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Non-Equilibrium Systems

Non-equilibrium
many-body quantum systems
are not well
understood

How do
non-equilibrium
systems decay

towards the
equilibrium state?

A

Equilibrium
many-body quantum systems
are relatively well understood

-
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Our Non-Equilibrium System

In an ultracold atom system:

A phase-coherently split 1d Bose gas
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In an ultracold atom system:

A phase-coherently split 1d Bose gas

<

2. Phase-coherently split the gas into two (uncoupled) 1d gases
1. Prepare an equilibrium 1d Bose gas
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In an ultracold atom system:

A phase-coherently split 1d Bose gas

This is our
non-equilibrium

< — system!

2. Phase-coherently split the gas into two (uncoupled) 1d gases
1. Prepare an equilibrium 1d Bose gas
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1d Bose Gases

» For an effectively 1d Bose Gas (in a trap)

kgl < hw,

W, =2 W,

» Macroscopic occupation of radial
ground state

» Longitudinal states populated
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1d Bose Gases

» For an effectively 1d Bose Gas (in a trap)

kgl < hw,

W 2 W,

» Macroscopic occupation of radial
ground state

» Longitudinal states populated
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1d Bose Gases

» For an effectively 1d Bose Gas (in a trap)

» Macroscopic occupation of radial

kgl < hw,
Wy =2 W,

ground state

» Longitudinal states populated

(e.g.

1

Weakly
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Regime
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1d Bose Gases

Iy

T

Temperature at which
thermal phase
coherence length Is
equal to the system
size

heny g
AT = :
T mkgeT
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We are in here!
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Ketierle & van Drulen
Y

Large longitudinal
phase
fluctuations

Small longitudinal
density
fluctuations

Ty



1d Bose Gases
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Non-Equilibrium Systems: Examples g@&<

In an ultracold atom system:

A phase-coherently split 1d Bose gas

This is our
non-equilibrium

< — system!

2. Phase-coherently split the gas into two (uncoupled) 1d gases
1. Prepare an equilibrium 1d Bose gas
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1d Bose Gases

Why is this a non-equilibrium system?

1d Bose gas
in equilibrium

phase profiles
are correlated

difference is only

due to quantum
shot noise of

splitting process

B e e e = S I

01 @2 @3 Pn

Fhase-coherently

split into
two 1d gases
Y
: : 5 Ah

P12 O3 Dn
P12 O3 Dn

At time t, = 0. ¢4 = Onp

This is our
non-equilibrium
system!
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1d Bose Gases 5®Y
-_— s

RGN Uy B N e
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o Y1 92 Os Pn Non-equilibrium
o
3 A Peg———————=.
©1 @2 O3 On
. B o ?

At time th =0, PnA = OnB :
8 pl%ﬂ '
U) (] (] (]
2 P11 D2 @y o _—
£ T o Equilibrium
L (two independent gases
§ %\B with random relative phase)
>

Q1 Q2 @3 n

At time t), =1, Opa # Onn
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-
Non-equilibrium AN R i
P 92 s Pn Non-equilibrium
many-body quantum systems
are not well A egp—————.
understood o 02T %

At time t =0, ¢na = Oup

\/‘qg‘d?'b‘:*"\ﬂ v
( D D- "I)u ilibri
- P12 @3 g Equilibrium
* [ ]
) W\B

' {-"‘I)l {-"52 f_-"ljii f_-"l)u

. At time ty, =1, dpa # dup

How do ., -
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systems decay et T, many-body quantum systems
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Non-Equilibrium Dynamics

* |Load ultracold atoms on an atom chip

« Can make long cigar-shaped traps (high aspect ratio)
« Can attain high radial trapping frequencies (several kHz)
« and low axial frequencies (< 5 Hz)

l

Great for making a single 1d gas !
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Non-Equilibrium Dynamics

* |Load ultracold atoms on an atom chip
* Make an (equilibrium) 1d Bose gas

~S NS TS

T =120 £ 30 nK

Atom Number ~ 50010

Ap ~3 pm € Ap x

w =2m x(21+0.1) kHz

w) =27 x (11+1) Hz

o
T
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Non-Equilibrium Dynamics

* |Load ultracold atoms on an atom chip
* Make an (equilibrium) 1d Bose gas

* Coherently split the 1d gas into two (uncoupled!) 1d gases

l atom chip . ]
Radio-frequency (RF) RE %/ O RE
dressing f \
is used to smoothly form a >X< | graviy

double-well potential

!

Schumm et al., Nature Phys. 1, 57 (2005)

= ®



Non-Equilibrium Dynamics

]

Load ultracold atoms on an atom chip
Make an (equilibrium) 1d Bose gas

[ ]

[ ]

Coherently split the 1d gas into two (uncoupled!) 1d gases

Perform matter-wave interferometry to extract information from system
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]

Load ultracold atoms on an atom chip
Make an (equilibrium) 1d Bose gas

[ ]

[ ]
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Perform matter-wave interferometry to extract information from system
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Non-Equilibrium Dynamics

]

Load ultracold atoms on an atom chip
Make an (equilibrium) 1d Bose gas

[ ]

[ ]

Coherently split the 1d gas into two (uncoupled!) 1d gases

Perform matter-wave interferometry to extract information from system

I

‘ release from trap

freefall

gravity
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Non-Equilibrium Dynamics

]

Load ultracold atoms on an atom chip
Make an (equilibrium) 1d Bose gas

[ ]

[ ]
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Non-Equilibrium Dynamics

Load ultracold atoms on an atom chip
Make an (equilibrium) 1d Bose gas

Coherently split the 1d gas into two (uncoupled!) 1d gases
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Non-Equilibrium Dynamics

]

Load ultracold atoms on an atom chip
Make an (equilibrium) 1d Bose gas

[ ]

Coherently split the 1d gas into two (uncoupled!) 1d gases

Perform matter-wave interferometry to extract information from system

A N SN
\W NS

‘ release from trap ‘ release from trap

freefall freefall
gravity gravity
overlap overlap
and and
interference interference
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Non-Equilibrium Dynamics

]

[ ]

I

‘ release from trap

freefall

gravity

overlap
and
interference

Load ultracold atoms on an atom chip
Make an (equilibrium) 1d Bose gas

freefall
under
gravity

overlap
and
interference

Coherently split the 1d gas into two (uncoupled!) 1d gases

Perform matter-wave interferometry to extract information from system

DN gfmAaf
NS A

‘ release from trap




Extracting Information from Interference Patterns
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Extracting Information from Interference Patterns P
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Select an
integration L
length L
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Extracting Information from Interference Patterns

DN gfmAaf
I\ A

‘.ﬂ

Select an
integration
length L

integrated
line
profile

U

s

L

U

> atom

density

L

o
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Extracting Information from Interference Patterns E@

/\N\ atom
\/\/vw density

L t-»-» I—/J\A/\A-

. T ) 2Tr
t foiz) = a::-:p( 253) (1 ' (’.L{:{};-;( 3 ! H))

Select an [ | t
integration p L g
length L
—>atom
density
integrated t
line - -
profile
r
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Extracting Information from Interference Patterns E&y@

/\N\ atom
\/\/vw density

Select an
integration
length L

integrated
line
profile

L CL
. . (phase of interference
‘ (over integration pattern with respect to
length L) gaussian background)
E atom

density

1

— 1t Contrast Phgse /
1
1
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Extracting Information from Interference Patterns E&y@

/\N\ atom
\/\/vw density

Select an
integration
length L

integrated
line
profile
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Extracting Information from Interference Patterns

DN gfmAaf
I\ A

Select an
integration
length L

integrated
line
profile

U

> atom
density

= =

1
»H =» = = =

atom
density

##m

&
Eﬂ

fri{z) = exp (

>
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A Previous Experiment

raibEme Wl 440 P00 Tapisenb=e 100 7 | ek 10,10 30/ s o0l 19

Non-equilibrium coherence dynamics in
one-dimensional Bose gases

5. Hefferberth', L Lesancwsky”, 8. Fischer', T. Schumm’ & J. Schaiedmayer’~ l - T
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A Previous Experiment 589

b ol 4 0 Sepaerbae TO60 7 e 10 M JA nabur w041

Non-equilibrium coherence dynamics in
one-dimensional Bose gases

% Hofferberk'—, L Lesancwsky . B, Fischer', T. Schumm & ). Schemisdmayer -~

b

"L | | | 5 * Measurement of a mean coherence
;- U(t) ox exp [ — e factor ¥
08 % to  Application of a theory of thermalisation
- g ¢ Z
" N U(t) x exp (— )
« 1] to
oA e SEEE Burkov et al. Phys. Rev. Lett. 98 200404 (2007)
"z 1 3 ] 4 e T 9 1
thermalisation?
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A Previous Experiment 5®Y

raibEme Wl 440 P00 Tapisenb=e 100 7 | ek 10,10 30/ s o0l 19

Non-equilibrium coherence dynamics in
one-dimensional Bose gases ‘
% Hofferberk'—, L Lesancwsky . B, Fischer', T. Schumm & ). Schemisdmayer -~ ‘ -u
— =0 :
i | 5 » Measurement of a mean coherence
. .If. ]
. U(t) o exp [ — factor_‘P | o
08/ to » Application of a theory of thermalisation
I tes # E
. Nl W(t) oc exp (— )

o LI to
gy *'* ¥ ". IIIIIIII Burkov et al. Phys. Rev. Lett. 98 200404 (2007)
82 3 5 o o T This attribution of thermalisation to

— the data was probably incorrect.
thermalisation? Why?




A Previous Experiment S

ol 445 20 Saptanbse 000 ke 1000 38 st wDE 1D

Non-equilibrium coherence dynamics in 't N
one-dimensional Bose gases _l_,‘ ol W(t) o exp (—f )
. . “(}
S Heffemerth' -, L Lesanowvsky, B, Figcher', T, Schumme & |, Schenisdmayer
— ) B
< _} gl R *.. { _"
T T T ™
1 (mes)
» Two available theories at the time (2007)
thermalisation dephasing
£\ | :
W(t) ocexp | — W(t) oxcexp | —=
iy T
Burkov et al. Phys. Rev. Lett. 98 200404 (2007) Bistritzer & Altman, PNAS 104 24, 9955 (2007)
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A Previous Experiment

MEnEm:

ol 445 20 Saptanbse 000 ke 1000 38 st wDE 1D

Non-equilibrium coherence dynamics in

one-dimensional Bose gases

% Hofferberk'—, L Lesancwsky . B, Fischer', T. Schumm & ). Schemisdmayer -~

=
1 0.}
L A 0.8 Qg [ S s S
% 1 3 & i) T ] 11
fg‘ 04
8
. . 0.2
* Two available theories
00 2 4 6 8 10 12
time (ms)
thermalisation dephasing

N2
W(t) oc exp (_T )
0

Burkov et al. Phys. Rev. Lett. 98 200404 (2007)

t
U(t) o exp (——)
-

Bistritzer & Altman, PNAS 104 24, 9955 (2007)
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A New Experiment in Vienna

» More controlled splitting process
* Ability to measure for longer evolution times

5
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A New Experiment in Vienna

» More controlled splitting process
* Ability to measure for longer evolution times

Our New Measurements

Rapid early-time decay

LLLLLLLLL

Long slow decay
(consistent with the heating rate in our atom trap)
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A New Experiment in Vienna

» More controlled splitting process

* Ability to measure for longer evolution times

Our New Measurements

.51

aFo

Rap|d early_time decay \0‘ S L
-

Long slow decay

FULL CLOUD

(consistent with the heating rate in our atom trap)

0.3
“‘3 - -
v
o
0.2
=
o1 e e a— =
0 (:} é 1I{) 1l5 2:3 2i5 (;D 3i5 4iD 4i5 50
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i
. Hofferberth et al.
oal Nature
' 449 324 (2007)
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u.: .................................... A..‘....“:....I .....................
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1 ] 7 B 1"
1 {me)
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A New Experiment in Vienna

» More controlled splitting process
* Ability to measure for longer evolution times

Our New Measurements

Rapid early-time decay ———y | =

FULL CLOUD

Long slow decay
(consistent with the heating rate in our atom trap)

0.5} :
9 :
.................................. o
0.3} ;
ot :
&) = .
D .
—= '
0.2f :
—=n _ }
01 P e
=, = : —— :
0 L 1 L M L i
o 5 10 15 =20] 25 30

35 40 45 50
Evolutign Time (ms)

Thermal
Equilibrium
2
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Beyond the Mean: Full Distribution Functions

For Equilibrium Systems:

nature physics | VOL 2 | OCTOBER 2006 | www.nature.com/naturephysics
ARTICLES

Full guantum distribution of contrast in
interference experiments between
interacting one-dimensional Bose liquids

VLADIMIR GRITSEV'*, EHUD ALTMAN?, EUGENE DEMLER" AND ANATOLI POLKOVNIKOV®

nature physics | VOL 4 | JUNE 2008 | www.nature.com/naturephysics
ARTICLES

Probing quantum and thermal noise in an

interacting many-body system

S. HOFFERBERTH' 22, |. LESANOVSKY24, T. SCHUMM", A. IMAMBEKOV>5, V. GRITSEV?, E. DEMLER® ¢

AND J. SCHMIEDMAYER!-2* s

See also:

« Stimming et al. PRL 105, 015301 (2010) [theory]

» Betz et al. PRL 106, 020407 (2011) [experiment] -
S
s
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Theoretical Proposal

L

Experimental Realisation

Disributions of Interference Contrast C,
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A
H

20
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Beyond the Mean: Full Distribution Functions

For Equilibrium Systems:
nature physics | VOL 2 | OCTOBER 2006 | www.nature.com/naturephysics
ARTICLES
Full guantum distribution of contrast in
interference experiments between
interacting one-dimensional Bose liquids

VLADIMIR GRITSEV'*, EHUD ALTMAN?, EUGENE DEMLER" AND ANATOLI POLKOVNIKOV®

nature physics | VOL 4 | JUNE 2008 | www.nature.com/naturephysics
ARTICLES

Probing quantum and thermal noise in an
interacting many-body system

S. HOFFERBERTH!2:3, |. LESANOVSKY2#, T. SCHUMM', A. IMAMBEKOV®-%, V.. GRITSEV®, E. DEMLER® &
AND J. SCHMIEDMAYER?-2* =
We can use e
this equilibrium =
theory to 4 =
investigate our . REE
“equilibrium?” state  +f T L. - =
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15
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2.0

1.5
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Theoretical Proposal

&
P

Experimental Realisation

Disributions of Interference Contrast C,

L=10um L=24um L=37um L=51Tum
'y
4 20
31 15
1.0
0.5 W
0
1 2 12
o o o
L=10um L=37pum L=51um
s 10 K o s
. 0.8 08
1
) 0.6 06
/ 0.4 0.4 il
0.2 0.2
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0 0
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Applying Equilibrium Theory

Initial single gas

T =120 + 30 nK

i
Ar ~ 3 pm <
Atom Number ~ 5000 —_—

<C%
(=]

5
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Probability Density

Applying Equilibrium Theory

Initial single gas

T = 120 + 30 nK —_—— y

Ar ~ 3 pm <

Atom Number ~ 5000 —_—

ot
O
v
0.2

0.1

Interference Contrast C, Distributions G :

0

0.3

oA

o 5 10 5 30 35 40 45 50

FULLCLOUD 60 um 38 um 27 um 22 um o o (5
1 |
0.5 Il | I I III IIII _ 12 ms
0
11 i — 11 i
0.5 | 17 ms
i | hﬂh il Jl

’ | i L L i
U'z | _ II I | II|I 2T ms

Normalised Squared Contrast, C%/<C?>
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Applying Equilibrium Theory

Initial single gas

T = 120 + 30 nK 5|
Ar ~ 3 pm <
Atom Number ~ 5000 —

FULL CLOUD 60 um 38 um 27 um

e

o
w

oA

=
0.1 =

Interference Contrast C, Distributions G

o 5 10

22 um

12 ms

Probability Density

o
(&)

0

Normalised Squared Contrast, C%/<C?>

15 2

0
Evolution Time (ms)

25 30 35 40 45 50

Compare
Equilibrium Theory
with
Non-Equilibrium
Experiment

T =120 nK
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Applying Equilibrium Theory P

Initial single gas Y
T = 120 + 30 nK —_— od o
Ar ~ 3 pm < 1= _ _
" : :

Atom Number ~ 5000 —_— V= ﬁ ﬁ
Interference Contrast C, Distributions —
FULLCLOUD 60 um 38 um 27 um 22 um reenine

| | | | Compare
1 ' Equilibrium Theory
. 12 ms with

> 0.5 Non-Equilibrium
g) 0 Experiment
o)

-l -
SN T =120 nK
% 0.5
o "
S o .'
o

1

0.5
0

Normalised Squared Contrast, C%/<C?>
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Applying Equilibrium Theory lo

Initial single gas Y
T = 120 + 30 nK —_— od o
Ar ~ 3 pm < 1= _ :
" : :

Atom Number ~ 5000 — = ﬁ ﬁ
Interference Contrast C, Distributions —
FULLCLOUD 60 um 38 um 27 um 22 um reenine

| | Compare
1 Equilibrium Theory
0.5 with
> Non-Equilibrium
g) 0 Experiment
]
a1 T =120 nK
% 0.5
@
3 0
o
1 Tfit =15+4 nK
0.5
0

Normalised Squared Contrast, C%/<C?> m



Measuring Equilibrium Systems

.o 38,
e "

o
(3]
=y

—

Split

We now want to
compare
equilibrium theory
to
equilibrium experiments
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Measuring Equilibrium Systems

Trap

Split

Cool

We now want to
compare
equilibrium theory
to
equilibrium experiments

create
two independent
guasi-condensates
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Measuring Equilibrium Systems

an
example
at
60 nK

0.5
0

Trap

Split

Cool

We now want to

compare

equilibrium theory

to

equilibrium experiments

Equilibrium experiments agree with equilibrium theory

FULL CLOUD

60 um

38 um

27 um

22 um

-

0 1 2

30 1 2

Iil;._

30 1 2

I].;h

30 1 2

Normalised Squared Contrast, C%/<C?>

create
two independent
guasi-condensates



non-equilibrium distributions -
and I
equilibrium distributions -

Tf|t - 15 i V s llsEvo\SI?ionTiarl'?\e (rglg) w0 &
FULL CLOUD 60 um 38 um 27 um 22 um

o
N -

=
-] o
1 |
(] "-
—
m -
W . "
1

o

Equilibrium

I 60 nK

0 1 2 30 1 2 30 1 2 30 1 2 3

Normalised Squared Contrast, C%/<C?>

Probability Density




Non-Equilibrium Evolution P
<

What happens when we change the initial temperature T of the unsplit system?
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Non-Equilibrium Evolution P

i

<

What happens when we change the initial temperature T of the unsplit system?

—

EXACTLY the same behaviour

A e T=20+2nK
Y o6 0 T=29:2nK
@ E * T=39:4nK
c 5 T=43:6nK
O . = +
= o5l § T=103=15nK |
s § T=134+10nK
) :
0.4]

oo 1

RN

0 5 10 15 20 25
Evolution Time [ms]

0.2
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Non-Equilibrium Evolution P

i

<

What happens when we change the initial temperature T of the unsplit system?

—

EXACTLY the same behaviour

A e T=20=+2nK
}j 0.6 0 T=29=+2nK 5
o E e T=39+4nK -
5 0 T=43+6nK 5 '°
o . To108 « g .|
2 03l T=103=15nK || g
S : T=134+10nK =
> [CH
4 2 1o .
0.4} 3 1 —
g 5
- 0.8F
()
&
(_tS 0.6
0.3} g g =
S 04
c

0 50 100 750
s i Q § T (nK)

0 5 10 15 20 25
Evolution Time [ms]

0.2
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Recap

< ;F. o.sf

—_— " ‘ra@id édecay

2
|

. . == to apparent
track evolution of non-equilibrium state L0 steady state
(using matter-wave interference) ==
BUT = ]
this is not a =TT e T :

thermal equilibrium state

0 5 0 15 20 25 30 35 40 45 50
Evolution Time (ms)
FULL CLOUD 60 um 38 um 27 um 22 um

HOWEVER, a ‘ . ‘ L |
it is thermal-like in form —Z os AT N I 1 ‘i} I

its effective temperature T«
does not change with

> 1.6

AkpKs

initial temperature T \ — \ l- + -
'] oy JTomeen |
o Rl B , | |
AND N i 0 50 T (uK) 100 150
the initial rapid decay b - - :
is also independent of the ™ o5 ! i This state represents a fixed point
initial temperature T bE o in the evolution of the system!

Evolution Time [ms]
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Theoretical Description of Non-Equilibrium Dynamics

Kitagawa et al. PRL 104 255302 (2010)
PRL 104, 255302 (2010) PHYSICAL REVIEW LETTERS 25 SN 2050

Ramsey Interference in One-Dimensional Systems: The Full Distribution Function
of Fringe Contrast as a Probe of Many-Body Dynamics

Takuya Kitagawa,' Susanne Pielawa,' Adilet Imambekov,” Jérg Schmiedmayer,® Vladimir Gritsev,* and Eugene Demler’

+ Kitagawa et al. New J. Phys. 13 073018 (2011)

5

= ®



Theoretical Description of Non-Equilibrium Dynamics

Kitagawa et al. PRL 104 255302 (2010)
Kitagawa et al. New J. Phys. 13 073018 (2011)

* Integrable Luttinger-liquid-based theory
H, = / i(f,i':.::,-%]": | ﬂﬁf] dz

LBm
. -
H, = / (D) 4 gn; | dz
J LE&m
il z) = relative phase n{z) = relative density
@.(z) = sum phase n.lz) = sum density

T

Just after splitting

thermally populated
o | = {4 (= | ol _'_;.:l
Psl(z) = pa(z) — ¢op(z)
populated only by

quantum shot noise
from the splitting process

5
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Theoretical Description of Non-Equilibrium Dynamics

Kitagawa et al. PRL 104 255302 (2010)
Kitagawa et al. New J. Phys. 13 073018 (2011)

* Integrable Luttinger-liquid-based theory
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Kitagawa et al. PRL 104 255302 (2010)

Kitagawa et al. New J. Phys. 13 073018 (2011)

This theoretical model describes the dynamics

 Integrable Luttinger-liquid-based theory of the non-equilibrium system through the

H. = / £ — (i), .:t'al' | rm]rL
_®m

H,. = / [P — (i), Do )= 4 gﬂf] dz

L¥m

il z) = relative phase

@.(z) = sum phase

TR ——

Just after splitting

thermally populated
Pelz) = Palz) + oplz)
G«[J:' = *23*.1{:} oplz)
populated only by
quantum shot noise
from the splitting process

dephasing of the momentum modes (k-modes)
of the system
but it
does not describe a thermalisation process

z) = relative density

.'.',..[:_:I = sum density

DN gfmRaf
I\ A

Equilibrium
thermally populated
.z = o Alz)+ oplz)
Pslz) = Palz) — oplz)

thermally populated

5

= ®
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Kitagawa et al. PRL 104 255302 (2010)
Kitagawa et al. New J. Phys. 13 073018 (2011)

* Integrable Luttinger-liquid-based theory

This theoretical model describes the dynamics
of the non-equilibrium system through the
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Kitagawa et al. PRL 104 255302 (2010)
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Kitagawa et al. PRL 104 255302 (2010)
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Theoretical Description of Non-Equilibrium Dynamics

Integration Length, L
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Integratlon Length, L
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Theoretical Description of Non-Equilibrium Dynamics

« Squared Contrast Distributions
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Theoretical Description of Non-Equilibrium Dynamics P

Prediction for the effective temperature T [Kitagawa et al. New J. Phys. 13 073018 (2011)]

qp q = Qh;_,,_u_ s w = radial trapping [requency

iy — scattering length

2k g p = density
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Theoretical Description of Non-Equilibrium Dynamics P

Prediction for the effective temperature T [Kitagawa et al. New J. Phys. 13 073018 (2011)]

qp q = Qh;_,,_u_ s w = radial trapping [requency

iy — scattering length

2k g p = density
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Prediction for the effective temperature T [Kitagawa et al. New J. Phys. 13 073018 (2011)]

q = 2hw | a ot radial trapping [requency
aqp q 1 g L

iy — scattering length

2kp p = density
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Pre-thermalisation P
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Pre-thermalisation: Berges, Borsanyi, Wetterich, Prethermalization, PRL 93 142002 (2004)

e.g. Moeckel and Kehrein, New J. Phys. 12, 055016 (2010).
Mathey and Polkovnikov, Phys. Rev. A 81, 033605 (2010).
Barnett, Polkovnikov, and Vengalattore, Phys. Rev. A 84, 023606 (2011).
Kitagawa et al. New J. Phys. 13 073018 (2011)
Kollar, Wolf, Eckstein, Phys. Rev. B 84, 054304 (2011).
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Non-Equilibrium Systems

Non-equilibrium
many-body quantum systems
are not well
understood

How do
non-equilibrium
systems decay

towards the
equilibrium state?

A

Equilibrium
many-body quantum systems
are relatively well understood
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Open Questions

Thermalisation

What is thermalisation?
How does it occur in a 1d system?

It is a subtle process in our case, if it exists at all.

Generalized Gibbs Ensemble (GGE)

It is predicted that the prethermalised state can be described by a GGE.
e.g. Kollar, Wolf, Eckstein, Phys. Rev. B 84, 054304 (2011).

How can we prove this with an experiment? Can we prove this?

Prethermalization

What is the most general definition of prethermalization?

Berges, Borsanyi, Wetterich, Prethermalization, PRL 93 142002 (2004)
Moeckel and Kehrein, New J. Phys. 12, 055016 (2010).

Mathey and Polkovnikov, Phys. Rev. A 81, 033605 (2010).

Barnett, Polkovnikov, and Vengalattore, Phys. Rev. A 84, 023606 (2011).
Kitagawa et al. New J. Phys. 13 073018 (2011)

Kollar, Wolf, Eckstein, Phys. Rev. B 84, 054304 (2011).
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