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Quantum correlations across the many-body localization
transition — eJuLIAN LEONARD, MATTHEW RISPOLI, ALEXANDER

LukiN, ROBERT ScHITTKO, SoosHIN KiM, Joyce Kwan, and MARKUS
GREINER — Harvard University, Cambridge, MA, USA

An interacting quantum system that is subject to disorder may cease
to thermalize due to localization of its constituents, thereby marking
the breakdown of thermodynamics. We realize such a many-body-
localized system in a disordered Bose-Hubbard chain and characterize
its entanglement properties through particle fluctuations and correla-
tions.

We observe that the particles become localized, suppressing trans-
port and preventing the thermalization of subsystems. Notably, we
measure the development of non-local correlations, whose evolution is
consistent with a logarithmic growth of entanglement entropy - the
hallmark of many-body localization. These results experimentally es-
tablish many-body localization as a qualitatively distinct phenomenon
from localization in non-interacting, disordered systems.

Furthermore, we characterize the entanglement properties at the
many-body localization transition by their quantum correlations. In
the quantum critical regime, we observe anomalous diffusive transport
and the emergence of strong correlations in the system. The corre-
lations form by a sparse network that spans the entire system and
extends to high orders, signaling the presence of multi-particle entan-
glement. Our results describe the structure of the quantum critical
many-body state, and they provide an essential step to understanding
criticality and universality in non-equilibrium systems.

Q4.2 Mon 11:00 S HS 037 Informatik
Rhombi-chain Bose-Hubbard model: Geometric frustra-
tion and interactions — CHRISTINE CARTWRIGHT!, GABRIELE DE
CuiarAl, and eMarTEO Rizzi? — !Centre for Theoretical Atomic,
Molecular and Optical Physics, Queen’s University Belfast, Belfast
BT7 1NN, United Kingdom — 2Institut fiir Physik, Johannes Guten-
berg Universitat, Staudingerweg 7, 55099 Mainz, Germany

We explore the effects of geometric frustration within a one-
dimensional Bose-Hubbard model using a chain of rhombi subject to
a magnetic flux. The competition of tunneling, self-interaction, and
magnetic flux gives rise to the emergence of a pair-superfluid (pair-
Luttinger liquid) phase besides the more conventional Mott-insulator
and superfluid (Luttinger liquid) phases. We compute the complete
phase diagram of the model by identifying characteristic properties
of the pair-Luttinger liquid phase such as pair correlation functions
and structure factors and find that the pair-Luttinger liquid phase is
very sensitive to changes away from perfect frustration (half-flux). We
provide some proposals to make the model more resilient to variants
away from perfect frustration. We also study the bipartite entangle-
ment properties of the chain. We discover that, while the scaling of
the block entropy pair-superfluid and of the single-particle superfluid
leads to the same central charge, the properties of the low-lying entan-
glement spectrum levels reveal their fundamental difference.
Journal-Ref: Phys. Rev. B 98, 184508 (2018)

Q 4.3 Mon 11:15 S HS 037 Informatik
Localization in the two-dimensional Bose-Hubbard-model —
e ANDREAS GEISSLER!2, JOHANNES ScHACHENMAYERD3, and Guipo
PupiLLo!»3 — SIS, University of Strasbourg, Strasbourg, France —
2Institut fiir Theoretische Physik, Goethe-Universitit, Frankfurt am
Main, Germany — 3IPCMS, University of Strasbourg, Strasbourg,
France

Experiments in recent years (e.g. [1,2]) have shown signatures of many-
body localization (MBL) for the bosonic Hubbard model realized as
one and two dimensional systems in ultra cold atomic gas experiments.
The theoretical investigation of these systems has so far proved to be
very hard as a proper understanding of the MBL phenomenon depends
on knowledge about the full eigenstate spectrum. Therefore, com-
monly used exact diagonalization, renormalization group and tensor
network methods have been limited to small system sizes. Extending
a recently developed beyond-Bogoliubov quasiparticle theory I present
theoretical results for a recent experiment [2], showing comparable
signatures of localization while suggesting that the observed localiza-
tion also strongly depends on the confining potential. Furthermore, I
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present a detailed phase diagram as a function of disorder and interac-
tion strength, obtained via various level statistical and wave function
related measures for localization.

[1] C. D’Errico et al., PRL 113, 095301 (2014)

[2] J.-y. Choi et al., Science 352, 1547 (2016)

Q 4.4 Mon 11:30 S HS 037 Informatik
Out-of-equilibrium dynamics of ultracold bosons in time-
dependent random potentials — eMiLaN RaponJi¢ and AXEL
PELSTER — Physics Department and Research Center OPTIMAS,
Technische Universitdt Kaiserslautern, Erwin-Schrédinger Strafie 46,
67663 Kaiserslautern, Germany

We investigate perturbatively the impact of time-dependent random
potentials on a weakly interacting Bose gas at zero temperature.
Generically, a random potential yields, on the ensemble average, a
depletion of the condensate. It stems from the localization of bosons
in the respective minima of the disordered landscape and is usually
quantified by a Bose-glass order parameter [1] in close analogy to the
well-known Edwards-Anderson order parameter for spin-glasses [2]. A
time dependence of the random potential leads in addition to an out-
of-equilibrium dynamics of the condensate depletion.

Here we study a smooth quench of a spatially delta-correlated dis-
ordered potential from an initial disorder-free state of a uniform Bose
gas. Depending on the quench rise time we focus on two limiting
cases: adiabatic and sudden quench. In the long-time limit the former
scenario reproduces the static disorder equilibrium case [3], while the
latter leads to the formation of a non-equilibrium steady state, which
turns out to have an even larger condensate depletion.

[1] R. Graham and A. Pelster, Int. J. Bif. Chaos 19, 2745 (2009)

[2] S. F. Edwards and P. W. Anderson, J. Phys. F 5, 965 (1975)

[3] K. Huang and H.-F. Meng, Phys. Rev. Lett. 69, 644 (1992)

Q 4.5 Mon 11:45 S HS 037 Informatik
Partial fermionization—spectral universality in interacting
quantum gases — oQUIRIN HUuMMEL, JuaN Dieco URBINA, and
Kraus RicHTER — Universitat Regensburg, Germany

We study the smoothed density of excited many-body levels in in-
teracting quantum many-body systems. The paramount importance
of this object stems from the fact that a large number of degrees of
freedom leads to very dense spectra of interacting many-body levels,
so that fluctuations become less important. Here we focus on con-
tinuous models with interactions of short-range character that are of
special importance, but not restricted, to the broad field of cold atom
gases. We introduce a novel approach based on cluster expansions that
allows accurate analytic predictions for entire interacting spectra at
the smooth level, embracing both, integrable as well as non-integrable
cases. Most notably, it uncovers so far unrecognized universal features
that uniquely relate spectra of systems with very few up to many par-
ticles.

Q 4.6 Mon 12:00 S HS 037 Informatik
Quantum transport between two equilibrating reser-
voirs — eGruLio Awmartol23, ALBERTO RODRiGUEZ!, SAN-
DRO WIMBERGER?3, HEINz-PETER BREUER!, and ANDREAS
BucuLerrNer!  —  lAlbert-Ludwigs-Universitit  Freiburg —
2Universita degli Studi di Parma — 3Istituto Nazionale di Fisica

Nucleare

We study quantum transport across an open quantum system con-
necting two finite reservoirs initially prepared with a finite particle
number imbalance. The equilibration process of the reservoirs leads to
a non-stationary current which vanishes once a global equilibrium con-
dition is reached. This behaviour has been experimentally observed in
quantum transport setups of fermionic ultracold atoms, with tunable
interparticle interactions [1]. We devise a theoretical model based
on a set of coupled quantum-classical master equations, describing
the evolution of the system together with the temporal variation of
the particle number in the reservoirs. We apply this formalism to
investigate nonstationary bosonic currents across a one dimensional
Bose-Hubbard lattice.

[1] S. Krinner, T. Esslinger and J.-P. Brantut, J. Phys.: Condens.
Matter 29, 343003 (2017)
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Measuring Dynamical Properties of Quantum Many-Body
Systems Using Engineered Dissipation — eKEevIN GEIEr!:2
and PuiLipp Hauke!':?2 — 1Kirchhoff-Institut fiir Physik, Ruprecht-
Karls-Universitdt Heidelberg, Im Neuenheimer Feld 227, 69120 Heidel-
berg, Germany — 2Institut fiir Theoretische Physik, Ruprecht-Karls-
Universitdt Heidelberg, Philosophenweg 16, 69120 Heidelberg, Ger-
many
Dynamic correlation functions of observables at unequal times encode

many fundamental properties of quantum many-body systems such as
transport coefficients or excitation spectra. However, an experimental

measurement of such correlations is challenging due to the quantum
mechanical collapse of the wave function. We propose a novel, general
technique of probing correlations in a system by coupling to an ancilla
system exposed to classical noise. In the limit of large noise, back ac-
tion from the ancilla on the system is minimized owed to a quantum
Zeno effect, while the dissipative dynamics gives access to a hierarchy
of correlation functions. We demonstrate the scheme for the mea-
surement of current-current correlations in bosonic lattice systems by
means of numerical simulations. Possible applications of the technique
include the study of thermalization in quantum many-body systems
far from equilibrium by experimentally testing fluctuation-dissipation
relations.



