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Suppressing crosstalk for Rydberg quantum gates — eGiNa
WARTTMANN!, FLORIAN MEINERT?, HANS PETER BUCHLER!, and SE-
BASTIAN WEBER! — lInstitute for Theoretical Physics III and Cen-

ter for Integrated Quantum Science and Technology, University of
Stuttgart, 70550 Stuttgart, Germany — 25th Institute for Physics and
Center for Integrated Quantum Science and Technology, University of
Stuttgart, 70550 Stuttgart, Germany

We present a method to suppress crosstalk from implementing
controlled-Z gates via local addressing in neutral atom quantum com-
puters. In these systems, a fraction of the laser light that is applied
locally to implement gates typically leaks to other atoms. We analyze
the resulting crosstalk in a setup of two gate atoms and one neigh-
boring third atom. We then perturbatively derive a spin-echo-inspired
gate protocol that suppresses the leading order of the amplitude error,
which dominates the crosstalk. Numerical simulations demonstrate
that our gate protocol improves the fidelity by two orders of magni-
tude across a broad range of experimentally relevant parameters. To
further reduce the infidelity, we develop a circuit to cancel remaining
phase errors. Our results pave the way for using local addressing for
high-fidelity quantum gates on Rydberg-based quantum computers.

Q 64.2 Thu 17:00 Philo 1. OG
Two-component lattice fermions in an optical cavity: com-
petition between pairing orders — eLoic PHILOXENE!, MICHELE
Pin?, Francesco P1azza?, and WALTER HorsTETTER! — !Goethe-
Universitédt, Institut fiir Theoretische Physik, 60438 Frankfurt am
Main, Germany — 2Theoretical Physics I1I, Center for Electronic Cor-
relations and Magnetism, Institute of Physics, University of Augsburg,
86135 Augsburg, Germany

Ultracold atoms dispersively coupled to an optical cavity experience ef-
fective long range interactions, leading to a variety of symmetry break-
ing patterns. On the other hand, spin-1/2 lattice fermions can locally
interact via the Hubbard interaction which, when attractive, gener-
ally favors pairing. By considering an ultracold gas of two-component
fermionic atoms in a static optical square lattice and dispersively cou-
pled to a ring cavity, we analyze the effects of the competition be-
tween the cavity-mediated long range interaction and the Hubbard
coupling on the pairing instabilities of the Fermi surface. Using a gen-
eral Hartree-Fock-Bogoliubov mean-field decoupling of the extended
Hubbard Hamiltonian describing the low energy physics of the sys-
tem, we focus on the competition between the Cooper pairing channel
and a specific instance of pair density waves that have been shown to
be exactly degenerate with the former in a recent study of a similar
system with spinless fermions without an underlying lattice. In partic-
ular, we show that the Hubbard interaction lifts this degeneracy, and
analyze the competition between both types of pairing order.

Q 64.3 Thu 17:00 Philo 1. OG

Optical dipole trapping of mercury — eSascHA HEIDER,
THORSTEN GRoOH, and SIMON STELLMER — Universitdt Bonn, Ger-
many

Mercury, being one of the heaviest laser-coolable elements, is an ideal
platform for searches for physics beyond the Standard Model, such as
atomic electric dipole moments (EDMs).

We report on the efficient transfer of mercury atoms from a MOT into a
high-power (300 W), crossed-beam optical dipole trap paving the way
towards degenerate quantum gases of mercury and next-generation
atomic EDM searches.

Q 64.4 Thu 17:00 Philo 1. OG
QRydDemo - Architecture for Dynamic Tweezer Arrays —
eRALF BErRNERD'2) CHRIsSTOPHER Bounps!2, MANUEL MoRGADO 2,
GovIND UNNIKRISHNANDZ, AcHIM ScrHoLz!:2, JIACHEN ZHAOL2, Ju-
Lia Hickr!?, MaxiviLian Kosl'2, SEBasTiaAN WEBERS3:2, HaNs-
PETER BUCHLER®2, SIMONE MONTANGERO?, CHRISTOPH TRESP®,
JURGEN STUHLER®, TiLMAN Praul>2, and FLORIAN MEINERT!?
15th Inst. of Physics, University of Stuttgart — 2IQST — 3Inst. for
Theoretical Physics III, University of Stuttgart — #Inst. for Complex
Quantum Systems, University of Ulm — 5TOPTICA Photonics AG

Within the QRydDemo project, we aim to realize a neutral Rydberg
atom quantum computer exploiting the Fine-Structure (FS) qubit in

Location: Philo 1. OG

883r atoms trapped in optical tweezers. To this end, we demonstrate
a novel type of dynamic tweezer architecture consisting of 20 Acusto-
Optical Deflectors (AODs) operating at 592 nm, which are individually
driven by up to 64 independent Radio-Frequency (RF) tones, enabling
array sizes of up to 500 qubits.

This platform, together with fast image analysis and independent real-
time RF-control of the AODs, provides the capability of parallel line
sorting with an unprecedented dynamical connectivity, which we can
utilize for fast sorting and mid-circuit rearrangement of individual
atoms at timescales within the coherence time of the qubits.

We present our work on achieving single atom loading and cooling
with a scheme that sequentially addresses red sidebands of the narrow
intercombination line in strontium via a frequency chirp. This paves
the way towards the generation of large, defect-free arrays of qubits.

Q 64.5 Thu 17:00 Philo 1. OG
Stroboscopic Quantum Sensing in Trapped-Ion Systems —
oFREDERIKE DOERR, FLORIAN HaAsse, ToBias SpPANKE, ULRICH
WAaRRING, and ToBias ScHAETZ — Institute of Physics, University
of Freiburg, Hermann-Herder-Strafle 3, D-79104 Freiburg, Germany

Trapped ions offer exceptional control over quantum motion, enabling
precision studies of dynamical and topological phenomena. We present
a stroboscopic measurement technique that provides minimally inva-
sive, time-resolved access to an ion’s motional state by maintaining
coherence among four coupled oscillators: a global microwave refer-
ence, a polarization-gradient travelling-wave light field, and the ion’s
spin and motional states. The method reaches position and momen-
tum sensitivities at the nanometer and zeptonewton-microsecond scale
with sub-100 ns time resolution [1]|, and recent improvements extend
its applicability to non-classical motional states. These capabilities
open new opportunities for engineered quantum dynamics, including
motional NOON states, spin-motion entanglement transfer, and tests of
topological amplification effects in parametrically driven, dissipative
ion systems [2]. Moreover, resolving extremely small momentum trans-
fers enables probing the weak energy exchange in atom-ion glancing
collisions, essential for validating universal quantum-scattering models
underpinning quantum-based pressure standards [3]. This framework
thus links coherent motional sensing, topological quantum effects, and
single-collision physics within a unified trapped-ion platform. [1] RPA
109, 053105 (2024) [2] arXiv:2502.06960 [3] 2020 Metrologia 57 025015

Q 64.6 Thu 17:00 Philo 1. OG
Towards the production of groundstate RbYb — e ArRNE KALL-
WEIT, CELINE CASTOR, and AXEL GORLITZ — Institut fiir Experimen-
talphysik, Heinrich-Heine-Universitat Diisseldorf

Ultracold dipolar molecules constitute a promising system for the in-
vestigation 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 pro-
duction of ultracold RbYb molecules. This setup constitutes an im-
provement of our old apparatus, where the interactions in RbYb and
possible routes to molecule production have already been studied ex-
tensively [1,2]. 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 dif-
ferent isotopes by overlapping crossed optical dipole traps. To explore
the pathways towards ground state molecules we start with photoas-
sociation spectroscopy near the intercombination line of Yb.

[1] M. Borkowski et al., PRA 88, 052708 (2013)

[2] C. Bruni et al., PRA 94, 022503 (2016)

Q 64.7 Thu 17:00 Philo 1. OG
Studying Rydberg-atom-ion interactions with a high-
resolution ion microscope — e MAXIMILIAN FUTTERKNECHT!, JEN-
NIFER KRAUTER!, OscaArR ANDREY HERRERA-SANCHO!, FLORIAN
AnscuOTz!, Urzurt HoGL VipaLl, MoriTz BERNGRUBER?, FLO-
RIAN MEINERT!, ROBERT Loéw!, and TiLmMaN Praul — 15th Institute
of Physics, University of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart
— 2Max Planck Institute of Quantum Optics, Hans-Kopfermann-Str.
1, 85748 Garching



Mainz 2026 — Q

Thursday

Our high-resolution ion microscope enables the spatio-temporally re-
solved study of interactions between Rydberg atoms and ions in a bulk
gas of ultra-cold Rubidium atoms. The apparatus has an achievable
lateral resolution of at least 200 nm and allows for three-dimensional
imaging. In previous years, the setup was used to study the formation
and dynamics of a molecular bond between a single ion and a Rydberg
atom, as well as the dynamics of unbound atom-ion states. We plan to
extend this endeavor by introducing a second Rydberg state. In an un-
bound configuration, interactions between two Rydberg states tuned
by Forster resonances should be experimentally studied. In a next step,
we want to create Rydberg-Rydberg-ion bound states by independently
exciting two Rydberg states around a central ion. By state-selective
extraction of the three constituents of the formed trimers, we plan to
tackle the challenge of distinguishing the three particles on our ion
detector and detect triple-coincidences. Spectroscopic measurements
and high-resolution imaging will be used to extract information on the
electronic and spatial structure of the three-body system.

Q 64.8 Thu 17:00 Philo 1. OG
Stabilizing binary Bose droplets by ions — eSHUNSUKE
NisHIMURA, PanaGioTis GIANNAKEAS, and JAN-MIcHAEL Rost —
Max Planck Institute for the Physics of Complex Systems, Dresden,
Germany

Ultra-dilute liquid droplets formed in binary Bose mixtures constitute
weakly interacting yet self-bound quantum fluids, whose quantum-
fluctuation-induced stability continues to attract considerable interest.
Impurities offer a versatile probe of these systems, and ionic impuri-
ties in particular can induce pronounced structural changes through
their long-range interactions, as seen in helium nanodroplets. How-
ever, their effects in ultra-dilute environments, such as Bose droplets,
remain greatly unexplored.

Here we investigate a three-dimensional, spherically symmetric
droplet formed by a two-component Bose mixture with contact inter-
actions in the presence of a single ionic impurity. The attractive ion-
atom interaction significantly deforms the ground-state density profile
and induces a distinct low-lying breathing mode, which remains sta-
ble against self-evaporation over a substantially wider range of particle
numbers in contrast to the case of the impurity-free droplets. This sug-
gests that ionic impurities offer the possibility to investigate polarons
without altering the droplet state even during elementary excitations.

Q 64.9 Thu 17:00 Philo 1. OG
Entanglement-enhanced interferometry using single-atom-
resolved Twin-Fock states in 87Rb BECs — eDoMiNik KOSTER,
MARTIN QUENSEN, MAREIKE HETZEL, and CARSTEN KLEMPT —
Deutsches Zentrum fiir Luft- und Raumfahrt e.V. (DLR) Hannover

Atom interferometers are among the most sensitive tools in quan-
tum metrology but are typically limited by the standard quantum
limit (SQL). Entangled input states can surpass this bound and ap-
proach Heisenberg scaling. We present a metrology-ready 87Rb plat-
form that combines sub-500 ms Bose-Einstein condensate (BEC) pro-
duction in time-averaged optical potentials with state-resolved, single-
atom-resolved detection. We create high-fidelity Twin-Fock states via
spin-changing collisions and observe Hong-Ou-Mandel-type atomic in-
terference of up to 10 atoms. Using these states’ near-perfect number
correlations for heralding, interferometry can be perfomed with large
Dicke states for sub-SQL metrology at total atom numbers of 1000 and
beyond.

Q 64.10 Thu 17:00 Philo 1. OG
MEMS-Mirror-driven Optical Tweezer for Neutral-Atom

Quantum Computing. — eMarcieL Kreck!, Jonas WITZENRATH!,

Tosias Pirkaul, Jonas Gurscue!, DieTErR Jakscu?, NicLas
Luick2, HENNING MoriTz2, THoMAS NIEDERPRUMY, HERWIG OTT!,
PETER ScHMELCHER?, KLAUS SENGSTOCK?, ARTUR WIDERA!, SHAN-
SHAN Gu-StoprpPEL3, PAauL RascHDORF?, and LENA Wysockr® —
IRPTU Kaiserslautern-Landau, 67663 Kaiserslautern, Germany —
2University of Hamburg, 22761 Hamburg, Germany — 3Fraunhofer

Institute for Silicon Technology, 25524 Itzehoe, Germany

Neutral-atom-based quantum computers are a promising platform for
addressing complex optimization problems. These require the ability
to deterministically move atoms, not only for initializing a qubit array
but also for reaching an all-to-all connectivity. Within the Rymax One
project, we investigate mirrors based on Micro-Electro-Mechanical Sys-
tems (MEMS) technology to create movable optical tweezers. The de-
velopment of a new piezo-electric material by the Fraunhofer ISIT that
exhibits minimal hysteresis enables the precise positioning of a small

mirror surface. In contrast to conventional methods (e.g., AODs),
these mirrors introduce no position dependent frequency shift, allow
atom movement in all three spatial dimensions, and have a high re-
flectivity across a broad range of frequencies, including the ultraviolet.
To address the entire atomic array of the Rymax One quantum pro-
cessor, we simulate an optical setup. We characterize different MEMS
mirror models and find optimal parameters to ensure quick and stable
movement. The oscillations that occur are eliminated.

Q 64.11 Thu 17:00 Philo 1. OG
An Atomtronic Toolbox for Josephson Physics — eFLORIAN
BmotrH, Kamn T. MircHELL, ErRIK BERNHART, JAN GERHARDT,
MarviN ROHRLE, and HErwic OTT — Department of Physics and
Research Center OPTIMAS, Rheinland-Pfilzische Technische Univer-
sitdt Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

We present an atomtronic toolbox to study quantum transport phe-
nomena and quantum scattering problems using Bose-Einstein conden-
sates (BECSs) in spatially and temporally modulated optical potential
landscapes. Our platform generates arbitrary optical potentials with
a multi-axis acousto-optical deflector and a digital micromirror device.
Additionally, we are developing the implementation of a novel sub-
wavelength dark-state barrier using a pair of resonant Raman beams,
with differing transverse modes, projected onto the atoms through
an in-vacuum objective lens. The atoms are imaged using a multi-
directional absorption imaging system and a scanning electron micro-
scope with high spatial resolution.

This apparatus allows us to investigate atomtronic superconduct-
ing Josephson junctions, constructed by introducing a tunnelling bar-
rier into a tube-shaped BEC. With an appropriate combination of AC
and DC driving, the current-voltage curve of the device shows discrete
Shapiro steps, that have previously been demonstrated in solid-state
superconductors and form the Josephson voltage standard. We investi-
gate the microscopic origins of this behaviour and demonstrate that in
our quantum gas platform they directly connected to phonon emission
and vortex dynamics.

Q 64.12 Thu 17:00 Philo 1. OG
Fano-suppression of losses in scattering resonances of bosonic
erbium — eArRror Houwman!, Louls LAFFORGUE2, SARAH
EmBACHER!, MANFRED MaARk!2, and FrancEsca FERLaINo!:?
Mnstitut fiir Quantenoptik und Quanteninformation, Osterreichische
Akademie der Wissenschaften — 2Universitét Innsbruck, Institut fiir

Experimentalphysik, 6020 Innsbruck, Austria

Lanthanides exhibit remarkable complexity in their scattering proper-
ties due to their numerous valence electrons which is reflected in the
exceptionally dense Feshbach spectrum in the ground state. Here we
explore the situation of bosonic spin mixtures of erbium, adding the
additional spin degree to the problem. We observe inter- and intra-
spin scattering resonances exhibiting a peculiar Fano shape with a
pronounced loss minimum, indicating a destructive interference phe-
nomenon. Our multi-channel model captures the essential behaviour
and additionally predicts a series of Fano-Feshbach resonances across
multiple spin compositions connected to the same molecular state. We
observe this series and find good agreement to our model. Our work
opens the door for a detailed investigation to study multi-spin strongly-
coupled scattering phenomena.

Q 64.13 Thu 17:00 Philo 1. OG
A Cryogenic Surface Trap for experiments with Rydberg
ions — eVINAY SHANKAR!, MARION MALLWEGER!, SiMON ScHEY!2,
NataLia Kuk!, Ivo Strakal, Rosin Tuomm!, and MARKUS
HenNrIcH! — !Department of Physics, Stockholm University, Stock-

holm, Sweden — 2Infineon Technologies Austria AG, Villach, Austria

Trapped Rydberg ions are a unique platform for quantum information
processing, metrology and simulations [1,2] as they combine the excep-
tional control over trapped ions with the tunable, long-range interac-
tions of Rydberg states. Rydberg ions have been used to demonstrate
sub-microsecond entangling gates [3]. One of the biggest challenges
while working with Rydberg ions is double ionisation due to blackbody
radiation, since Rydberg states are close to the ionisation threshold.
The operation of the system in a cryogenic environment would reduce
this effect significantly, and here we present such an experimental sys-
tem. The setup hosts a surface ion trap, with separate trapping and
experimental zones. Here we present the first measurements with the
surface trap with the goal of showcasing Rydberg excitations on such
a system. The large polarisability of Rydberg ions makes them highly
sensitive to surrounding electric fields and can be utilised as a precise
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probe for sensing electric fields around the chip.
[1] M. Miiller, et al., NJP, 10, 093009 (2008).
[2] F. Schmidt-Kaler, et al., NJP, 13, 075014 (2011).
[3] C. Zhang, et. al., Nature 580, 345 (2020)

Q 64.14 Thu 17:00 Philo 1. OG
Fast single atom spin and number resolved imaging of
SU(N) fermions — eLron ScuArer'2, Sopuie HAFELE!'2, THiES
PrassmMANN'2 MeNy MEeNasues!2?, and GuiLLauMeE Saromon’:2
— lInstitute for Quantum Physics, Hamburg University, Luruper
Chaussee 149, 22761 Hamburg — 2The Hamburg Center for Ultrafast
Imaging, Hamburg University, Luruper Chaussee 149, 22761 Hamburg

Large local Hilbert spaces are of key interest in quantum science
with applications in quantum-computing, -memories, and -simulation
of strongly-correlated systems. Multilevel quantum systems such as
superconducting circuits, trapped ions, cold molecules and ultracold
atoms offer the possibility to realize qudits. Yet, the simultaneous
control and detection of multiple quantum states at the single-particle
and state level remain a significant challenge. State-of-the-art quan-
tum simulators with single particle and spin detection, such as quan-
tum gas microscopes, also suffer from limited state selectivity and long
detection times. We present a rapid imaging technique enabling the
simultaneous detection of up to four quantum states encoded in the
nuclear spin manifold of 87Sr within 100 us. By combining an optical
Stern-Gerlach separation protocol with high-fidelity ultrafast imag-
ing in free space we achieve state-resolved detection fidelities in the
range of 95-99.3%. This method is compatible with the joint detec-
tion of multiple atoms initially confined within the same optical trap.
Our technique offers fascinating perspectives for quantum science with
alkaline-earth atoms ranging from qudit based quantum computing to
quantum gas microscopy of the SU(N) Fermi-Hubbard model.

Q 64.15 Thu 17:00 Philo 1. OG
Towards Autonomous Optical Alignment for NV-Center and
SHG Experiments — eZHEN Mi, ToBiAs SPANKE, FREDERIKE
DORrR, JORN DENTER, ULRicH WARRING, and ToOBIAS SCHATZ —
Physikalisches Institut, Albert-Ludwigs-Universitat, Freiburg

We present an automated beam-alignment framework designed for op-
tical experiments requiring long-term stability, in particular NV-center
excitation/collection paths and second-harmonic generation (SHG)
stages. Stable and reproducible alignment is essential for maintain-
ing photon rates, SHG efficiency, and experimental reliability, yet
manual alignment suffers from drift, operator dependence, and time
overhead. Our approach combines motorized mirror mounts, in-loop
detectors, and gradient-free optimization routines to autonomously ex-
plore multi-parameter alignment spaces. We benchmark the system on
NV-center fluorescence collection and SHG cavity coupling. The au-
tomated routines consistently improve alignment quality, reduce sen-
sitivity to mechanical and thermal drifts, and increase reproducibil-
ity across repeated optimization cycles. We further analyze critical
aspects such as distinguishing signal drift from noise, managing low-
SNR conditions, and maintaining robustness over long measurement
sequences. These results lay the groundwork for self-calibrating optical
experiments and scalable, low- maintenance optical setups for quantum
sensing and nonlinear optics.

Q 64.16 Thu 17:00 Philo 1. OG
Effects of of two-body interactions and quenched disorder
on the spectrum and topology of the time-periodically

driven Haldane-Falicov-Kimball model — SOURADEEP
Roy Cuoupnury!, Aruit Durtal, Tao Qin2, and WALTER
HorsTETTER! — !Goethe-Universitiat, Institut fiir Theoretische

Physik, 60438 Frankfurt am Main, Germany — 2School of Physics,
Anhui University, Hefei, Anhui Province 230601, People’s Republic of
China

We investigate the time-periodically driven disordered Haldane-
Falicov-Kimball model on a honeycomb lattice using real space Flo-
quet dynamical mean field theory. For the clean, noninteracting sys-
tem, the time-periodic nonequilibrium steady state (NESS) resembles
an equilibrium Haldane phase at large driving frequencies but has no
effective equilibrium description at intermediate driving frequencies.
In presence of the Falicov-Kimball interaction, the pumped charge in
a cylinder geometry with a threaded flux does not remain quantized,
due to the broadening of the spectral edge modes with increasing in-
teractions till the Mott transition. The rate of energy dissipation into
the bath for the clean system shows remarkably different behaviour
between the intermediate and large frequency driving regimes. Upon

adding onsite static disorder to this system, we find disorder-induced
spectral broadening.

Q 64.17 Thu 17:00 Philo 1. OG

Transportable magneto-optical trap of strontium for edu-

cational outreach — eDarius Hover, SopHIA PauL, JOHANNA
KraAMER, and SiMoN STELLMER — Physikalisches Institut, Bonn,
Deutschland

The broad linewidth of the 461 nm transition of strontium enables ef-
ficient laser cooling and trapping, producing a bright MOT visible to
the naked eye. This makes the Sr MOT an ideal, accessible system for
demonstrating physics and quantum optics.

We present both the simulation and realization of a portable Sr MOT
using permanent magnets for the Zeeman slower and the MOT.

Q 64.18 Thu 17:00 Philo 1. OG
Design of a Dual-Species Atomic Beam Source for High Ru-
bidium and Lithium Flux — eFLORIAN ANscHUTZ!, RAPHAEL
Benz!, JENNIFER KRAUTER!, MAXIMILIAN FUTTERKNECHT!, UTZURI
UrsurLa HocL Vmpar!, Oscar ANDREY HERRERA Sancuo!2,
FLoriAN MEINERT!, RoBERT Low!, and Tiuman Prauvl — 15
Physikalisches Institut, Universitdt Stuttgart, Pfaffenwaldring 57,
70569 Stuttgart, Germany — 2Escuela de Fisica, Universidad de Costa,
Rica, 2060 San Pedro, San José, Costa Rica

Lithium is a promising atomic platform for studying Rydberg
molecules in the ultracold regime. For example Rydberg molecules
made from Li atoms will allow for resolved rotational spectra, and will
allow to study atom ion collisions in the quantum regime. We present
the design of a rubidium-lithium dual-species atomic beam source de-
veloped for future integration into a high-resolution ion microscope. In
order to advance towards dual-species scattering experiments with ru-
bidium and lithium, a bright and well-controlled dual-species atomic
beam source is essential. The current source produces overlapping
Rb and Li beams with estimated MOT loading rates on the order
of 1x 10° 1/s for 8"Rb (120 °C) and 3 x 10° 1/s for ®Li (400 °C)
under dual-species operation. With an improved design, we aim to
increase the Rb flux by a factor of 2 — 3 while maintaining compara-
ble single-species flux performance. We backup this new design with
Monte-Carlo Molecular-Dynamics simulations.

Q 64.19 Thu 17:00 Philo 1. OG
Characterizing Radio Frequency-Induced Pressure Variations
in Glass-Cell Vacuum Systems — eVICENTE BAcaA, ALEXANDER
GuTHMANN, Louisa KIENESBERGER, FELIX LANG, DAvVID (GOPALAN,
ELeonora Lippi, and ArRTUR WIDERA — RPTU Kaiserslautern-
Landau

In recent years, radio-frequency (RF) magnetic fields have become in-
creasingly important tools in ultracold-atom and quantum-gas exper-
iments. Because many of these experiments rely on glass-cell vacuum
chambers, where stable ultra-high vacuum (UHV) is critical, it is es-
sential to verify that the presence of an RF coil (or any source of time-
dependent magnetic fields) does not compromise vacuum integrity. In
the present work a tunable RF coil was placed near a quartz glass-cell
and driven over the MHz regime while monitoring the chamber pres-
sure in real time. We observe frequency dependent pressure variations
correlated with the magnitude of the applied RF field. The results
contribute to understanding RF-induced perturbations in UHV envi-
ronments and enhance the design of vacuum systems that incorporate
RF fields.

Q 64.20 Thu 17:00 Philo 1. OG
Investigating structural phase transitions in dipolar quantum
gases — CHRISTIAN GOLZHAUSER, eLiLy PrarT, KARTHIK CHAN-
DRASHEKARA, JIANSHUN Gao, MaNoN BaLru, Wyart KIRKBY, and
LauriaNeE CHomAz — Physikalisches Institut, Universitdt Heidelberg,
Germany

Dipolar quantum gases have allowed the discovery of novel many-body
states (e.g. supersolids), while at the same time providing an outstand-
ing degree of control and tunability. In our new-generation experiment
at Heidelberg we aim to study the behaviour of dipolar quantum gases
of dysprosium in low dimensions and uniform tailored potentials. Here
we report on our investigations on structural phase transitions both
from a uniform to a density modulated state by tuning the s-wave
scattering length and between a triangular crystal lattice modulation
and a stripe-like modulation. We are able to observe the stripe mod-
ulation by tilting the orientation of our dipoles in plane through an
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external field. In both cases of the modulation we are able to observe
phase coherence in a small range of scattering lengths below the su-
perfluid to supersolid transition. We aim to study the nature of the
different transitions to and within the density modulated regime.

Q 64.21 Thu 17:00 Philo 1. OG
Microwave-Optical Multiphoton Lattice for an Ultracold
Atomic Rubidium Quantum Gas — eParTrick HaAs, STEFANIE
Motr, and MARTIN WEITZ — Institut fiir Angewandte Physik, Bonn,
Germany

Quantum simulations of solid state physics theory effects, as well as
many applications in quantum information, strongly benefit from re-
cent advances obtained with cold atoms in optical lattices. Here we
report on progress in the development of a state-selective optical lattice
for alkali atoms despite the usage of extremely far detuned trapping
light fields. For this, we employ a doubly resonant lattice scheme that
combines optical and microwave transitions. We present both the ba-
sic working scheme as well as results of a proof-of-principle experiment
demonstrating the resulting spatially varying trapping potential for
cold rubidium atoms. Prospects of this work include fault-tolerant
quantum computation as well as measurement-based quantum infor-
mation processing.

Q 64.22 Thu 17:00 Philo 1. OG
Towards continuous superradiance in Strontium-88 — eYING
Cui, Luuk MicHeELs, ErisaA WENZzEL, BENEDIKT HEIZENREDER,
ANANYA SiTARAM, and FLoriaN ScHRECK — University of Amster-
dam

Superradiance is a collective light-matter phenomenon with the poten-
tial of significantly enhancing the short-term stability of optical clocks.
While pulsed superradiance has already been demonstrated, we envi-
sion a steady supply of ultracold atoms actively transported through
the lasing region to achieve continuous operation. Here we present two
sub-projects towards continuous superradiance on the millihertz line
of Strontium-88. We plan to employ a bow-tie cavity to form a moving
optical lattice that acts as a conveyor belt for transporting atoms from
a reservoir into the emission region. The first objective is to couple
and lock the cavity to this lattice light and to implement a probing
setup that targets the 689 nm 1S0-3P1 transition in Strontium. A fur-
ther key requirement is the controlled, yet incoherent preparation of
atoms in the upper lasing state, preventing any imposed phase relation
between the pump beams and the emitted superradiant field. To this
end, we aim to develop and implement a multi-level pumping scheme,
supported by a frequency and intensity stabilized repumping system
integrated into the experiment.

Q 64.23 Thu 17:00 Philo 1. OG
Tools for quantum simulation with circular Rydberg states
of a divalent atom — eAAroN GOTZELMANN, EiNIUus PULTINEVI-
crus, ArMIN Humic, MArius THoMAS, CHRISTIAN HOLzL, FABIAN
THIELEMANN, and FLoRIAN MEINERT — 5. Physikalisches Institut,
Universitat Stuttgart, Stuttgart, Germany

In our quantum experiment we aim to realize a quantum simulator
with circular Rydberg states (CRS) of strontium. Compared to low-£
Rydberg states, CRS offer orders-of-magnitude longer lifetime, which
allows for overcoming fundamental limitations for system coherence.
The maximally allowed angular momentum and magnetic quantum
numbers provided by the CRS yield limited decay channels, that can
be suppressed by decreasing the mode-density in the black-body regime
leading to extreme lifetimes [1]. To this end we use the Purcell-effect
provided by a capacitor structure around the atoms [2].

As a divalent alkaline-earth Rydberg atom, strontium offers several
advantages over monovalent elements because of the optically active
ionic core. This is specifically true for CRS, which allows for coherent
operation of the Srt ion with its level structure. This gives rise to var-
ious tools for our quantum simulator, such as trapping, cooling, side
selective addressing [3], and fluorescence imaging of Rydberg atoms.
In my contribution, I will show our endeavours on the optical detection
of a CRS.

[1] Pultinevicius et al., arXiv:2510.27471 (2025)
[2] Holzl et al., Phys. Rev. X 14, 021024 (2024)
[3] Wirth et al., Phys. Rev. Lett. 133, 123403 (2024)
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Fast SLM holography for arbitrary atom transport in neutral
atom QPUs. — eMaximiLiaN Kos2, CHRisToOPHER Bounpsh:2,
MANUEL MorcaDO 2, GovIND UNNIKRISHNAN2, RALF BERNERD2,

Thursday
AcHiM Scuorz!:2, JiacHEN Zuaob2, Juria Hickpl:2, TiLman
Praul2, and FroriaNn MEeINErRT!2 — 15th Inst. of Physics, Uni-

versity of Stuttgart — 2IQST

We report on progress towards a fully dynamical optical tweezer
platform employing fast, phase-only spatial light modulators (SLMs)
within the QRydDemo demonstrator. Due to intensity flickering along
sequences of Gerchberg-Saxton (GS)-based holograms, smooth transi-
tions between frames are generated using the Linear Phase Interpola-
tion (LPI) method [1]. This mitigates losses during transport through
light-field phase control. Our control software has been adapted to in-
clude a GPU-accelerated implementation of the LPI and to support ar-
bitrary two-dimensional trajectories. The neutral-atom platform based
on optical tweezers offers the possibility of 3-dimensional (3D) atom
assembly. We compare several methods for generating static 3D holo-
grams and evaluate their suitability for atom transport, supported by
optical and dynamical simulations. To enable fully 3D atom transport
for sorting and shuttling, we further present an evaluation of the per-
formance of different techniques for generating 3D holograms near kHz
timescales.
[1] I. H. A. Knottnerus et. al. SciPost Phys. 19, 118 (2025)
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Design of a new accordion optical lattice for a quantum
gas microscope — eLENNART HoeNEN!, CarrLos Gas2?, AN-
DREAS MEYER?, LAURIANE CHomMmaz!, and LeTiciA TARRUELL? —
I Physikalisches Institut Heidelberg, Im Neuenheimer Feld 226, 69120
Heidelberg, Germany — 2ICFO - The institute of photonic sciences,
Mediterranean Technology Park, Avinguda Carl Friedrich Gauss, 3,

08860 Castelldefels, Barcelona, Spain

In this poster, the design of a dynamically tunable accordion optical
lattice is presented, which was developed for the Strontium quantum
gas microscope experiment in the Tarruell group. The design is ex-
pected to enable dynamic tuning of the vertical confinement from 9kHz
to 25kHz, corresponding to a change in lattice spacing from 1.9um to
5.1um, while remaining below 80Hz in the horizontal direction. The
functionality of the accordion lattice is demonstrated in a dedicated
test setup, validating its performance and tunability.

This technical advancement opens new possibilities for exploring
strongly correlated SU(N) symmetric systems in tailored 2D geome-
tries under a quantum gas microscope
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Morphological false vacuum decay in dipolar supersolids —
eWvarT Kirkby!:2, THOMAS GasENzER?, and LAURIANE CHomaz!
— 1Physikalisches Institut, Universitit Heidelberg, Heidelberg, Ger-
many — 2Kirchhoff-Institut fiir Physik, Universitit Heidelberg, Hei-
delberg, Germany

We theoretically study false vacuum decay between two morpholog-
ically distinct phases of a two-dimensional atomic dipolar supersolid
via bubble nucleation, within an extended Gross-Pitaevskii framework
including quantum fluctuations. We model the decay rate by deriving
an effective action and instanton bounce solution describing the tran-
sition between honeycomb and stripe supersolid orders. Numerical
simuations of stochastic decay events are then compared against this
field-theoretic approach. We also compare bubble growth velocities
with the longitudinal and transverse sound speeds of the competing
supersolid orders.
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Rymax one: A neutral atom quantum processor to solve op-

timization problems — eSiLvia FERRANTE!, JoNAS WITZENRATH?,

Tosias EBerT!, KapiL Goswami!, Henprik Koser!, Tobias

Pirkau2, BENJAMIN ABELN!, HAUkE Biss!, Giovanni bE VEccHI!,
Jonas GurscHE?, NADER MosTtaaNn!, Rick MUKHERJEES, SUTHEP

PomiaksiLp!, NicLas Luick!, THoMas NIEDERPRUMZ, DIETER

Jakscu!, HENNING MoriTz!, HERwic OTT?, PETER SCHMELCHER!,
Kraus SEnasTock!, and ARTUR WIDERAZ? — 1University of Ham-
burg, 22761 Hamburg, Germany — 2RPTU Kaiserslautern-Landau,
67663 Kaiserslautern, Germany — 3 University of Tennessee, TN 37996

Knoxville, USA

From the optimisation of supply chains to efficient vehicle routing -
computationally hard problems are deeply embedded into modern so-
ciety. Finding solutions to these problems via classical means still
requires substantial computational effort. Quantum processors, on the
contrary, promise a significant advantage in solving them.

Here we present Rymax one, a quantum processor based on neutral
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Ytterbium designed to explore the potential of quantum computing for
real world applications. The level structure of Yb naturally provides
qubits with long coherence times as well as high-fidelity gate opera-
tions. These features allow us to realise a scalable platform to test the
performance of novel quantum algorithms tailored to tackle real-world
problems.

Q 64.28 Thu 17:00 Philo 1. OG
Stabilizing the repulsive Bose polaron — eRENE HENKE, CESAR
R. CaBRERA, and HENNING MoRiTZ — Institut fiir Quantenphysik,
Universitdt Hamburg

Mobile impurities interacting with a quantum medium form quasi-
particles known as polarons, a central concept in many-body physics.
While the quantum impurity problem has been extensively studied
with ultracold atomic gases, repulsive polarons in the strongly corre-
lated regime have remained elusive. Typically, impurity atoms bind
to molecules or rapidly decay into deeper-lying states before they can
acquire an appreciable dressing cloud. Here, we report on the realiza-
tion of polarons in a strongly repulsive quasi-two-dimensional quan-
tum gas. Using a superfluid of 6Li dimers, we introduce impurities
by promoting a small fraction of the dimers into higher levels of the
transverse confining potential. These synthetic-spin polarons give ac-
cess to the strongly repulsive regime where common decay channels
are suppressed. We extract key polaron properties—the energy, quasi-
particle residue, and effective mass—using trap modulation and Bragg
spectroscopy. Our measurements are well captured by a microscopic
T-matrix approach and quantum Monte Carlo simulations, revealing
deviations from mean-field predictions. In particular, we measure a
significant enhancement of the polaron mass, with values exceeding
twice the free dimer mass. Our demonstration of a stable repulsive
Bose polaron establishes a platform for studying impurity physics in
low-dimensional and strongly correlated systems.

Q 64.29 Thu 17:00 Philo 1. OG
Temperature-dependent extended Gross-Pitaevskii treat-
ment for dipolar quantum gases — eJuriaN KuscH, WyarT
KirkBY, and LAUurRIANE CHOMAZ — Physikalisches Institut, Univer-
sitdt Heidelberg

We investigate the theoretical effects of finite temperature on dipo-
lar quantum gases. The extended Gross-Pitaevskii equation (eGPE)
serves as the general framework, including isotropic contact interac-
tions, anisotropic long-range dipole interactions and beyond-mean-field
effects. By extending the eGPE to include a term based on Bogoliubov
theory, we describe the influence of finite temperatures and study the
impact on the phase diagram and real-time evolution. We also compare
our results directly with experimental observations from the Heidelberg
Dysprosium lab.
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Progress toward a Lithium-based quantum gas microscope —
eSHAURYA BHaVE, Ruuia Li, Binavak RouT, and TiMoN HILKER —
University of Strathclyde, Glasgow, United Kingdom

Neutral atoms have taken ground as a compelling platform, for both
analog and digital quantum simulation. They bring several advantages
such as long lifetimes, naturally identical qubits, and inherent scalabil-
ity. Optical lattice based tunneling gates, are expected to enhance the
toolkit of simulation experiments to realise hybrid quantum processors.
This approach combines the power of Hubbard simulations, with the
programmability of quantum gates, utilising the inherent fermion ex-
change statistics of cold atoms. Here we present our progress towards
a new lithium quantum gas microscope. Our goal is to gain full con-
trol over the motion of the atoms, by employing an optical superlattice
and single site addressing to create quantum gates. We aim for fast
cycle times and robust preparation of deeply degenerate gases using a
single-chamber design with a high-power optical lattice directly loaded
from a MOT.

Q 64.31 Thu 17:00 Philo 1. OG
Long-lived giant circular Rydberg states at room tempera-
ture for quantum simulation — eEiNIUS PULTINEVICIUS, AARON
GOTzZELMANN, ARMIN Humic, MaRrius TrHomas, FABIAN THIELE-
MANN, CHRISTIAN HOLzL, and FLORIAN MEINERT — 5. Physikalisches
Institut, Universitdt Stuttgart

Highly excited Rydberg atoms feature extreme properties, making

them valuable for many applications ranging from sensing to the use
in quantum computing and simulation. Commonly used low-¢, opti-

cally accessible Rydberg states have a limited lifetime which imposes a
fundamental restriction on their coherence times. In our experiment,
we overcome this limitation by transferring the Rydberg electron to a
circular Rydberg state (CRS) with maximally allowed orbital momen-
tum. The use of a transparent capacitor with indium-tin-oxide-coated
glass plates reduces the mode-density of resonant black-body photons,
further increasing the lifetime while preserving optical access.

Here, we characterize this effect over a wide range of n from 79 up
to 101, enabled by successive coherent population transfer between
close-by CRS. The measured decay dynamics indicate additional res-
onant features involving additional decay paths, which are explained
by taking into account the full electrode structure around the atom.
We demonstrate lifetimes reaching 10 ms at room-temperature and a
trapping time of more than 100 ms, paving the way for experiments
with Rydberg atoms on unprecedented timescales.
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Towards Lithium Bose-Fermi-mixtures in a compact experi-
mental apparatus — eJONATHAN BRACKER, MARTIN GUILLOT, and
CHRISTOF WEITENBERG — Technische Universitdt Dortmund

We present the design of a versatile lithium quantum gas machine with
a 2D /3D MOT setup and high-resolution access with an NA of 0.5. A
matter-wave microscope using optical traps allows magnifying the den-
sity by a factor of 35. It also enables the realisation of a phase micro-
scope, mapping phase fluctuations to density fluctuations for a BEC
in a triangular optical lattice. Upon the reassembly of the machine
after relocation, we are currently implementing an upgrade to allow
for the preparation of Bose-Fermi mixtures of Li7 and Li6. We present
the laser system that provides all the necessary frequencies for simul-
taneous sub-Doppler laser cooling as well as future plans to use the
mixture for studying various scenarios of driven-dissipative systems.
In particular, we will use the Li6 cloud as a bath to absorb heating of
a Li7 system upon manipulation with moderately near-resonant light.

Q 64.33 Thu 17:00 Philo 1. OG
Optimizing pulsed resolved sideband cooling outside the
Lamb—Dicke regime — eErwIiN A. DijcK, SEBASTIAN DAVIDSON,
RuBeN B. HENNINGER, SHREYA RA0O KODANCHA, DEVANARAYANAN
RajeeB Kumar, STeErPAN KokH, VERA M. ScHAFER, THOMAS
PrEIFER, and José R. Crespo-L6pPEz URRUTIA — Max-Planck-
Institut fiir Kernphysik, Heidelberg

Cooling ions to the motional ground state of their harmonic trapping
potential minimizes Doppler shifts and enables techniques like quan-
tum logic spectroscopy. Ion motion modulating a narrow transition
produces resolved sidebands that allow changing the motional state in
controlled steps beyond the Doppler limit. In the Lamb—Dicke regime,
the modulation is small: repeated excitation of the first-order red side-
band and repumping successively lowers the phonon number to zero.

Limited trap depth may prevent reaching this regime and presents
challenges in sideband cooling: the Doppler limit now corresponds to
a larger initial phonon number, and absorption and emission during
repumping cause significant heating. However, the larger modulation
index also produces higher order sidebands in the spectrum, allowing
removal of more than one phonon per step.

Simulating the probability distribution over Fock states for one and
two-ion crystals during the cooling process, we investigate optimized
pulse sequences for different combinations of Lamb—Dicke factors and
ion species, considering in particular mixed-species crystals comprising
a Be™T ion and a highly charged ion.

Q 64.34 Thu 17:00 Philo 1. OG
Confinement-induced stabilization of a resonantly interact-
ing ultracold Bose-Fermi mixture — eToMmAsO VEDOVELLO,
D Dicviiay, PREMJITH THEKKEPPATT, KLAASJAN VAN DRUTEN, and
FLorIAN ScHRECK — Van der Waals-Zeeman Institute, University of
Amsterdam, Netherlands

Alkaline—alkaline-earth dimers exhibit both an electric and a magnetic
dipole moment and they are a promising platform for studying quan-
tum many-body effects, precision measurements, quantum computa-
tion and quantum chemistry. In our experiment [1] we aim to produce
such molecules starting from an ultracold Bose-Fermi 87Rb-87Sr mix-
ture. The ultracold scattering properties of this mixture have been
previously determined in our group [2,3], and the mixture was found
to be resonantly interacting, with losses attributed to 3-body recom-
bination [4]. We observed the suppression of these losses by confining
the gas to lower dimension in a 1D optical lattice . In such a quasi-2D
regime, the resonantly interacting mixture has a long lifetime, up to
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hundreds of milliseconds, which is an excellent starting point for pur-
suing molecule formation, for instance through confinement-induced
resonance [5]. Our immediate next goal is to confirm this through a
two-photon scheme (STIRAP). This is the next step towards creating
the first ultracold open-shell heteronuclear ground-state molecules.

[1] P. Thekkepatt, et al., PRL 135, 193001 (2025) [2] A. Ciamei, et
al., Phys.Chem.Chem.Phys 20, 26221 (2018) [3] V. Barbé et al., Nat.
Phys.14, 881 (2018) [4] P.O. Fedichev, et al., PRL 77, 2921 (1996) [5]
L. Oghittu et al., PRA 112, 043313 (2025)
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Bayesian Optimization of Measurement Protocols for the
Thermometry of Ultracold Gases — eLLucAa LEON GRANERT, JU-
LIAN FEss, SABRINA BURGARDT, SiLvia HIEBEL, and ARTUR WIDERA
— Department of Physics, RPTU University Kaiserslautern-Landau,
67663 Kaiserslautern, Germany

Precise thermometry in ultracold gases is essential for exploring quan-
tum many-body phenomena. Established methods, such as time-of-
flight thermometry, lose precision in regimes with weak signals and
often destroy the sample. Quantum probes provide a non-destructive
approach by encoding environmental information into internal states
with minimal disturbance to the system. In this work, spin-based
quantum thermometers are realized by immersing individual Cs atoms
into an ultracold Rb bath. Inelastic spin-exchange processes between
probe and bath transfer motional and thermal information onto the in-
ternal spin states. The information gained per inelastic event increases
when nonequilibrium spin dynamics are exploited. The optimal param-
eters for this process depend on the temperature being estimated, mak-
ing this system well-suited for Bayesian estimation strategies. Three
measurement protocols are investigated: an unoptimized, an a priori
optimized, and an adaptively optimized version. Their performance
is evaluated based on their convergence behavior and achievable es-
timation accuracy. The a priori optimized protocol shows the best
performance in this comparison. These results show that nonequilib-
rium probe dynamics can enhance quantum thermometry, supporting
efficient and precise temperature estimation in ultracold environments.
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Realizing and probing programmable 2D optical lattices with
flexible geometries and connectivity — eSHENG-Hung Wangh2,
KRITSANA SRAKAEW!2, Davip WEr'»2, DANIEL ADpLERY2, SucHITA
AcrawaLb2 Davip GROTERs!'2, PascaL WECKESSERD'2, IMMANUEL
Brocu'»?:3, and Jouannes ZemHERD2:3 — 'Max-Planck-Institut fiir
Quantenoptik, Garching, Germany — 2Munich Center for Quantum
Science and Technology, Munich, Germany — 3Fakultit fiir Physik,
Ludwig-Maximilians-Universitdt, Munich, Germany

Optical lattices are a versatile platform for studying complex and
highly correlated quantum many-body systems. For most experiments,
the layout of the confining lattice beams restricts the accessible lat-
tice geometries and the underlying physics. We recently overcame
this challenge by introducing a passively phase-stable tunable lattice,
which offers programmable cell connectivity and flexible geometries,
including square, triangular, Lieb, and Kagome lattices [1]. In this
poster, we present our tunable lattice geometries and demonstrate out-
of-equilibrium quantum walks for different settings. Furthermore, we
introduce a new upgrade that will enable mid-sequence tunabilty, al-
lowing for doublon and spin-resolved imaging. In addition, we discuss
cooling techniques that will boost the overall preparation time for ul-
tracold atoms in optical lattices.
[1] Wei et al. Physical Review X 13.2 (2023): 021042.
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Spin-resolved microscopy of an SU(N) Fermi-Hubbard sys-
tem — eLEoNARDO BEzzol!, CarLos Gas-FERRER!, SANDRA
Buos!, AnTonio RuBio-ABapaL!, and Leticia TArRRUELL?Z —

'ICFO, Castelldefels (Barcelona), Spain — 2ICREA, Barcelona, Spain

Quantum-gas microscopes have provided direct access to the phases of
the Fermi-Hubbard model. For SU(2) systems, they have brought mi-
croscopic insight into the complex competition between interactions,
quantum magnetism, and doping. Alkaline-earth(-like) fermions ex-
tend this spin-1/2 paradigm by giving access to SU(N) Fermi-Hubbard
models, with rich phase diagrams to be unveiled. Despite its funda-
mental interest, a microscopic exploration of SU(N) quantum systems
has remained elusive. We report the realization of a quantum-gas mi-
croscope for fermionic 87Sr. Our fluorescence imaging scheme, based
on cooling and detection on the narrow intercombination line at 689
nm, enables spin-resolved single-atom detection. By combining it with

an optical pumping protocol, we are able to detect the 10 spin states
occupation in a single experimental run, a crucial capability for prob-
ing site-resolved magnetic correlations. Moreover, we characterize the
fundamental inelastic photon scattering processes that limit the site-
resolved fidelity of our imaging protocol, and demonstrate an extension
of our method that allows us to reach fidelities > 96% for systems up
to SU(8). These results establish 87Sr quantum-gas microscopy as a
powerful approach to study exotic magnetism in the SU(N) Fermi-
Hubbard model, and provide a new detection tool with potential ap-
plications to quantum simulation, computation, and metrology.
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Enhanced Atom Capture via Multi-Frequency Magneto-
Optical Trapping — eBeEnJaAMIN HopToN, NaATHAN COOPER, and
Lucia HAckERMULLER — School of Physics and Astronomy, Univer-
sity of Nottingham, UK

Cold atom traps have a wide range of applications, from sensing—
in devices such as magnetometers and gravimeters—to tests of fun-
damental physics. Increasing the size of these atom traps increases
the sensitivity of such experiments; additionally, increasing the load
rate of these traps inevitably increases the bandwidth of any device
using these traps. We deliver an experiment showing that using multi-
frequency cooling light in a Rb-87 magneto-optical trap (MOT) dou-
bles the total number of atoms captured (capturing up to 1.3 x 1010
atoms) and further improves the load rate of the trap three-fold (up
to 1.2 x 10" s~1) compared to a traditional single-frequency MOT
using the same apparatus. The use of multiple frequencies, each sep-
arated on the order of the natural linewidth of the atomic transition
in question, allows a larger range of Doppler shifts—or higher veloc-
ity classes—to be available for excitation from the laser; this allows
atoms to remain on resonant with the laser as it is cooled, increasing
the capture velocity of a MOT for the same given size. We aim to
continue optimising the setup for greater increase in both loading rate
and steady-state atom number, in addition to implementing high atom
number interferometric techniques, of which we have simulated.
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Towards a UV single-site addressing system for a hybrid
fermionic quantum processor — eINo AHRENs'2, FRANCEsco
TesTi:4, Luca MuscareLLal?, RoBIN GroTH!3, ANDREAS VON
Haaren!23, Livane Qrub3, Trrus Franz!3, PaiLipp Preiss!-3, and
IMMANUEL Brocub34 — 1Max-Planck Institute of Quantum Optics
— 2Technical University of Munich — 3Munich Center for Quantum

Science and Technology — 4Ludwig Maximilian University Munich

FermiQP is a demonstrator for a fermionic quantum processor utiliz-
ing ultracold fermions in optical lattices. Operating in analog mode,
the system facilitates precision studies of the two-dimensional Fermi-
Hubbard model. In its digital mode, it aims to implement a universal
gate set on the spin degree of freedom, enabling advanced state en-
gineering and local basis transformations. We present a single-atom
addressing scheme for coherently manipulating the internal states of
individual Lithium-6 atoms in an optical lattice. The scheme employs
differential light shifts near a UV transition at 323 nm, maximizing
atomic coherence while minimizing cross-talk to neighboring lattice
sites. We report on the characterization of our high numerical aperture
UV microscope objective and the current status of the implementation
of our single-site addressing setup, which incorporates two polarization
independent AODs.
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Photonic bandgaps and normal mode splitting in lat-
tices interacting with optical cavities — PHiLIPPE WILHELM
CourTEILLE!, eDaLiLA RivERO!, GusTavo HENRIQUE DE FRrRANGAT,
Craubpio ALves Pessoa Junior!, ANa Crpris!, MAYERLIN NURNEZ
PorreLA?, RauL TEixEIRAZ, and SEBASTIAN SLaMa? — Mnstituto de
Fisica de Sdo Carlos, Universidade de Sao Paulo, Sdo Carlos, Sdo Paulo
13566-970, Brazil — 2Laboratorio de Optica Cuantica, Universidad de
los Andes, A.A. 4976, Bogot4a D.C., Colombia — 3Departamento de
Fisica, Universidade Federal de Sdo Carlos, Sdo Carlos, Sao Paulo
13565-905, Brazil — 4Center for Quantum Sciences and Physikalis-
ches Institut, Eberhard-Karls Universitdt Tiibingen, 72076 Tiibingen,
Germany

At low optical density, the atom-cavity system is described by the open
Dicke model, where collective coupling strength determines the width
of normal mode splitting. We apply this to ordered clouds in linear and
ring cavities and demonstrate its use in witnessing Wannier-Bloch os-
cillations. At high optical density, the atomic distribution reshapes the
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cavity mode, requiring a transfer matrix model. For a periodic atomic
lattice, this reveals competing photonic band gaps and normal mode
splitting. We discuss the limitations of both models and pathways to
more generalized theories.
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A New-Generation Rydberg Atom Quantum Simulator —
eLLukas KLEIN, BasTiEN GELY, MU Q1a0, ROMAIN MARTIN, THIERRY
LAHAYE, and ANTOINE BROWAEYS — University Paris-Saclay, Institut
Optique Graduate School

We are building a new-generation Rydberg atom array setup for quan-
tum simulations that will replace the existing setup developed at Insti-
tut d’Optique over the last decade. With this platform, single atoms
are arranged in arbitrary geometries by optical tweezers. Using Ryd-
berg states, it is then possible to implement many-body spin Hamil-
tonians [1]. Most recent works include the XY spin model [2] and the
t-J spin model [3].

I will present the construction of the new-generation setup, that
improves several important features of the machine. One major up-
grade are the focusing optics, which used to be aspheric lenses on the
old setup and are now high NA (0.57) microscope objectives. We are
therefore able to generate larger arrays of single Rb-87 atoms.

I will further present some experimental results demonstrating our
control over the atoms, such as state preparation and manipulation in

ground and Rydberg states. Furthermore, we refined the technique of
grey molasses used for cooling and enhanced loading - reaching filling
fractions of more than 85%.
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Towards Bose-Einstein condensation of strongly dipolar mix-
tures of dysprosium atoms — LENNARD REIHS, MARIAN DUER-
BECK, JOHANNES SEIFERT, BHALCHANDRA CHOUDHARI, JUAN PABLO
MAaruLANDA, NELsON WERUM, MAarRco DE Pas, GERARD MEIJER,
and eGiacomo VarroLiNa — Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany

Quantum gases of magnetic atoms, such as dysprosium (Dy), can pro-
vide access to a wide range of exotic many-body physics. Prominently,
this included the recent realization of the long-sought-after supersolid
phase. A richer landscape of supersolid phases has been theoretically
predicted for mixtures of these magnetic atoms. We report on our
efforts to create stable mixtures of Dy. We show a broadly applicable
frequency-modulation scheme for simultaneous slowing and trapping
of different isotopes of Dy and discuss progress toward producing mix-
tures of strongly dipolar Bose-Einstein condensates.



