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- Quantum quench dynamics

® A many-body quantum system 1s prepared in the ground-
state of Ho, i.e. Vo)

At t=0, Ho ™ H, i.e. an Hamiltonian parameter 1s quenched
For >0, it evolves unitarily: |¥(¢))=e* |Wo)

No contact with “external” world

How can we describe the dynamics?

von Neumann in 1929 posed the question [1003.2133]

It stayed a purely academic question: for condensed matter
systems the coupling to the environment 1s unavoidable

Not anymore 1n cold atoms!




 Quantum Newton cradle |

T. Kinoshita, T. Wenger and D.S. Weiss, Nature 440, 900 (2006)

few hundreds ®%’Rb atoms in a 1D trap
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Can a steady state be attained? Surprisingly, YES

- 1D system relaxes slowly 1n time, to a non-thermal distribution
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The 1D case 1s special because the system 1s almost integrable




S Trotzky et al, Nature Phys. 8, 325 (2012)
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e Numerical DMRG and experiment agree perfectly

® The stationary state looks thermal
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e Numerical DMRG and experiment agree perfectly

® The stationary state looks thermal

1 ¢ 1: 99 D h ’91,
COMMON BELIFF: - Generic systems “thermalizes cutseh 9

Srednicki *95
- Integrable systems are different Rigol et al *07

But the system 1s always 1n a pure state!



Reduced ‘

|

‘ 'W(7)) time dependent pure state

p(t) = |P(2)){¥(?)| density matrix of AuB (Infinite)

Reduced density matrix: pa(t)=Trs p(¢)

The expectation values of all local observables 1n A are
(P(1)|0a(x) (1)) = Tr[pa(t) Oa(x)]
Stationary state: If for any finite subsystem A it exists the limit

lim pa(t) = pa(o0)

[—00




. Thermalization |

Consider the Gibbs ensemble for the whole system AuB

p1= € Hlett /7. with Wo| H|Wo) = Tr[pr H]

Teff 718” the energy in the initial state: no free parameter!!

Reduced density matrix for subsystem A:

The system thermalizes 1f for any finite subsystem A
PAT= pa(0)

The 1nfinite part B of the system “acts as an heat bath for A”




[Rigol et al 2007]
What about integrable systems?

In 1s a complete set of local (in space) integrals of motion

[ 1, 1:]=0 [In,H]=0  [4,=) Owm(x)

The GGE density matrix 1s

with Am fixed by WYo| I |WYo) = Tr|pcee In]

Again no free parameter!!

Reduced density matrix for subsystem A: pa,cee=11B pcce

The system 1s described by GGE 1f for any finite subsystem A

[Barthel-Schollwock *08]
pA GGE — pA(OO) [Cramer, Eisert, et al *08] +
b

[PC, Essler, Fagotti *12]
B 1s not a standard heat bath for A:
infinite information on the initial state 1s retained!
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Global quenches:
O cxtensive energy
@ translational invariant




P
Global quenches:

O cxtensive energy

@ translational invariant

How to attack the problem:

@ Purely numerically (tDMRG,
exact diagonalization)

® “approximate theories”, (CFT,
Luttinger, RG...)

® Exploiting integrability

O Solving “free theories”
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'Quantum quenches in “free” theories |

® Mass quenches 1n (lattice) field theories

PC-Cardy ’07, Barthel-Schollwock ’08, Cramer, Eisert, et al *08, Sotiriadis et al 09

® [uttinger model quartic term quench
Cazalilla °06, Cazalilla-Tucci 09, Mitra-Giamarchi ’10....
® Transverse field quench 1n Ising/XY model

Barouch-McCoy 70, Igloi-Rieger *00-13, Sengupta et al ’04, Rossini et al. ’10, PC, Essler, Fagotti *11-13

® Few more

All of them rely on a linear mapping between
pre- and post-quench mode operators
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Lieb-Liniger ’63

[ (0.6 @0000) + 061 @ @5150)

paradigmatic Bethe ansatz solvable model with infinitely many local conserved charges

Most general global quench: co — ¢

In the TD limit, beyond present knowledge, both time-evolution and GGE




Lieb-Liniger ’63

[ (0.6 @0000) + 061 @ @5150)

paradigmatic Bethe ansatz solvable model with infinitely many local conserved charges

Most general global quench: co — ¢

In the TD limit, beyond present knowledge, both time-evolution and GGE

“Easier” global quench: co=0 — ¢
. . . I . 1 iqw &
Simple 1nitial state: [¢o(N)) = ﬁgév 0) d(z) = 77 ;e &,
@ Very difficult to address the time evolution

® GGE construction: the expectation values of local charges diverges
[firstly pointed out by JS Caux now in Kormos et al 1305.7202, problem bypassed by g-boson regularization]
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' The easiest global quench: c=0 — c=00 (BEC —TG) |  Istudicd numericaly by
L _ — — 71 ritsevetal. 2010]

. A uench . .
H = /daz &E?T@x(x)gb(af) q”“» H = dat@x;I)Tax(a:)(I)(aj)

canonical bosons hard-core bosons

B(2), by =0 z+y,
{B(x), BT (2)} = 1




\ | |
L The ea5|est global quench: c= O — C=00 (BEC —>TG) | [studied numerically by
— J Gritsev et al. 2010]

quench

H = /dm@xfﬁx(x)é(a:) ||||» H= | dz 0, ;IDT({) e (T )(i)( )

canonical bosons hard-core bosons
(), 2T ()] =0  z#y,
@) =0, {B(x),d!(x)} =1 ®

It 1s a non-linear transformation 1n the eigenmodes:

oM (z) = oM (@)P, P, =]0)(0]5 + [1)(1]2




[studied numerically by
Gritsev et al. 2010]

quench

H = /da: 6’ng£*8$(:5)$($) ||||» H = dx@x;iﬂax(a:)i)(a:)

canonical bosons hard-core bosons

[@(x), 27 (y)] =0  a#y,
@1 (@)? =0, {®(z),®'(2)} =1 -

It 1s a non-linear transformation in the eigenmodes:

D) = PdD (@), Po=10)0 + 1101, | @ @ ® °

e I I I

Diagonalization of the post-quench Hamiltonian:

TW: \if<x>=exp{m / xdz@*<z><i><z>} b (x) H = / dz 0,V (z) 8,V (x)
o~ kT free fermions

L
. - Ny — d \Ij
Fourier: 7k /O T NG () H = Z kznmk

k=—o0

@ Non-local charges: 7

. . : :
® Local charges: I, = /daz Ul (z)(—i) %\If(az) = Z k’n,  Linear relation [; vs nx

k
» The two GGEs are equivalent: Y y; I= 3 Ak nx




__Two-point fermionic correlation |

A

(UT(2)W¥(y)) does not depend on time because Fourier transform of 7

g

5 5 = (=2} [Y Y 5 5 5 5 5 5
(U ()T (y)) ? > (=2) / dzi - - / dz; (T (2)®1(21) -+ BT (2))D(2;) - - - D(21)D(y))
j=0 v z \
expansion of JW + normal ordering How to get this?




| __Two-point fermionic correlation |

A

(U (2)¥(y)) does not depend on time because Fourier transform of ny

A

5 5 = (=2} [Y Y 5 5 5 5 5
(U1 ()W (y)) ? Z ( j') / dzl---/ dzj<<I>T(:p)cI>T(z1)...<1>T(zj)<1>(zj)...q)(zl)cp(y»
jZO . €T T \
expansion of JW + normal ordering How to get this?

We known for canonical bosons:

(6T (2)dT (21) - ..ggT(Zj) (%) - - d(21)0(y)) = LJ'1+1 <N\(gg)j+1(€0)j+1,]v> = leﬂ w _JZ!_ 5

A carefully lattice regularization shows that canonical and HC bosons “are the same”, because
in the TD limit ~ (BEC|a!a;|BEC)y ~ ve™ with v=N/M, M lattice sites and LL is v—0

» (UT(2)¥(y)) = %Z:O el ;!y\/L]J (]\(f]\i;i)'ly =n (1 — 2n|{1];\7_ y ) ) oo e 2nlz—yl

4n?
k2 + 4n?

Fourier transform gives ny = and hence the GGE
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A

(U (2)¥(y)) does not depend on time because Fourier transform of ny

A

5 5 = (=2} [Y Y 5 5 5 5 5
(U1 ()W (y)) ? Z ( j') / dzl---/ dzj<<I>T(:p)cI>T(z1)...@T(zj)CD(,zj)...q)(zl)cp(y»
jZO . €T T \
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We known for canonical bosons:

(6T (2)dT (21) - ..@T(zj) (%) - - d(21)0(y)) = LJ’1+1 <N\(gg)j+1(€0)j+1,]v> = leﬂ w _]Z!_ 5

A carefully lattice regularization shows that canonical and HC bosons “are the same”, because
in the TD limit ~ (BEC|a!a;|BEC)y ~ ve™ with v=N/M, M lattice sites and LL is v—0

» (UT(2)¥(y)) = %Z:O el ;!y\/L]J (]\(f]\i;i)'ly =n (1 — 2n|:1j:v— y ) ) oo e 2nlz—yl

4n?
k2 + 4n?

Fourier transform gives ny = and hence the GGE

The GGE bosonic correlation is given by Wick theorem (¢'(2)¢(y))car = ne=2n==vl

X dk _ . dk . 4n? . .
Important: I; = / ok = / > f’ .z diverges for j#0, but no problem for 7y GGE




Dynamical density-density correlation functionj

By definition we have:

A A —i(k1—ko)x1—i(ks—ka)xs i(k2—k2)t1 i(k2—k2 AT oA

<p($1,t1)p($2,t2)>: 7 e (k1—k2)z1—i(ks—ka) 20 (k1 kz)tle (k3 k4)t2<¢O|77]];177k277k377k4|¢0>
k1,k2,ks,ka

4-pt function non trivial because Wick theorem holds in usual form only for #=co (and =0).
To get 1t let’s go back to real space:

1

L
L2 / dzledegdZ4ez(k1Z1—k2z2+k3z3—k4z4) <¢0|\IJT(21)\IJ(22)\I}T(23)\IJ(Z4) |¢O>
0

(ol Ay ks r Tes [P0) =

In a nutshell: expand the string, treat hc boson as canonical bosons, sum up the 24 terms...

(UT(20)W(22) 0T (23)W(24)) = 0(22 — 23)me 2421l 4 Z 0(zp)op n2e 2 (zPa—2Ps T2P, —2P,)
/ P

in the integral this “anomalous” term 1s fundamental!




Dynamical density-density correlation function]

Plugging in the integral the rest is Wick...

. kik
(ol iy Ak iy A [0} = (k1) Oz kg s s + (Oy koo Ok o — O g Ok o )12 (K1 )12 (K3 ) + Oy, — iy O — o 41 Zn(k1)n(ks)

Summing over momenta

) sgn(At)e iL2” dk & JikAr—ik? At n(k) +
21| At| 2

(p(x,t)p(x + Az, t + At)) =

dk nip2 1 [ dk Apiin? ’
2 tkAx—ik* At tkAx+ik (2t—|—At)k L
n ‘ 5 € n(k)| + _2n/_27re n(k)
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Plugging in the integral the rest is Wick...

. kik
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Dynamical density-density correlation function]

Plugging in the integral the rest is Wick...

kqko
4n?

<¢0|ﬁ£1ﬁk2ﬁlzgﬁk4|¢0> — n(k1)5k2,k35k1,k4 + (5k1,k25k3,/€4 - 5k2,k35k1,k4)n(k1)n(k3) + 5761,—/435/62,—/44 n(kl)n(kQ)

Summing over momenta

eikAx—ikQAtn(k,) 4+

1+ isgn(At) _. 42 [ dk
(p(z, ) p(x + Az, t + At)) = + isgn(At) z_/_

e_z_iAt
24/ 27| At 2T

2 2
n2 _ %eikm:—z‘k?mn(k) 4 i / d_keikAa:+ik2(2t—|—At)kn(k)
27 2n | 2w
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Dynamical density-density correlation functionj

Plugging in the integral the rest is Wick...

k1Ko
4n?

<¢0|ﬁ£1ﬁk2ﬁ£3ﬁk4|¢0> — n(k1)5k2,k35k1,k4 + (5k1,k25k3,/€4 - 5k2,k35k1,k4)n(k1)n(k3) + 5k1,—k35k2,—/€4 n(kl)n(kQ)

Summing over momenta

eikAx—ikQAtn(k,) 4+

1 + #sen( At A2
(p(z, ) p(x + Az, t + At)) = + isgn(At) z_/%

e_z_-‘iAt
24/ 27| At 2m

2 2

2

dk . 2
n? — ‘ _ezkAaz—zk Atn(k)

1 /d_keikAa:+ik2(2t—|—At)kn(k)
2T

n 2T

Features: @ Only the last term depend on ¢
0 Wick, 1.e. GGE, gives the rest, hence for —o GGE 1s valid

® auto-correlation (AX:O) 1S time—independent [numerically noticed in Gritsev et al]
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Dynamical density-density correlation function]

— n24t = 0.01
- n2:At=O.05

(p(0,t) p(X,t+A4t))/n?

Dynamical structure factor in GGE:

8n”(q” + w)?|q|
(4nq)? + (¢ — w)?][(4nq)* + (¢* + w)?|

S(Q7w) —




IA non homogeneous initial state:}
| Expansion of an interacting gas |

Expansion of initially localized ultracold
bosons 1n 1D and 2D optical lattices.

J.P.Ronzheimer et al, PRL 110, 205301 (2013)

W@M

100 0 100 100  -100 0 100

Line density (a.u.)

D=4 | ) ! /4=20 !

U/J;O U/J;4

0 20 -20 0 20 -20 20
Position (d)

0

1) Integrable system: Ballistic Expansion
2) Not-integrable: Diffusive Expansion
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A non homogeneous initial state:]
| Expansion of an interactinggas |

Expansion of 1nitially localized ultracold JS Caux and R Konik exploited integrability to

bosons in 1D and 2D Optical lattices. numerically Stlldy the non—equilibrium dynamics
of the Lieb-Liniger model after the release of a
J.P.Ronzheimer et al, PRL 110, 205301 (2013) parabolic trap into a circle [PRL 109, 175301 (2012)]
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The 1nitial state 1s the ground state of TG gas in harmonic trap

2 R T R R R
H = /d:l? \IJT(ZB) —%% + ;w2x2] U(x) inJW fermions W(x) = exp {MT/O dz \IJT(Z)\IJ(Z)} O (x)

In terms of the one-particle eigenfunctions y;j(x) of the 1D harmonic oscillator

b= [ den@i@

— OO

j=0
N—1

Many body initial state: |¥g) = H ;|@> Slater determinant in fermions
j=0




The 1nitial state 1s the ground state of TG gas in harmonic trap

2 R T R R R
H = /d:l? \IJT(ZC —%% + 1(,02:132] U(x) inJW fermions W(x) = exp {MT/ dz \IJT(Z)\IJ(Z)} O (x)
X 0

In terms of the one-particle eigenfunctions y;j(x) of the 1D harmonic oscillator

H = E € Te. €; = w(] + 1/2) ' ' éj — / dxX;(x)\ij(x)
j=0 §=0 e
N—1

Many body initial state: |¥g) = H A;|@> Slater determinant in fermions
j=0

QUENCH PROTOCOL: At time t=0 we release the harmonic trap.

The evolution 1s governed by the free-fermion Hamiltonian with PBC:

dlagonahzatmn oo L/2 ik

A 1 82 A ]€2 AT A « A €
Hy = /dw\lﬁ(x) [—5@] U(z) jmp Ho= k —nmk, M = /m dz ¢y, (2)¥ (), pr(z) = Ni3




The TD limit for a proper quench is defined as

N, L—oo with N/L=n but at the same time w—0 with w/N constant  Caux-Konik ’12
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What about Periodic Boundary Conditions on the initial state??

— 22
The TD initial density profile no(x) = \/QNwW V90— |z]) L= +/2Njw Thomas-Fermi
vanishes for x>¢ TT— N

We require the additional (physical) condition o initial average density
L>20 —> VwN > 2V/2n — ng>n




The TD limit for a proper quench is defined as

N, L—oo with N/L=n but at the same time w—0 with w/N constant  Caux-Konik ’12

What about Periodic Boundary Conditions on the initial state??

— 22
The TD initial density profile no(x) = V2w = wh 00 —|z|) ¢=+2N/w Thomas-Fermi

T

vanishes for x>¢ T~ o N

We require the additional (physical) condition o initial average density

L>20 —> VwN > 2v2n —> nop>n
In which sense there is a long time limit??

In global quenches we consider always lim lim O(?) to have a limit and avoid revivals

t—oo [—o0

In finite systems this is ¢, L large with vi<L

but, in this case, we’d get infinite line expansion, 1.€. zero density, 1.e. no particles and no GGE
The revival time is focL? [also Kaminishi, Sato, Deguchi 2013], thus we require

vl with $<I.2 Interpretation: Stationarity comes from the interference
of the particles going around L many times




| Time evolution |
The initial state is a Slater determinant ’ At any time the many-body
10n

state 1s a Slater Det and Wick

Free fermions Hamiltonian governing evolut theorem holds

(TWO-POINT FERMIONIC CORRELATORS o

) ) N1 ¢i(x,t) 1s the solution of the
Cla,y;t) = (W(z, )V (y, 1)) = >  ¢5(x,1)9;(y, 1)

= one-particle problem

- J

Write ¢j(x,¢) with PBC in terms of the solution in infinite space ¢ (x,)

> o 1 1 — doot J/2 L tw?e?
bilz,t) = Y ¢°(z+pL,t) (2, 1) = ( W) o 2<1+w2t2>xj( z )

1+ wwt

V14wt

V14 w?t?
Minguzzi-Gangardt 2005

p=—00

Physical Interpretation:

replicas




Density

Density 1s simple! In the TD limat:

1 x + pL
V1+ V1 + w?t?
no(x) is density at initial time

no(z) = vV2Nw — w22 /7

o

w2t2 Z

p=—00

n(x,t) =

n=1/2, oN =25
N =100 N =w

N=10

profile |

n=1/2, oN=5

- L=400
+ L=2800
- L=1600
— TD Limit

n=1/2, oN=5

- L =400
+ L=800
- L=1600
— TD Limit

P I
1 15
t/L

n=1/2, oN=5

1 2
t/L

n=1/2, oN=5

- L=400
+ L=800
- L=1600
— TD Limit
x/L = 3/8
P I S

1.5

- tlL=1/4
- tlb=1/2
- t/L=1
— TD Limit
A P
-0.2

L.
0.2

2 0

x/L

\U

Numerical evidence it
the TD Limit as N and L increase

J




In the TD limat:
.w2t(x2—y2) N—1

ez 2(14+w?t2) ;e t(:Jc y)pL T —|— pL Yy —|— pL

C(z,y;t w2t -
(@, 9:8) = V1+wit? YV\Vizer) YV \Viter

7=0

n=1/2, oN=5 ; n=1/2, oN=5

I IIIIIIIII

T P P P - P P P
25 3 35 4 ' o5 3 35 4
L = 400 - L =400
» L=800 . + L=800
- L=1600 > L=1600
— Diag. — Diag.
n --- GGE e A -~ GGE




In the TD limat:

C(z,y;t)

oo

| Fermionic correlation |

7;C‘)21JL(362_,y2)
e 2(1+w?t?)

V1 + w2

©.@)

2. ¢

p:

— 00

Sl

. w2t(:13—y)pL

1—|—w2t2

N —

DX

J

1

ol

x + pL

V1 4 w?t?

y + pL

(@) YL=0

n=1/2, oN =5

- L=400
+ L=800
- L=1600
— Equil.

n=1/2, oN =5
> L=400
- L=800
- L=1600

V14 w?t?

n=1/2, oN =5
> L=400
- L =800
- L=1600




g g <

B~ o

. Fermionic correlation |

In the TD limit:
g 2 -w2t T—Y)p N-1
EREAEE N (R ) (D
. V14 w?t? V14 w2t?

]:

: .. : . R n=12 woN=5 n=1/2, oN=5
In the large-time limit translational ivariance : - L=400 A - L=400
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— Equil.
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In the TD limait:
.w2t(x2—y2) N—1
x + pL Yy + pL

;¥ t(:n y)pL

7’ 2(14w?2t2)
Clz,y;t) = huBe2 X; X;
) J

V14 w?2t? e s V14 w?2t? V14 w2t?
4 i - . . ) [ (a) L= n=12 oN=5 °f = n=12 oN=5
In the large-time limit translational ivariance : - L=400 A - L=400
i + L=800 [ + L=3800
8T - L=1600 [ - L=1600

1s recovered and
— Equil.

C(z,y;t = o0) =

8 | SR T Af : . o
Fourier transforming, we have the momentum  °2f ¢ % | pFogy £ 88 E f‘é %’ﬁ
distribution, i.e. the conserved charges ' ' v R ' E
T = n=1/2, oN=5 T = n=1/2, oN=5
( 2 A st . - L=400 : O e
(k) = (f) Y - | ge
NGGE = (Ng)o = —A\/ — Wk - L=1600
LV w 20N : GGE
\_ J & s}

— > AN
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Fourier transform does not give the charges at finite time

> C(x,y;t) evolves IR AN
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Wick theorem allows to rewrlte any observable n terms of 2 -pt function,
in particular the FULL reduced density matrix, which turns out to be GGE with

4 )
S 2\/2N\/ k2
GGE — - L 1
L W 2wWN ”“» )\k:ln[ w _1]
1 2 V2N — k2
err + 1

nacer(k) =

\_ J /—kjnk
' : A\ AJ_ \ T,

dk dk 1| d
— = — — | ==A
/ 2T Akl = /_OO 27T ] [dk g

3 3335

‘™N

grancanonical
(2 multipliers)
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7z 7/

7z 7/
o} i0]
iy
Sy
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pelagen
/,/ ’/
/;> /D
/ /’

dashed = canonical (1 multiplier)



| Static structure factor |

Steady state values of observables can be written in terms of C(x,y,~>), e.g

44/2n k
- (%)

[ursm(i-2) s 1= )] i<

T2 T2

L [dq
S(k)=1- N/27T NgMk+q = 1

fl@) =<

L 0

| % N=56gs
x N=56 DE

N=28 DE
| + N=14DE

"l ©=0.64*14/N

from J.S. Caux and R.M. Konik, Phys. Rev. Lett. 109, 175301 (2012)




o i £ O - ' il

Bosonic Correlation |

Bosonic correlation is a Fredholm minor involving C(x,y, >0)

L =500, N =50, N =5
— tL=0 L =500, N =50 u=12 |
L — t/L=1/10 wN=5 U

— t/L=1/5
+— t/L=3/10
— tiL=1/2
-— tL=1
— tlL=2
— t/L=3

-200 -100 100 200
X

For infinite time 1in the TD limat:

Cr(z,y;t — o0) = Cp(x,y; t — co)e 2ME=vl = 9
5(2,y ) F(@,y ) 2WN (x — y)

1/n large k  4n?
-

Fourier transtform /”“N dq

bosonic MDF VI 2T neas(d) 1+ (k—q)%/4n?

kZ
(No k* “Tan-tail”‘.ﬂ
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| Bosonic Correlation Il ]

Numerical evaluation of the Fredholm minor:

k. n=0.5 > GGE, N =100
i > GGE, wN =200
° > GGE, wN = 400

I ° GGE, N =100
1x10 E » GGE, wN =200

F > GGE, wN =400
—— O(x?)

1 1 l 1 1 1 l 1 1 1 1X10-5 1 1 1 1 IIIIIIIIIIIIIl 1 1 L L L L L L L LU
0.6 0.8 1 0.001 0.01 0.1

X — X
For small x, at any finite N, there is a crossover to \ this is x, not x/L

nwiN n*wN

Chla,yit = 00) o — (@ — y) = T r — 4 O((w — y))

resulting in a standard k# “Tan-tail” in MDF
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| Entanglement entropy |

Sa(l;t — o0) =

1l — «

lnTrp[Oz;t_)OO] N

al(z) 0-1)

D and long time limit, very simple result (for &/L~O(1)):

| — t/L=0
— t/L=1/10
[— t/L=2/10
-— t/L=4/10
B8 tiL=6/10
- — t/L=8/10
L — t/L=1
| — t/L=3/2
tL=2

= |
: — tL=4

-- t > o

L=1000,N =10
wN=5

[— tL=0
— tL=1/M10
F— tL=2/10
F— t/L = 4/10

88— t/L=6/10

- — t/L=8/10

L — t/L=1

| — t/L=3/2
tL=2

= |
: — tL=4

--t >0

x/L

L=1000,N =10
wN=5

Two different regimes (v =vV2wN )

@ /L<1/v = expansion in full space: S, (4;t) = S, (£/~(t);0),

@O 1/ <t/L< L2r, geometry (PBC) leads to equilibration

| — t/L=0
— t/L=1/10
[— t/L=2/10
-— t/L=4/10
B8 tL=6/10
- — t/L=8/10
L — t/L=1
| — t/L=3/2
tL=2

\ -
00— =4

--t >0

L=1000,N =10
wN=5

~(t) = V1 + w2t [Vicari 2012]
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: J1[V2uwN (x — e sin(mn(x —
Fermion correlator | 2,220 (@ —y) ne2nx-y (mn(z — y))
2wN (T — a(r —

Ground-state




® Simple results on quenches provide important
insights for general integrable models

® (GGE states are candidates for novel phases of
matter with unusual correlations

® Many open problems:

W Is GGE valid for interacting integrable systems?
Cardy, Caux, Eisert, Essler, Mussardo, Konik, Rigol, Silva, Sotiriadis...

W Will a generic system have a thermal steady state?
Caux, Cirac, Kollath, Konik, Mussardo, Rigol, Silva...

W Connection with “typicality”?

Thank you for your attention




