NON-EQUILIBRIUM PHASE TRANSITION OF ULTRACOLD
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Introduction & Motivation

© Dynamics of driven, open quantum system governed
by master equation [1]:

Ld A o
ZhEQ(t) = [H, Q(t)] + L o(t)
Here, Hamiltonian of Bose-Hubbard type [2]:
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and dissipator in Lindblad-form:
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with quantum jump operators [3]:
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bosonic creation/annihilation operator at lattice site i

The Model

o Physical realisation [3]:
& optical lattice
2 BEC-reservoir
= Raman laser

& upper and lower band
= Bogoliubov excitation
& dissipative decay

Nonequilibrium QPT

o Cubic lattice with sublattice:
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o Two- band Bose-Hubbard-model:
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o Coupling of BEC-reservoir to lattice via density-density
interaction in Bogoliubov approximation'
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with matrix element:
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Wannier function
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operator B L Creating a Bogohubov excitation with momentum k.

0 Derivation of master equation via Born-Markov and rotating
wave approximation [1]

o Nonzero coupling k for 1D lattice only

0 Adiabatic elimination of upper band due to dissipation
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o Consider dynamics of moments M, g = Tr{&TO‘ a? @}
using master equation in mean-field approximation
0 Consideration of stationary states introduces new parameter L
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o Limitk — 0 can exactly be solved for phase boundary particle
and yields Mott-Superfluid phase-transition [2] density

© Moments can be expanded in a serles inYandn = Ml 1:
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o Approximate solution for W near phase boundary and small n,
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o Fix [i to get a real U2;
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0 On phase boundary, i.e.
v — 0:
~ ~ 1
U=U.=2V2
0 These results are in
agreement with [4]
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