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" MBL systems are theamodgnamically- arge, INTERACTING
Systems (sping cotd atonts, qbits electrons..) (1 QUENCHED
DisorDer, that ewolve with QuanTum UNITARY DINAmics dnd

never reach thermal equil(brium hecainse trensPo(%
1S SUPPRESSED.

/"

Seminal works:

[ANDERSON 1958]

[ALTSHOLER, GEFEN, KAMENEV. LEVITOV 1937
[BASKO, ALEINER, ALTSHULER. 2005]

Reviews:
[ ARANIN, ALTMAN, BLOCH, SERBYN  2014- REV. MOD. PUYS. 911
[ ANNALEN DER PHYSIK: VOL 523 NO 7]
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B (JMTARY EVOLUTION: at {-0, pure state: | W)y

il
at t20, (Y- ) [Yl0)

, Ut)- e T Hamittonian

dens‘ng matix ?G - @y <yl

Observable 0 <Ot {(? O f(JC)J

Preserves: energy £ =<yl C\t\()(oD — time independence of H
”Furin" of stute: é&[ ?z(’r):]d_ - Unitaaty

memor(j OJ’ Ihih‘ae condition — revecsible dgnam‘(é

(]

NO BATH, NO LANGEVN, NO DRIVING , NO pissipation



B QUENGHED RONDOMNESS: oy W= £ 0 - 3 A (aNeN- 61)

]

random f:e(ds
J&b id  with

e S N o creates Xerm.‘on at site o
//// e A ps ‘ . gen pE)
NazCala= Counts J’erm.ons at site a.

n A

\
B (OBl ZNTeRCTIONS: H, < Huw + UZ, Ml

4,5y

K Interackons Short-va nﬁq]
(n space



B QUeNCHED RADOMNESS: Hou W= e fl - T Z (2500 & )

l_ random fie(dé
. /C\_l = creates fermon at site o ?2“-5 fid  wih
< N ¢ guen ()
/S S NasCalas counts formions at site a.
“ n A A Interackions éhor-hranya/
& LO@L TNTERICTIONS H - Had + UZE, NVl in space

new e,y

Nohee : Xermion:c model in 1d is e?(/imlen{— to spin -chain:
N
Hoee WZ 6032 -3 £ [B1604:62G% ) + U 2. 515%

{neD <a by

Witk %“—-(01), 8“%(@ L) ,8*-.(«_ o)
10 -« ®© Q -A

( more ?xandg for wamericé)



The Questions 6115

T. Transport and Decay

= DE@Y RATES OF 1@l txuTaToNS: Create local exityfion Coa (q-.- Site)

on top f many-bocly stte Y7 f ( mterac/;ng,) pocticfes - 19es Culg)
Does it decag fvs{:fead ouwt N Slaerem) , Or bocsl, memorg?

= THANSPORT OF CONSRUED QURNTTES (eg. cner%) s even-out
[ mbalance with ditfusive modes /

[ ANDERSON: “ Absence of cifusion in certoin tandom €3 Hices



The Questions 6115

T. Transport and Decay

= DE@Y RATES OF 1@l txuTaToNS: Create local exityfion Coa (q-.- Site)

on top f many-bocly stte Y7 f ( mterac/;ng,) poctcfes - 19les Sl
Does it decay fvs{:fead out in system), o bl memorg?

= THANSPORT OF CONSRUED QUWNTTES (eg. cner%) s even-out
{ mbalance with ditfusive modes /

[ ANDERSON: “ Absence of cifusion in certoin tandom €3 Hices)

I g fousth of 70an’ﬂlm correlations

am ENTANGLEMENT ENTROPY - S.m(f)=~%r‘? § ) by flﬂj Vavishes jor pue State
Ples (@) 7<)
(Sfa(aﬁ tero under unitay dgna,m:cs)



= SOBSYSTEMS em‘any&mc m entapy; 115

(a8

fet=m: W7 (Wa7@ Wy 7
B-a

Redweced dle hGihy  MER :
A’ N A
A ()= Tos (5? j) ({f)j = tea {l\(»u)kneu)lj

SAB({-) = R ng"fM og ?A‘({'— )}
qu Sgsta,rv\, un@up&d/ VW)= O V£,



= SOBSYSTEMS em‘anygemcmf entapy; 15

fet=m: W7 (Wa7@ Wy 7

Rednced.  dlengihy Mot :
’?A ()= TRy :5? j’?\ (‘«)l» = tea {l\eu)kuec-v)lj

SWCE ,mg $,) g Pate )}
__If 53sﬁ,m uncaup&d/ Qe =O V£,

1. Emergenf T/vermaB 5705 Chaum,

é-)"",L‘)"D/\ /l_ —QMH

a ‘Naive’ notion of ¢hermaliation ?(Jr);- (R

~—
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(reversiilty )
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b Nofice: most of these queskons Can be formolated 4 properties of the
eigensmtes/ eigenspe chont - Fve Y= Eultpey d=1,..., 2~
(e.g, ETH= elgenstate thermalization h-gpo’chesas)
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{/:l ME"-‘Wi_Eo. o - 3 @%(&t Co + % 6«.) =3 ﬁu Mo
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M &L bELO(A quD inverse strength

L ot disorder
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Local excitations do not demg ( bocal memcr?) \}.S. Excitstions fave cewy rate [>O
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Sbow 3mw+h % quantum Ofelstions Swe(f~v (gt Vs, Fast entanglement guouth, Sas(t)~
Local observables clo not  Con wnge Vs The 53sfem boolts fomlly bike 3 +hermal
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H
CAN NOT USE STATIST((AL ENSEMBLES :
TO CHARACTERIZE SYSTEM AT %> 4. :

DYNAMICAL TRANSITION: NO THEORY!
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B MeL i5 hot a mefashable sfate: not due to (j(ee—) eneryy baciers

stouing - down equilibration. Rather, dlue to presence of €ocal
consertion taws.

m Not vestacted 4o lowr energy of many-body Stafe [ie., ground

State, =0 ): 7an’fvn¢ne55 Malters ot E> Eqs here.

® In a glass, ditfusion 1s there. [ransport popecties are clifferent.
Quantom locfization.
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famp&h’ng De(ay Rates : the simplest example .

& Anderson Prob&m: 3 Single porbicle on a fatice , 3t a8 site “a* at ¢-0.

N
Hmd= NEA —Jf}cicuctca = H WE s laxal -7 5
o- b a <e,b?

(lar<bl + lw«v

[2a7= Wave funcn‘fon Cocalized 3t site ‘" - (Wlo)>= (a”

m [ocalizaton 15 encoded in properties of the LOGAL SEIF ENERGIES Sife):

el L _la?= /—LW
2-H®) Z - W& - Sal2)
propugafer T_shift due to presence £ J

The decag rate o Psrh'cfe, at "o’ ot £<0 is < @&;v I’“{Sa(Eof-hz)j
(l

In the Cocalited phase, Gm ImiSaEwm)j= O i DisteipaTon.
hio



2 Distabution of bocal selp- energ(es is fhard to compe . 13/15
On Bethe lshice, cavig eguaFons for oty self-erergies ST ().

w{ Sl(%) - 4- k-1 (Y] (*>
o Z2-Eo— Z-qga. Su (2)
A r-

@ Sel}- consistent desuiption of (olized phase:

() assume Cocalization of isoluted systent: Tm 157 E)j: 2,
(&) Open Sgsfen/L af boundag . infinitestmal o(ecag fake. llz«j_

w) Assume Coclization: v Indues small
clecag ratc @ bullc (Imsve<s): Cinedfize ()

I 50. = _zi—. .
N o’ m? ‘} 5%:39, Se? LE_—ES - Re S:N(E )]L Vl
D\Sm?zée_ &t l-/’\[ -
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. on : P(E = typical —RK(WJ',E)Jro(R:)
@ Low(ization ) 7N T( LE-W&~R9,5‘J aF o e

\ocalizakon stible when y{wg;E) > 0.

The directed p&gmer problem

@ Dicected Po(’gmer on Bethe Bl Za. 2 T e R

pos P 2e?
?l=®

This pioblem has o 26055 bransition 4t R

RS ro(R)

ﬁ< @c; ZP’ contributed Eg N=- e \)dhs. fosifive en+mp3 S>0.

B7Rc : Free?ingz S-0. Boltzmann measure condemses on  sub- ex,oonenh'ae

nomben %f Ioa/hs. Replica 5;7 mmefry Breang. sais
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& When the J(ysfcm is Cocalred ) Uﬁd%@lmﬁ Po%mef 1S in whch )pbasez

For single. parkcles: localiasbon is &@ways in Jwozn P%ase ( 2&{35?).
S:jskm IS 56&3{3 up to Ehe Lunsihon point to o/eé(‘,a(:z;){on.

| elOALIZED
: LOMUTED . D ‘
G LASSY '\ METED

=2 W

m In interdching - systes with etecogeneous (slow-/ fost) d.of,
can huve Zonat}ed f891m25 tWak ace. Not jm‘tc/l,
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