Out of equilibrium dynamical properties of Bose-Einstein

AR condensates in ramped up weak disorder
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Abstract

We investigate theoretically how the superfluid and the condensate deformation of a weakly interacting ultracold Bose gas evolve during the ramping up of an
external weak disorder potential. Both resulting deformations turn out to consist of two distinct contributions, namely a reversible equilibrium one, already predicted
by Huang and Meng [1], as well as a non-equilibrium dynamical one, whose magnitude depends on the details of the ramping protocol. For the specific case of the
exponential ramping up protocol, we are able to derive analytic time-dependent expressions for the aforementioned quantities. After sufficiently long time, the steady
state emerges that is generically out of equilibrium. We make the first step in examining its properties by studying the relaxation dynamics into it. Also, we
investigate the two-time correlation function and elucidate its relation to the equilibrium and the dynamical part of the condensate deformation.

System dynamics

Correlation function at rest

Time-dependent Gross-Pitaevskii equation W(x,t+T))*(y,t)), = (W(x, t + T)*(y,t)) — (V(x,t +T)) (¥*(y,t)) = (1(x,t + T)i(y,t))
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Superfluid deformation (solid line) and condensate deformation (dashed line) as
functions of (a) rescaled time (t/7p;r) and (b) rescaled ramp-up time (7/7a7r)
for three values of disorder ramp-up times 10°79 = 1073 = 7 = Tyr =
h/(gn). All presented quantities are normalized by equilibrium condensate de-
formation qg ;.
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