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Q 59.1 Thu 10:30 K 2.020
Dynamical signatures of Zs gauge invariance on a single
plaquette — eCHRIsTIAN ScHWEIZER!, FABIAN GRUSDT?, MORITZ
BERNGRUBER!, MIcHAEL Lonse!, MoNika AIDELSBURGER!, Luca
BARBIERO?, NATHAN GoLDMANN3, EuGENE DEMLER?, and Im-
MANUEL Brocu! — 1LMU Miinchen & MPQ Garching — 2Harvard
University, Massachsetts, USA — 3Université libre de Bruxelles, Bel-
gium
Synthetic magnetic and electric fields for ultracold neutral atoms have
been implemented in various setups with dynamical control over the
systems’ parameters. However, the realized fields are purely classical
and there exists no back-action of the particles on these fields. Here,
we present a minimal example that exhibits fully coherent quantum
dynamics for the artificial gauge field on a four-site plaquette. The dy-
namical gauge field emerges through the interaction between impurity
atoms and particles represented by different spin species. We place one
impurity atom on each horizontal link of the plaquette and probe the
dynamical field with a third particle that interacts with the impurities
and thus generates a back-action.

Q 59.2 Thu 10:45 K 2.020
Cavity-induced artificial gauge field in a Bose-Hubbard lad-
der — eCATALIN-MIHAT HALATI, AMENEH SHEIKHAN, and CORINNA
Kovrvrata — HISKP, University of Bonn, Nussallee 14-16, 53115 Bonn,
Germany

We consider theoretically ultracold interacting bosonic atoms confined
to quasi-one-dimensional ladder structures formed by optical lattices
and coupled to the field of an optical cavity. The atoms can col-
lect a spatial phase imprint during a cavity-assisted tunneling along
a rung via Raman transitions employing a cavity mode and a trans-
verse running wave pump beam. By adiabatic elimination of the cavity
field we obtain an effective Hamiltonian for the bosonic atoms, with a
self-consistency condition. Using the numerical density matrix renor-
malization group method, we obtain a rich steady state diagram of
self-organized steady states. Transitions between superfluid to Mott-
insulating states occur, on top of which we can have Meissner, vortex
liquid, and vortex lattice phases. Also a state that explicitly breaks the
symmetry between the two legs of the ladder, namely the biased-ladder
phase is dynamically stabilized.

Q 59.3 Thu 11:00 K 2.020
A Simple Model for the Temporal Evolution of Cold Dark
Matter — oTiM ZIMMERMANN', Luca AMENDOLA!, Massimo
PieTrONI?, and SANDRO WIMBERGER? — lITP, Universitiat Heidel-
berg, 69120 Heidelberg — 2Dipartimento di Scienze Matematiche,
Fisiche e Informatiche, Universita di Parma, 43124 Parma & INFN,

Sezione di Milano Bicocca, Gruppo Collegato di Parma, 43124 Parma

Cold dark matter (CDM) is typically modeled as a collisionless, ir-
rotational fluid, trapped in its own gravitational potential, obeying
the classical Euler-Poisson equations. However, a straight forward
analyis shows that CDM can also be treated in a quantum dynam-
ical framework if one chooses a particular ansatz for the wave func-
tion. In doing so, the temporal evolution of CDM is governed by a
nonlinear Schrédinger equation describing CDM as self-interacting,
self-gravitating Bose-Einstein condensate. Modeling the dynamics
of cold dark matter in terms of the Gross-Pitaevskii-Poisson system
turns out to be an elegant describtion of structure formation com-
parable to classical cosmological approaches, especially on large cos-
mic scales. On smaller scales gravitational collapse is balanced by a
”quantum pressure” that resembles Heisenbergs’ uncertainty principle.
We present a comprehensive numerical method to perform the time
evolution of the described wave-like CDM. Results for both synthetic
and cosmological initial conditions are presented.

Q 59.4 Thu 11:15 K 2.020
Self-consistent spin texture in a quantum gas through opto-
magnetical effects — KarriIN KROGER, eMANUELE LANDINI,
Lorenz HruBy, NisHANT Docra, ToBias DoNNER, and TiLMAN
EssSLINGER — Institute for Quantum Electronics, ETH Zurich, 8093
Zurich, Switzerland

We experimentally realize opto-magnetic coupling between a multilevel
atomic BEC and a single mode of a high-finesse optical cavity. We fo-

Location: K 2.020

cus on the role of the vectorial component of the polarizability tensor
for spinful condensed atoms. We develop a theory in the context of a
modified Dicke model and can explain the observed threshold power for
the self-organization phase transition as well as the phase of the light
in the organized phase depending on the internal state. When prepar-
ing a spin mixture, we identify two distinct regimes of coupling. In the
regime of density coupling, the self-organization process generates den-
sity modulations in the atomic system. By increasing the ratio of the
vectorial over the scalar coupling beyond a critical point, we observe
the appearance of a new self-organization pattern consisting of mag-
netization modulations, a spin texture. Our findings demonstrate a
direct competition between self-organization patterns in a single mode
optical cavity, paving the way to the exploitation of opto-magnetic
effects for quantum simulation of long-range magnetic interactions.

Q 59.5 Thu 11:30 K 2.020
supersolidity of lattice Bosons immersed in strongly cor-
related Rydberg dressed atoms — eYoncqQianc Li', AN-
prREAS CGEissLER?, WALTER HoFsSTETTER?, and WErmBIN L34 —
IDepartment of Physics, National University of Defense Technology,
Changsha 410073, P. R. China — 2Institut fiir Theoretische Physik,
Goethe-Universitit, 60438 Frankfurt/Main, Germany — 3School of
Physics and Astronomy, University of Nottingham, Nottingham NG7
2RD, UK — 4Centre for the Mathematics and Theoretical Physics of
Quantum Non-equilibrium Systems, University of Nottingham, Not-
tingham NG7 2RD, UK

Recent experiments have illustrated that long range two-body interac-
tions can be induced by laser coupling atoms to highly excited Rydberg
states. Stimulated by this achievement, we study supersolidity of lat-
tice bosons in an experimentally relevant situation. In our setup, we
consider two-component atoms on a square lattice, where one species
is weakly dressed to an electronically high-lying (Rydberg) state, gen-
erating a tunable, soft-core shape long-range interaction. Interactions
between atoms of the second species and between the two species are
characterized by local inter- and intra-species interactions. Using a
dynamical mean-field calculation, we find two distinctive types of su-
persolids, where the bare species forms supersolid phases that are im-
mersed in strongly correlated quantum phases, i.e. a crystalline solid
or supersolid of the dressed atoms. We show that the interspecies inter-
action leads to a roton-like instability in the bare species and therefore
is crucially important to the supersolid formation.

Q 59.6 Thu 11:45 K 2.020
Coupled order parameters with ultracold atoms in two
crossed cavities — ePHILIP Zupancic!, ANDREA MoRraLEs!, Ju-
LIAN LEoNnarpl?, XiancrLiang Li', Davipe Dreon!, TiLMAN
EssLiNGER!, and ToBias DoNNER! — lInstitute for Quantum Elec-
tronics, ETH Zurich, 8093 Zurich, Switzerland — 2Department of
Physics, Harvard University, Cambridge, Massachusetts 02138, USA

The concept of intertwined order describes the simultaneous existence
of independent order parameters and can therefore allow materials to
feature multiple properties. Examples include multiferroic materials
that have coexisting ferroelectric and ferromagnetic orders leading to
enhanced functionalities, and materials that are superconducting at
high temperatures due to intertwining between charge- and spin-order.

I will report on our recent experimental realization of an intertwined
ordered phase in a quantum gas where we can control the interaction
between the atoms at the microscopic level. Our system is realized by
a BEC that can transit into self-organized phases with the modes of
two crossed optical cavities.

For vanishing inter-order coupling we realize a supersolid phase of
matter by symmetry enhancement of the composite order parameter
to a U(1) symmetry. Here we observe the simultaneous existence of a
Higgs and Goldstone mode. Increasing the inter-order coupling, this
symmetry breaks down to a Zga X Za, and we observe the emergence of
an extended intertwined phase arising from the coupling of the individ-
ual order parameters. This coupling enables us to increase or decrease
the critical point of one order by controlling the other.

Q 59.7 Thu 12:00 K 2.020
Entanglement entropy across quantum phases of Ultracold
Bosons with incommensurate optical lattice due to cavity
backaction — eSHRADDHA SHARMA', AsTRID E. NIEDERLE?, and
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G1ovaNNA Morigt? — !Theoretical Physics, Saarland University,

Campus E2.6, D-66123 Saarbrucken, Germany — 2Fraunhofer Insti-
tute for Experimental Software Engineering IESE, Germany

We consider a bosonic gas in a two-dimensional optical lattice. The
atoms interact via s-wave scattering and via long range interactions in-
duced by the coupling with a cavity. We determine the phase diagram
when the optical lattice wavelength is incommensurate with the cavity
mode wavelength using a mean-field ansatz. In this regime we observe,
in addition to the Mott-insulator and the superfluid, also a Bose-Glass
and a superglass phase, where the density distribution supports the
formation of a stable intracavity field. We explore the behaviour and
scaling of entanglement entropy and of entanglement spectrum at the
phase transitions using a controlled perturbative expansion above the
mean-field ground state.

Q 59.8 Thu 12:15 K 2.020
Self organisation of a BEC in two crossed cavities across an
atomic resonance — eDAVIDE DREON, ANDREA MORALES, PHILIP
Zuprancic, XIANGLIANG Li, ToBias DONNER, and TILMAN ESSLINGER
— ETH, Ziirich, Switzerland

The interaction of a Bose-Einstein condensate (BEC) with the electro-
magnetic field of an optical cavity is known to exhibit a superradiant
phase transition to a self-organized phase. In our experiment, a 87Rb
BEC is placed at the mode crossing of two optical cavities. The BEC
is illuminated with a ’pump’ laser beam whose detuning from the Do
atomic line determines the interaction regime. We recently explored
different red detunings, where the system reduces its potential energy
spontaneously forming an attractive lattice in the cavity mode. Here,
we have observed a supersolid phase [1,2] and a phase with intertwined
order [3]. In contrast, in the blue detuned case the energy of the atoms
is increased by the presence of an optical lattice and therefore sponta-
neous superradiant scattering in the cavity should be inhibited.

I will report on our most recent experimental results on the blue

side of the atomic resonance, where we observe, surprisingly, that self-
organization is still possible. We measure the phase diagram of the
system and explain our findings with simple energy arguments. In
addition to the steady state regime typical of red detunings, dynami-
cal instabilities leading to limit cycles of the cavity field amplitude or
chaotic behaviors are expected [4].

[1] Nature, 543, 87-90 (2017), [2] arXiv:1704.05803 (to appear in
Science), [3] arXiv:1711.07988, [4] PRL 115, 163601 (2015)

Q59.9 Thu 12:30 K 2.020
Nanofriction & the Aubry-type transition in self-organized
systems under the influence of the crystal environment —
eJaN KierHe!, RamiL NigmaTurLin?, Dimitri KALINCEV!, THOR-
BEN ScHMIRANDER!, and Tanja E. MEHLSTAUBLER! — ! Physikalisch-
Technische Bundesanstalt, Braunschweig, Deutschland — 2University
of Sydney, Sydney, Autralia

The excellent control over trapped ions enables various applications,
such as precision spectroscopy and quantum information. Cooling the
ions below the potential energy of the Coulomb system will result in
crystals, which can be used as quantum simulators or as emulators
for non-equilibrium many-body physics. Furthermore, ion traps offer
in-situ access to the crystal dynamics, which is often impossible in the
emulated systems. While emulating a boundary of two atomically flat
solids with a Coulomb crystal with a local defect, we experimentally
and numerically found a transition from sticking-to-sliding. Two sig-
natures of an Aubry-type transition were observed: a soft-mode and
a symmetry breaking of the crystal configuration. Here we discuss,
based on numerical calculations, how the environment of the ion crys-
tal influences the structure and subsequently the phonon spectrum, in
order to determine how robust these signatures are. As the actual in-
teracting surface in this model system is inhomogeneously spaced, we
also numerically investigate Coulomb crystals with periodic boundary
conditions, which exhibit a constant distance between the sliding ion
chains, increasing the interacting surface to the complete crystal.



