaboration.

The QUANTUS project is supported by the German Aerospace Center (DLR)
with funds provided by the Federal Ministry of Economics and Technology
(BMWi) due to an enactment of the German Bundestag under grant DLR
50WM1956 (QUANTUS V).

Q14.6 Tuell:45 Q-HI1
Probing Physics beyond the Standard Model with ultracold Mercury —
THORSTEN GROH, FELIX AFFELD, QUENTIN LAVIGNE, and SIMON STELLMER
— Physikalische Institut, Universitit Bonn, Germany
The standard model of physics is a well-established theory, yet it fails to capture a
number of experimental observations. Related topics include the search for cold
dark matter candidates, the origin of the cosmological baryon asymmetry, and
finite neutrino masses.

In our experiment, we aim to investigate physics beyond the standard model
using ultracold gases of mercury. Mercury’s high mass, its low sensitivity to
blackbody radiation, and the availability of seven stable isotopes make it a unique
candidate for such studies.

We report on the measurement of the isotope shifts of various transitions in
mercury. Emerging nonlinearities in this measurement could hint towards a fifth
force mediated by a new boson @ that would couple neutrons and electrons.

Q14.7 Tuel2:00 Q-HI1
Analyse von thermischen Einzelionenwellenpaketen durch Flugzeitmessun-
gen — oFELIX STOPP, HENRI LEHEC, LUIS ORTIZ-GUTIERREZ und FERDINAND
ScHMIDT-KALER — QUANTUM, Institut fiir Physik, Universitdt Mainz, Stau-
dingerweg 7, 55128 Mainz, Germany
Wir kontrollieren die Eigenschaften von Einzelionen-Wellenpaketen auf3erhalb
einer Paulfalle: Dafiir wird ein *°Ca*-Ion im harmonischen Fallenpotential
eingeschlossen und durch Laserkiithlung prépariert. Nach anschlieffender Ex-
traktion propagiert das Ion zu einem 0.27m entfernten Detektor. Die Auswer-
tung der Ankunftszeitverteilung erlaubt direkte Riickschliisse auf die Breite des
vorher in der Falle préparierten thermischen, bzw kohérent-angeregten Wel-
lenpaketes [1]. Weiterhin wird der erste deterministische Ionenspringbrunnen
présentiert, bei dem einzelne Ionen aus der Falle in den freien Raum extrahiert
und nach dem Flug reflektiert werden, um sie mit einer Einfangrate von >95.1
% im Fallenpotential wieder zu fangen [2]. Als Anwendungen dieser Methoden
sehen wir neuartige Ionen-Interferometer bzw. die Verbindung von Ionenfallen
Quantenprozessor-Knoten.
[1] E Stopp et al., New J. Phys. 23 063002 (2021)
[2] E Stopp et al., arXiv:2108.06948 (2021)

Q 15: Quantum Information (Quantum Computing and Simulation)

Time: Tuesday 10:30-12:30

Invited Talk Q15.1 Tuel0:30 Q-HI2
A hybrid quantum classical learning agent — +SABINE WOLK — Institute of
Quantum Technologies, German Aerospace Center (DLR), Ulm, Germany

Machine learning and quantum information become more and more important
in our digital world. An important paradigm within machine learning is rein-
forcement learning. Here, a decision-making entity called agent solves a task
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by interacting with its environment. The agent updates its behaviour, and thus
learns, by using the obtained feedback it receives from the environment. We can
speed up the learning if the agent and its environment can be transformed into
corresponding quantum systems interacting with each other.

We have developed a hybrid quantum classical learning agent which combines
quantum exploration of the environment with classical behavior updates [1,2].
In this way, we can achieve a quadratic speedup in learning. In this talk, I will
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explain the main features of this hybrid learning agent and discuss possible ap-
plications as well as first proof-of-principle experiments.

[1] A. Hamann and S. Wolk, Performance analysis of a hybrid agent for
quantum-accessible reinforcement learning, arXiv: 2107.14001.

[2] V. Saggio, B. Asenbeck, A. Hamann, T. Stromberg, P. Schiansky, V. Dun-
jko, N. Friis, N. C. Harris, M. Hochberg, D. Englund, S. Wolk, H. J. Briegel, and
P. Walther, Experimental quantum speed-up in reinforcement learning agents,
Nature 591, 229 (2021).

Q152 Tuell:00 Q-HI2

Numerical optimization and demonstration of amplitude-modulatedpulses
for microwave-driven entanglement-gates — *«MARKUS Duws'?, NicoLas
PuLIDO-MATEO"?, HARDIK MENDPARA"?, GIORGIO ZARANTONELLO®, LUD-
WIG KRINNERI'Z, AMADO BAUTISTA—SALVADORI’Z, KLEMENS HAMMERER4,
REINHARD WERNER?, and CHRISTIAN OsPELKAUS"? — ! Institut fiir Quantenop-
tik, Leibniz Universitit Hannover — 2PTB, Braunschweig — 3National Insti-
tute of Standards and Technology, 325 Broadway, Boulder, CO 80305, USA —
“Institut fiir Theoretische Physik, Leibniz Universitit Hannover
A universal set of quantum gates requires entangling operations with infideli-
ties below the fault-tolerance threshold [1]. Trapped ions are one of the leading
platforms approaching the required gate fidelities [2]. For trap-integrated mi-
crowave gate mechanisms, amplitude modulation of the gate drive has shown an
increased of the resilience of two-qubit entangling operations against motional
mode drifts [3]. Here we discuss the numerical optimization and experimen-
tal realization of pulse envelopes for the Molmer-Sorensen entangling gate. The
method allows the trajectory in phase space to be insensitive to chosen errors,
such as trap and pulse parameters. We report infidelities approaching 1072 with
faster operation than previously shown in our experiment.

[1] E. Knill, Nature 434, 39 (2005)

[2] J. Gaebler et al., Phys. Rev. Lett. 117, 060505 (2016)

[3] G. Zarantonello et al., Phys. Rev. Lett. 123, 260503 (2019)

Q153 Tuell:15 Q-HI12
Non-classical features of a multiparticle bosonic state propagating in an inte-
grated network — sFEDERICO PEGORARO, PHILIP HELD, SYAMSUNDAR DE, SONJA
BARKHOFEN, JAN SPERLING, BENJAMIN BRECHT, and CHRISTINE SILBERHORN —
Paderborn University, Integrated Quantum Optics, Institute of Photonic Quan-
tum Systems (PhoQS), Warburger Str. 100, 33098, Paderborn, Germany
According to Schrodinger equation, the evolution of a quantum system is gov-
erned by a unitary transformation. In light of this premise, the development of
new protocols and platforms capable of probing the properties of unitary opera-
tions has a key role in a large range of fields from physics to information science.
Among all the possible evolutions, Quantum Walks (QWs) have been proved to
be a powerful tool within the framework of quantum information and compu-
tation. In particular, inhomogeneous and noisy QWs have been largely investi-
gated. Our contribution finds itself along this direction: it is in fact our aim to
exploit a fully reconfigurable integrated photonic network, capable to generate
and probe a large variety of unitary operations in a reliable and efficient way,
in order to implement QW evolutions with a certain degree of inhomogeneities
and probe the properties of non-classical correlation of a bosonic multi-particle
quantum state that propagates in our network.

Q154 Tuell:30 Q-HI12
Mimimal number of couplings and local controls for universal quantum
computing — ¢<FERNANDO GAGO ENCINAS, MONIKA LEIBSCHER, DAvVID POHL,
DANIEL BASILEWITSCH, and CHRISTIANE KocH — Freie Universitit Berlin
Universal quantum computing requires evolution-operator controllability on the
circuits used as a platform to perform every possible quantum logic gate. Since
we know how to decide for a given system whether it is controllable or not, we
can ask how many local controls and 2-qubit couplings are needed. This infor-
mation is key for building larger and larger devices because these controls and
couplings are very expensive in terms of the physical space in the circuit and
the calibrations required. We analyze different schemes for a controllable qubit
array that minimize these couplings and controls using a special controllability
test derived from graph theory. We find that some specific couplings yield bet-
ter results for controllability and identify some possible candidates to design a
scalable modular circuit.

Q155 Tuell:45 Q-HI2
Towards Measurement-Based Variational Quantum Simulation of the Multi-
Flavor Schwinger Model — STEPHAN SCHUSTER', STEFAN KUHN?, To-
BIAS HARTUNG2'3, LENA FUNCKE4, MARC-OLIVER PLEINERTI, JoAcHIM VON
ZantHIER', and KaRL JANSEN® — !Friedrich-Alexander University Erlangen-
Niirnberg (FAU), Staudtstrasse 1, 91058 Erlangen, Germany — >Computation-
Based Science and Technology Research Center, The Cyprus Institute, 20 Kavafi
Street, 2121 Nicosia Cyprus — >Department of Mathematical Sciences, Univer-
sity of Bath, Bath BA2 7AY, United Kingdom — “4Center for Theoretical Physics,
MIT Department of Physics, 77 Massachusetts Avenue, Cambridge MA 02139
USA — 5NIC, Desy Zeuthen, Platanenallee 6, 15738 Zeuthen, Germany
Recently, the first measurement-based variational quantum simulation has been
proposed, which employs a one-way quantum computation instead of a quan-
tum circuit for the simulation. This shifts the experimental challenge of complex
gate realizations to the generation of a entangled cluster state which is then lo-
cally measured. In our work, we developed a variational one-way quantum com-
puting simulation protocol for the multi-flavor lattice Schwinger model with a
flavor-dependent chemical potential, considering model-specific symmetries in
our quantum algorithm. The flavor-dependent chemical potential increases the
model complexity but also allows us to investigate first-order energy phase tran-
sitions in dependence of the chemical potential. First classical simulation results
of our protocol look very promising and allowed us to determine several critical
points in the phase diagram.

Q15.6 Tuel2:00 Q-HI12

Fehlertolerante Parititsauslese auf einem Quantenprozessor mit Ionenkris-
tallen — ¢JANINE HILDER, DANIEL P1jN, OLEKSIY ONISHCHENKO, ALEXANDER
STAHL, MAXIMILIAN ORTH, BJORN LEKITSCH, ULRICH POSCHINGER und FERDI-
NAND SCHMIDT-KALER — QUANTUM, Institut fiir Physik, Universitat Mainz,
Staudingerweg 7, 55128 Mainz, Germany
Quantenprozessoren basierend auf gefangenen Ionen sind einer der vielverspre-
chendsten Kandidaten fiir die Realisierung eines skalierbaren Quantenprozes-
sors. Um eine fehlertolerante Quanteninformationsverarbeitung zu realisieren,
ist es von entscheidender Bedeutung, Quantenfehlerkorrektur durchfithren zu
konnen. Ein wesentlicher Baustein ist die Erkennung von Fehlern durch Stabi-
lisatormessungen, ohne den Quantenzustand der Datenbits zu zerstoren [1,2].
Diese wurde kiirzlich auf shuttlingbasierten Quantenprozessoren experimentell
demonstriert [3,4]. Wir erreichen eine Verbesserung der Parititsauslesegiite von
92.3(2)% auf 93.2(2)% bei Selektierung aufgrund des Flag-Qubits, welches Da-
tenqubit kompromittierende Fehler wihrend der Stabilisatormessung anzeigt.
Zusitzlich zeigen wir die Erzeugung von Verschrankung auf allen Ionen, die an
dieser fehlertoleranten Parititsauslese beteiligt sind.

[1] A. Bermudez et al., Phys. Rev. X 7, 041061 (2017)

[2] A. Rodriguez-Blanco et al., PRX Quantum 2, 020304 (2021)

[3] J. Hilder et al., arXiv:2107.06368 (2021)

[4] C. Ryan-Anderson et al., arXiv:2107.07505 (2021)

Q157 Tuel2:15 Q-HI12
Compiler zur Register-Rekonfiguration eines Ionenfallen-Quantencomputers
— oJANIS WAGNERI, JANINE HILDERI, CHRISTIAN MELZERI, BjorRN LEKTISCHI,
ULRICH POSCHINGERI, ANDRE BRINKMANN? und FERDINAND SCHMIDT-
Karer' — 'QUANTUM, Institut fiir Physik, Universitit Mainz, Staudinger-
weg 7, 55128 Mainz, Germany — 2Zentrum fiir Datenverarbeitung, Universitit
Mainz, Anselm-Franz-von-Bentzel-Weg 12, 55128 Mainz, Germany
Ionenfallen mit laserbasierten Gattern sind aufgrund ihrer hohen Operationsgii-
te ein moglicher Kandidat fiir Quantencomputer. Die Architektur einer segmen-
tierten Paul-Falle mit mehreren Speicher- und Prozessorregionen, zwischen de-
nen die Ionen mittels zeitabhangiger Spannungsrampen bewegt werden kénnen,
erlaubt eine Rekonfigurierbarkeit der Register und damit eine Skalierung jen-
seits der reinen Kristallvergréflerung. Um eine Gattersequenz effizient auf einer
solchen Architektur ausfithren zu kénnen, muss aus dieser eine sinnvolle Start-
konfiguration der Ionen ermittelt werden, sowie eine Rekonfigurationssequenz
berechnet werden. Der vorgestellte Shuttling-Compiler implementiert einen Al-
gorithmus, der dies in polynomieller Abhéngigkeit fiir Anzahl der Qubits und
Gatter bewerkstelligt.

Q 16: Quantum Effects |

Time: Tuesday 10:30-13:00

Q16.1 Tuel0:30 Q-HI13
A Quantum Klystron - Controlling Quantum Systems with Modulated Elec-
tron Beams — ¢DENNIS R}&TZELI, DANIEL HARTLEYZ, Osip SCHWARTZS, and
PuILipp HASLINGER® — lInstitut fiir Physik, Humboldt-Universitit zu Berlin,
Newtonstrafe 15, 12489 Berlin, Germany — 2Vienna Center for Quantum Sci-
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ence and Technology, Atominstitut, TU Wien, Stadionallee 2, 1020 Vienna, Aus-
tria — 3Dept. of Physics of Complex Systems, Weizmann Institute of Science,
Rehovot, Israel

Coherent control of quantum transitions - indispensable in quantum technology
- generally relies on the interaction of quantum systems with electromagnetic ra-
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diation. Here, we theoretically demonstrate that the non-radiative electromag-
netic near-field of a temporally modulated free-space electron beam can be uti-
lized for coherent control of quantum systems. We show that such manipulation
can be performed with only classical control over the electron beam itself, and is
readily realizable with current technology. This approach may provide a pathway
towards spectrally selective quantum control with nano-scale spatial resolution,
harnessing the small de Broglie wavelength of electrons.

Q16.2 Tuel0:45 Q-HI13
Quantum friction near nonreciprocal media — «OMAR JESUS FRANCA SANTI-
AGO and STEFAN YosHI BUHMANN — Institute of Physics, University of Kassel,
Germany
We investigate how the quantum friction experienced by a polarisable charged
particle moving with constant velocity parallel to a planar interface is modified
when the latter consists of nonreciprocal media, with special focus on topo-
logical insulators. We use macroscopic quantum electrodynamics to obtain the
Casimir-Polder frequency shift, decay rate and force for the atom. These results
are a generalization of the respective quantities to matter with time-reversal sym-
metry breaking which violates the Lorentz reciprocity principle.

Q16.3 Tuell:00 Q-H13
Quantum pulses in non-Markovian waveguide QED — +Kisa BARKEMEYER,
ANDREAS KNORR, and ALEXANDER CARMELE — Institut fiir Theoretische
Physik, Technische Universitat Berlin, Hardenbergstr. 36, 10623 Berlin
Waveguide quantum electrodynamics (QED) systems, where emitters interact
with the electromagnetic field confined to a one-dimensional geometry, are a
promising platform for the implementation of quantum networks. If memory
effects cannot be neglected, non-Markovian approaches have to be employed. In
this regime, coherent time-delayed feedback allows controlling the system dy-
namics while preserving quantum coherence, and characteristic features such as
the formation of bound states in the continuum can be observed.

In this talk, we discuss the strongly entangled system-reservoir state in waveg-
uide QED systems with coherent time-delayed feedback. Thereby, we focus on
the role of quantum pulses to describe the transmission of quantum information
in a fully quantized manner. We employ different methods, an approach based
on the time evolution with matrix product states [1,2] and a Heisenberg-picture
approach [3], which complement each other and allow an in-depth study of var-
ious aspects of non-Markovian waveguide QED with multiphoton pulses.

[1] K. Barkemeyer, A. Knorr, and A. Carmele, Phys. Rev. A 103, 033704 (2021).

[2] S. Arranz Regidor, G. Crowder, H. Carmichael, and S. Hughes, Phys. Rev.
Research 3, 023030 (2021).

[3] K. Barkemeyer, A. Knorr, and A. Carmele, arXiv:2111.02816.

Q164 Tuell:15 Q-HI13
Ginzburg effect in a dielectric medium with dispersion and dissipation
— oSASCHA LANGI’Z, ROLAND SAUERBREY1’3’4, RALF SCH("JTZHOLDI’S‘Z, and
WiLLiaM G. Unrur®’ — Helmholtz-Zentrum Dresden-Rossendorf, Dresden,
Germany — “Fakultit fiir Physik, Universitit Duisburg-Essen, Duisburg, Ger-
many — Institut fiir Angewandte Physik, Technische Universitit Dresden,
Dresden, Germany — *Center for Advanced Systems Understanding (CASUS),
Gérlitz, Germany — °Institut fiir Theoretische Physik, Technische Universitit
Dresden, Dresden, Germany — 6Departmen‘[ of Physics and Astronomy, Uni-
versity of British Columbia, Vancouver, Canada — ’Institute for Quantum Sci-
ence and Engineering, Texas A&M University, College Station, Texas, United
States
As a quantum analog of Cherenkov radiation, an inertial photon detector mov-
ing through a medium with constant refractive index » may perceive the elec-
tromagnetic quantum fluctuations as real photons if its velocity v exceeds the
medium speed of light ¢/n. For dispersive Hopfield type media, we find this
Ginzburg effect to extend to much lower v because the phase velocity of light
is very small near the medium resonance. In this regime, however, dissipation
effects become important. Via an extended Hopfield model, we present a consis-
tent treatment of quantum fluctuations in dispersive and dissipative media and
derive the Ginzburg effect in such systems. Finally, we propose an experimental
test.

Q16.5 Tuell:30 Q-HI3
Resonances and radiation features of a quantum free-electron laser — «PETER
KLINGI, ENNO GIESEZ, C. MoRrITZ CARMESINs, RoLAND SAUERBREY4, and
WOLFGANG P. ScuLeicH™ — 'Institut fiir Quantentechnologien, Deutsches
Zentrum fiir Luft- und Raumfahrt e.V. (DLR), Ulm — 2Institut fiir Angewandte
Physik, Technische Universitat Darmstadt — 3Institut fiir Quantenphysik, Uni-
versitit Ulm — *Helmholtz-Zentrum Dresden-Rossendorf e.V.
In the quantum regime of a free-electron laser (FEL) the quantum mechanical re-
coil, an electron experiences during the scattering from photons, dominates the
dynamics of the electron-light system. Energy-momentum conservation com-
bined with the discreteness of the recoil lead to narrow resonances for the elec-
tron momentum. We investigate the time scales of the dynamics as well as the
features of the emitted radiation from such a Quantum FEL for different resonant
momenta.
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Q16.6 Tuell:45 Q-HI13
Observation of coherent coupling between super- and subradiant states of
an ensemble of cold atoms collectively coupled to a single propagating opti-
cal mode — *RICCARDO PENNETTA, DANIEL LECHNER, MARTIN BLAHA, ARNO
RAUSCHENBEUTEL, PHILIPP SCHNEEWEISS, and JURGEN VoLz — Department of
Physics, Humboldt Universitdt zu Berlin, 12489 Berlin, Germany
We discuss the evolution of the quantum state of an ensemble of atoms that are
coupled via a single propagating optical mode. We theoretically show that the
quantum state of N atoms, which are initially prepared in the timed Dicke state,
evolves through all the N-1 states that are subradiant with respect to the prop-
agating mode. We predict this process to occur for any atom number and any
atom-light coupling strength. These findings are supported by measurements
performed with cold cesium atoms coupled to the evanescent field of an optical
nanofiber. We experimentally observe the evolution of the state of the ensem-
ble passing through the first two subradiant states, leading to sudden, temporary
switch-offs of the optical power emitted into the nanofiber. Our results con-
tribute to the fundamental understanding of collective atom-light interaction
and apply to all physical systems, whose description involves timed Dicke states.

Q16.7 Tuel2:00 Q-H13
Investigating the Casimir-Polder force in nonplanar geometries — sBETTINA
BEVERUNGENI, Kurt BUSCHI’Z, and FRANCEscO INTRavaia! — 'Humboldt-
Universitét zu Berlin, Institut fiir Physik, AG Theoretische Optik & Photonik,
Newtonstr. 15, 12489 Berlin, Germany — 2Max Born Institute for Nonlinear
Optics and Short Pulse Spectroscopy, Max-Born-Str. 2A, 12489 Berlin, Germany
Quantum and thermal fluctuations of the electromagnetic field are responsible
for many nontrivial effects such as dispersion forces. One example is the Casimir-
Polder force, which describes the interaction between an atom and a macro-
scopic, electrically neutral object. At short distances, the quantum effects dom-
inate and can be highly relevant to many nanotechnological applications. Since
the interaction depends on the system’s geometry, this constitutes one possible
avenue to influence its behavior.

We focus our investigation on this aspect, using a Green tensor based formal-
ism. The Green tensor characterizes the system’s electromagnetic response and
encodes the geometry as well as the material properties of the macroscopic ob-
ject. This information allows us to identify the system’s intrinsic characteristics
such as relevant length scales and link them to the behavior of the interaction.
We perform semi-analytical calculations for different geometries and interpret
them in light of the physical system’s properties. Furthermore, we perform ana-
Iytical calculations of various asymptotic limiting cases in order to validate our
results. At the same time, this can offer a deeper insight into the underlying
physics.

Q16.8 Tuel2:15 Q-H13
Probing the Quantum Vacuum in Space and Time — sFRIEDER LINDEL',
ROBERT BENNETTZ, FRANCESCA FABIANA SETTEMBRINI3, ALEXA MARINA
HERTER®, JEROME Faist’, and STEFAN YosHi Bunmann? — !Instiute of Math-
ematics and Physics, University of Freiburg, Germany — 2School of Physics and
Astronomy, University of Glasgow, United Kingdom — >Institute of Quantum
Electronics, ETH Ziirich, Switzerland — *Institute of Physics, University of Kas-
sel, Germany
When quantising the electromagnetic radiation field, one of the most fascinating
consequences is the existence of fluctuations associated with the ground state.
These vacuum fluctuations manifest themselves indirectly through their influ-
ence on matter where they may be regarded as responsible for fundamental pro-
cesses such as spontaneous emission or the Lamb shift. More recently, an alterna-
tive route to observing the quantum vacuum has been developed in electro-optic
sampling experiments [1,2].

In my talk, I will show how vacuum correlations between individually chosen
space-time regions can be accessed in electro-optics sampling experiments. I will
argue that this makes it possible to observe retardation effects, cavity-induced
changes and correlations between causally separated regions of the quantum vac-
uum.

[1] C. Riek et al., Science 350, 420 (2015)

[2] I.-C. Benea-Chelmus et al., Nature 568, 7751 (2019)

Q16,9 Tuel2:30 Q-H13
A Photon Pair Source from a Single Atom — «LUKE MASTERS, MARTIN
CORDIER, XINXIN HU, GABRIELE MARON, LucAs PACHE, MAXIMILIAN SCHEM-
MER, JURGEN VoLZ, and ARNO RAUSCHENBEUTEL — Department of Physics,
Humboldt Universitét zu Berlin, 10099 Berlin, Germany
Photon emission from a single quantum emitter can be described as an inter-
ference phenomena between coherent and incoherently scattered light. In this
picture, perfect photon anti-bunching in the light scattered by an atom arises
from the complete destructive interference of the two-photon components of
these two light fields.
The coherent and incoherently scattered light have distinct spectral properties,
making it possible to separate them from each other by applying selective spec-
tral filtering. In turn, this will modify the photon statistics of the emitted light,
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and can transform the perfect anti-bunching into strong photon-bunching.

In our experiment, we employ narrow-band spectral filtering to isolate the
incoherent two-photon wavefunction from the fluorescence of a single, laser
cooled Rb* atom confined in an optical dipole trap. Without filtering, the mea-
sured second order correlation function shows a strong photon anti-bunching
of g(z)(O) = 0, while a photon bunching of g(z)(O) > 1 is measured when filter-
ing is applied. This is in agreement with our expectation that the incoherently
scattered part consists purely of energy-time-entangled photon pairs.

Q16.10 Tuel2:45 Q-H13
Multi-mode quantum optics in lossy resonators — «DOMINIK LeNTRODT,
OLIVER DIEKMANN?, CHrisTopH H. Kerter?, STEFAN ROTTER®, and JOrRG
Evers® — 1Physikalisches Institut, Albert-Ludwigs-Universitdt Freiburg,
Hermann-Herder-Strafie 3, D-79104 Freiburg, Germany — >Max-Planck-
Institut fir Kernphysik, Saupfercheckweg 1, D-69117 Heidelberg, Germany —
*Institute for Theoretical Physics, Vienna University of Technology (TU Wien),
1040 Vienna, Austria

Few-mode models — such as the Jaynes-Cummings model and its generaliza-
tions — have been an indispensable tool in studying the quantum dynamics of
light-matter interactions in optical resonators. Recently, novel regimes featur-
ing strong coupling in combination with large losses have attracted attention in
various experimental platforms. In this context, central assumptions of these
canonical quantum optical models have to be revisited. In this talk, I will discuss
extensions of Jaynes-Cummings-type few-mode models and an associated class
of loss-induced multi-mode effects. Besides recent theoretical progress [1-4], I
will discuss implications for experiments in x-ray cavity QED with Mdssbauer
nuclei [5] — an emerging platform at the high-energy frontier of quantum op-
tics, featuring lossy resonators doped with ultra-narrow emitters.

[1] Lentrodt & Evers, PRX 10, 011008 (2020), [2] Medina et al. PRL 126,
093601 (2021), [3] Lentrodt et al. arXiv:2107.11775 [quant-ph], [4] Franke et
al. PRL 122, 213901 (2019), [5] Lentrodt et al. PRResearch 2, 023396 (2020)

Q 17: Quantum Optics (Miscellaneous) Il

Time: Tuesday 10:30-12:30

Invited Talk Q17.1 Tuel0:30 Q-HI14
Superradiant lasing in presence of atomic motion — «S1mMON B. Jicer?, Hao-
NAN L1v?, JOoHN CooPER?, and MURRAY ]. HoLLAND? — 1Physics Department
and Research Center OPTIMAS, Technische Universitat Kaiserslautern, 67663
Kaiserslautern, Germany — 2JILA and Department of Physics, University of Col-
orado, Boulder, Colorado 80309-0440, USA

Advances in time and frequency standards require the realization of extremely
stable high-Q oscillators. For lasers this high-Q oscillator is usually a narrow-
linewidth resonator mode while the laser linewidth is limited by fluctuations of
the resonator length. Remarkably, these limitations can be softened by coupling
many atoms to a rather broad-linewidth cavity mode and storing the coherence
in the collective dipole of the atoms. In this superradiant regime, we discuss the
effects of atomic motion resulting in inhomogeneous broadening of the emission
frequencies. We show that the superradiant laser can overcome this broaden-
ing using a phase synchronization mechanism. Our theoretical analysis shows
the possibility to build rugged, continuous-wave superradiant lasers based on a
thermal atomic beam source. In addition, we study different superradiant phases
that rely on Doppler effects where we observe polychromatic light emission and
mode-hopping dynamics. We discuss the relevance of these effects for laser-
based gyroscopes and sensors.

Q17.2 Tuell:00 Q-H14
Exploring precise loss characterization methods for LNOI waveguides —
eSILIA BABEL, LAURA PADBERG, MARCELLO MASSARO, CHRISTOF EIGNER, and
CHRISTINE SILBERHORN — Paderborn University, Integrated Quantum Optics,
Institute of Photonic Quantum Systems (PhoQS), Warburger Str. 100, 33098
Paderborn
Lithium Niobate (LN) has been a groundbreaking and benchmarking material
platform for numerous integrated optical devices due to its great property port-
folio, e.g. its large second-order nonlineartiy and electro-optical coefficients. A
miniaturization of the current devices is desirable as this reduces the footprint
and allows to integrate more complex structures on a chip, to increase the effi-
ciency and to reduce the energy consumption. Here, the novel material platform
Lithium Niobate on Insulator (LNOI) allows an tremendous step towards a fur-
ther significant reduction as it combines the advantages of LN with a high index
contrast change of the waveguides which makes it a very promising material
for integrated photonic quantum technologies. For quantum applications low-
loss optical devices are indispensable. This includes an optimization of waveg-
uide propagation losses. In literature, different methods are used for estimating
the propagation losses in LNOI waveguides. Yet, the question for a profound
comparison between different methods remains unanswered. In order to pro-
vide this, we explore and compare different methods for waveguide loss charac-
terization in LNOI waveguides, such as Fabry-Pérot or ring resonator method.
These different methods will later set the ground for a versatile toolbox for nano-
waveguide characterization.

Q17.3 Tuell:15 Q-Hl4
Exploiting electro-optic modulators in LiNbO; for quantum-optics appli-
cations — ¢FELIX vOM BRUCH, CHRISTOF EIGNER, HARALD HERRMANN, and
CHRISTINE SILBERHORN — Paderborn University, Integrated Quantum Optics,
Institute of Photonic Quantum Systems (PhoQS), Warburger Str. 100, 33098
Paderborn
Within the last decades, research and development on quantum technologies has
been a vivid field and the interest and investment in those technologies has been
steadily increasing. Many of the most promising approaches are based on using
and manipulating light and its properties. In many quantum optic setups, the
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manipulation is performed by means of bulk optic modulators. Yet, the perfor-
mance limitations hinder further development in terms of data processing rates.
Here, we present our latest progress in replacing bulk optic modulators by their
integrated counterparts in free space setups and exploit the accompanied bene-
fits of these novel hybrid approaches.

The used platform on which our modulators are implemented is titan-in-diffused
waveguides in LiNbOj;. Here, different crystal cuts enable us to implement dif-
ferent types of modulators such as electro-optic polarization converters. Chal-
lenges that need to be overcome are spectral limitations, switching speed and
electro-optic performance as well as device stability. Additionally, maintaining
full applicability even on a single photon regime, requires very low optical losses.
We are focusing on comparing advantages and disadvantages of different mod-
ulator architectures and further exploit their experimental implementation in
quantum optic experiments.

Q174 Tuell:30 Q-H14
Superradiance in an ensemble of multilevel atoms — «ALEKSEI KOoNOVALOV
and GIOVANNA MoRriGI — University Des Saarlandes
We derive a master equation for a superradiant medium which includes multi-
level interference between the individual scatterers. The derivation relies on the
Born-Markov approximation and implements the coarse-graining formalism.
The master equation fulfills the Lindblad form and contains terms describing
multilevel interference between parallel transitions of a single atom, multiatom
interference between identical transitions, and multiatom interference between
different electronic transitions with parallel dipoles. This formalism is then ap-
plied to determine the excitation spectrum of two emitters using the parameters
of the hydrogen transitions 251/2 ? 4P1/2 and 251/2 ? 4P3/2, where the gap be-
tween the parallel dipoles is of the order of GHz. The distortion of the signal due
to the interplay of multilevel and multiemitter interference is analyzed as a func-
tion of their distance. We then derive the limit in which the atomic transitions
can be described by oscillators and analyse the predictions for an ensemble of
Rb87 atoms driven by a laser below saturation.
[1] Aleksei Konovalov and Giovanna Morigi Phys. Rev. A 102, 013724 (2020)

Q175 Tuell:45 Q-H14
Engineering the photon statistics by destructive and constructive two-photon
interference — «MAX SCHEMMER, MARTIN CORDIER, PHILIPP SCHNEEWEISS,
JURGEN Vorz, and ARNO RAUSCHENBEUTEL — Department of Physics,
Humboldt-Universitét zu Berlin, 10099 Berlin, Germany
Interference phenomena are at the origin of for many intriguing effects in physics
and in particular in the field of quantum optics (e.g., double-slit experiment).
Here, we demonstrate a type of quantum interference that allows us to engineer
the photon statistics of a laser light field via the interaction with an ensemble
of cold atoms. When probing the ensemble with resonant light (D2 line of Ce-
sium), entangled photon-pairs can be generated that will interfere with the two-
photon components of the incoming light [1]. Here we show how the relative
amplitude and phase of these entangled photon-pairs can be tuned by control-
ling the number of atoms and the detuning of the laser light. Using this effect, the
photon-statistics can be tuned from bunching to antibunching. Our results open
new routes for realizing nonclassical light sources with variable g(z)(r) based on
weak, collectively enhanced nonlinearities.
[1] Prasad et al., Nature Photonics 1 (2020).
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Q17.6 Tuel2:00 Q-H14
Polarization-entangled photons from nanoscale nonlinear layers — «VITALIY
Surranov'?, Tom4s SANTIAGO-CRUZ"2, and MARIA V. CHEKHOVA? — ' Max-
Planck Institute for the Science of Light, Erlangen, Germany — 2Friedrich-
Alexander University Erlangen-Nuremberg, Erlangen, Germany
Entanglement is a crucial feature of quantum systems essential for various ap-
plications of quantum technologies. One of the most convenient platforms for
quantum entanglement realization is photon pairs generated via spontaneous
parametric down-conversion (SPDC). However, the phase-matching condition
limits the existing bulk SPDC-based sources of entangled photons. The restric-
tions can be overcome by utilizing phase-matching-free SPDC in nano-scale
nonlinear layers.

In this work, we demonstrate, for the first time, polarization-entangled pho-
tons from a 400 nm nonlinear layer of gallium phosphide. We achieve an un-
precedented tunability of the two-photon polarization state not possible in com-
mon bulk sources of photon pairs. The polarization adjustability shown in this
work gives an opportunity to easily change a degree of polarization entangle-
ment on demand, making such sources a unique, promising platform for the
realization of miniaturized quantum light generators for integrated photonics.

Q17.7 Tuel2:15 Q-H14
A remedy to finite coupling master equations for open quantum systems
— «BECKER TOBIAS', ALEXANDER SCHNELL', JuzAr THINGNA?, and ANDRE
EckarpT' — !Institut fiir Theoretische Physik, Technische Universitit Berlin,
Hardenbergstrasse 36, 10623 Berlin, Germany — “Center for Theoretical Physics
of Complex Systems, Institute for Basic Science (IBS), Daejeon 34126, Republic
of Korea
For the description of open quantum systems master equations are used that
are derived perturbatively to some order of the system-bath coupling strength.
The Bloch-Redfield master equation and all other first order expansions give an
adequate description only in trivial order of the coupling strength that is for al-
most vanishing coupling. Attempts to increase the accuracy beyond the Bloch-
Redfield equation must go beyond first order perturbation theory. However, for
a wide range models, rigorous higher order expansions are hardly possible. We
develop a master equation for finite coupling that is easily obtained within the
Bloch-Redfield formalism. We benchmark our results against the exact solution
of the damped harmonic oscillator that also features non-Markovian behaviour.

Q 18: Laser and Laser Applications

Time: Tuesday 10:30-12:00

Q18.1 Tuel0:30 Q-HI15

Spectroscopy of High Pressure Rubidium-Helium-Mixtures — «TILL OCKEN-
FELS, PASKO ROJE, FRANK VEWINGER, and MARTIN WEITZ — Institut fiir Ange-
wandte Physik der Universitit Bonn, Wegelerstr. 8, D-53115 Bonn
Spectroscopy of alkali-buffer gas mixtures in a regime beyond the impact limit
of collisional broadening is relevant in a wide range of fields, ranging from col-
lisional redistribution laser cooling to laboratory astrophysics [1,2]. Here we
report recent spectroscopic measurements of dense rubidium-helium gas mix-
tures recorded in a pressure cell equipped with soldered sapphire optical view-
ports, where the sapphire window is bonded to a metal flange via active soldering
making use of a compound intermediate structure allowing to mediate thermally
induced stress [3]. In the gas cell, we have recorded rubidium absorption and
emission spectra subject to 250bar helium buffer gas pressure at 500K tempera-
ture. The spectra to good accuracy fulfill the Kennard-Stepanov Boltzmann-like
frequency scaling of the ratio of absorption and emission spectral profiles.

[1] U. Vogl and M. Weitz, Nature 461, (2009).

[2] E Bouhadjar et al., J. Phys. B 47 (2014).

[3] T. Ockenfels et al., Rev. Sci. Instrum. 92, 065109 (2021).

Q182 Tuel0:45 Q-HI5
Argon Trap Trace Analysis: Applications on age determination in ocean
science and stratified lakes — sYANNIS ARCK?, JuLiAN ROBERTZ', MaX-
IMILIAN SCHMIDTI’Z, DaviDp WACHSI’Z, FLORIAN MEIENBURGI’Z, WERNER
AESCHBACHZ’S, and MARKUS OBERTHALER! — 'Kirchhoff Institute for Physics,
Heidelberg, Germany — Institute of Environmental Physics, Heidelberg, Ger-
many — 3Heidelberg Center for the Environment, Heidelberg, Germany

The radioisotope > Ar serves as an environmental tracer in natural science. It is
an inert noble gas with a half-life of 269 years, thus suited for dating processes
in the age range of 50 to 1000 years. Due to the relative atmospheric abundance
of only 107", a special quantum-optical technology analysis method is required,
if the desired sample sizes should not exceed 10L of water. In Heidelberg, Ar-
gon Trap Trace Analysis (ArTTA) has emerged over the last few years to provide
major advances in applicability concerning this difficult tracer.

This is especially relevant for oceanographic studies. In summer 2021, ocean
water samples were collected during the Synoptic Artic Survey onboard the
Swedish icebreaker Oden. The aim is to investigate circulation and ventilation
patterns in combination with noble gas saturation anomalies in the central Arctic
Ocean to estimate the uptake of anthropogenic carbon. The most recently com-
pleted campaign was on the stratification of Lake Kivu, located in central Africa,
a region strongly influenced by volcanic activity. This 450 m deep lake has sev-
eral resilient stratified layers caused by subsurface groundwater and volcanic gas
intrusions. Both studies will be presented in this talk.

Q183 Tuell:00 Q-HI5
3D-Printed Fresnel Lenses for Terahertz Frequencies Using a Cyclic Olefin
Copolymer (TOPAS) — «KONSTANTIN WENZELI, SARAH KLEINZ, MARTIN
TRAUB®, JONAS MERITZ, CHRISTIAN VEDDERZ, MARTIN SCHELL1’3, BjoORN
GrosiscH', and Lars LiEBERMEISTER! — !Fraunhofer Heinrich Hertz In-
stitute, Einsteinufer 37, 10587 Berlin, Germany — 2Fraunhofer-Institute for
Laser Technology, Steinbachstrafie 15, 52074 Aachen, Germany — >Technische
Universitdt Berlin, Institut fiir Festkorperphysik, Hardenbergstrale 36, 10623
Berlin, Germany
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In recent years, the field of terahertz (THz) technology has developed rapidly.
With the improvement of transmitters and detectors, optics is in the need to
catch up. Currently, off-axis parabolic mirrors or lenses are used as focusing
THz optical-elements. Such lenses are usually manufactured from bulk materi-
als as polymers or silicon, e.g. by grinding or cutting, or by compression molding
of powders. With the advent of affordable and accurate 3D printers that utilize
fused material deposition, a flexible and readily available method for fabricat-
ing complex terahertz optical components is now available. Here, we present
two- and three-zone Fresnel lenses fabricated by a commercial 3D printer us-
ing a cyclic olefin copolymer (TOPAS). TOPAS exhibits particularly low absorp-
tion and dispersion and prints well with standard printers. We measured the
frequency-dependent beam profile of lenses up to 4 THz and the effects of fab-
rication onto the scattering. The direct comparison with traditionally manufac-
tured lenses of equal design demonstrates the potential of this fabrication tech-
nique.

Q184 Tuell:15 Q-HI15
Integration of a DSTMS based THz emitter into a fibre-coupled THz
time-domain spectroscopy system. — TiNA HESSELMANN"?, KONSTANTIN
WENZELII, ROBERT KOHLHAASI, MARTIN SCHELL1’3, BjORN GLOBISCH1’3, and
LaRrs LIEBERMEISTER' — ! Fraunhofer Heinrich Hertz Institute, Einsteinufer 37,
10587 Berlin, Germany — Berliner Hochschule fiir Technik, Luxemburger Str.
10, 13353 Berlin, Germany — 3Technische Universitit Berlin, Institut fiir Fes-
tkorperphysik, Hardenbergstrafle 36, 10623 Berlin, Germany
In recent years, Terahertz (THz) time-domain spectroscopy (TDS) has gained
relevance in science and is now established on the market. THz spectroscopy is
particularly used in contactless and non-destructive thickness measurement of
coatings. Due to their user-friendly operation, fibre-coupled THz spectrometer
are commonly utilized for such applications. By combining a fs-pulse fibre laser
with state-of-the-art semiconductor-based photoconductive antennas, these sys-
tems reach bandwidths up to 6.5 THz. However, a recently developed detector,
based on a photoconductive membrane, accomplishes an effective bandwidth of
10 THz. A fibre coupled emitter with comparable bandwidth is still needed. An
alternate approach uses non-linear optical rectification, e.g. based on DSTMS-
crystals in free space excitation, which allows for a wider bandwidth. This study
integrates a DSTMS crystal as a emitter into a fibre-coupled TDS system while
applying the novel photoconductive antenna as receiver. We find that this setup
can utilize the bandwidth of the new receiver by demonstrating a THz bandwidth
up to 9.5 THz in a fibre-coupled THz TDS-system.

Q18.5 Tuell:30 Q-H15
Highly localized field enhancement at sputter-sharpened tungsten nan-
otips — eLEON BRI“JCKNERI, Timo PASCHENI’Z, MINGJIAN WU3, ERrD-
MANN SPIECKER’, and PETER HOMMELHOEE' "Department Physik,
Friedrich-Alexander Universitit Erlangen-Niirnberg (FAU), 91058 Erlangen —
Korrelative Mikroskopie und Materialdaten, Fraunhofer-Institut fiir Keramis-
che Technologien und Systeme IKTS, 91301 Forchheim — >Department
Werkstoftwissenschaften, Friedrich-Alexander Universitit Erlangen-Niirnberg
(FAU), 91058 Erlangen
Nanotips, i.e., ultrasharp, nanometer-scale protrusions on the surface of field
emitter needle tips, are known to have intriguing properties, such as highly lo-
calized field enhancement and electron emission, and a narrow transverse energy
distribution through emission from surface states. We fabricated nanotips from
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regular tungsten needle tips via an in-situ ion sputtering technique and inves-
tigated their geometry through transmission electron microscope imaging. The
field enhancement at the nanotip is probed via laser-driven electron rescattering.
Extracting the near-field enhancement factor from the electron energy spectra
yields an increase of more than a factor of 2 compared to a regular needle tip,
i.e, 8.2 £ 0.2 as compared to 4-5. The experimental results are well reproduced
by finite-difference time-domain simulations and bode well for potential appli-
cations in strong-field physics or as electron sources for ultrafast electron mi-
croscopy.

Q18.6 Tuell:45 Q-HI5
Impact of the Raman Effect on Two-Color Compound States — «STEPHANIE
WiLLms'?, OLIVER MELCHERT">?, SURAJIT BosE>?, UWE MORGNER"">, THAR
BapusuKIN"?, and AyHaN DEMIRCAN"?> — !Cluster of Excellence PhoenixD,
Wlefengarten 1, 30167 Hannover, Germany — *Leibniz University Hannover,
Institute of Quantum Optics, Welfengarten 1, 30167, Hannover, Germany —
*Hannover Centre for Optical Technologies, Nienburger Str. 17, 30167, Han-
nover, Germany

Soliton molecules usually refer to objects, consisting of two solitons with a fixed
temporal separation, which propagate stably in a waveguide. Such molecule
states appear, e.g., in dispersion-managed fibers. Recently, a fundamentally dif-
ferent kind of soliton molecule was demonstrated: Two-color compound states.
They consist of subpulses at vastly separated center frequencies with similar
group-velocities. Therefore, a suitable propagation constant requires at least
two separate domains of anomalous dispersion. Such compound states have re-
cently been demonstrated experimentally in a mode-locked laser cavity. Here,
we demonstrate that compound states show intriguing propagation dynamics
when perturbed by the Raman effect as only one of its subpulses is restrained by
a zero dispersion point. Moreover, the generation of such two-color compound
states is difficult, since access to two incommensurable, group-velocity matched
frequencies is required. For a possible experimental realization, we propose a
self-generation scheme enabled by the Raman effect. In particular, we show that
a compound state can be generated with a single initial input frequency.

Q 19: Ultra-cold atoms, ions and BEC | (joint session A/Q)

Time: Tuesday 10:30-12:15

See A 7 for details of this session.

Location: A-H2

Q 20: Quantum Gases |

Time: Tuesday 16:30-18:30

Q20.1 Tuel6:30 P
Dissipative time crystals in an atom-cavity system — PHATTHAMON
KONGKHAMBUTl, Hans KESSLERI, Jim SKULTEI’Z, LubpwiGc MATHEYI’Z, JaysoN
G. CosMmE>, and ANDREAs HEMMERICH"? — !Institut fiir Laser-Physik, Uni-
versitdit Hamburg — “The Hamburg Center for Ultrafast Imaging — 3National
Institute of Physics, University of the Philippines
We are experimentally exploring the light-matter interaction of a Bose-Einstein
condensate (BEC) with a single light mode of an ultra-high finesse optical cavity.
The key feature of our cavity is the small field decay rate (x/2m = 4.5kHz), which
is in the order of the recoil frequency (wrec/27 = 3.6kHz). This leads to a unique
situation where cavity field evolves with the same timescale as the atomic distri-
bution. If the system is pumped with a steady state light field, red detuned with
respect to the atomic resonance, the Dicke model is implemented. Starting in
this self-ordered density wave phase and modulating the amplitude of the pump
field, we observe a dissipative discrete time crystal, whose signature is a robust
subharmonic oscillation between two symmetry-broken states [1]. Modulation
of the phase of the pump field give rise to an incommensurate time crystalline
behaviour [2-3]. For a blue-detuned pump light with respect to the atomic res-
onance, we propose an experimental realization of limit cycles. Since the model
describing the system is time-independent, the emergence of a limit cycle phase
heralds the breaking of continuous time-translation symmetry. [1] H. Kefler et
al,, PRL, 127, 043602 (2021). [2] J. G. Cosme et al., PRA 100, 053615 (2019). 3]
P. Kongkhambut et al., arXiv:2108.11113.

Q20.2 Tuel6:30 P
Far-from-equilibrium dynamics of the sine-Gordon model — <PHILIPP
HEINEN, ALEKSANDR MIKHEEV, and THOMAS GASENZER — Kirchhoff-Institut
fiir Physik, Universitit Heidelberg
The sine-Gordon (SG) model, a quantum field theory with a cosine interac-
tion potential, has applications in numerous fields of physics. In the context
of condensed-matter physics it is particularly well known because it provides a
dual description to quantum vortex ensembles. We have studied the far-from-
equilibrium dynamics of the SG model both analytically and numerically and
show that it exhibits universal dynamics in the vicinity of a non-thermal fixed
point (NTFP), which has been described previously for other models. However,
we here find an anomalously small temporal and anomalously large spatial scal-
ing exponent. We attribute these to the interaction vertices of arbitrary high
order that are present in the SG action.

Q20.3 Tuel6:30 P
Wilsonian Renormalization in the Symmetry-Broken Polar Phase of a Spin-1
Bose Gas — ¢NIKLAS RASCH, ALEKSANDR MIKHEEV, and THOMAS GASENZER
— Kirchhoff-Institut fiir Physik, Universitat Heidelberg, Germany
Wilsonian renormalization group theory (WRG) is applied to the spin-1 Bose
gas both in the thermal and in the symmetry-broken polar phase. WRG is em-
ployed in a 1-loop perturbative expansion. In the thermal phase all relevant flow
equations are derived and analysed for their fixed-point behaviour and critical
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exponents. To describe the thermal phase transition, the symmetry is broken ex-
plicitly and flow equations in the polar phase are computed including the renor-
malization of the condensate density. A general scheme is established for investi-
gating the flow equations in a cut-off independent manner at fixed macroscopic
density. We find cut-off independent critical temperatures as well as the de-
crease in condensate density towards criticality and predictions for the conden-
sate depletion. Nevertheless, anomalous scaling is observed in most couplings
impeding convergence and physical predictions. This is overcome by introduc-
ing anomalous couplings for the temporal and spatial derivatives for which ad-
ditional flow equations are derived. Including them leads to the disappearance
of cut-off dependencies and predictions for all couplings.

Q204 Tuel6:30 P
Shell-shaped dual-component BEC mixtures — e ALEXANDER WoLE!, PATRICK
BOEGELZ, MATTHIAS MEISTERI, ANTUN BALA23, NACEUR GAALOUL4, and
Maxim Erremov? — !Institute of Quantum Technologies, German Aerospace
Center (DLR), 89077 Ulm, Germany — *Institut fiir Quantenphysik and Center
for Integrated Quantum Science and Technology (IQST), Universitidt Ulm, 89081
Ulm, Germany — *Institute of Physics Belgrade, University of Belgrade, 11080
Belgrade, Serbia — “Institut fiir Quantenoptik, Leibniz Universitat Hannover,
30167 Hannover, Germany
Since the launch of NASA’s Cold Atom Lab there have been ongoing efforts to cre-
ate shell-shaped Bose-Einstein condensates (BECs) in microgravity. The exper-
imental realization is based on radio-frequency (rf) dressing which, however, is
intrinsically sensitive to typical inhomogeneities of the involved magnetic fields.
A fully closed shell of Bose-Einstein condensed atoms is therefore yet to be cre-
ated.

Motivated by this experimental challenge, we propose an alternative approach
[1] based on dual-component BEC mixtures where one component forms a shell
around the other due to a repulsive inter-component interaction. We find that
the mixture shows similar signatures in its collective excitation spectrum at the
transition between a filled sphere and a hollow sphere as the rf-dressed BEC but
offers additional benefits such as the conservation of the shell structure during
the free expansion dynamics.

[1] A. Wolf et al. arXiv 2110.15247 (2021).

Q20.5 Tuel6:30 P
A Digital Micromirror Device setup for the simulation of spatially curved
spacetimes in a two-dimensional BEC — MARIUS SPARN, CELIA VIERMANN,
Maurus HaNs, NIKOLAS LIEBSTER, ¢ELINOR KATH, HELMUT STROBEL, and
MAaRkUs OBERTHALER — Kirchhoff Institut fir Physik, University of Heidel-
berg, Germany
Analog quantum simulation on a cold atom platform can be used to study a wide
variety of cosmological effects like Hawking or Unruh radiation in thelab [1]. We
present an implementation which allows for simulation of quantum fields in arbi-
trarily curved spacetimes in 2+1 dimensions. In our potassium-39 Bose-Einstein
condensate the mean field background density determines the spacetime for the
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quantum field of phononic excitations. Different spatial curvatures can be sim-
ulated by preparing the corresponding density profile. This is implemented with
the help of a Digital Micromirror Device (DMD), which precisely shapes the in-
tensity profile of a blue detuned dipole trap within the two-dimensional plane.
This allows for arbitrary density profiles and their manipulation during an ex-
pansion of the metric, which is implemented by a change of the atomic interac-
tion strength. [1] Jiazhong Hu et al., Nature 15, 785-789 (2019).

Q20.6 Tuel6:30 P
Fluctuations effects in many body self-organization in a dissipative cavity —
eLUISA TOLLEI, CATALIN-MIHAI HALATIZ, AMENEH SHEIKHANI, and CORINNA
KorLata' — 'PI, University of Bonn, Germany — ZDQMP, University of
Geneva, Switzerland
The complexity of open interacting many body quantum systems makes it very
appealing to gain control over the quantum states to tailor the properties of the
system.

We investigate many body dynamics of the self ordering phase transition
present in quantum matter coupled to quantum light. Theoretically, we con-
sider ultracold interacting fermionic atoms on a chain coupled to the field of a
dissipative cavity. The model features many competing energy scales, from the
atomic short-range interaction to the global coupling to the cavity mode and the
interplay with an external bath through photon losses.

To study the steady states and self-ordering processes, we developed a quasi-
exact numerical method based on time dependent matrix-product state meth-
ods that is able to capture the full dynamics of the complex atoms-cavity coupled
system. The newly elaborated method allows to treat a short range interacting
quantum many-body system coupled to a lossy bosonic mode and can poten-
tially be adapted to a broad range of systems.

With this method, going beyond the mean field level, we are able to investi-
gate the influence of fluctuations on the coupling between atoms and cavity field
and observe the transition to a density modulated phase between mixed states at
finite temperature.

Q20.7 Tuel6:30 P
Comparing Interacting and Non-Interacting Fermions in Topological Syn-
thetic Ladder Systems — sMARCEL Diem"?, KOEN SPONSELEE"?, BENJAMIN
ABELNI'Z, NEJIRA PINTULI’Z, ToBI1AS PETERSENI’Z, Kraus SENGSTOCKI’Z, and
Curistop Becker'” — ! Center for Optical Quantum Technologies, Univer-
sity of Hamburg, Hamburg, Germany — *Institute for Laser Physics, University
of Hamburg, Hamburg, Germany
Ultracold quantum gases of neutral atoms have been established as an excellent
platform for quantum simulation including non-trivial topological systems due
their ability to invoke artificial gauge fields and mimic the physics of charged
particles in strong magnetic fields.

Here, we present experimental results on two ultracold fermionic ytter-
bium isotopes in topologically non-trivial lattices. One isotope, 171Yb, is non-
interacting, whereas the isotope '7>Yb interacts repulsively. We study their be-
havior in synthetic two-dimensional ladder systems, comprised of a 1D lattice
in real space, and a synthetic dimension spanned by two mp states coupled by
Raman beams.

In these ladder systems, the Raman beams impart momentum on the atoms,
which results in a coupling between the spin and orbit degrees of freedom, anal-
ogous to the effect of a real magnetic field on charged particles.

We measure chiral edge currents and compare interacting and non-interacting
systems. Our work paves the way towards a better understanding of the effect of
interactions in non-trivial topological systems.

This work has been supported by the DPG within SFB 925.

Q20.8 Tuel6:30 P
FermiQP: A Fermion Quantum Processor — ¢JANET QESjA, MAXIMILIAN
SCHATTAUER, IMMANUEL BLOCH, TIMON HILKER, and PHILIPP PREISS — Max
Planck Institute of Quantum Optics, Hans-Kopfermann-Str. 1, 85748 Garching
FermiQP aims to develop a quantum processor based on ultracold fermionic
Lithium gas operable in two modes. The analogue quantum gas microscopy
mode will be using the fermionic nature of 6Li to perform quantum simula-
tions relevant for quantum material research. The digital mode will enable quan-
tum computation using spin qubits manipulated by laser-driven single qubit and
superlattice-based global 2-qubit gates allowing for universal programming. The

demonstrator will have a single chamber design with a first 2D MOT capture
stage and a second 3D MOT cooling stage. On this poster, we present the design
of the vacuum system, the laser system, and the MOTs.

Q209 Tuel6:30 P
A high-resolution imaging system for quantum simulation experiments —
eMicHA BUNJES, ToBiAS HAMMEL, MAXIMILIAN KAISER, PHILIPP PREISS, SE-
LIM JocHIM, and MATTHIAS WEIDEMULLER — Physikalisches Institut, Univer-
sitdt Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg (Germany)
Detecting ultracold Lithium-6 atoms in a new setup for quantum simulations re-
quires a high-resolution imaging setup to resolve and manipulate single atoms,
and to image versatile optical dipole traps.

For this we design a system including a high NA objective, featuring diffrac-
tion limited broadband performance, a large field of view, and an external back
focal plane to retroreflect a collimated MOT beam. Characterizing this system
in detail allows us to improve its performance even further and counteract aber-
rations.

Further we are developing a mounting structure, enabling a passive alignment
relative to the imaging objective while maintaining good optical access. Addi-
tionally, the mounting around the vacuum viewports is designed to support a
modular approach for any optics near the atoms, improving the flexibility of the
experiment.

Q20.10 Tuel6:30 P
Pairing in a Mesoscopic 2D Fermi Gas — ¢KEERTHAN SUBRAMANIAN, MAR-
VIN HOLTEN, LucA BAYHA, SANDRA BRANDSTETTER, CARL HEINTZE, PHILIPP
LuNT, PHILIPP PREISS, and SELIM JocHIM — Physikaliches Insitut, Universitat
Heidelberg
Pairing in fermionic systems occurs at different length scales from Nuclei to con-
densed matter systems to neutron stars. The behavior of such disparate systems
spanning several orders of magnitude in size can be understood by considering
competing energy scales in the system - Fermi energy, confinement energy and
Interaction energy - and their relation. In this poster we present a pristine model
system with control over each of these energy scales.

Working in the few-body limit we deterministically prepare low entropy,
closed shell configurations of fermionic 6Li atoms in a 2D harmonic oscillator
potential. With a Feshbach resonance we tune the interaction energy and control
how it relates to the other energy scales in the system. We observe the precursor
of the many-body Normal-Superfluid quantum phase transition and the associ-
ated Higgs mode with interaction modulation spectroscopy. Spin-resolved mi-
croscopy of such a system reveals the formation of Cooper pairs in momentum
space as interaction energy is tuned in the system.

Future directions including microscopy of such systems in position space with
a matterwave microscope and spin-imbalanced systems are presented.

Q20.11 Tuel6:30 P
Mesoscopic Fermion Systems in Rotating Traps — <JOHANNES REITER,
PuiLipp LUNT, PauL HiLL, D1aANA KORNER, PHILIPP PREISS, and SELIM JOCHIM
— Physikalisches Institut, Universitit Heidelberg, Im Neuenheimer Feld 226,
69120 Heidelberg, Germany
Ultracold atomic gases in rotating traps enable the study of integer and fractional
quantum Hall physics with unprecedented control of the systems’ properties [1].

In order to access the microscopic level of strongly correlated quantum Hall
states we build on our previously established experimental methods - the de-
terministic preparation of ultracold SLi few Fermion systems in low dimensions
[2,3], as well as local observation of their correlation and entanglement proper-
ties on the single atom level [4].

Here, we present current experimental progress and theoretical simulations
on the adiabatic preparation of mesoscopic Fermion systems in rapidly rotat-
ing optical potentials. Experimentally, we achieve rotation by interference of a
Gaussian and Laguerre-Gaussian mode via a spatial light modulator. Theoret-
ically, we utilize efficient diagonalization methods to study few strongly inter-
acting Fermionic atoms where analytical solutions are unfeasible and statistical
methods are not yet applicable. In particular, we showcase the elaborate optical
setup with first experimental results and present the numerical calculations.

[1] Palm et al. New J. Phys. 22 083037 (2020) [2] Serwane et al. Science
332 (6027), 336-338 (2011) [3] Bayha et al. Nature 587, 583-587 (2020) [4]
Bergschneider et al. Nat. Phys. 15, 640-644 (2019)

Q 21: Ultracold Atoms and Plasmas (joint session Q/A)

Time: Tuesday 16:30-18:30

Q21.1 Tuel6:30 P
Controlling multipole moments of magnetic chip traps — «ToB1as LIEB-
MANN and REINHOLD WALSER — Institute of Applied Physics, TU Darmstadt,
Hochschulstr. 4a, 64289 Darmstadt, Germany
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Magnetic chip traps are a standard tool for trapping atoms [1, 2]. These are ro-
bust devices with multiple fields of use ranging from fundamental physics experi-
ments [3] to applications of inertial sensing [2]. While magnetic traps do provide
good confinement potentials, they are not perfectly harmonic. In particular, they
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do exhibit cubic anharmonicities. In this contribution, we discuss a method for
designing printable two-dimensional wire guides which compensate unfavorable
multipole moments. Parametrizing a wire shape with suitable basis functions al-
lows us to calculate the magnetic induction field using the Biot-Savart law from
Magnetostatics. This enables us to control the multipole moments in proximity
to the trap minimum.

[1] J. Reichel, and V. Vuletic, eds. Atom chips (John Wiley & Sons, Weinheim,
2011).

[2] M. Keil, et al., Fifteen years of cold matter on the atom chip: promise, realiza-
tions, and prospects, Journal of Modern Optics 63, 1840 (2016).

[3] D. Becker, et al., Space-borne Bose-Einstein condensation for precision inter-
ferometry, Nature 562, 391 (2018).

Q212 Tuel6:30 P
Optical zerodur bench system for the BECCAL ISS quantum gas exper-
iment — e¢FARUK ALEXANDER SELLAMII, JEAN PIERRE MARBURGERI, Es-
THER DEL PINO ROSENDOI, ANDRE WENZLAWSKII, ORTWIN HELLMIGz,
Kraus SENGSTOCKZ, PATRICK WINDPASSINGERI, and THE BECCAL
TEAMD>4>6789101L __ 1net i Physik, JGU Mainz — “ILP, UHH — *Inst.
fiir Physik, HUB — *FBH, Berlin — °IQ & IMS, LUH — ®ZARM, Bremen —
Z}nst. fiir Quantenoptik, Univ. Ulm — 8DPG-SC — *DPG-SI — °DPG-QT —

OHB

BECCAL is a NASA-DLR collaboration, which will be a facility for the study of
Bose Einstein Condensates consisting of potassium and rubidium atoms in the
microgravity environment of the International Space Station (ISS). An essential
component of the apparatus is the optical system, which takes over laser light
distribution and frequency stabilization for several light fields. To ensure this,
all system components must for instance be able to cope with vibrations during
rocket launch and temperature fluctuations during the campaign. To this end,
we are using and extending a toolkit based on the glass-ceramic Zerodur, that
has already successfully been used on numerous space missions, like FOKUS,
KALEXUS or MAIUS. This poster discusses the optical modules developed for
BECCAL. Our work is supported by the German Space Agency DLR with funds
provided by the Federal Ministry for Economic Affairs and Energy (BMWi) un-
der grant number 50 WP 1433, 50 WP 1703 and 50 WP 2103.

Q21.3 Tuel6:30 P
Improved Laser System for Optical Trapping of Neutral Mercury — «RUDOLE
HomM, TATJANA BEYNSBERGER, and THOMAS WALTHER — Technische Uni-
versitdt Darmstadt, Institut fiir Angewandte Physik, Laser und Quantenoptik,
Schlossgartenstrafle 7, 64289 Darmstadt
Cold Hg-atoms in a magneto-optical trap offer opportunities for various exper-
iments. The two stable fermionic isotopes are interesting with regard to a new
time standard based on an optical lattice clock employing the 'S, - 3P0 transi-
tion at 265.6 nm. The five stable bosonic isotopes can be used to form ultra cold
Hg-dimers through photo-association in connection with vibrational cooling by
applying a specific excitation scheme.

The laser system consists of an MOFA-Setup at 1014.8 nm followed by two
consecutive frequency-doubling stages. Due to a new high-power diode and a
50 W-pump laser at 976 nm the fundamental power was amplified up to 12 W.
This results in up to 5 W at 507.4 nm after the first frequency-doubling cavity.

The limiting factor in generating high power at 253.7 nm so far, was the degra-
dation of the non-linear BBO-crystal used in the second frequency-doubling
stage. To avoid this problem, we developed and tested a cavity with elliptical
focusing [1,2]. This new cavity produces over 700 mW at 253.7 nm without a
sign of degradation. We will report on the status of the experiments.

[1] Preifiler, D., et al., Applied Physics B 125 (2019): 220

[2] Kiefer, D., et al., Laser Physics Letters 16 (2019): 075403

Q214 Tuel6:30 P
Generation of time-averaged potentials using acusto-optical deflectors —
*VERA VOLLENKEMPER, HENNING ALBERS, SEBASTIAN BODE, ALEXANDER
HERBST, KNUT STOLZENBERG, ERNST M. RASEL, and DENNIS SCHLIPPERT — In-
stitute of Quantum Optics, Leibniz University Hannover, Welfengarten 1, 30167,
Hannover, Germany
The production of degenerated quantum gases in optical dipole traps is a corner-
stone of many modern experiments in atomic physics. To achieve ultracold tem-
peratures evaporative cooling is commonly used. However, the long timescales
of a few seconds for conventional evaporative cooling represent a bottleneck for
many applications like inertial sensors, where high repetition rates are essen-
tial. Time-averaged optical potentials are a technique to shorten these timescales
and therefore significantly increasing the repetition rate. Among other methods,
these potentials can be implemented using an 2D acusto-optical deflector (AOD)
modulating the trapping laser beam. Due to the nonlinearity of the AOD the in-
put frequency ramps are not exactly imprinted on the beam and therefore the
exact form of the potential in the trap is unknown. To investigate the resulting
shape of the trapping potential a test stand was set up. We test the influence of
different RF-sources, lens systems and modulation techniques. The generated
trap geometries are analyzed using a large beam profiling camera. We compare

130

the measured potentials and frequency ramps imprinted on the laser beam to
the theoretically expected ones.

Q215 Tuel6:30 P
A first two-dimensional magneto-optical trap for dysprosium — «JIANSHUN
GAO, CHRISTIAN GOLZHAUSER, KARTHIK CHANDRASHEKARA, JOSCHKA
SCHONER, VALENTINA SALAZAR SILVA, LENNART HOOENEN, SHUWEI JIN, and
LAuriaANE CHOMAZ — Physikalisches Institut der Universitdt Heidelberg, Im
Neuenheimer Feld 226, 69120 Heidelberg, Germany
Ultracold atoms offer an ideal platform to explore new quantum phenomena due
to their great experimental controllability and a high degree of isolation. Being
the most magnetic element, dysprosium presents not only a tunable short-range
contact interaction but also a competing isotropic long-range dipole-dipole in-
teraction. Making use of this competition, novel many-body quantum states
were discovered, including liquid-like droplets, droplet crystals, and most re-
cently supersolids. Our new group, Quantum Fluids, at Heidelberg University is
designing a novel compact experimental set-up which will be based on the first
two-dimensional magneto-optical trap (2D-MOT) to produce a high-flux beam
of slow dysprosium atoms, instead of the more standard Zeeman slower design.
Additionally, combining a crossed-optical dipole trap, a tuneable accordion lat-
tice optical trap, a tailorable in-plane trap, and a tunable magnetic environment,
will give us a great opportunity to investigate many-body phenomena occurring
in dipolar gases confined in two-dimensional spaces. At the Erlangen 22 confer-
ence, I would like to present the design and implementation of our 2D-MOT.

Q21.6 Tuel6:30 P

A modular optics approach for a new quantum simulation apparatus
— VIVIENNE LEIDELI, MALAIKA GGRITZI, MARLENE MATZKEI, ToBiAs
HAMMELI, MAXIMILIAN KAISERI, PHILIPP PREISSZ, SELIM ]OCHIMI, and
MATTHIAS WEIDEMULLER' — 1Physikalisches Institut, Universitat Heidelberg,
Im Neuenheimer Feld 226, 69120 Heidelberg (Germany) — *Max Planck Insti-
tute of Quantum Optics, Hans-Kopfermann-Str. 1, 85748 Garching (Germany)
In order to conduct quantum simulation with ultracold trapped Lithium-6
atoms, a multitude of optical elements is needed. By dividing our setup into
modules that can be easily moved and exchanged, we hope to become more
efficient both in implementing new setups and tweaking existing ones. Addi-
tionally, reducing degrees of freedom as much as possible will yield more stable
alignments.

Examples for this passive stability are our double pass modules for acousto-
optic modulators, which are used to detune a cooling and a repumping beam.

The first cooling stage of the experiment is a 2D-MOT. As available laser power
is crucial for a fast loading rate, we use a bowtie configuration and prepare flat-
top beam profile using an optical diffuser. We use a high-power TA-SHG laser
system providing 1W of laser power.

This Laser is locked to the Lithium-6 D2 transition using a modulation trans-
fer scheme to ensure minimal drifts in frequency.

Q21.7 Tuel6:30 P
Erbium-Lithium: Towards a new mixture experiment — FLORIAN KIESEL,
ALEXANDRE DE MARTINO, and CHRISTIAN GRoOss — Eberhard Karls Univer-
sitdt Tibingen, Physikalisches Institut, Auf der Morgenstelle 14, 72076 Tiibingen
Ultra cold fermions can not be cooled below 10% of the Fermi temperature ef-
ficiently. Sympathetic cooling with a classical gas as an entropy reservoir may
provide a new direction to overcome the current limit. Testing this approach, we
are building a new two species ultra cold quantum gas experiment. Its goal is to
overlap fermionic lithium and bosonic erbium using a dipole trap at a tune-out
wavelength. Doing this, we are planning to trap and cool both species sepa-
rately. Transporting the atoms into the science chamber will be done optically,
but aided by magnetic levitation. In the course of this, a transport distance of up
to 1 m has to be demonstrated. The following sympathetic cooling by an inten-
tionally kept classical erbium gas of the lithium cloud, enables to overcome the
limiting factor of exponentially rising thermalization time of spin-mixture cool-
ing. There, the great mass imbalance does not only help to cool lithium more
efficiently, but it also gives rise to the chance of exploring polaron and impurity
physics. In the future using the interspecies Feshbach resonances, this mixture
could allow to exhibit in process cooling of qubits to stabilize long sequences of
gate operations.

Q21.8 Tuel6:30 P
Simulating atom dynamics in grating magneto-optical trap — eAADITYA
MISHRAI, HENDRIK HEINEI, JosEPH MUCHOVO , WALDEMAR HERRI’Z, CHRIS-
TIAN SCHUBERTI’Z, and ErnsT M. RaseL' — !Institut fiir Quantenoptik, Leib-
niz Universitit Hannover — “Deutsches Zentrum fiir Luft- und Raumfahrt e. V.
(DLR), Institut fiir Satellitengeodisie und Intertialsensorik, c/o Leibniz Univer-
sitdit Hannover, DLR-SI, Callinstr. 36, D-30167 Hannover, Germany
Ultracold atoms provide exciting opportunities in precision measurements using
atom interferometers, quantum information and testing fundamental physics.
Grating magneto-optical traps (MOTs) in conjunction with atom chips provide
an efficient and compact source of cold atoms. However, experimentally tuning
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the gMOT parameters for trapping maximum number of atoms is rather chal-
lenging, given the laborious installation of several microfabricated test gratings
and re-establishing the ultra-high vacuum required for trapping.

In this poster, I will present a computational simulation of atom dynamics
emerging from atom-light interactions, as well as gMOT parameter optimiza-
tion for atom cooling and trapping. This is useful for quick analysis of various
design techniques for gMOTs and atom chips.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the Federal Ministry for Economic Affairs and Energy (BMWi) due to
the enactment of the German Bundestag under grant number DLR 50WM1947
(KACTUS-1I), DLR 50RK1978 (QCHIP) and by the German Science Foundation
(DFG) under Germany’s Excellence Strategy (EXC 2123) "QuantumFrontiers".

Q219 Tuel6:30 P
Point-spread-function engineering for 3D atom microscopy — ¢TANGI
LEGRANDI, CARRIE ANN WEIDNERZ, BriaN BERNARD3, GAUTAM RAMOLAI,
RICHARD WINKELMANNI, DIETER MESCHEDEI, and ANDREA ALBERTI' —
Institut fiir Angewandte Physik der Universitit Bonn, Bonn, Germany —
2Department of Physics and Astronomy, Aarhus University, Aarhus, Denmark
— *Ecole normale supérieure Paris-Saclay, Gif-sur-Yvette, France
Quantum gas microscopes can resolve atoms trapped in a 3D optical lattice down
to the single site in the horizontal plane. Along the line of sight, however, a
much lower resolution is achieved when the position in this direction is inferred
from the defocus. It is shown how phase-front engineering can be used to detect
atoms’ positions with submicrometer resolution in the three dimensions using
a single image acquisition. By means of a spatial light modulator, we imprint a
phase modulation in the Fourier plane of the imaging system, resulting in a su-
perposition of Laguerre-Gaussian modes at the camera. As a result, the so-called
point spread function of the imaging system exhibits a spiraling intensity distri-
bution along the line of sight. The angle of the spiraling distribution encodes the
position in the third dimension. As a proof of concept, we set up an optical ex-
periment reproducing the conditions of a quantum gas microscope. The choice
and optimization of the mode superposition and an implementation scheme for
Bonn’s quantum walk setup is discussed. This method can find applications in
other quantum gas experiments to extend the domain of quantum simulation
from two to three dimensions.

Q21.10 Tuel6:30 P
Development of a laser system for Hg-photoassociation — ¢TATJANA BEYNS-
BERGER, RuDOLF HomMm, and THOMAS WALTHER — Technische Universitit
Darmstadt, Institut fiir Angewandte Physik, Laser und Quantenoptik, Schloss-
gartenstrafle 7, 64289 Darmstadt
The trapping of cold Hg-atoms in magneto-optical traps in combination with the
fact that Hg consists of stable fermionic and bosonic isotopes provides the oppor-
tunity for a number of different experiments. For the two fermionic isotopes the
'S, —3P,, transition could prove valuable for defining a new time standard based
on an optical lattice clock. A matter of particular interest for the bosonic iso-
topes is the formation of ultra cold Hg-dimers via photoassociation, where two
colliding atoms absorb a photon to form an excited molecule, and subsequent
vibrational cooling employing a specific excitation scheme. A laser system to be
used for photoassociation needs to fulfill certain requirements, namely a narrow
line width and sufficient power while also being tunable. The photoassociation
laser system, when finished, consists of an interference filter-stabilized external
cavity diode laser with an emission at 1016.4 nm, a tapered amplifier, and two
consecutive frequency-doubling stages, the latter includes a cavity with elliptical
focus designed to reduce crystal degradation. Our goal is to achieve several tens
of milliwatt for the frequency-quadrupled light. We will report on the current
status of the laser system.

Q21.11 Tuel6:30 P
A Compact Optical Lattice Quantum Simulator for Random Unitary Observ-
ables — ¢NAMAN JAIN and PHILIPP PREISS — Max Planck Institute of Quantum
Optics, Garching, Germany
The recent advances in probing complex quantum many-body systems at the
level of single constituents allow us to pose incisive questions regarding the dy-
namics of such systems. Combining approaches from quantum information the-
ory with state-of-the-art quantum simulation techniques may lead to new ways
of characterizing itinerant quantum systems more generally. We pursue this in
our project UniRand by realizing a new, widely applicable approach to measur-
ing global quantum state properties in a system of ultracold atoms in an optical
lattice - using random unitary operations. The strategy promises an entirely new
toolbox for state characterization and device verification. To this end, we are de-
veloping a new, compact apparatus for the preparation of small-scale fermionic
quantum gases in optical lattices with short cycle times. The design features a 2D
MOT atomic source, a nanocoated glass cell and high-resolution imaging. Here,
we report on the progress of this new experimental setup.
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Q21.12 Tuel6:30 P
Towards hybrid quantum systems of ultracold Rydberg atoms, photonic and
microwave circuits at 4 K — «CeEDRIC WIND, JuLIA GAMPER, HANNES BUSCHE,
and SEBASTIAN HOFFERBERTH — Institut fiir Angewandte Physik, Universitat
Bonn, Germany
The strong interactions of ultracold Rydberg atoms can be exploited not only
for neutral atom quantum computing and simulation, but also to implement a
growing toolbox of nonlinear single photon devices in Rydberg quantum optics
(RQO). Following demonstrations of e.g. single photon sources, optical transis-
tors, or quantum gates, it is our goal to bring RQO closer to practical applications
by realizing networks of such devices “on-a-chip”. Moreover, as Rydberg atoms
couple strongly to microwaves, RQO provides a promising route towards optical
read-out of superconducting qubits, e.g. in combination with electromechanical
oscillators. However, unlike most experiments with ultracold Rydberg atoms to
date, all these applications require cryogenic temperatures to suppress thermal
noise.

Here, we present our progress towards a closed-cycle cryogenic ultracold atom
apparatus that will allow us to trap and manipulate atoms near integrated pho-
tonic chips and microwave circuits. Besides reduced thermal noise, we also ex-
pect that the improved vacuum due to cryo-pumping eliminates the need to bake
the system and allows for a rapid sample exchange. The cryogenic environment
should also suppress blackbody-induced decay of Rydberg excitations, a major
limitation in quantum simulation and information processing applications.

Q21.13 Tuel6:30 P

Autler-Townes spectroscopy of Rydberg ions in coherent motion —
«ALEXANDER SCHULZE—MAKUCHI, JonaAs VOGELI, MARIE NIEDERL}&NDERI,
BASTIEN GELYl’Z, AREZOO MOKHBERII, and FERDINAND SCHMIDT-KALER™
— IQUANTUM, Institut fiir Physik, Universitdt Mainz, D-55128 Mainz, Ger-
many — 2ENS Paris-Saclay, 91190 Gif-sur-Yvette, France — >Helmholtz-Institut
Mainz, D-55128 Mainz, Germany
The exaggerated polarizability of Rydberg atoms and ions has led to significant
interest in the cold atom and ion community. Due to their enhanced electric field
sensitivity, electric kicks on a Rydberg ion result in large state dependent forces
which can be used to generate entanglement in a multi-ion crystal in the sub-us
timescale [1]. We use electric kicks to excite a Rydberg ion into a coherent mo-
tional state. Observing now the Stark shift in the Rydberg spectrum allows for
the determination of the state polarizability. By microwave-coupling Rydberg
nS and mP states, with opposite sign of polarizability, we aim for dressing the
state and engineering the polarizability. We present Autler-Townes spectroscopy
measurements with a single trapped ion probing thermal and coherent motional
excitations in the trapping fields, and eventually the engineering of the effective
polarizability, important for gate operations [2].

[1] Vogel et al., Phys. Rev. Lett. 123, 153603 (2019)
Nature 580, 7803 (2020)

[2] Zhang et al,,

Q21.14 Tuel6:30 P

Towards the formation of ultracold ion-pair-state molecules — ¢«MARTIN
TRAUTMANN, ANNA SELZER, LUKAS MULLER, MICHAEL PEPER, and JOHANNES
DEIGLMAYR — Leipzig University, Department of Physics and Geosciences,
04103 Leipzig, Germany
Recently it was proposed that a gas of long-range Rydberg molecules (LRM) may
be converted into a gas of ultracold molecules in ion-pair states (UMIPS) by
stimulated deexcitation [1,2]. UMIPS may facilitate the creation of a strongly
correlated plasma with equal-mass charges [3], a system hitherto unavailable for
laboratory studies, and provide a source of ultracold anions, e.g. for the sym-
pathetic cooling of anti-protons [4]. To explore the proposed route towards the
creation of UMIPS, we first create a gas of Cs, LRMs using photoassociation
(PA). By referencing the PA laser to an atomic spectroscopy via an electronic-
sideband-locked transfer cavity, we can stabilize the PA lasers frequency to ar-
bitrary molecular resonances with frequency fluctuations of less than 0.3 MHz
per day. To drive the transition towards UMIPS, we have set up a pulsed Mid-
IR laser with pulse energies around 1 mJ and a transform-limited bandwidth of
130 MHz. This improved spectroscopic setup will be presented together with the
current status of our experiments.

[1] M. Peper, J. Deiglmayr, J. Phys. B 53, 064001 (2020) [2] E Hummel et al.,
New J. Phys. 22, 063060 (2020) [3] E Robicheaux et al., J. Phys. B 47, 245701
(2014) [4] C. Cerchiari et al., Phys. Rev. Lett. 120, 133205 (2018)

Q21.15 Tuel6:30 P
Towards a photonic phase gate using stationary light polaritons —
«LORENZ LUGERI, ANNIKA TEBBENI, Epuarp J. BRAUNI, TrTus FRANZI,
MAXIMILIAN MULLENBACHI, ANDRE SALZINGERI, SEBASTIAN GEIERI,
CreMENT HANAUT"?, GERHARD ZURN', and MATTHIAS WEIDEMULLER' —
1Physikadisches Institut, Im Neuenheimer Feld 226 — 2Université Lille, CNRS,
UMR 8523 -PhLAM- Physique des Lasers, Atomes et Molécules, Lille, France
We work towards a photonic phase gate where a target photon experiences a
phase shift of pi depending on the presence of a control photon. By using quan-
tum states, a superposition of atomic coherences and electromagnetic light fields,
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we take advantage of the long storage times of atomic coherences and the fast
transport properties of light fields. The light fields couple an atomic ground state
to a long-lived Rydberg state where the fields are chosen such that no short-lived
excited states are populated. These quantum states are called dark state polari-
tons and we incorporate a so-called stationary light polariton where these dark
state polaritons are coupled. We aim to achieve a mode coupling like that of

a Bragg grating with sharp transmission resonances by finding particular field
parameters. In presence of a Rydberg excitation, called Rydberg impurity, the
coupling is modified, leading to reflection of an incoming target probe field. By
using a Sagnac interferometer this switch between transmission and reflection is
transformed in a photonic pi phase gate.

Q 22: Precision Measurements and Metrology I (joint session Q/A)

Time: Tuesday 16:30-18:30

Q221 Tuel6:30 P
Towards dual species interferometry in space: MAIUS-B laser system —
«PAWEL ARCISZEWSKII, Kraus DGRINGSHOFFI, AcHIM PETERsl, and THE
MAIUS Teamb>>*% _ Hnstitut fiir Physik, Humboldt-Universitat zu Berlin —
?Ferdinand-Braun-Institut gGmbH, Leibniz-Institut fiir Hochstfrequenztech-
nik, Berlin — 3ZARM, Zentrum fiir Angewandte Raumfahrttechnologie und
Mikrogravitation, Bremen — *Institut fiir Physik, JGU Mainz — SIQO, Leibniz
Universitdt Hannover
The first production of a space-borne BEC carried out during the MAIUS-1
sounding rocket mission in January 2017 paved the way for more advanced ex-
periments with an ultra-cold matter in space. The goal of upcoming MAIUS-
2 and MAIUS-3 missions is to perform dual-species interferometry onboard a
sounding rocket to investigate the weak equivalence principle.

To make that possible a new laser system was developed. The designed equip-
ment can provide the light needed for simultaneous laser cooling of rubidium
and potassium and further stages used in atom interferometry experiments.
Moreover, the system has to be robust and reliable to meet the demands of a
sounding rocket mission.

We report on the current status of the system, its assembly process, and used
technologies as well, as tests carried out to assure the equipment can face the
present needs of the mission.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the Federal Ministry of Economics and Technology (BMWi) under
grant number 50WP1432.

Q222 Tuel6:30 P
Third-order atomic Raman diffraction in microgravity — SABRINA
HARTMANNI, JENS ]ENEWEINI, SVEN ABEND4, ALBERT ROURAZ, and ENNO
Giese™* — 'Institut fiir Quantenphysik and Center for Integrated Quantum
Science and Technology (IQST), Universitit Ulm — 2Institut fiir Quantentech-
nologien, DLR — *Institut Angewandte Physik, TU Darmstadt — *Institut fiir
Quantenoptik, Leibniz Universitdt Hannover
Large-momentum-transfer (LMT) applications such as sequential pulses,
higher-order Bragg diffraction and Bloch oscillations are essential tools to in-
crease the enclosed area of an atom interferometer and thus, its sensitivity. How-
ever up to now only sequential pulses have routinely been employed with Raman
diffraction.

We show theoretically [1] that double Raman diffraction [2,3] enables third or-
der diffraction. We compare the process to a sequence of first-order pulses with
the same total momentum transfer and demonstrate that third-order diffraction
gives higher diffraction efficiencies for ultracold atoms. Hence, it is a compet-
itive tool for atom interferometry with BECs in microgravity which increases
the momentum transfer by a factor of six. Moreover, it allows us to reduce the
complexity of the experimental setup and the total duration of the diffraction
process.

The QUANTUS project is supported by the German Aerospace Center (DLR)
with funds provided by the Federal Ministry of Economics and Energy (BMW1i)
under grant number 50WM1956 (QUANTUS V).

[1] PRA 102, 063326 (2020). [2] PRA 101, 053610 (2020). [3] PRL 103, 080405
(2009).

Q223 Tuel6:30 P
Towards high-precision Bragg atom interferometry using rubidium Bose-
Einstein condensates — »DOROTHEE TeLL', CHRISTIAN MEINERs', HENNING
ALBERSI, ANN SABUI’Z, Kraus H. ZIPFELI, ERrRNsT M. RASELI, and DEN-
NIS SCHLIPPERT' — !Leibniz Universitit Hannover, Institut fiir Quantenoptik,
Deutschland — ?Cochin University of Science and Technology (CUSAT), Ker-
ala, India
The Very Long Baseline Atom Interferometry (VLBAI) facility at the university
of Hannover aims for high precision measurements of inertial quantities. Goals
span from contributions to absolute geodesy as well as fundamental physics at the
interface between quantum mechanics and general relativity. The VLBAI facility
makes use of a freely falling ensemble of ultracold atoms as a probe for inertial
forces, interrogating the atoms in an interferometer scheme using near-resonant
light pulses.
Here we present details of the fast, all-optical preparation of rubidium Bose-
Einstein condensates in time-averaged dynamic optical dipole traps. We will
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show first proof-of-principle Bragg beam splitting and interferometry in a re-
duced baseline of up to 30 cm. Prospects and challenges of extending the free
fall distance to more than 10 m in the frame of the VLBAI facility will be dis-
cussed.

We acknowledge funding by the Deutsche Forschungsgemeinschaft (DFG,
German Research Foundation) - Project-ID 434617780 - SFB 1464 as well as
CRC 1227 (DQ-mat), project B07. The VLBAI facility is a major research equip-
ment funded by the DFG.

Q224 Tuel6:30 P
Second-quantized effective models for Raman diffraction with center-of-
mass motion — eNIKOLIJA MOMéILOVIél, ALEXANDER FRIEDRICHI, and
WOLFGANG P. Scurercu"® — 'Institut fiir Quantenphysik and Center for In-
tegrated Quantum Science and Technology (IQ%"), Universitit Ulm — *Institut
fiir Quantentechnologien, Deutsches Zentrum fiir Luft- und Raumfahrt
Two-photon Raman transitions are commonly used to facilitate 7/2- and 7-
pulses in atom interferometry, and are the analogue of beam splitters and mirrors
in optical interferometers. In practice, these transitions are driven by laser light
which can be described semi-classically as quasi-coherent states. Thus quanti-
zation effects are averaged out due to the broad photon distribution in typical
beams. However, technological progress moves towards the use of optical cavi-
ties due to their superior optical properties. Theoretical modeling of such con-
figurations demands a second-quantized description of the light fields which we
pursue based on the light-matter interaction of two second-quantized single-
mode light fields and an effective two-level atom. In our contribution we derive
and investigate a two-photon Rabi model with center-of-mass motion including
intensity-dependent operator-valued couplings between the light field and the
center-of-mass motion. We show, that under certain approximations we obtain
an effective Jaynes-Cummings model with a center-of-mass dependent detuning.
The QUANTUS project is supported by the German Aerospace Center (DLR)
with funds provided by the Federal Ministry for Economic Affairs and Energy
(BMWi) under grant number 50WM1956.

Q225 Tuel6:30 P
Light-pulse atom interferometry with quantized light fields — <ToBias
ASSMANNI, FaBio D1 PUMPol, KATHARINA SOUKUPI, ENnNO GIESEZ, and WOLE-
GANG P. ScuLerca™® — !Institut fiir Quantenphysik and Center for Integrated
Quantum Science and Technology (IQST), Universitit Ulm — *Institut fiir Ange-
wandte Physik, Technische Universitit Darmstadt — 3Institute of Quantum
Technologies, German Aerospace Center (DLR)
The analogues of optical elements in light-pulse atom interferometers are gen-
erated from the interaction of matter waves with light, where the latter is usu-
ally treated as a classical field. Nonetheless, light fields are inherently quantum,
which has fundamental implications for atom interferometry.

In particular, quantized light fields lead to a reduced visibility in the observed

interference [J. Chem. Phys. 154, 164310 (2021)]. This loss is a consequence of
the encoded which-way information about the atom’s path. However, the quan-
tum nature of the atom-optical elements also offers possibilities to mitigate such
effects: We demonstrate that involving superpositions in every light field yields
an improved visibility, and an infinitely-strong coherent state recovers full vis-
ibility. Moreover, entanglement between all light fields can erase information
about the atom’s path and by that partially recovers the visibility.
The QUANTUS project is supported by the German Aerospace Center (DLR)
with funds provided by the Federal Ministry of Economics and Technol-
ogy (BMWi) due to an enactment of the German Bundestag under grant
DLR 50WM1956 (QUANTUS V).

Q226 Tuel6:30 P
Hybridized atom interferometer with an opto-mechanical resonator —
e ASHWIN RA]AGOPALANI, LEE KUMANCHIKZ’S, CLAUS BRAXMAIER2’3, FELIPE
GUZMAN4, ErRNsT M. RASELI, SVEN ABENDI, and DENNIS SCHLIPPERT. —
!Leibniz Universitit Hannover, Institut fiir Quantenoptik, Hannover — 2DLR
- Institute of Space Systems, Bremen — >University of Bremen - Center of Ap-
plied Space Technology and Microgravity (ZARM),Bremen — *Department of
Aerospace Engineering & Physics, Texas A&M University, College Station, TX
77843, USA
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Vibrational noise coupling through the inertial reference mirror hinders the
atom interferometer (AI) performance, so we use a novel opto-mechanical res-
onator (OMR) in order to suppress it. We have utilized the OMR signal to resolve
a'T =10 ms Al fringe, which would have otherwise been obscured by an average
ambient vibrational noise of 3.2 mm/s® in our laboratory. By incorporating the
OMR in our AI we could demonstrate operation in a noisy environment without
the use of bulky vibration isolation equipment, therefore paving a way for minia-
turization of the AI sensor head. We show our sensor fusion concept and dis-
cuss prospects for tailored setups by design and implementation of customized
OMRs.

Funded by the Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation) under Germany’s Excellence Strategy - EXC-2123 QuantumFron-
tiers - 390837967. This work is supported by the DLR with funds provided by the
BMWi under grant no. DLR 50RK1957 (QGyro) and DLR 50NA2106 (QGyro+).

Q22.7 Tuel6:30 P
Multi-axis quantum gyroscope with multi loop atomic Sagnac interfer-
ometry — *YUEYANG ZOUI, MOUINE ABIDIl, PHILIPP BARBEYI, ASHWIN
RA]AGOPALANI, CHRISTIAN SCHUBERTI’Z, MATTHIAS GERSEMANNI, DENNIS
SCHLIPPERT, SVEN ABEND', and ErNsT M. Raser! — 'Institut fiir Quantenop-
tik - Leibniz Universitit, Welfgarten 1, 30167 Hannover — 2Deutsches Zentrum
fiir Luft- und Raumfahrt e.V. (DLR), Institut fiir Satellitengeodésie und Iner-
tialsensorik, Germany
The interferometric Sagnac phase shift can be used for rotation detection in in-
ertial navigation. We are designing a transportable demonstrator aiming at a
multi-axis inertial sensor, not only for the precise measurement of rotations but
also for accelerations. This poster will give an overview of the multi-loop atomic
Sagnac interferometry theory, and present a preliminary system design for the
demonstrator with Bose-Einstein condensates (BECs) of 87Rb atoms.

We acknowledge financial support from the Deutsche Forschungsgemein-
schaft (DFG, German Research Foundation) under Germany’s Excellence Strat-
egy - EXC-2123 QuantumFrontiers - 390837967 and through the CRC 1227
(DQ-mat), as well as support from DLR with funds provided by the BMWi under
grant no. DLR 50RK1957 (QGyro) and DLR 50NA2106 (QGyro+).

Q22.8 Tuel6:30 P
Single-photon transitions in atom interferometry — *ALEXANDER BotT!,
FaBio D1 PUMPOI, ENNO GIESEZ, and WoLFGANG P. ScuLEIcH" — !nstitut
fiir Quantenphysik and Center for Integrated Quantum Science and Technol-
ogy (IQST), Universitiat Ulm, Albert-Einstein-Allee 11, D-89069 Ulm, Germany
— ZInstitut fir Angewandte Physik, Technische Universitit Darmstadt, Schloss-
gartenstr. 7, Darmstadt D-64289, Germany — 3Institut fiir Quantentechnolo-
gien, Deutsches Zentrum fiir Luft- und Raumfahrt, Soflinger Str. 100, D-89077
Ulm, Germany
Differential measurements with atom interferometers have been employed for
the measurement of gravity gradients and are promising for the detection of
gravitational waves. By using only a single laser to create atom interferometers
in a differential setup, phase noise from secondary laser beams cannot influence
the measurement. However, with a single laser two-photon transitions are no
longer possible. Instead, single-photon transitions have to be employed to cre-
ate the interferometers. In our contribution we perform a detailed discussion of
possible types of single-photon transitions and investigate their advantages and
draw-backs for atom interferometers. Specifically, we focus on the effects of the
coupling induced by the dispersion relation of the laser driving the single-photon
transitions in earth-bound experiments.
The QUANTUS project is supported by the German Aerospace Center (DLR)
with funds provided by the Federal Ministry for Economic Affairs and Energy
(BMWi) under grant number 50WM1956 (QUANTUS V).

Q229 Tuel6:30 P
Absolute light-shift compensated laser system for a twin-lattice atom inter-
ferometry — «MIKHAIL CHEREDINOVI, MATTHIAS GERSEMANNI, MARTINA
GEBBEZ, Exim T. HANIMELIZ, SIMON KANTHAK3, SVEN ABENDI, ErNsT M.
Raser!, and THE QUANTUS tEAM>>*>% _ Ingtitut fiir Quantenoptik, LU
Hannover — 2ZARM, Uni Bremen — >Institut fiir Physik, HU zu Berlin —
“Institut fiir Quantenphysik, Uni Ulm — >Institut fiir Angewandte Physik, TU
Darmstadt — ®Institut fiir Physik, JGU Mainz
Twin-lattice interferometry is a method to form symmetric interferometers fea-
turing matter waves with large relative momentum by employing two counter-
propagating optical lattices. A limiting factor here is loss of contrast, linked to
the AC-Stark effect from far detuned light. This contribution presents the real-
isation of an absolute light-shift compensation and its potential to increase the
interferometric contrast. The optical setup utilizes two independent frequency
doubling stages. Key features are beam overlap on an interference filter with low
power loss and coupling of high optical power in a photonic crystal fiber, open-
ing up possibilities for new records in momentum transfer.
This work is supported by the DLR with funds provided by the BMWi under
grant no. DLR 50WM1952-1957 (Q-V-Ft), DLR 50RK1957 (QGyro) and DLR
50NA2106 (QGyro+), the VDI with funds provided by the BMBF under grant no.
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VDI 13N14838 (TAIOL) and by the Deutsche Forschungsgemeinschaft (DFG,
German Research Foundation) under Germany’s Excellence Strategy EXC-2123
QuantumFrontiers 390837967.

Q22.10 Tuel6:30 P
An ytterbium setup for gravity measurements at VLBAI — sArL1 LEzEIK',
ABHISHEK PUROHITI, Kraus ZIPFELI, CHRISTIAN SCHUBERTI’Z, ErNST M.
RASELI, and DENNIs SCHLIPPERT' — !Leibniz Universitit Hannover - Institut
fiir Quantenoptik — “Institute for Satellite Geodesy and Inertial Sensing - Ger-
man Aerospace Center (DLR)
Atoms such as strontium (Sr) and ytterbium (Yb) have no magnetic moments in
their spin-singlet ground state making them nearly insensitive to external mag-
netic fields and hence appealing for precision measurements through atomic in-
terferometry. Furthermore, Yb’s high mass and hence low expansion rate in ad-
dition to its narrow clock transition in the optical frequency range creates an
ideal candidate for gravity measurements tests.

We present the Yb-174 setup for producing a robust, high-flux source of laser-
cooled ytterbium atoms for the Very Large Baseline Atomic Interferometry (VL-
BAI) facility [1,2]. We present the laser system, the cooling sequence, the trans-
fer cavity for frequency stabilization of the cooling beams, and a clock cavity for
the 1156nm clock transition beam. We outline possible implementations of this
system for atom-interferometric tests of the universality of gravitational redshift
[3].

[1] E. Wodey et al., J. Phys. B: At. Mol. Opt. Phys. 54 035301 (2021)

[2] D. Schlippert et al., arXiv:1909.08524 (2019)

[3] C. Ufrecht, .., C. Schubert, D. Schlippert, E. M. Rasel, E. Giese,
arxiv:2001.09754 (2020)

Q22.11 Tuel6:30 P
An overview of Very Long Baseline Atom Interferometry facility —
e ABHISHEK PUROHITI, Kraus H. ZIPFELI, ALl LEZEIKI, DOROTHEE TELLI,
CHRISTIAN MEINERS', CHRISTIAN SCHUBERT?, ERNST M. RaseL!, and DEN-
NIS SCHLIPPERT' — !Leibniz Universitit Hannover, Institut fiir Quantenoptik,
Germany — 2German Aerospace Center (DLR), Institute for Satellite Geodesy
and Inertial Sensing, Hannover, Germany
Our Very Long Baseline Atom Interferometry (VLBAI) facility aims for a com-
plementary method to the state-of-the-art gradiometers and gravimeters when
operated with a single atomic species, and for quantum tests of the universality
of free fall at levels comparable to the best classical tests and beyond in a mode
with two atomic species.

We discuss the main components of the Hannover VLBAI facility: the sources
for ultra-cold atom samples, a magnetically shielded interferometry zone, state-
of-the-art vibration isolation and gravity gradient mapping and modeling with
an uncertainty below the 10 nm/s* level. We also show the design and target
performance for applications in geodesy and tests of fundamental physics.

The VLBAI facility is a major research equipment funded by the DFG. We
acknowledge support from the CRCs 1128 *geo-Q* and 1227 *DQ-mat*

Q22.12 Tuel6:30 P
Testing trapped atom interferometry with time-averaged optical potentials
— «KNUT STOLZENBERG, SEBASTIAN BODE, ALEXANDER HERBST, HENNING AL-
BERS, and DENNIs SCHLIPPERT — Institute of Quantum Optics, Leibniz Univer-
sity Hannover, Welfengarten 1, 30167 Hannover, Germany
Time-averaged optical potentials can be used to realise flexible quantum sensors,
for example by exploiting the tunnel effect for beam splitters and recombiners.
We use an acousto-optical deflector (AOD) to diffract the laserlight of a 55 W
MOPA with a wavelength of 1064 nm to create dynamic time-averaged traps such
as harmonic and double well potentials.
We demonstrate creation of a °’ Rb BEC in a crossed optical dipole trap and our
first results on coherent beam splitting by momentum driven tunneling, showing
stable interference patterns 37 ms after the BEC is split at a potential barrier.

Q2213 Tuel6:30 P
Analytic Theory for Diffraction Phases in Bragg Interferometry — oJAN-
NicLAs SIEMSSI’Z, FLORIAN FITZEKI’Z, ERrNST M. RASELZ, NACEUR GAALOULZ,
and KLEMENs HAMMERER' — lInstitut fiir Theoretische Physik, Leibniz Uni-
versitit Hannover, Germany — “Institut fiir Quantenoptik, Leibniz Universitit
Hannover, Germany
High-fidelity Bragg pulses operate in the quasi-Bragg regime. While such pulses
enable an efficient population transfer essential for state-of-the-art atom inter-
ferometers, the diffraction phase and its dependence on the pulse parameters are
currently not well characterized despite playing a key role in the systematics of
these interferometers. We demonstrate that the diffraction phase when measur-
ing relative atom numbers originates from the fact that quasi-Bragg beam split-
ters and mirrors are fundamentally multi-port operations governed by Landau-
Zener physics (SiemS et al., Phys. Rev. A 102, 033709).
We develop a multi-port scattering matrix representation of the popular
Mach-Zehnder atom interferometer and discuss the connection between its
phase estimation properties and the parameters of the Bragg pulses. Further-
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more, our model includes the effects of linear Doppler shifts applicable to nar-
row atomic velocity distributions on the scale of the photon recoil of the optical
lattice.

This work is supported through the Deutsche Forschungsge- meinschaft
(DFG) under EXC 2123 QuantumFrontiers, Project-ID 390837967 and under
the CRC1227 within Project No. A05 as well as by the VDI with funds provided
by the BMBF under Grant No. VDI 13N14838 (TAIOL).

Q2214 Tuel6:30 P
Systematic Approach To Phaseshifts of Matter Wave Interferometers in
Weekly Curved Spacetimes — «MICHAEL WERNER and KLEMENS HAMMERER
— Institut fiir theoretische Physik, Leibniz Universitdt Hannover, Germany
We present a systematic approach to calculate all relativistic phase-shift effects
in matter wave interferometer (MWI) experiments up to (and including) order
2, placed in a weak gravitational field. The whole analysis is derived from first
principles and even admits test of General Relativity (GR) apart from the usual
Einstein Equivalence Principle (EEP) tests, consisting of universality of free fall
(UFF) and local position invariance (LPI) deviations, by using the more general
’parametrized post-Newtonian’ (PPN) formalism. We collect general phase-shift
formulas for a variety of well-known MWI schemes and calculate how modern
experimental setups could measure PPN induced deviations from GR without

the use of macroscopic test masses. This procedure should be seen as a way to
easily calculate certain phase contributions, without having to redo all relativistic
calculations in new MWI setups.

Q22.15 Tuel6:30 P
Universal atom interferometer simulator — +«GABRIEL MULLER, CHRISTIAN
STRUCKMANN, STEFAN SECKMEYER, FLORIAN FITZEK, and NACEUR GAALOUL —
Institut fiir Quantenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167
Hannover
The simulation of matter-wave light-pulse interaction is crucial for designing
and understanding atom interferometry (AI) experiments. However, the usual
approach of solving the associated system of ordinary differential equations is
limited by a quadratic scaling with the number of coupling states. Here, the uni-
versal atom interferometer simulator (UATIS) [1] overcomes this limitation with
log-linear scaling while solving the problem of atom-light diffraction in the elas-
tic case for all regimes. By interpreting a light-pulse beam as an external poten-
tial, UATIS achieves high numerical accuracy while maintaining great flexibil-
ity. We propose intuitive methods for assembling various atom-light interactions
into Al sequences. We expect UATIS to lead to a straightforward modelling of
experiments and to be promoted to a widely used tool.
[1] Fitzek et al. Universal atom interferometer simulation of elastic scattering
processes. Sci Rep 10, 22120 (2020).
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Q231 Tuel6:30 P
Continuous vs. discrete truncated Wigner approximation for driven, dis-
sipative spin systems — ¢CHRISTOPHER D. Mink!, Davip PETROSYAN?, and
MicHAEL FreiscHHAUER'! — !Department of Physics and Research Center
OPTIMAS, University of Kaiserslautern, 67663 Kaiserslautern, Germany —
2Institute of Electronic Structure and Laser, FORTH, GR-71110 Heraklion,
Crete, Greece
We present an alternative derivation of the recently proposed discrete truncated
Wigner approximation (DTWA) for the description of the many-body dynamics
of interacting spin-1/2 systems. The DTWA is a semi-classical approach based
on Monte-Carlo sampling in a discrete phase space which improves the classical
treatment by accounting for lowest-order quantum fluctuations. We provide a
rigorous derivation of the DTWA based on an embedding in a continuous phase
space. We derive a set of operator-differential mappings that yield an exact equa-
tion of motion (EOM) for the continuous spin Wigner function. The truncation
approximation is then identified as neglecting specific terms in the exact EOM,
allowing for a detailed understanding of the quality of the approximation and
possible systematic improvements. Furthermore, we show that the continuous
TWA (CTWA) yields a straightforward extension to open spin systems. We de-
rive exact stochastic differential equations for dephasing, decay and incoherent
pump processes, which in the standard DTWA are plagued by problems such
as non-positive diffusion. We illustrate the CTWA by studying the dynamics of
dissipative 1D Rydberg arrays and compare it to exact results for small systems.

Q232 Tuel6:30 P

Euclidean volume ratios for entanglement and detectability by Bell inequal-
ities in bipartite quantum systems — ¢ALEXANDER SAUER!, JOZsEF ZsoLT
BERNADI’Z, HEcTor MORENol, and GeErNoT ALBER! — lInstitut fiir Ange-
wandte Physik, Technische Universitit Darmstadt — *Peter Griinberg Institute
(PGI-8), Forschungszentrum Jiilich
Euclidean volume ratios between quantum states with positive partial transpose
and all quantum states in bipartite systems are investigated. These ratios allow
quantitative exploration of the typicality of entanglement and of its detectabil-
ity by Bell inequalities. With our numerical approach, which is based on the
Peres-Horodecki criterion and the hit-and-run algorithm, we obtain reliable re-
sults for qubit-qudit and qutrit-qutrit systems [1]. With the help of the Clauser-
Horne-Shimony-Holt inequality and the Collins-Gisin inequality the degree of
detectability of entanglement is investigated for two-qubit quantum states.

[1] Sauer, A., et al., Journal of Physics A: Mathematical and Theoretical 54.49
(2021): 495302.

Q233 Tuel6:30 P
Towards EIT ground-state cooling of a lattice of individually trapped atoms
— eAPURBA DAS, DEVIPRASATH PALANI, FLORIAN HASSE, LENNART GUTH,
AMIR MOHAMMADI, ULRICH WARRING, and ToB1as SCHAETZ — Physikalisches
Institut, Hermann-Herder-Str. 3, 79104 Freiburg i. Br.
Customized trap architectures for single trapped atoms with suitable local and
global control fields enable us to set up and tune increasingly complex quantum
systems with a high level of control. For individual state control and coupling of
internal and external degrees of freedom in the system, we typically implement
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two-photon stimulated Raman transition. In our future work, in addition to
our established control features, we want to bring ground state cooling based on
electromagnetically-induced transparency to enable broadband cooling of mul-
tiple modes to deterministically prepare the system to its global ground state.
This will allow us to prepare our >Mg" arrays for further quantum operations
more efficiently. Here in this presentation, we give an overview of required tech-
nical developments, recent advancements and discuss important steps towards
near-future applications.

Q234 Tuel6:30 P
Quantum computing with Rydberg Atoms — ¢CHRISTOPH RUPPRECHT,
PHiLIPP ILZHOFER, CHRISTIAN HOELZL, JENNIFER KRAUTER, TILMAN PFAU, and
FLORIAN MEINERT — 5. Physikalisches Institut, Universitat Stuttgart, Pfaffen-
waldring 57, 70569 Stuttgart
In the race of building a quantum computer, several different platforms like su-
perconducting circuits, trapped ions and nitrogen vacancy centers are compet-
ing in terms of scalability and fidelity. Our project ‘QRydDemo’ aims to de-
velop a quantum computer demonstrator based on arrays of up to 500 Stron-
tium Rydberg atoms in optical tweezer arrays. Exploiting a so far unexplored
qubit encoded in the 3PJ fine structure levels capable of realizing ’triple-magic-
wavelength’ tweezer traps, we want to improve the coherence properties of the
Rydberg platform by orders of magnitude aiming for up to 10 ms coherence time
and ~100ns-long single- and two-qubit gate operations [1]. Our machine will be
able to shift atoms within a single row of 2D trap arrays individually and fast,
which will allow for rearranging the array during a computation, providing new
algorithmic possibilities and advantages for realizing multi-qubit gates. We plan
to benchmark our architecture by demonstrating advantages of these multi-qubit
gates for the calculation of two-dimensional fermionic systems and the imple-
mentation of basic aspects for quantum error correction on the Rydberg plat-
form.

[1] E. Meinert, T. Pfau, C. Holzl, EU Patent Application No. EP20214187.5

Q235 Tuel6:30 P
Towards benchmarking two-qubit quantum processor *HARDIK
MenDPARA, Nicoras PuLipo-Mareo?, Markus Duwe'?, Grorero
ZARANTONELLOS, HENNING HAHN4, AMADO BAUTISTA—SALVADOR1’2'4, Lup-
wiG KrRiNNERDZ, and CHRISTIAN OspELKAUS>* — Institut fiir Quantenoptik,
Leibniz Universitit Hannover, Welfengarten 1, 30167 Hannover — “PTB, Bun-
desallee 100, 38116 Braunschweig — 3National Institute of Standards and Tech-
nology, 325 Broadway, Boulder, CO 80305, USA — *QUDORA Technologies
GmbH
A prerequisite for a scalable quantum computing platform is to perform elemen-
tary gates with a low rate of error. One can quantify the error per gate using ran-
domized benchmarking schemes which are independent of the state-preparation
and measurement error [1,2]. Here, we implement the elementary gates (single-
and two-qubit gates) using microwaves. The control fields are generated by mi-
crowave conductors embedded directly into the trap structure. Using this fully
integrated microwave approach, we obtain a preliminary infidelity of 10™* for
single-qubit gates and approaching 10~ for two-qubit operations [3]. Further,
to better characterize the performance of two-qubit entangling gates, we will re-
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port on our recent progress in benchmarking our two-qubit quantum processor
in a computational context using the protocol described in [1,2].

[1] J. Gaebler et al., Phys. Rev. Lett. 109, 179902 (2012)

[2] A. Erhard et al., Nat. Commun. 10, 5347 (2019)

[3] G. Zarantonello et al., Phys. Rev. Lett. 123 260503 (2019)

Q23.6 Tuel6:30 P
Apparatus design for three new cryogenic trapped-ion quantum computing
experiments — ¢LukAs KILZER, ToB1AS POOTZ, CELESTE TORKZABAN, TIMKO
DUBIELZIG, and CHRISTIAN OSPELKAUS — Institut for Quantum optics, Leibniz
University Hannover
Further progress in trapped-ion quantum computing requires a dramatic in-
crease in the number of ion qubits that can interact with each other, develop-
ment of more integrated systems including optical waveguides, and sympathetic
cooling provided by a secondary ion species to keep qubits cold without de-
stroying their stored quantum state. We aim in our next generation of cryo-
genic trapped ion quantum computers to be able to engineer interactions be-
tween dozens of qubits, implement sympathetic cooling, and incrementally test
and characterize new components necessary for further scaling. This poster will
provide an overview of the design for the cryostats and elaborate on particu-
lar design challenges faced while integrating components developed by several
other teams. Each cryostat will house a cryogenic inner vacuum chamber inside
a room-temperature outer vacuum chamber, a socket-mounted surface RF trap,
a cryogenic RF resonator, a cryogenic Schwarzschild objective for detecting ion
fluorescence, a vibration isolation system protecting the experiment from vibra-
tions of the cold head, feedthroughs for hundreds of DC lines and several high
frequency lines, and extra space for the future integration of optical fibers. These
experiments are being developed in collaboration with other research groups at
LUH, the University of Siegen, TU Braunschweig, and PTB.

Q237 Tuel6:30 P

Trapped Ion Architecture for Multi-dimensional Quantum Simulations —
*DEVIPRASATH PALANI, FLORIAN HASSE, APURBA Das, ULRICH WARRING, and
ToBias SCHAETZ — Physikalisches Institut, Hermann-Herder-Str. 3, 79104
Freiburg i. Br.
A rich and powerful toolbox for individually trapped atomic ions is available for
quantum information processing, including quantum metrology and quantum
simulation, demonstrating control with the highest fidelities. Building on this
success, our architecture for analogue quantum simulations aims at setting up
fully controlled and reconfigurable quantum lattices by individually trapped ions
in multidimensional arrangements [1]. In this presentation, we give an overview
of recent developments and demonstrations of prototype operations. We discuss
features and limitations of our architecture and lay out crucial steps toward mid
and long-term simulation applications.

[1] U. Warring, E Hakelberg, P. Kiefer, M. Wittemer, T. Schaetz, Adv. Quan-
tum Technol. 2020, 1900137.

Q238 Tuel6:30 P
Towards high-fidelity Molmer-Sorensen gate in a cryogenic surface-electrode
ion trap — NIKLAS ORLOWSKII, «NIELS KURZL, TiMko DuBIELZIG! , SEBAS-
TIAN HALAMAI, CHLOE ALLEN—EDEI, CELESTE TORKZABANI, and CHRISTIAN
OspeLkaus™? — lInstitut fiir Quantenoptik, Leibniz Universitdit Hannover,
Welfengarten 1, 30167 Hannover — 2Physikalisch-Technische-Bundesanstalt
Braunschweig, Bundesallee 100, 38116 Braunschweig
Practical scalable quantum computing requires quantum logic gate errors below
107 in order for error-correction strategies to work. The microwave near-field
approach for trapped-ion quantum logic gates has the potential to be scalable and
has been shown to allow entangling gates on *Be* ions in a room temperature
surface trap with infidelities approaching 10~. In an equivalent cryogenic setup
based on a similar trap structure [2], we expect the infidelity contribution due
to anomalous motional heating to be strongly suppressed. We describe technical
improvements in our setup that aim at reducing other sources of infidelities re-
lated to the motion of the ions to similar levels. We characterize the shift of mode
frequencies that occur during gate operations due to heating effects in constant
duty-cycle sequences and evaluate the performance of a newly installed, galvan-
ically coupled RF resonator with regard to the radial mode stability.

Q239 Tuel6:30 P
A symmetric RF X-junction for register-based surface-electrode ion
traps compatible with the near-field microwave approach — <FLORIAN
UNGERECHTSI, RoDRIGO MUNOZl, AXEL HOFFMANNl’Z, BRIGITTE KAUNEl,
TERESA MEINERSI, and CHrisTiaN OspELkAUS™® — !Institut fiir Quantenop-
tik, Leibniz Universitdt Hannover, Welfengarten 1, 30167 Hannover, Germany —
2Institut fiir Hochfrequenztechnik und Funksysteme, Leibniz Universitit Han-
nover, Appelstrafle 9a, 30167 Hannover, Germany — 3 Physikalisch-Technische
Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany
Register-based ion traps are among the leading approaches for scalable quan-
tum processors. A fundamental component of these are junctions that allow
the ions to be moved between the specialized zones of the quantum processor
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via ion transport. We discuss the design and optimization of such a junction
and further present a symmetric RF X-junction with a shallow pseudopotential
barrier and a substantial trap depth that is feasible for multilayer microfabri-
cation. Furthermore, we present a transition zone making the symmetric RF
X-junction compatible with an asymmetric RF near-field microwave gate-zone.
Moreover, we present time-dependent transport voltages for reliable multi-zone
and through-junction ion transport of a single *Be* ion.

Q23.10 Tuel6:30 P
A Quantum Enhanced Learning Algorithm for Maze Problems — ¢OLIVER
SEFRIN and SABINE WOLK — Institut fiir Quantentechnologien, Deutsches Zen-
trum fiir Luft- und Raumfahrt, 89077 Ulm, Deutschland
In reinforcement learning, a so-called agent should learn to optimally solve a
given task by performing actions within an environment. As an example, we con-
sider the grid-world, a two-dimensional maze for which the shortest way from
an initial position to a given goal has to be found. The agent receives rewards for
helpful actions which enables him to learn optimal solutions.

For large action spaces, a mapping of actions to a quantum setting can be ben-
eficial in finding rewarded actions faster and thus in speeding up the learning
process. A hybrid agent which alternates between classical and quantum behav-
ior has been developed previously for deterministic and strictly epochal envi-
ronments. Here, strictly epochal means that an epoch consists of a fixed number
of actions, after which the environment is reset to its initial state.

We present and analyze strategies which aim at resolving the hybrid agent’s
current restriction of searching for action sequences with a fixed length. This is
a first step towards applying the hybrid agent on environments with a generally
unknown optimal action sequence length such as in the grid-world problem.

Q23.11 Tuel6:30 P
Software-Struktur fiir die Internetanbindung eines Ionenfallen-
Quantencomputers — ¢CHRISTIAN MELZERI, JANINE HILDERI, FABIAN

KREPPELZ, JaN1is WAGNERI, BjORN LEKTISCHI, ULRICH POSCHINGERI, AN-
DRE BRINKMANN? und FERDINAND SCHMIDT-KALER! — IQUANTUM, Insti-
tut fir Physik, Universitdt Mainz, Staudingerweg 7, 55128 Mainz, Germany
— 2Zentrum fiir Datenverarbeitung, Universitit Mainz, Anselm-Franz-von-
Bentzel-Weg 12, 55128 Mainz, Germany

Segmentierte Ionenfallen sind ein erfolgversprechender Kandidat fiir skalierba-
re Quantencomputer mit hoher Operationsgiite. Um Algorithmen auf eine sol-
che Architektur abbilden zu kénnen, wird eine mehrschichtige Softwarestruktur
benotigt. Diese muss beliebige Quanten-Schaltkreise auf native Gatter abbilden
konnen, die erzeugten Gattersequenzen optimieren und anschliefend die To-
nenkonfigurationen tiber die Zeit hinweg kontrollieren. Dabei miissen Randbe-
dingungen wie Fehleranfilligkeiten unterschiedlicher Operationen, Kohérenz-
zeiten, Streulicht und Inhomogenititen des Magnetfelds berticksichtigt werden.
Fiir eine moglichst effiziente Kontrolle iiber den Quantencomputer erlaubt es die
entwickelte Softwarestruktur, auf drei unterschiedlichen Abstraktionsebenen zu
arbeiten: universelle Quantenschaltkreise, architekturabhidngige Operationsse-
quenzen und prézise Kontrollsignale.

Q23.12 Tuel6:30 P
Assessing the Precision of Quantum Simulation of Many-Body Effects in
Atomic Systems using the Variational Quantum Eigensolver Algorithm —
«SUMEET SUMEET1’2’3, V. S. PRASANNAAS, B. P. DAS4, and B. K. SAHOO® —
!Lehrstuhl fur Theoretische Physik I, Staudtstrafie 7,FAU Erlangen-Nuremberg,
D-91058 Erlangen, Germany — 2Qu & Co B.V., Palestrinastraat 12H, 1071 LE
Amsterdam, The Netherlands — >Centre for Quantum Engineering, Research
and Education,TCG CREST, Salt Lake, Kolkata 700091, India — 4Department
of Physics, Tokyo Institute of Technology,2-12-1-H86 Ookayama, Meguro-
ku, Tokyo 152-8550, Japan — °Atomic, Molecular and Optical Physics Divi-
sion,Physical Research Laboratory, Navrangpura, Ahmedabad 380009, India
In this pilot study, we investigate the physical effects beyond the mean-field
approximation, known as electron correlation, in the ground state energies of
atomic systems using the classical-quantum hybrid variational quantum eigen-
solver (VQE) algorithm in a quantum simulation. To this end, we consider three
isoelectronic species. We employ the unitary coupled-cluster (UCC) ansatz to
perform a rigorous analysis of two very important factors that could affect the
precision of the simulations of electron correlation effects within a basis, namely
mapping and backend simulator. When more qubits become available, our study
will serve as among the first steps taken towards computing other properties of
interest to various applications such as new physics beyond the Standard Model
of elementary particles and atomic clocks using the VQE algorithm.

Q23.13 Tuel6:30 P
A quantum logic gate on remote matter qubits — SEVERIN DAISS, STEFAN
LANGENFELD, STEPHAN WELTE, EMANUELE DISTANTE, PHILIP THOMAS, LUKAS
HARTUNG, *OLIVIER MORIN, and GERHARD REMPE — Max-Planck-Institut fiir
Quantenoptik, Hans-Kopfermann-Strafle 1, 85748 Garching
Most quantum computing systems are currently developed in monolithic hard-
ware architecture e.g. ions in the same trap, superconducting qubits on the same
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chip, Rydberg atoms in the same vacuum chamber etc. However, on the long run,
a modular architecture offers a more obvious scalability when large number of
qubits is required, leading to the so-called distributed quantum computing. This
can typically be achieved by single qubit modules interconnected via photonic
qubits travelling through a network of regular optical fibers.

Here, we present the realization of the proof of principle of this vision [1].
Our qubit modules consist of single atoms of ’Rb coupled to high finesse opti-
cal cavities. While local quantum gates can easily be realized with local Raman
or microwave manipulations, we show that a two-qubit gate can be mediated by
a single photon successively reflected on the two cavities [2], the interface of our
qubit modules. Hence, we realized a CNOT gate on two atomic qubits separated
by a 60m-long optical fiber.

[1] Severin Daiss et al., Science 371, 614-617 (2021)

[2] L.-M. Duan et al., Phys. Rev. A 72, 032333 (2005)

Q23.14 Tuel6:30 P
Ion Trap Development for Quantum Computing Applications
*ALEXANDER MULLER, BJORN LEKITSCH, DANIEL WESSEL, ROBIN STROHMAIER,
ULRICH POSCHINGER, and FERDINAND SCHMIDT-KALER — JGU Mainz, Insti-
tute for Physics, Staudingerweg 7, 55128 Mainz, Germany
Trapped ion quantum computers are one of the leading contenders for the im-
plementation of useful quantum algorithms. Ion traps for such systems have to
meet many requirements like precise alignment of individual structures and lay-
ers, good optical access and sufficient thermal conductivity, just to name a few.
But most importantly, these traps have to be fabricated in a reliable and repeat-
able way.

We present the fabrication of a two-layer segmented linear ion trap based on
4-inch fused silica wafers. The fabrication steps include 3D structuring using
selective laser-induced etching, PVD gold-coating, electroplating, wafer dicing
and pm-precision die bonding. The mounting of the ion trap will enable quick
turnaround of traps and the use in different setups.

We will show a suitable setup in more detail. This experimental apparatus
will include a titanium vacuum vessel intended for XHV pressures, a high-
performance mu-metal shielding to suppress external magnetic fields, high NA
opitcs for individual addressing of qubits in a string of 10 ions, and laser systems
and compact optical components for dual species operation.

Q23.15 Tuel6:30 P
Towards estimating molecular ground state energies on current quantum
hardware — FELIX RUPPRECHT and SABINE WOLK — Institute of Quantum
Technologies, German Aerospace Center (DLR), Ulm, Germany
Quantum simulation may achieve a quantum advantage in the near future. One
immediate application is then the design of materials for energy storage systems.
In the QuESt project we aim at estimating ground and exited states of relevant
molecules using variational quantum eigensolvers. In order to get meaningful re-
sults on current noisy intermediate scale quantum (NISQ) computers, efficient
algorithm implementation and error mitigation techniques are needed.
We present first results on running variational quantum eigensolvers with a
unitary coupled cluster (UCC) ansatz on current IBM superconducting quantum

processors using error mitigation methods such as zero noise extrapolation.
The QuESt project is funded by the Baden-Wiirttemberg Ministry of Eco-
nomic Affairs, Labour and Housing.

Q23.16 Tuel6:30 P
Toward control of charge state dynamics and spin manipulation in diamond
NV color center for quantum information processing — «MIN-SIK Kwon!,
Jonas MEINEL"?, Q1-CHAO SUN', DUrGA Dasari', Vapim Vorosyov!, and
Jore WracHTRUP®> — !3. Physikalisches Institut, University of Stuttgart,
Stuttgart, Germany — “Max Planck Institute for Solid State Research, Stuttgart,
Germany
Nitrogen-Vacancy (NV) color center is an artificial atom with optically accessible
spin qubit. It is consisted of a vacancy of a missing carbon atom and substitu-
tional nitrogen impurity in diamond crystal lattice. Due to longer electron spin
relaxation (T1) and dephasing time(T2*) of negatively charged state of NV cen-
ter, it is well available for coherent spin control, optical nanoscopy, charge-based
memories, and electrical spin detection. For stable charged state in NV cen-
ter, we studied optically induced interconversion between charge states, under-
standing charge state dynamics in NV color center to enhance the high fidelity
measurement of spin readout. Additionally, for emergent quantum information
processor and experimental quantum simulator, we designed and operated pro-
grammable quantum circuits and selectively harness the various neighbor nu-
clear spins by central NV electron spin to build quantum simulator to test inter-
action Hamiltonians at ambient condition.

Q23.17 Tuel6:30 P
A multi-site quantum register of neutral atoms with single-site controlla-
bility — «TILMAN PREUSCHOFF, DOMINIK SCHAFFNER, LARS PAUSE, TOBIAS
SCHREIBER, STEPHAN AMANN, JAN LAUTENSCHLAGER, MALTE SCHLOSSER, and
GERHARD BIRKL — Institut fiir Angewandte Physik, TU Darmstadt, Schloss-
gartenstrafle 7, 64289 Darmstadt, Germany
Assembled arrays of neutral atoms offer a versatile platform for quantum tech-
nologies. As effectively non-interacting particles with identical intrinsic prop-
erties they also feature switchable interactions when excited to Rydberg states
[1].

We present a micro-optical platform for defect-free assembled 2D clusters of
more than 100 single-atom quantum systems [2]. Combined with a digital mi-
cromirror device (DMD), site-selective manipulation of the trapping potentials
is possible while utilizing the robust architecture of microlens-based systems. We
also discuss recent work with microlens arrays fabricated by femtosecond direct
laser writing [3].

In addition, we present our open-source digital controllers for laser frequency
and intensity stabilization [4]. Using the STEMIab (originally Red Pitaya) plat-
form we achieve a control bandwidth of up to 1.25 MHz resulting in a laser line
width of 52(1) kHz (FWHM) and intensity control to the 1 - 1072 level.

[1] M. Schlosser et. al., ]. Phys. B: At. Mol. Opt. Phys 53 144001 (2020).
[2] D. Ohl de Mello et. al., Phys. Rev. Lett. 122, 203601 (2019).

[3] D. Schiftner et. al., Opt. Express 28, 8640-8645 (2020).

[4] T. Preuschoff et. al., Rev. Sci. Instrum. 91, 083001 (2020).
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Q24.1 Tuel6:30 P
Towards Lasing Without Inversion in Mercury Vapor at 253.7 nm — «DANIEL
PREISSLER and THoMAs WALTHER — TU Darmstadt, Institute for Applied
Physics, Laser and Quantum Optics, Schlossgartenstr. 7, D-64289 Darmstadt
UV and VUV laser sources have a broad application range in industry and com-
mercial use as well as in research. The development of conventional direct laser
sources in the regime of small wavelengths has reached a limit, since the pump
energy to obtain population inversion scales at least with the fourth power of
the desired laser frequency. But if the coherent (re-)absorption of photons at the
laser frequency could be suppressed, a small population of the upper laser level
would be sufficient to create amplification and/or lasing. This idea is called Las-
ing Without Inversion (LWI) and can be achieved by use of atomic coherence
effects similar to EIT and CPT.

An experimental setup of an amplification without inversion (AWI) scheme is
realized in atomic mercury vapor [1]. Because of its four-level system, allowing
for a Doppler free three-photon-coherence, UV LWI at 253.7 nm can be gener-
ated by two laser systems at 435.8 nm and 546.1 nm as driving fields. Through
extensive simulations [2] critical parameters of the laser systems involved, in
particular their powers and linewidths, were identified. In this contribution the
results of those simulations as well as the overall state of the experiment will be
presented.

[1] Rein et al. (2021) arXiv:2111.03023

[2] Sturm et al. (2014) doi.org/10.1364/josab.31.001964
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Q242 Tuel6:30 P
Stabilization schemes for a Laser System at 546.1nm used in a Lasing without
Inversion experiment in Mercury — *NOAH EIZENHOFER, DANIEL PREISSLER,
and THoMAs WALTHER — TU Darmstadt, Institut fiir Angewandte Physik, AG
Laser und Quantenoptik, Schlossgartenstr. 7, D-64289 Darmstadt
Lasing without Inversion (LWI) is an alternative concept to generate radiation in
the (V)UV regime. It is based on coherent effects leading to a suppression of the
absorption on the lasing transition. This overcomes the problem of conventional
lasers in the UV regime since their necessary pump power scales with f ‘A
LWI experiment can be realized in Mercury with possible resulting wavelengths
at 185 nm and 253.7 nm. (1)
One of the most important requirements for achieving LWI in mercury is the use
of two driving lasers at 435.8 nm and 546.1 nm with very narrow bandwidths.
The current status of the coupling laser at 546.1 nm is presented. The system is
based on the generation of the second harmonic of the radiation from an ECDL.
The feasibility of different schemes for the stabilization of the system to the cor-
responding atomic transition, e.g. Polarization Spectroscopy and Modulation
Transfer Spectroscopys is evaluated.
(1) Fry et al.: "Four-level atomic coherence and cw VUV lasers". Optics Com-
munications 179 (2000), 499-504
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Q243 Tuel6:30 P
Towards cavity-enhanced single ion spectroscopy of Yb**: Y,0; — ¢JANNIS
HESSENAUER', DIANA SERRANO?, PHILIPPE GOLDNER?, and Davip HUNGER'
— Karlsruher Institut fiir Technologie, Physikalisches Institut, Karlsruhe, Ger-
many — “Université PSL, Chimie ParisTech, CNRS, Paris, France
Rare-earth ions are promising candidates for optically addressable spin qubits,
owing to their long optical and spin coherence times in the solid state. Yb3*
is of special interest amongst the rare earth ions due to its simple energy level
scheme, strong transition oscillator strength and excellent coherence even at low
magnetic fields [1]. An efficient spin-photon interface for quantum information
technology requires the coupling of single ions to a high finesse cavity to enhance
the transitions via the Purcell effect.

To that goal, we integrate nanocrystals into a fiber-based Fabry-Pérot micro-
cavity by spincoating them on a planar mirror [2]. We characterize the nanocrys-
tal distribution on a mirror via confocal microscopy and scanning cavity mi-
croscopy. We observe that long optical lifetimes and spectral features are pre-
served in nanocrystals. Finally, we present first results of cavity enhanced spec-
troscopy of Yb>*: Y,0; at room temperature.

[1] Kindem, Jonathan M., et al. "Control and single-shot readout of an ion
embedded in a nanophotonic cavity." Nature 580.7802 (2020): 201-204.

[2] Casabone, Bernardo, et al. "Cavity-enhanced spectroscopy of a few-ion
ensemble in Eu3+: Y203." NJP 20.9 (2018): 095006.

Q244 Tuel6:30 P
Integrating a fiber cavity along the axis of a linear ion trap — «VIKTOR
MESSERERI, MARKUS TELLERI, KLEMENS SCHUPPERTI, ROBERTS BERKIsl,
PriToMm PAULI, DARIO A. FIORETTOI, MARIA GALLII, YUEYANG ZOUI, JakoOB
ReicHEL?, and TrAaCY E. NorTHUP' — Institut fiir Experimentalghysik, Uni-
versitit Innsbruck, Technikerstrafle 25, 6020 Innsbruck, Austria — “Laboratoire
Kastler Brossel, ENS-Université PSL, CNRS, Sorbonne Université, Colléege de
France, 24 rue Lhomond, 75005 Paris, France
Quantum networks allow for distributed quantum computation, inherently se-
cure communication as well as enhanced quantum sensing. The nodes of a quan-
tum network consist of multiple controllable stationary qubits and an interface
to traveling qubits to interconnect distant network nodes. Trapped ions, coupled
to an optical resonator mode allows for an efficient and deterministic ion-photon
interface.

Recent experiments with a single trapped ion coupled to a fiber-based opti-
cal resonator have demonstrated a coherent coupling rate exceeding the atomic
spontaneous-emission rate. This coherent ion-photon interaction is expected to
enhance the fidelity and efficiency of quantum communication protocols.

We designed and constructed a system for strong coupling of multiple ions
to a fiber cavity. The fiber mirrors are integrated along the axis of a linear Paul
trap. Ions can be positioned along this axis without introducing excess micro-
motion. We will present the apparatus, measurements of the ion trap heating
rate and micromotion, as well as first experimental results of coupling an ion to
the cavity.

Q245 Tuel6:30 P
Boundary Layer Model for the Reflectivity of a Metal and the Casimir Force
— MANDY HANNEMANN and «CARSTEN HENKEL — Universitdt Potsdam, Insti-
tut fiir Physik und Astronomie
The scattering of electromagnetic waves at a surface is a basic process in sensing
and spectroscopy. It also determines dispersion forces of the van der Waals and
Casimir(-Polder) type [1]. We revisit the reflectivity of a metallic surface comb-
ing a hydrodynamic model for conduction electrons with a boundary-layer the-
ory [2]. Models based on a “no-slip” boundary condition involve a new length
and time scale that characterises the near-surface response [3]. These parameters
provide a framework that pushes theoretical calculations of the Casimir pressure
between two planar surfaces closer to experimentally observed values. We com-
pare the results to a recent proposal involving non-local dielectric functions [4].
[1] G. Bimonte and E. Santamato, “General theory of electromagnetic fluctua-
tions near a homogeneous surface in terms of its reflection amplitudes,” Phys.
Rev. A 76 (2007) 013810.
[2] D. Be