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Invited Talk A 7.1 Tue 11:00 KIHS Mathe
Ultracold and ultrafast: Tandem ion imaging and elec-
tron spectroscopy for quantum gases — JETTE HEYER, JULIAN
FIEDLER, MARIO GROSSMANN, LLASSE PAULSEN, MARLON HOFFMANN,
MAaRrkUs DREsSCHER, KLAUS SENGSTOCK, JULIETTE SIMONET, and
ePHILIPP WESSELS-STAARMANN — Center for Optical Quantum Tech-
nologies, Universitdt Hamburg, Hamburg, Germany

Ultrashort laser pulses provide new pathways for probing and ma-
nipulating ultracold quantum gases. The strong light field of such a
laser pulse can locally ionize few or many atoms in a Bose-Einstein
condensate. This allows creating hybrid quantum systems consisting
of ultracold atoms and ions. Moreover, an ultrafast excitation of in-
teracting Rydberg atoms below the blockade radius becomes possible
within femtoseconds due to the large bandwidth of the laser pulse.
Here we present a new instrument for charged particle analysis of
ultracold atoms consisting of a tandem ion microscope and velocity-
map-imaging electron spectrometer tailored to resolve the dynamics of
these systems. The ion microscope can track the position of ions with a
high spatial resolution, while the velocity-map-imaging spectrometer
can measure the momentum of the electrons. Moreover, we can de-
tect both properties in coincidence due to a high detection efficiency.
A time-resolved extraction and detection on single digit nanosecond
timescales allows following the emergence of correlations and many-
body phenomena in interacting quantum systems of charged particles.
This work is funded by the Cluster of Excellence "CUI: Advanced
Imaging of Matter" of the DFG - EXC 2056 - project ID 390715994.

A 7.2 Tue 11:30 KIHS Mathe
Quantum bubbles in the Einstein-Elevator facility at Leib-
niz University Hannover — eCHARLES GARcioN!, THIMOTHE

EsTrRAMPES!, GABRIEL MULLER!, SUKHIJOVAN S. GILL!, MAGDALENA

Missuisca!, Eric CHARRONZ, CHrisTOPH LoTz3, JEAN-BAPTISTE
GERENT?, NaTHAN LunpBLAD?, ERNsT M. Raser!, and NAcCEUR
GaarourL! — Mnstitut fiir Quantenoptik, Leibniz Universitdit Han-

nover, Welfengarten 1, Hannover, 30167, Germany — 2Institut des
Sciences Moléculaires d’Orsay, CNRS, Université Paris-sacay, F-91405,
Orsay, France — 2Institut fiir Transport- und Automatisierungstech-
nik ¢/o Hannover Institute of Technology, Leibniz Universitat Han-
nover, Callinstrake 36, Hannover, 30167, Germany — “Department of
Physics and Astronomy, Bates College, Lewiston, ME, USA

Quantum bubbles are systems in which atoms are confined to a two-
dimensional closed surface. They enable the study of phenomena
like vortices, collective modes, and self-interference during expansion.
These bubbles are typically created using radiofrequency (RF) dressed
potentials and form more naturally in microgravity. However, inho-
mogeneities in static and RF magnetic fields can alter this advantage.

The Quantumania project adapts the MAIUS-1 payload in the
Einstein-Elevator at the Leibniz University Hannover to create quan-
tum bubbles. It will also contribute to efforts in testing and refining
techniques for the Cold Atom Laboratory aboard the ISS. A primary
goal is optimizing antenna designs and selecting radiofrequency sources
to enhance magnetic field homogeneity, ensuring effective trapping in
bubble configurations.

A 7.3 Tue 11:45 KIHS Mathe
Josephson dynamics of a finite temperature BEC in a dou-
ble well potential — eKATERYNA KorsHyNskal'? and SEBAs-
TIAN ULBRICHT}2 — 1TU Braunschweig, Institut fiir Mathematis-
che Physik Mendelssohnstr. 3 38106 Braunschweig — 2Physikalisch-
Technische Bundesanstalt Bundesallee 100 38116 Braunschweig

A many-particle bosonic system placed in a double-well potential is
known to exhibit oscillatory dynamics of the particle populations be-
tween the wells. Such collective oscillations are well-known as the
Josephson effect and have been intensively investigated both theoreti-
cally and experimentally. A well-established approach to describe this
dynamics at low temperatures is to assume a two-state model, in which
the Josephson equations govern population imbalance and phase differ-
ence between the wells. This model is formulated under the assumption
that the Bose gas forms a fully coherent system, which holds at zero
temperature. However, in typical experiment the finite-temperature
BEC is not fully coherent, for instance when the thermal equilibrium
is established. To describe this we use the density matrix approach
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and analyze the influence of higher energy levels on the double-well
dynamics. We find that this effect is two-fold: while the higher energy
levels below the barrier height contribute to the double-well dynam-
ics, the even more excited particles may lead to thermalization and
decoherence.

A 7.4 Tue 12:00 KIHS Mathe
Anyonic phase transitions in the 1D extended Hubbard
model with fractional statistics — eSEBAsTIAN EGGERT!, MAR-
TIN BonkHOFF2, KEVIN JAGERING!, SHI-JIE HU®, AXEL PELSTER!,
and IMKE ScHNEIDER! — !University of Kaiserslautern-Landau —
2Theoretische Physik, Univ. Hamburg — 3Beijing Computational Sci-

ence Research Center

Recent advances in quantum technology allow the realization of ”lattice
anyons”, which have enjoyed large interest as particles which inter-
polate between bosonic and fermionic behavior. We now study the
interplay of such fractional statistics with strong correlations in the
one-dimensional extended Anyon Hubbard model at unit filling by
developing a tailored bosonization theory and employing large-scale
numerical simulations. The resulting quantum phase diagram shows
several distinct phases, which show an interesting transition through
a multicritical point. As the anyonic exchange phase is tuned from
bosons to fermions, an intermediate coupling phase changes from Hal-
dane insulator to a dimerized phase. Detailed results on the universal-
ity classes of the phase transitions are presented.

A 75 Tue 12:15 KIHS Mathe
Quantum-gas microscopy of fermionic 87Sr — CarLos Gas!,
SANDRA Buos!, JonaTan HosHELE!, eANTONIO RUBIO-ABADAL!,
and LETICIA TARRUELL!2 — 1ICFO - Institut de Ciéncies Fotoniques,
The Barcelona Institute of Science and Technology, 08860 Castellde-
fels (Barcelona), Spain — 2ICREA, Pg. Lluis Companys 23, 08010

Barcelona, Spain

Ultracold atoms in optical lattices are a popular platform in quantum
science for studies in the fields of quantum simulation and quantum
metrology. Alkaline-earth atoms like strontium offer many opportu-
nities, such as a large-spin fermions with SU(N) symmetry as well as
narrow or ultranarrow transitions.

In particular, 87Sr presents a nuclear spin of I=9/2 (and no elec-
tronic spin) allowing the study of the SU(N)-Fermi-Hubbard model
and quantum magnetism with N up to 10.

In recent experiments, we have demonstrated single-atom imaging
of 87Sr with spin resolution using the narrow linewidth 689 nm tran-
sition. Through a combination of Zeeman shifts and spin-resolved
optical pumping we aim at a reliable detection of all 10 spin states.

A 7.6 Tue12:30 KIHS Mathe
Quantum phases of bosonic mixture with dipolar interac-
tion — eRukMAaNI Bar and Luis SANTOs — Institut fiir Theoretische
Physik, Leibniz Universitdt Hannover, Appelstrasse 2, D-30167 Han-
nover, Germany

Ultracold dipoles in optical lattices, characterized by strong inter-site
interactions, open new possibilities for ground-state phases as well as
an intriguing dynamics. Recent experiments on dipolar mixtures of
magnetic Lanthanide atoms are especially interesting, not only due
to the dipolar interaction, but also because these atoms are partic-
ularly suitable for realizing component-dependent lattices. Using a
combination of DMRG and cluster Gutzwiller methods, we study the
ground-state physics that may result when the two components experi-
ence mutually intertwined optical lattices, which resemble interacting
bilayer geometries.

A 7.7 Tue 12:45 KIHS Mathe
Chirality-protected state manipulation by tuning one-
dimensional statistics — FrieTnior TEEL!, e MARTIN BONKHOFF?,
PETER ScHMELCHER"3, THORE Posske??, and NaTHAN HARSHMAN?
— 1Center for Optical Quantum Technologies, Department of Physics,
University of Hamburg, Luruper Chaussee 149, 22761 Hamburg Ger-
many — 2I. Institute for Theoretical Physics, Universitit Hamburg,
Notkestrafie 9, 22607 Hamburg, Germany — 3The Hamburg Centre
for Ultrafast Imaging, University of Hamburg, Luruper Chaussee 149,
22761 Hamburg, Germany — 4Physics Department, American Univer-
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Chiral symmetry is broken by typical interactions in lattice models,
but the statistical interactions embodied in the anyon-Hubbard model
are an exception. It is an example of a correlated hopping model in
which chiral symmetry protects a degenerate zero-energy subspace.
Complementary to the traditional approach of anyon braiding in real

space, we adiabatically evolve the statistical parameter in the anyon-
Hubbard model and we find non-trivial Berry phases and holonomies in
this chiral subspace. States in this subspace possess stationary checker-
board patterns in their N-particle densities which are preserved under
adiabatic manipulation. We give an explicit protocol for how these
chirally-protected zero energy states can be prepared, observed, vali-
dated, and controlled.



