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Abstract

We study different nonequilibrium phenomena of isolated quantum systems ranging
from few- to many-body interacting bosons. Firstly, we have suggested the dynamics
of the center-of-mass motion to sensitively detect unconverged numerical many-body
dynamics in potential with separable quantum motion of the center of mass. As
an example, we consider the time evolution of attractive bosons in a homogenous
background and use it to benchmark a specific numerical method based on variational
multimode expansion of the many-body wave function - the Multiconfigurational
time-dependent Hartree for bosons (MCTDHB). We demonstrate that the simplified
convergence criterion based on a threshold value for the least occupied mode function
fails to assure qualitatively correct result while our suggested convergence test based
on the center-of-mass motion correctly detects the deviation of numerical results from
the exact results.

Recent technological progress in manipulating low-entropy quantum states has
motivated us to study the phenomenon of interaction blockade in bosonic systems.
We propose an experimental protocol to observe the expected bosonic enhancement
factor in this blockade regime. Specifically, we suggest the use of an asymmetric
double-well potential constructed by superposition of multiple optical tweezer laser
beams. Numerical simulations using the MCTDHB method predict that the relevant
states and the expected enhancement factor can be observed.

In the second half of the thesis, we have investigated the onset of quantum ther-
malization in a two-level generalization of the Bose-Hubbard dimer. To this end,

the relaxation dynamics following a quench is studied using two numerical methods:
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(1) full quantum dynamics and (2) semiclassical phase-space method. We rely on
arguments based on the eigenstate thermalization hypothesis (ETH), quantum chaos
as seen from the distribution of level spacings, and the concept of chaotic eigen-
states in demonstrating equilibration dynamics of local observables in the system
after an integrability-breaking quench. The same issue on quantum thermalization
can be viewed from a different perspective using semiclassical phase-space methods.
In particular, we employ the truncated Wigner approximation (TWA) to simulate
the quantum dynamics. In this case, we show that the marginal distributions of
the individual trajectories which sample the initial Wigner distribution are in good

agreement with the corresponding microcanonical distribution.
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6.13 Energy differences across the spectrum. The eigenenergies F,, are ar-

7.1

7.2

ranged in increasing order n € [1, D] where D is the dimension of the
Hilbert space. (Top-Left) Low energy sector n € [1,2000]. (Top-Right)
Middle energy sector n € [2001,5000]. (Bottom) High energy sector
nEBOOL, D). o o

Comparison of two different trajectories with slightly different initial
states (difference of only one boson being transferred from the lower
level to the upper level of the left well). (Left) In the integrable limit
of the single band model, the trajectory of a slightly perturbed initial
condition is almost indistinguishible to the original. (Right) While for
finite U"!, chaotic behavior is observed for slight mismatch of initial
conditions. . . . . . . L
TWA dynamics of the occupation numbers in each mode from Fock
and coherent initial states with the same energy Ey/N =~ 2.25w, and
narrow energy variances AEy/Ey = 0.09 and 0.02 respectively. They
equilibrate at values which are in excellent agreement with the quan-
tum diagonal ensembles prediction for N = 40. This diagonal ensemble
value has been calculated in the same manner described in Chapter 6
A single TWA trajectory is shown in semitransparent gray; it exhibits
chaotic behavior. Only averaging over many such trajectories leads to

the correct relaxed values of the occupation numbers. . . . . . . . ..
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7.3

7.4

Al

Ergodicity in TWA. As an example we show Wigner distributions of
one of the lower levels. Initially the system is prepared in the Fock
state (green cycle shown on the left) or in the coherent state (green
bump shown on the right). Trajectories sampled from the initial states
fill the available phase space as time evolves (blue dots). The distribu-
tions become essentially the same at some time and after that they do
not change, which suggests thermalization is reached within TWA. In
this sense, quantum fluctuations of the initial state turn into thermal
fluctuations in the course of evolution. . . . . . . ... .. ... ...
(Upper panels) Comparison of the distributions P, derived from the di-
agonal ensemble with the corresponding distributions derived from the
grand-canonical ensembles. Both are compared with the correspond-
ing data extracted from TWA. (Lower panels) The good agreement
between the exact Wigner distribution and the distribution W,,. . . .

The red crosses denote the overlap coefficient C* of the corresponding
pair of the blue circles. When the two coincide with each other, the
eigenstate has a definite parity. (Left) Even-parity eigenstate. (Right)

Odd-parity eigenstate in which the red crosses are now —C*. . . . . .
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