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Q 20.1 Tue 11:00 P/H2
Negative Differential Conductivity in an Interacting Quan-
tum Gas — eBobpuADITYA SANTRA!, RALF LaBouvie!, SiMmon
Heun?!, SANDRO WiMBERGERZ, and HERwic OTT! — 1Research Cen-
ter OPTIMAS and Fachbereich Physik, Technische Universitat Kaiser-
slautern, 67663 Kaiserslautern, Germany — 2Institut f iir Theoretische

Physik, Universitat Heidelberg, 69120 Heidelberg, Germany

Negative differential conductivity (NDC) is a widely exploited mecha-
nism in many areas of research dealing with particle and energy trans-
port. We experimentally realize such a many body quantum transport
system based on ultracold atoms in a periodic potential. We prepare
our system by loading Bose condensed 87Rb in a 1D optical lattice with
high atom occupancy per lattice site. Subsequently, we remove all the
atoms from a central lattice site. While the atoms from neighboring
sites tunnel into the empty site, we observe NDC in the resulting cur-
rent voltage characteristics and investigate the microscopic mechanism
behind it.

Q 20.2 Tue 11:15 P/H2
Strong field-induced multiphoton processes in driven lattices
— eMALTE WEINBERG, CHRISTOPH OLSCHLAGER, SIMON PRELLE,
Kraus SENaGsTOCK, and JULIETTE SIMONET — Institut fiir Laser-
physik, Universitat Hamburg

Periodic inertial forcing of ultracold quantum gases in optical lattices
provides a powerful tool for the coherent manipulation of motional
degrees of freedom in quantum many-body systems.

Here, we present systematic studies on the emergence of excitation-
sin these driven systems for various forcing strengths and lattice di-
mensionalities. We identify the observed resonances with multiphoton
transitions between the two lowest energy bands in excellent agree-
ment with ab initio calculations. The pure and well-controllable envi-
ronment of atomic ensembles in driven optical lattices allows for the
investigation of quantized high-order excitations which are hardly ac-
cessible in other physical systems.

Q 20.3 Tue 11:30 P/H2
Design and geometry dependence of effective Hamiltonians in
driven lattices — ®ALBERT VERDENY!? and FLORIAN MINTERT!?2
— !Department of Physics, Imperial College London, London SW7
2A7Z, United Kingdom — 2Freiburg Institute for Advanced Studies,
Albert-Ludwigs-Universitat, 79104 Freiburg, Germany

Driven lattices permit to engineer effective Hamiltonians with well-
controllable tunneling properties. We discuss the design of such effec-
tive Hamiltonians and identify fundamental constraints imposed by the
underlying lattice geometry. With the specific example of a hexagonal
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lattice we show how suitably chosen driving forces overcome limita-
tions of monochromatic driving and permit to realize systems with
non-trivial topological properties.

Q 20.4 Tue 11:45 P/H2
Measuring the Chern number of Hofstadter bands with
ultracold bosonic atoms — eMicHaEL Lonse!2, MonNika
AIDELSBURGERY'2, CHRISTIAN ScHWEIZER}2, MaRrcos AtavLal:2,
Jurio BARREIRO':2, SywvaIiN NascimMBENES, NiceL CoopPER?, IM-
MANUEL Brocu!2, and NaTHAN GoLpMAN3® — 1Fakultdt fiir
Physik, LMU Miinchen, Germany — 2MPQ Garching, Germany —
3Collége de France & LKB, CNRS, UPMC, ENS, Paris, France —
4T.C.M. Group, Cavendish Laboratory, Cambridge, UK — SCENOLI,
Faculté des Sciences, Université Libre de Bruxelles, Belgium

Sixty years ago, Karplus and Luttinger pointed out that quantum par-
ticles moving on a lattice could acquire an anomalous transverse veloc-
ity in response to a force, providing an explanation for the unusual Hall
effect in ferromagnetic metals. A striking manifestation of this trans-
verse transport was then revealed in the quantum Hall effect, where the
plateaus depicted by the Hall conductivity were attributed to a topo-
logical invariant characterizing Bloch bands: the Chern number. Until
now, topological transport associated with non-zero Chern numbers
has only been revealed in electronic systems. Here we use studies of
an atomic cloud’s transverse deflection in response to an optical gradi-
ent, in combination with the determination of the band populations to
measure the Chern number v of artificially generated Hofstadter bands;
for the lowest band we obtain an experimental value of vexp = 0.99(5).
This result, which constitutes the first Chern-number measurement in
an atomic system, is facilitated by an all-optical artificial gauge field
scheme, generating uniform flux in optical superlattices.

Q 20.5 Tue 12:00 P/H2
Observation of chiral superfluid order by matter wave hetero-
dyning — eTHoRcE Kock!, ARNE EwerBECk!, CARL HIPPLER!,
MartHias OLscHLAGER!, WEN-MIN Huanc!:2, Lubwic Maraey!2,
and ANDREAS HEMMERICH!'2 — lInstitut fiir Laser-Physik, Univer-

sitit Hamburg — 2The Hamburg Centre for Ultrafast Imaging

We present a demonstration of time reversal symmetry breaking for
atoms Bose- Einstein condensed in the second Bloch band of a bipar-
tite optical square lattice. A double layer chiral superfluid is formed
after splitting the condensate with a blue-detuned laser beam. In a
ballistic expansion process the two layers are superimposed and im-
aged after 25 ms time of flight. The Bragg maxima thus observed
exhibit interference patterns, which provide direct information on the
formation of chiral order and the presence and character of low energy
excitations.



