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Q 61.1 Fri 11:00 €001
Realizing state-dependent optical lattices for ultracold
fermions by periodic driving — eFREDERIK GOrc!, GREGOR
JoTzul, MicHAEL MEssEr!, DanNiEL Grerrb2, REM1 DEsBUQuUOIs!,
and TiLMaAN EssLiNGerR! — !Institute for Quantum Electronics, ETH
Zurich, 8093 Zurich, Switzerland — 2Department of Physics, Harvard

University, Cambridge, Massachusetts 02138, USA

Ultracold atoms in optical lattices offer the possibility to engineer
specific Hamiltonians with widely tunable properties. Recently, time-
modulated optical lattices have been used to dynamically control the
atomic tunnelling and to realize effective Floquet lattice Hamiltonians
with a non-trivial topological band structure. While previous imple-
mentations relied on the physical motion of the lattice potential, this
effect can also be realized by a periodic modulation of a magnetic field
gradient. As the coupling of an atom to this magnetic field gradient
depends on its magnetic moment and therefore its internal state, the
effective Hamiltonian is spin-dependent.

We realize a state-dependent lattice for fermionic potassium atoms
and characterize the different band structures for each internal state
by measuring the expansion rate of an atomic cloud in the lattice and
the effective mass through dipole oscillations. Furthermore, we study
the heating caused by the periodic driving in an interacting fermionic
spin mixture and how it can be suppressed. This method of creating
spin-dependent optical lattices can be used to create novel situations,
such as systems where one fermionic spin state is pinned to the lattice,
while the other remains itinerant.

Q 61.2 Fri 11:15 e001
Experimental reconstruction of the Berry curvature in a
topological Bloch band — eNick FLASCHNER, BENNO REM,
MarTHIAS TARNOWSKI, DOMINIK VOGEL, DIRK-SOREN LUHMANN,
Kraus SENnagsTOCK, and CHRISTOF WEITENBERG — Institut fiir Laser-
physik, Universitdt Hamburg, Luruper Chaussee 149, 22761 Hamburg,
Germany

Topological properties lie at the heart of many fascinating phenomena
in solid state systems such as quantum Hall systems or Chern insu-
lators. The topology can be captured by the distribution of Berry
curvature, which describes the geometry of the eigenstates across the
Brillouin zone. Employing fermionic ultracold atoms in a hexagonal
optical lattice, we generate topological bands using resonant driving
and show a full momentum-resolved measurement of the ensuing Berry
curvature. Our results pave the way to explore intriguing phases of
matter with interactions in topological band structures.

Q 61.3 Fri 11:30 €001

Detecting the BCS order parameter in the dephasing of col-
lective oscillations after a sudden ramp of the lattice depth
in a honeycomb lattice — eMarLON Nuske!, EIiTE TIESINGAZ,
and Lubpwic MaATHEY! — 1Zentrum fiir Optische Quantentechnolo-
gien and Institut fiir Laserphysik, Universitdt Hamburg, 22761 Ham-
burg, Germany — 2Joint Quantum Institute and Center for Quantum
Information and Computer Science, National Institute of Standards
and Technology and University of Maryland, Gaithersburg, Maryland
20899, USA

We obtain the excact time evolution for a mean-field Bardeen-Cooper-
Schrieffer (BCS) state after a sudden quench to a large lattice depth,
where the dynamics is dominated by interactions between atoms. The
quench initiates collective oscillations with frequency Uy /(27) of the
momentum occupation numbers and imprints a phase oscillating with
the same frequency on the order parameter. Finite hopping after the
quench leads to dephasing of the different momentum modes and a
subsequent damping of the oscillations. Even for finite temperatures
this occurs for a mean-field BCS state, but not for a non-interacting
Fermi gas. Measuring the dephasing of collective oscillations of oc-
cupation numbers may therefore be used as a signature to detect the
BCS order parameter A. Finally, we investigate the time evolution of
the density-density correlations.

Q 61.4 Frill:45 €001
Floquet-Boltzmann equation for periodically driven Fermi
systems — eMAXIMILIAN GENSKE and AcHiM RoscH — Institut fiir
Theoretische Physik, Universitit zu Kéln, D-50937 Cologne, Germany

Location: e001

Periodically driven quantum systems can be used to realize quantum
pumps, ratchets, artificial gauge fields and novel topological states of
matter. Starting from the Keldysh approach, we develop a formalism,
the Floquet-Boltzmann equation, to describe the dynamics and the
scattering of quasiparticles in such systems. The theory builds on a
separation of time-scales. Rapid, periodic oscillations occurring on a
time scale Ty = 27 /S, are treated using the Floquet formalism and
quasiparticles are defined as eigenstates of a non-interacting Floquet
Hamiltonian. The dynamics on much longer time scales, however, is
modeled by a Boltzmann equation which describes the semiclassical
dynamics of the Floquet-quasiparticles and their scattering processes.
As the energy is conserved only modulo /€2, the interacting system
heats up in the long-time limit. As a first application of this approach,
we compute the heating rate for a cold-atom system, where a period-
ical shaking of the lattice was used to realize the Haldane model [G.
Jotzu et al., Nature 515, 237 (2014)].

Q 61.5 Fri 12:00 €001
Dynamics of Trapped Dipolar Fermi Gases: From Colli-
sionless to Hydrodynamic Regime — eVLADIMIR VELJIG!, AN-
TUN Baraz!, and AxeL PeLsTER? — !Scientific Computing Labo-
ratory, Institute of Physics Belgrade, University of Belgrade, Serbia
— 2Physics Department and Research Center OPTIMAS, Technical

Ulniversity of Kaiserslautern, Germany

A recent time-of-flight expansion experiment has now unambiguously
detected a Fermi surface deformation in a dipolar quantum gas of
fermionic erbium atoms in the collisionless regime [1|. Here we follow
Ref. [2] and perform a systematic study of a time-of-flight expansion
for trapped dipolar Fermi gases ranging from the collisionless to the
hydrodynamic regime at zero temperature. To this end we solve ana-
lytically the underlying Boltzmann-Vlasov equation in the vicinity of
equilibrium by using a suitable rescaling of the equilibrium distribution
[3], where the collision integral is simplified within a relaxation time
approximation. We also analyze the quench dynamics, which is in-
duced by a sudden rotation of the polarization of the atomic magnetic
moments and show that it can be understood in terms of a superpo-
sition of the low-lying collective modes. All presented analytical and
numerical calculations are relevant for understanding quantitatively
ongoing experiments with ultracold fermionic dipolar atoms.

[1] K. Aikawa, et al., Science 345, 1484 (2014).

[2] F. Wachtler, A. R. P. Lima, and A. Pelster, arXiv:1311.5100.

[3] P. Pedri, D. Guery-Odelin, and S. Stringari, Phys. Rev. A 68,
043608 (2003).

Q 61.6 Fri 12:15 €001
Emergence of orthogonality in the Fermi impurity prob-
lem — e ANDREA BERGSCHNEIDER, MICHAEL DEHABE, JAN HENDRIK
BECHER, VINCENT M. KLINKHAMER, SIMON MURMANN, GERHARD
ZURN, and SELIM JocHIM — Physikalisches Institut der Universitét
Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Germany

In quasi-one-dimensional systems, the ground-state wave function of
an impurity particle interacting with a Fermi sea is orthogonal to the
wave function of the non-interacting system. In this case the squared
overlap between the interacting and the non-interacting systems, which
is defined as the quasiparticle residue, is zero.

Here, we report on measurements of the residue of a single fermionic
impurity particle interacting with an increasing number of majority
particles. To probe the system, we flip the spin of the impurity par-
ticle by driving a radio frequency (RF) transition. In a previous ex-
periment we used RF spectroscopy to measure the interaction energy
in this system while increasing the number of majority particles one
atom at a time and thereby observed the crossover from few to many-
body physics [1]. Now, we measure how the wave function overlap
between initial and final states changes both as a function of inter-
action strength and the number of majority particles. Our goal is to
extend these measurements into the crossover region between few and
many-body physics by increasing the number of majority particles and
thereby observe the emergence of the orthogonality catastrophe.

[1] Wenz et al. Science 342, 457 (2013)

Q 61.7 Fri 12:30 001

Many-body localization in the presence of photon scat-
tering — eHENRIK Lurscuenb2, PranjaL Borpial2, Sgan
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HopcaMan®2, MICHAEL SCHREIBER!'?2, IMMANUEL BLOCH and

ULricH ScHNEIDERD2:3 IMax-Planck-Institut fiir Quantenop-
tik, Garching — 2Ludwig-Maximilians-Universitdt, Miinchen —
3Cavendish Laboratory, Cambridge

1,2
b

In recent years, disordered systems have been the subject of great in-
terest. Especially, Many-Body Localization (MBL) has emerged as a
new paradigm for ergodicity breaking robust to interactions in closed
quantum systems. While any coupling of an MBL system to an ex-
ternal bath is expected to restore ergodicity, it is still unclear to what
extend the dynamics are affected by the proximity of the MBL phase.
Here, we investigate a fermionic, quasi-disordered MBL system in
the presence of weak photon scattering. This introduces non-unitary
measurement processes, acting as an infinite bandwidth bath, and par-
ticle loss. We monitor the transient behaviour of our system and find
a strong dependence on both the disorder strength and interactions.

Q 61.8 Fri 12:45 €001
Observation of an orbital interaction-induced Feshbach res-
onance in 173Yb — Moritz HoOrer!2, eLuis Riecger!b?2,
FraNcesco Scazzal?, CuristiaN HorricHTERD2, Dioco RiIo
FERNANDEs!2, IMMANUEL Brocu!?, MEera M. Parisu®, Jes-
PER LEVINSEN?, and SimoN ForLing!2 — 1Ludwig-Maximilians-
Universitét, Schellingstrake 4, 80799 Miinchen, Germany — 2Max-
Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Strafe 1, 85748
Garching, Germany — 3School of Physics and Astronomy, Monash

University, Victoria 3800, Australia

We report on the experimental observation of a novel inter-orbital

Feshbach resonance in ultracold 173Yb atoms, which opens the possi-
bility of tuning the interactions between the 'Sg and 3Py metastable
state, both possessing vanishing total electronic angular momentum.
The resonance is observed at experimentally accessible magnetic field
strengths and occurs universally for all hyperfine state combinations.
We characterize the resonance in the bulk via inter-orbital cross-
thermalization as well as in a three-dimensional lattice using high-
resolution clock-line spectroscopy.

Q 61.9 Fri13:00 €001
Pair Production and String Breaking with Cold Atoms
—  oVALENTIN KASPER!, FLORIAN  HEBENSTREITZ, FrRED
JENDRZEJEWSKI®, MARKUS OBERTHALERS, and JUERGEN BERGES!
— Mnstitut fiir Theoretische Physik, Philosophenweg 16, 69120 Hei-
delberg, Germany — 2Universitit Bern, Albert Einstein Center for
Fundamental Physics, Sidlerstrasse 5, CH-3012 Bern — 3Kirchhoff-
Institut fiir Physik, Im Neuenheimer Feld 227, 69120 Heidelberg

We consider a system of ultracold atoms in an optical lattice as a
quantum simulator for electron-positron pair production and string
breaking in quantum electrodynamics (QED). For a setup in one spa-
tial dimension, we investigate the non-equilibrium dynamics of both
phenomena. Moreover, we discuss the experimental realization of this
model in one dimension. In particular this will allow us to study quan-
tum link models in a yet unexplored parameter regime. The result sug-
gests that depending on the theoretical question at hand, the quantum
simulator has to employ coherent samples of a localized bose gas in-
stead of single particles.



