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Non-equilibrium quantum gases
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‘ Non-equilibrium dynamics

Initial state: Transient state: Final state:
Far from equilibrium e. g. Turbulence Thermal equilibrium
(Nonthermal fixed point)
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Non-equilibrium dynamics
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Semi-classical simulations

Classical field equation for ¢(x,t):

2

000(x,1) = |5+ glotx. )| 6(x.
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Observables: e. g. Momentum distribution
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‘ 2D: Quench dynamics
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‘ 2D: Quench dynamics
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‘ 2D: Quench dynamics
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‘ 2D: Quench dynamics
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‘ 2D: Quench dynamics
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2D: Wave turbulence / vortex dynamics

J. Schole, B. Nowak, T. Gasenzer, PRA (2012), BN., T. Gasenzer arxiv: 1206.3181
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Approach of the NTEP 1= S cermeionn
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Approach of the NTFP
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Approach of the NTFP
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NTFPs in a 2-component Bose gas




‘ 2D: 2-component Bose Gas
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2D: 2-component Bose Gas
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2D: 2-component Bose Gas
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2D: 2-component Bose Gas
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2C-BEC: hydrodynamic aspect e
e

immiscible transition point miscible

Incompressible energy spectrum
Z-Spin excitation spectrum

Xy-Spin excitation spectrum

MK, B. Nowak, T. Gasenzer unpublished
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Tunable universality
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Tunable universality
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Thermal states

.

8’Rb-Experiment:
Oberthaler group (Heidelberq)

B=9.17G B=9.03 G

see talk of
Prof Markus Oberthaler

E. Nicklas et al. PRL (2012)
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Summary _ .
Non-thermal fixed points (NTFP)

o BKT

Thermal states
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3D: Non-thermal fixed point
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1D: Quench dynamics and solitons
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| 8’Rb-Experiment:
Schmiedmeyer group (Vienna)
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Relativistic simulations O(2)

Classical field equation: 6? —A+®* D, =0
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3D: Non-thermal fixed
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2D: Phase ordering dynamics

| | | . 106 |
6 : o ] i
10 [ 104 R
10* B .
_ 102 || Particles
102 F -
[ 1 - t = 6550 Energy 7
1} i I 1 | - i
003 0 na 1 0.03 0.1 0.3 1

Markus Karl, DELTA 2013 Heidelberg, 11.01.2013



Supplementary Slides Il




3D: Bose condensation
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Experiments: Hansch, Esslinger (2002), Condensation dynamics: Kagan, Svistunov, Shlyapnikov ('90s),
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3D: Bose condensation

slow dynamics

n(0,t)/N

BN., T. Gasenzer arxiv: 1206.3181
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‘ 3D: Bose condensation

a=2.5 (weak quench) a=10 (strong quench)
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‘ 3D: Bose condensation

a=2.5 (weak quench) a=10 (strong quench)
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‘ 3D: Bose condensation

a=2.5 (weak quench) a=10 (strong quench)
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Turbulence experiments
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Velocity distribution
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Quantum turbulence
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‘ Nonthermal fixed points n, ~ k™

from dynamical quantum field theory

¢ =d+2
log(ny) ¢ =d+2+z

R log(k)

. Berges, A. Rothkopf, J. Schmidt, PRL (2008)
o =& = >+ P >
C. Scheppach, J. Berges, T. Gasenzer, PRA (2010)
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‘ Soliton density decay
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2D: Vortex correlations
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1D: Solitons replace vortices

M. Schmidt, S. Erne, B. N., D. Sexty, T. Gasenzer, arXiv:1203.3651 (2012)

® Stationary solutions of non-linear wave equation:
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1D: Quench dynamics

Features: e Quasi-stationary profile
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1D: Momentum distribution

® Random soliton model for black/grey solitons (in a trap):
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Relativistic simulations O(2)

Classical field equation: 3? — A+ (I)z] o, =0
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Relativistic simu

Classical field equation:

d=2
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2D: Phase ordering dynamics
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2D: Phase ordering dynamics

Scaling needs
vortex unbinding
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Correlations near the NTFP
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Vortex Pairing Spectrum in2D
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2D: 2-component BEC
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