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Abstract: <p>We numerically investigate the expansion of clouds of hard-core bosons in a 2D sguare lattice using a matrix-product state based
method. This non-equilibrium setup is induced by quenching a trapping potential to zero and is specifically motivated by an experiment with
ultracold atoms [1]. As the anisotropy for hopping amplitudes in different spatial directionsis varied from 1D to 2D, we observe a crossover from a
fast ballistic expansion in the 1D limit to much slower dynamicsin the isotropic 2D lattice [2].</p>

<p> </p>

<p>Introducing a site-dependent disorder potential allows to study many body localization (MBL). In a very recent experiment, the melting of a
domain wall gave evidence for an MBL transition in 2D [3]. We study 1D and quasi-1D models, for which the phase diagram in the presence of
disorder is known, such as the Anderson insulator, Aubry-Andre model and interacting fermions in 1D and on a two-leg ladder [4]. By considering
several observables, we demonstrate that the domain wall melting can indeed yield quantitative information on the transition from an ergodic to the
MBL phase as a function of disorder.</p>

<p> </p>

<p>[1] J. P. Ronzheimer et a., PRL 110, 205301 (2013) [2] J. Hauschild et a., PRA 92, 053629 (2015) [3] J. Choi et al., arXiv:1604.04178 (2016)
[4] J. Hauschild et al., in preparation</p>
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Motivation Clean Lattices
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e Hubbard model (bosons or fermions)
@ highly tunable parameters

@ quenches for non-equilibrium physics
@ comparison of theory and expermient
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Motivation Clean Lattices
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Motivation Clean Lattices
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Method: time evolution with MPO

@ Method: time evolution with MPO ;:m

@ Sudden Expansion in clean lattices
B Hauschild, Pollmann, Heidrich-Meisner, PRB (2015) 1
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@ Hauschild, Pollmann, Heidrich-Meisner, in preparation
Johannes Hauschild MPI PKS Dresden Pl 6.5.2016 4 /27

Pirsa: 16050028 Page 7/26



Method: time evolution with MPO

Method

. MPS
o goal: [y(t) = e~ [yt = 0)) ﬂ@.... s

e efficient representation:

matrix-product state (MPS)
0))
|'(I;f)> — Z B(T] i B(T; |O_l |1!b(

010
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Method: time evolution with MPO

Method
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Sudden Expansion in clean lattices

@ Sudden Expansion in clean lattices
B Hauschild, Pollmann, Heidrich-Meisner, PRB (2015) g
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Sudden Expansion in clean lattices

Model
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Sudden Expansion in clean lattices
1D Limit J, =0
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@ maps to free fermions
e H=) -2J; (:“HU‘:)"A'I:FA:
momentum occupation fixed by initial state
> ballistic expansion

(8 Antal et al. (1999)
@ hard-core boson picture:
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Sudden Expansion in clean lattices 2D Lattice

2D Expansion: Density Profile n;(t)

t=0.0J;! t=1.0 J;! t=1.5J;"
~ (a) (b) (c)
)

] : : 8844488
< i D
o —

».;"
(d) (e) (f)

e
1 * 8

Jy/Js = 1.0
1331

= qualitative agreement of shapes with experiment

@ expansion in x-direction suppressed by hopping in y-direction

@ dominated by surface effects due to small boson number
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Sudden Expansion in clean lattices Quasi-1D

Cylinders and Ladders

3.0 | == domain wall ' ' : .
Jy/Jz = 0.2
AN — E n; __95}== B=3 : -
i¢B i 1) oAl R .
'I A i b g 1.5 If'y ~ ‘...};‘,I/‘.j‘,‘ [lrl il
e X 1 = e
— (H(, y (£) — Ji (£)) = e e i
0 ] it S
/I l,‘,l‘,";.l,. |“

domain-wall melting sudden expansion

regime regime
‘ , " | —— cylinder
Jyindep. | J,dependent ladder
; g
0 ty ta time [ 0.2
—B— Q 0.5 J
2N oY o o ldll 7 ¥ %
!lllll JRIBIME llnlli y > 10
27 PR LAy 7 1 . =
P o
‘ 2.0 a]
‘T o'l o'l o'l o'l i v 2] ] l I
lo1oto1o18 |I.l.lllli 1 5 6
P "o "o "o " AV A VA A A
Johannes Hauschild MPI PKS Dresden Pl 6.5.2016 1202

Pirsa: 16050028 Page 14/26



Sudden Expansion in clean lattices Quasi-1D

Cylinders and Ladders
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@ enhanced expansion on wide cylinders
lack of propagating modes for L, = 2

@ momentum distribution function: no condensation
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Disordered Systems
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Disordered Systems [EEYITIVEIRH
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Disordered Systems [EYIIVEIRH

Experiment: Correlated Disorder (Aubry-André)
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Disordered Systems Motivation

Experiment: Uncorrelated Disorder
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Disordered Systems [EYEIIVEIRGN

Model
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IJECTG ISV Non-Interacting

\\ / \l‘ f B ,'{ \ F"/ \\ ;f \‘ /Y / \.\
\/ II"". / \ / \"-‘;"f ‘.\‘ / N/ "‘.\ ),.
X \
1D Anderson Insulator U
2.‘!',‘
extract {4y from n; ox exp o
Bid—05 :
I()l} I I 1(}.{ - L] T T ) lllll T T T T LI
tJ = 100 : ]
& tJ = 200 A\ ]
o T H tJ = 400 y
EoN T tJ = 1000 |
10—4 L N H tJ = 10000 102 :
- NN F ]
~ o I 8| L |
S 10 \ 3
i \ 1 - -
1078 - \ E 10! g
- \ - - ]
10—10 L \ - [ ]
_ \ i _ ]
1 . ' A l 10" :
0 100 200 300 400 500 10—1 10Y 101
25 W/J
Johannes Hauschild MPI PKS Dresden Pl 6.5.2016 19 / 27

Pirsa: 16050028 Page 21/26



IERICEIE RSV EI  Non-Interacting

WA AR AN
NN N "\‘/ Vi)

Aubry-André model V oy

. : 1
NAR. — <:1:j>..,,, — <;I!J'>,ﬁ_ = — YN Z n; AN — Z n;

Jex; >0 Jix;>0
l(]‘i T TIIIIIII T e P L} lIITIIll L) mrrrTy T IIIII T LB RRL)
] b3 14 |EFL W/J =075 i
g5 - HH w/J =080
. 3 12 | W/J =1.00 i
F W/J = 1.20
107 10 W/J = 1.25 2
e 108 |- < Br ]
< E <
= . 6 | .
102 |
F | L
10! |
e =
100 |
lj‘lllllll 1L IIIIILII 'l Illlllll ' L LLLL () L Illlllll 'l IlIJlIII ' Illlllll L L L LLLL
10V 10! 102 103 104 109 10! 10° 103 104
il oo
= Domain-wall melting/&qy, captures transition at W./J = 1
Johannes Hauschild MPI PKS Dresden Pl 6.5.2016 20 ) Sl

Pirsa: 16050028 Page 22/26



Pirsa: 16050028

Many-Body Localization
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Disordered Systems

Many-Body Localization
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Many-Body Localization: Ladder
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combatible with W, ~ 8.5 from ED study of Heisenberg model on ladder
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Summary

Summary

Clean lattice: 1D-to-2D crossover
e fast expansion in 1D-limit, diffusive core in 2D
@ larger times/boson numbers for ladders and cylinders
@ expansion on L, = 2 ladder suppressed: no 'propagating modes’
@ no (quasi-)condensation on cylinders

|4 Hauschild et al. PRA 92 053629 (2015)

Disordered System: domain wall melting
@ larger times reachable: slow entanglement growth
@ exponential density profiles
@ capture Anderson and MBL transition
@ slow dynamics around transition

% Hauschild, Heidrich-Meisner, Pollmann, in preparation
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