
Thermalization & Relaxation

of isolated quantum systems

"Thermalization"

Sss

#xii T =Froom

hot!

Hot coffee cools down due to heat exchange
with external system.

↑(f) ii
thermal.Insulator

An isolated system
is also thermalized.

· How aboutquantum systems?

( · If not thermalized, why?· Microscopic description of thermalization?



We use the knowledge of

Quantum mechanics

a quantum systems

· Statistical mechanics

-In order to understand the mechanism

of thermalization

[connecting micro world to macro world (

·

Integrable systems
-> representative examples in which

-hermalization does not occur.

[CM arXiv. 2002.01069]

Quantum Statistical

mechanics mechanics

↓ ↓

·of quantum integrable systems
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Se. Postulates of quantum mechanics

&nantum systems are mathematically formulated

by using "inear algebra".

Nations
of:Hilbert space a where g-systems live in.

24:complexconjugate of the complexnumber 2
s
* 142:vector (called as "ket").

- 41:vector dual to (4) (called as "bra").

14/4):inner product between the vectors (4) and (e).

14:14):tensor product of 14) and (4C.
19"s4

At:complex conjugate of the matrixA.

At:Hermitian conjugate or adjointof the matrixA.

(AT)*
9/A/4):inner product between 14) and A14)

equivalently, inner product between AT14) and lec.



#bertspace (finite-dim-case)

complex vector space equipped with
inner products.

#unerproduce((c. 0xx +at
for (rc, (w) - 62, 1jt4,

(i) B:linear

(u)(EXj(wj) =EXj(w)wj

(5xF(vj))(w) =xcuj)wc

(ii) Hermitan

-v(wc =cw/vc*

(iii) Positive definite

(N(v>=0 =0 iff (v=0)

2.A closed bracketproduces a scalar.



-Herproduct

Linear operator

(ww):(8's toloic Iws* A

o pood, 2

-x Aropen bracket acts as a linear Operator

on a Hilbert space.

-outa Hermitian operators

of:Hilbert space
A:Linear operator on

o

At:n+operator ofA

if At isa unique linear operator sit.

v(0), jw> c 2), (vs. A(Ws) =(AT1v>,1wc).
same as Hermitian conjugate when

dim it is finite,

<VI:Dual vector of 10 &

(v)
=(v)

=>(A(wc) t =(N)A+

as An adjointoperator is anti-linear.

w f

(,,,aiAi)
+=
==1 a.

*A:



#sorproducts

· Tensor product ofvectors

5.52:Hilbert space

(
· diartf, =m

· dimcle =w

tensor product
↑

H,05c: nw-dimensional vector space.
↓ ↓

(n>(w>t1,022.

(u"(w>
10."w.

Especially,

<(ic>i...mm:outhonormal basis for 2,( ((px>j = m
=

11 sc

=> ((i@183(3:1....: basis for H,H2.
8 =(-w



Properties
(ict 100, 1016Hs, (Ws t62,

z (( us(w) =(z (v) p(w>

=(v-p(z/ws)

(ii) f(v,c.(Ne>tt,,(w>ts2,

C(u, +(ve))B(wc =(u()(w> + (v2)*(w>

(iii)f(v> t ),(w,.(Watta,

(VB)(w,x +1w() =(v)B(w,) +(v>B/Wr



· Tensor product ofoperators
A :,- H,( B :(2z - 52

=>(ADB)((v)p(w))= =A(u*B/w
-

5,842 it, 82

-> H2,552

Inner product on He,as

x,12 2, 52

I sailficelwis, 7bi liasIw(
=
.5 atby (0:/nji (Wilej

=> Bilinearity

( satisfied.Hermiticity
positive definiteness



Matrixrepresentations (Kronecker produce
For Ac M(m,nic) and B- M(P,8;c),

19

m

ABB =A"B
... A,n

mp
"1

Am.... AnnB)
matrix

Ey.)

(vi)8(w2) =Vwe
(F.A.) ""sie: ippi.oi--in....Re



&pratorfunctionsonnormal function
#

"Matrix function"uniquely defined
1

=f(A): =
a
f(al laccal

for a normal matrixA =

alaccareposition

-mmmutatorand anti-commutator

· Commutator
A a B are simultaneously

[A,B): =AB - BA = diagonalizable
if Hermitian.

· Anti-commutator

[A,B): =AB +B A



Postulated) State space

Isolated

physical system
at Hilbert space of

Quantum state Eirector (US

↑State vector"

&ewark (
IR

;
R

Globally phase shifted States C 14

are identified with 14

Postulate 2) Physical quantities
&Observables)

Physical quantity - Self-adjoint operator
(Hermitian)

in s.



Postulate 3) Born's probability rule.

A:eN = eN Hermite

Observable

Physical quantity

E A =cnlanccan): spectral decorp.n
=1

↑ S

eigenvalue eigenvestor
N

I - anD(an)
u =1

*

projector onto (10n))

In quantum measurementon 14-4,

· Eigenvalues of A Measurement outcomes

·

Probability to obtain the outcome "a
"

:p(a) =(x)P(a,
+
P(a)(4)

=1/ P(a) (4 > IP

=mesareof the amplitude

=0 (non-negative).

-* 1 0141 =[(4(xcal4 >

=<4(y>

= I Sum rule.



-etationvalue of A ow (43.

<A = ~anPcaa)S

n
=1

N
- I
...
an

altere

:and
asen

Postulate 4) (time) Evolution

Closed quantum system

14) -1) 14
t: t, +2 unitary operator

-iH (tz-t, (
X e

->if (4):114):Schrodinger eg.
Hermitian operator

(Hamiltonian;energy operator (



Insityoperator

· The system is in one of the state

one of [(vi) 3.
I

· We only know the prob for the system
in 12 is p: ·

#( 50:/4i>(4i).5pi =1

M

1 ↑↑

density matrix SPi.(2:2):ensemble of

pure states.

-

state and mixed state

#=0 =14(1):purestate#
(+op- =1)

#I #=0:5p: (His4:| · mixed state
w.p.pi ~

1 -rp-ch)
dist. [P:]

mixture ofpure state



-pertiesofdensity operator

0 =

Epi/4(4): density operator

#) · Trace condition to :1( · Positivity condition P =0.

educeddensity matrix

"Description of the subsystem.

(13)|
· Density matrixof the whole system &

AB

·

Density matrixofthe subsystem
A

& .= +VB(gAB)
↓ -

mixed state partial trace
&A 2B

if PAB is an entangled trp)(a,xac(x(b,(br))
pure state

i =(a,saz) tu((bx(bz))



52. Postulates of statistical mechanics

Aim of statistical mechanics:

to understand acroscopic properties

from microscopic description.

E
Classical Newton's eg. of motion

mic,=F(*,,e,(

E mic:F (x), x2, ... (:

mic,02:F(x,,2,"(

How do we solve it?

=>Use astics instead of

solving Newton eg.



librium

Macroscopic thermodynamics
I

Microscopic mechanics - distics

Dostulate 1 (

grimm -

Afew thermodynamic war

State E, T, N,...

-

finite # in thermodynamic
Limit,

Postulate 2 (

*****is libriumState

Macroscopic system D Any macre variable:const.S · Any macro current =0.



Postulate 3 (

Almost all microstates are indistinguishable

by macro variables.

micro state 1

typical E.....Jal -X , -

Macro I

X

micro State 2

..... al ( "?"itypical Es,z. Nz

macro
!

micro state I UK, EK =E

macro

atypical EK.TK, NK Uk
=8

..... al macro

macro, Nanc
i.

Postulate 4 (

Properties of equilibrium state

:Properties of corresponding typical micro states.
-



Menomicalens.

Postulate 5) Principle of equal prob.
In an isolated system, microstates with energy
Eit (E-GE, E) are realized with equal prob.

Wi
=wr =

-..=
#ofmicro states with energy

in (E- GE, ES.

equilibrium micro state 1

state

Es

I -Iwy.w.E S
!

micro state 2

Ez wip, W2Il

wi =(t Ejt (E-8E,E]
e

otherwise macroscopically
small

I Ej are macroscopically Iundistinguishable.



Expectation values ofa macro var. X:

cX =wii,p:(
T

x

the value of Xcomputedtol in the"; "the micro state.

Thermodynamics uses a macro war, which is not

a function of 18: and Dr.

↓

Entropy

Postulate 5) Boltzmann's relation

S(E) =KB lnW(E).
91

(.58 x10
-

235/k

(Boltzmann const. (



micalens.

Itresinous.
E

b.) Prob, to obtain the microstate of
the subsystem with energy E?

Prob, to obtain the subsystemmicrostate2:

Wo (Et -Enl
P(EM)=

E, Wo(Et-E'S wIE'S

ifprinciple of equal prob.

I

-

t ofBoltemann's relation

canonical (Gibbs) distribution

&..Set"partition fanc."



-canonicalensemble

article

fini
Prob, to obtain the microstate w:

Pr = est(En-mNn) (EP: 1).
-

grandcanonical dist.

I
dist, ofsubsystem attached to Ithe heath particle bath with EaN

E =

= e
- (En -mNn)



-

no quantum mech, a stat, mech

Postulate 1'(
A generic system

reaches equilibrium

after enough time.

Postulate 2(

An equilibrium state is characterized by
a few thermodynamic mentors.

Postulate 3'):Eigenstate thermalization hypothesis (ETH)
Almost all energy eigenresare indistinguishable
by macro variables.

-

eigenres. I

typical Err...

file
esmilibriumce,lie?- Imacro,

X State

typical getthe M

E,5, N

X2, X
mac co El

X

↑ UK, EK =E

I w macro

Uk
=8gere,in
macro

atypical macro

xK NK = N

macro #

X i.



Postulate 4'(

Properties of equilibrium state

:Properties of corresponding typical eigenver.

Postulate 5')

Expectation values of a macro operator X:

xc =t)Et=:
the expectation value of X

measured on 1Eis.

-

I",(Eisee
:microcanonical density matrix.

WIE):# of energy eigenres, with

E:c (E-OE, E].

#Principle of equal prob.



of.)

Density matrixfor canonical ens.

9a==I et H:Hamiltonian

&R:inverse temperature

z=tr&GE

=En(e-4/En

=eEn

Density matrixfor grand canonical ens.

PGE =E e
- (H -m)

↑ :particle number

MER:chemical

potential

E =tr4G2E

=SCEn.Ne(e-H-MN) /Er, Nuc

-e
- (En - mNn)



S 3. Thermalization us, integrable systems

-m

ization of generic quantum systems

E E

(i ach
Thoughtexperiment(

Let &21033:ECwlEns, Ent (E-0E, E]

(c) =1.

↑

C

&im /9(t):4()1:Rim &
iHt

/210) x < 2(0)) e'4t
t-> i - E

- i(En-Em) t
- Cr2(En<Eml

=>tel? (EncEn

never reachesdensitymatrix.
mixed state.

* Do isolated quantum systems thermalize?



Definitions

The system showsnationif

8x"=2in =)."existe

- 182IfT x coathe

x x1*
Operator worm

The systemuralizesif

lin =)"(x(ctxc ef.E.L.

Remarks (

Relaxation occurs for most initial states of

non-reasonance systems.

⑦(C20K =5 salEnk- EnGLEr8E,E].
--

=>8X=2 & CICurGqcl* eitn-m -Ep
+ Elt

ufm(+l

xcEn(x/Ems(cEx) X(E22)

= cICuCqal* JEurEm, Ex-ERufm(+l

xcEn(x/Ems(cEx) X(E22)



"Now-resonance condition
"

En-Em=Ep -E2 +8 => n = k, m = l,

=>8X=Em1c))0mp/CEn)X(zm "
: 2 (c/* (Eu) X X

+
En >

=212-(*1X (2
-

= # of cigenrators included in 1810k.

Sufficient condition for thermalization!

Strongstatechermalization hypothesis
"

(EXH)

(y(t)/X(X(t)>

=(y(0)) eittX HeLO
z "CalEas,I (cal:1

EaGLE-8E, EJ EaGLE-8E, EJ

:(Ea- Ey|z
= Eccb e <Ea(XIEb>

Ea.E5E,E]
= Ical" (EalX/Ea>:diago
EaGLE-8E,E]

#
& CacD

e:LEarEsIt <EalxIEb>:off-dog.->

Ea+ Eb



· Diag-part

EECESE, ES
ICal" CEalX /Ea

1) if ta, cEalX(Eas 2. Xep.

(X>
ef -El EEEE-OE,E] SEalX /Ea?

· Off-diag, part (fluctuation term)

<EalX lEbtaS Ec. O

ETH guarantees thermalization of the system

initialstate (210)3.

questions)

Does strong ETHtrue for any quantum system?
Inot, when it is not true?



-m

systems with more conserved macro op.

&= E, l ②=E, s

(i ach
EI, FJ =0

" sy(t) / I2(t) >

=30 / eiFt gie-ift/10)
=c-c0))/ 101.

Principle of equal prob, mustbe stated for

equilibrium energy eigenves/

/- malel w-pia's
energy eigenves 2

state

S madeupwi
!



·
Unless 02:f(H), macroscopic of (EiC

violate strong ETH:

<Ei)(c) Ei +(be<Mc(E)
macro

=-E StalDelEa
w(E) Eat (E-dE,E]

Example)
&2 =N (particle number).

CNYMCCE"E) EaF(E-dE,E] <Eal /Eas

-- S (Ea,NaIwIEa,NaywIES NEac(E-OE,E]
Nat [N-dN,NS

=

NscCEN) CNCCLEmacro

=>(EilN(Eis + <N>McCES
macro

for macroscopic of IEic.

&usteach,

Ei,Ni(N/Ei,Nic =<NOmaCE.N)
macro

(Ea,NaIwIEa,Nay-E.N) EaEleot, Es
Nat [N-dN,NS



Integrable systems have many conserved quantities.

A, =E,r2. b3, A, =E,r2,1,

↑ -actt 3 1

*
K, [AK, H] =0

We cannotdefine the equilibrium state since

(i) MCLE, h2, hy,"") ensemble can'tbe characterized

by a few thermodynamic war.

(E, 82,13,mustbe thermodynamic war.)

(ii) MC(E.b2, b3....) average of a certain current

becomes non-zero.

↓

contradicts to the def. of equilibrium state.

questions (

· Does relaxation phenomena occur in

integrable systems?

· If so, which conserved quantities are enough

to describe the relaxation state?



lesystemswithmany
conserved granties

· The systems with many conserved quantities.

· No common understanding of quantum
integrability.

· sufficientcondition:Yang-Baxter eg.
R:T**- TDY

R12, R2s, R23:YOYDY- FDTD*

Roz z
&iz(xi-x) Ri3(4,-ds) R2s(12- 13)

=Res(de-ds) Ris(sic) RR(did2)

[1,2,1, t D(

=
Sufficient condition that decomposition
of many-body scattering does not depend on

the way to decompose.



Many conserved quantities

= Commuting transfer matrices

5 Yang-Baxter eg. (4BE)

①
Ma(R)E End(-aD+DN):mowodromymatrix
i.

Ran (1) ... RazIX) Ra,(d),

Rab(N-n) MaCX) Mb(M)

= MoCW)Ma(d) Ray(1-w]
↑

YBE

:x.( =:Ix1

=,.X



T(x)t End (rDN):transfer matrix
i

traMa2i]

tratus (Rab(x-MS MaCNMbCas Rab (x-M)(
-

tratto (Mb(usMaCNl3
↑

&is invertible

=>T(x) + (h) =T(M)T(x).

& Expanding [(x), T(M) around 1 =0, M = 0

T(x) =Sx Xr

+(r) =

E, nrXr'

[T(x), T(M)] =

0 => (Xr, Xr'] =

0

Conventionally, we choose

legT(x) =

= xr, A1 =:H

ensive conserved quantities

&RCO) =P:N,DUcH V2DV,
na

I Y



Amodel

Hxxz =
=2 (0,"one -antsy + 0on

-n =15-*10*** 18..*1

1,09.4" - 42(X =x,y,2)

1 =

(j0).

84=(80), 84=10%), 82:(8%)

· Periodic b.C,

8.4.. =8,
&

· Anisotropy parameter Δ

I 0
= 0s0 (0(R) => gapless excitation

0 =c0sW4 (90) = gapped excitation

Alternatively,

0 =((6+8") c "g"of Ug(s(z).
21

· "Ladder"operators eio forgapless regimesee
8
==y4 =i.7

8
=(8%),8 =(88).



Amatrix

The solution of the Yang-Baxter eg.

Ex. (
I[ge"- ge")

R(x) = I z(e"-eY) 2(8-5'

↓(ge- ger) I=(8-8) le-e*)

The solution associated withe):
1stk*).

[RCRs, X ] =

0, X:st,sK=.

[sts):EI, ustp=g's.
· (s):SDI - zest

Equivalently, ·(5):50 2 +Kes

· (x=) =1
*DK*

Raw (d) =1a.sh(x+= on/chl)
-> o.ch(x+*) sh()
-sat. (8-8) Si

-Ja (8-8) Sit

Ran (0) =

=(8+ 8) Pau
-

permutation.



loginorrecen
2, =logT(x)),.0 "

Hxxz.

vedquantities

·

logT(x) =

= xAr

=>Fr, [HXxx, Gr] =0
-

conserved quantities

(S) (C)
· T(x) ==traMaLx

Es
in

RawCx)--R2(2) a End (Fax(e"*")
Il

C25+1s: (half-s

integer
(8) (8)

log T(d) =5x
"

Ar ②
Co

St C

62 generic
=>tr,, [Hexe, ay =0

↑ -

YBE conserved quantities



-

(25 +-dim.) rep. of Ug(sl2)

k
*=*

G
I(s-r) Iuscrl

r
=0

st I its I raceel

S= at tgaser(r+iccrl for Chatit
r=0

integers.

I D

K =S 8
=(s -r)

Irscrl
r
=0

st I ·ise (rxcr+1)
r=0

⑱ gener for 3 t 4

S= I 1r +xxcr 1
r=0 6: generic.

<r/w'>=drea
2ST1

hir.32% spans 4.

:orenonormal basis.



->

envalues a eigenventors ofH
↑

determines the dynamics
(time evolution)

Transfer matrixis the generating func of
conserved quantities (including H).

=> Diagonaliza TCR instead of H.

28 +vc =a
=

q(0) ==(4),(9) ==(4)].

Ma(d) = ( IAcas BCoS isate
①DN wish weightMz.
7

A, D =G,z -> GMz

( B ifMz - HMz +1

C :CMz +8Mz - 1

①For SF. = 158.7, (H,S2] =0

=>22:SoMz, SY(NMz>:Mz/NMz<
↑

&Mz.



YBE

=> Rab(x-n] Mad) MyINS
= Ma(U)Ma(X) Rab(X-M)

tells the algebraic (computation) relations

among A,B, C, and D.

Examples)

A(x)B(n) =
x+ir) B(h) A(r)
sh(n -x)

sh(
=r)

- - B(X)A(h)
sh(n - x]

D(x) B(n) =latatirs BCNsD(X)

- acir', B(N) D(M)

[B(x),B(M)] =0.



-

ondization of +

Remind T(5)::traMa([] =A(k) +p(d) ·

Trivial eigennector of T(i)

14M7 =8c =(04-24s = 18(4n-
:the highestweightstate.

One of the vector 14ME>Me is obsaired as
N
z
- Mz

(tMzc f) = ⑰ B((n) (4Mz =E) - &

n =(

Remark (

<Ml4Mc = 0 unless Mz =M2.



The vector is the eigenres of Tif

T(aS M, B(xn) 14Mz =E <

=(A(a) +P(a))1,B(5n) 14Mz = z3

= (acp)inatters -desIemai I
x B(d)... B(SM) (2Mz =zc

-lacuna isanator
- d(dalkanioe In

+k

xB(M)...B(d)--B(TM) /4Me:%.
j

*
a (1) adhd) are eigenvalues of A2D) & D(d) on 12/12:E):

A(x)(f)Mz =1 =(x)(vMz =2=

(su(x+i)N
B(x)(uMz =1) = #(xs/4Mz -23

(s)" - is,) .



*"Bathe equations"

LAp-Eencities, k.,......, M.
Remarks]
· Bethestates BLOW)/NMz=ES are the hw.S.

↑

sol, of the Bathe of ·

s+,B(n) (2Mz -1 .

· The other eigenvector of t (notBathe states (

are constructed by applying s

-, B(n) (2,4z -15
5

5- -, B(n) (2,4z -15
s-
(s
- j ,B(Xn)(2,z -1s

:

5) NezMM

(5) I, B((n) | 2Mz =E>

lowestweightstate.



↳heroots

Bethe equations

=isthe
are known to form "string solutions" in large N:

j jir+(her + 1)- ida. iirla
-

E: string center OleY) l-string solution.

Examples (

2-string solutions
In form "bound state"

· g-eir
--

&:coprione (

I
1.2, ... (1-1)-string sol.

anti-string sol

· 6 :e

1,2, ... string sol



-

utions in the N-0 (im

Bette
eg.

=>Oxin[4j) +IE, Oscar (Pirdk):25
-

Rain (i)= = entit I half-int for even Nsh(x+(I Oscat (s) == ihte
intfor odd N

when tj, jf R.

=>A setof (half-) integers (20) uniquely
correspond to an eigenvector.

String center of each string solutions becomes
dense in thedynamiclimit,

N =c, M/N fixed.

->"Density of Bethe roots "

9(x):=
xj.*

for the ground state ("j, Ijes-2j: 1).



Remark) w(2903)

-microstates could be expressed by
the same Bethe rootdensity.

I
We only discuss the macro quantities thatare Iinsensitive to the micro feature.

Syx:=W(49:3):Yang-Yang entropy.



54. Specific behavior of integrable systems
Due to existence of many conserved quantities,
inegrable systems show specific behaviors uncommon
to normal thermalizing system,

-

ation state of the XXI model

Proposition) (Rigoletal. 2008, CM2020]

&GGE =e rar

The xx2 model relaxes to the density matrix

Dax =eE(?! trn.p(s), pezc
29 =e"***

in the thermodynamic limit.

"
The relaxation state of the XXI model in th

is completely described byDr.......
de!" Liensbr....ruhaolden, si
Linearly-independent setof

conserved quantities.



XXzmodel

·

eigenvectors in it s 49°C) ir for
=>he"cs3r I the steady state.

t

saddle pointmethod

· 1994 (r =1 +(x)Jr = han
r, w

transfer conserved

matrices quantities



Conserved quantities in terms of 4

log#x =(i-do)" ?Cos
ii

traM"(N), MY()= End a(kY)DN)I
4

⑫20+1

& min(nj, r)
!"(40) a E E &

(1,01

[c.j =1 a =3 Ivruj1-1+2a, v; 4(10)
convolution

logs)
=

m(srdol" (S-S0)"Du.m (40,sol

traMaLY.S), Ma[d.s(tEnd (taD(cY*N(
I

49 (spin- rep. (

Au.m (D.S)

h Un [u,m)
-E S. O

es-E-ng-itza,u*(mil (u)T. j
=1a=1

& min[uj, 1's [n.ms
- S A

-nitza,up* )x+il-- (u)j =c a
=l



The kernels

② 201(x) =oscursn,v

O
[0_1(
(x) =coscursn.V

v =+ 1 for stringE -I for anti-string

sat:If y

min(nj, 2St))
S E
a=1

FK D!-js-itza, up (4]
min(nj, 25-1)
I S

a =1
Ex (0,-firter, up (1)]

=2 cosh(I mana EpCO?aps-seza, up (i))-djizs
↑

Fourier transf.

ExSOCS]==fodeiq(i)



Proposition (

Conserved quantities are expressed by
the densities of string centers.

~

String-charge duality"

· Fe(9"(x)]-drI Fp(q(x1]
(r+ 1)=2ch() Fx[s?" (i] -Ex (a (i]

- File(x)]
(r=1.2. ...l-1)

<1 -1

· Fis(q(ix) =-er ESe
->!,F(21.0,I



Lemma

Spin-flip non-invariant changes and not linearly
independent.

Fx(000(x.sl] ce-cs-opApacoTe)
Iczezsc, EsSe,e

Fk(br.2p(1.51] =( -ik)*
-

( - vk(<4Ek(81.0(x,5']

Ex(8r,up-,(X.S1] =

2 - ik)
- trciedix, Fx(a,"-",x]

-> (- i k(*"2-5k(Poeh(Ce-2s-isUP] Fa[quos.Sl]



↑

-

(macroscopic) spin current

Drade weight (in linear response (

D(8 =5+) =not)de 520, 5ies

=lin Deere
Dc 0 = ballistic

transport
(now-vanishing DC current)

Prop.) Drudeweightfor spin currentis non-zero

athigh temperature,

him Ds (B) c 0

B +0

"Conserved operator constructed from
-he movedromy matrixwith the aux, space
of complex-spin rep. has finite overlap
with the spin currentoperator
=? (inton-on)

K K

I
c5s, brizpr2, sYic-wrep
~ Js, 10, 2p (3,507 - 0

1br, p (x, so)
4 - N20 +4



? 4 Summary
·

Integrable systems have many conserved

quantities due to the Yong-Baxter eg.

· Equilibrium state can'tbe defined for

integrable systems (equivalently, integrable

systems do not thermalize).

Instead, integrable systems relax to

the steady state called "generalized Gibbs
ensemble (GGE) "

· The XXI model (an example of integrable
systems) shows finite spin current even after
relaxation.


