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* What feature in the wave function is responsible for
the volume law and area law for entanglement
entropy?

* What's the scaling behavior of entanglement
entropy around the many-body |localization
transition?
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Isolated quantum

many-body state Heat Bath

[)‘1 p— ()—[{]'_' /){1‘ p— (,—ffll\

In general, for the ground state,

— Thermal entropy satisfies the
entanglement entropy satisfies Al A

Hg # Ha PA F PT

When does reduced density matrix take a thermal form?
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The reduced density matrix
takes a thermal form:

PA = PT = e~ PHA

Isolated quantum
many-body state

Heat bath

Entanglement entropy (EE) satisfies volume law

Eigenstate Thermalization Hypothesis (ETH)
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Many body ization

Interacting system with strong static disorder does not quantum

thermalize
nd Altshuler, 2006: Ogan:

Infinite number of local integrals of motion

erbyn, Paj \d Abanin, 2013; Huse and Oganesyan, 2013, Imbrie, 2014

Entanglement entropy satisfies the area law
Numerical tools: tensor networks, matrix product states

* Real space RG method

* Exact diagonalization
Kjall, Bardarson and Pollmann, 2014 itz, Alet and Lat

» Phase transition observed in a many-body wave function
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Construct an ensemble of many body wave functions
which has a MBL phase transition

Pirsa: 15110076 Page 9/23



Pirsa: 15110076

Rokhsar-Kivelson (RK) wave function

* Ground state for the quantum dimer model
ar, Kivelson, Moessner dhi, Fradkin, Henl

* This wave function can be associated with the partition
function of a classical model

VrK) ~3E i)
-1y

If E(C) is a local function + EE satisfies area law

Stéphan ukawa, Misguich and Pasqu 2009

* Laughlin state, quantum Llfsh|tz model Toric code model,...
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The infinite range coupling limit of the Sherrington-Kirkpatrick spin glass model
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Saddle point approximation
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P, / dir| ¥ (r)[*"  single particle wave function

LY insulator
(Pn) LT critica Tn is multifractal spectrum
f’ L |
L=4"=1" " conductor
{ Mirlir
Inverse participation ratio (IPR
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The localization properties of the wave function
can be characterized by IPR in configuration space
. Z(n3)
r (.”\; 1”-) 2n r ~ (1) o / .).\'
Y, E w|C) 7Z(.1’}” Y, ~D . with D =2
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T(n) n(l \‘12. ”' v < 1 - 2log 2
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P, / dir| ¥ (r)[*"  single particle wave function

LY insulator
(Pn) L= critica Tn is multifractal spectrum
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The localization properties of the wave function
can be characterized by IPR in configuration space
. Z(n3)
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Renyi entanglement entropy
L_S‘,,(/)‘,l) — 1

log Trp'y
-n |
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lwo extreme lImits

3= () Every configuration contributes equally to the state
Il."’lll \‘ ) .‘n: '} -‘rr_-‘fnl il .'»_‘ (] uea _h.
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| ]
-j.\ _|.
rover and Fisher, (2013)
Sa({pa)) = — IU}._’,'I:TI'/J:\ ) = Njlog?2

| volume law at 7T’ >
(Sa(pa)) = Sa({pa)) = Nalog?2

Qo : . /
0= Localized in one configuration (.5

i \
H,} o ()

EE is a monotonically function
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(Sp(pa)) = S.((pa)), whenn >1

:;"')) = () 3 = \( | t)log 2 { = ,-‘"\"Y‘.l/.-"\-'r
. >
,'ﬁ'._.( ',rJ 1,} = \1, l(ll‘_"'_".' . \(I()lf_’.)._) — f.‘))

(Sp) = (S2), ifn<2

Similar method can be used to calculate Renyi entropy when n>2
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Ise \/_’ log 2
®
(S) < —log(1l — w/f
bounded by a finite constant
-))x )J'I \
— o— .
VLS S MBL transition? finite constant

¢ A
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Intermediate regime (S,)
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(a) REM model )
Non-Gaussian fluctuation

Future alrection
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1. RK state(local) with sign structure
(b) REM wavefunction with random sign: 2. Multifractality in a real system

. geometrical delocalized waled 3 Translational invariant system

- . 4. Sign structure in experiments
MBL phase
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(a) REM model )
Non-Gaussian fluctuation
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(b) REM wavefunction with random sign:
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1. RK state(local) with sign structure
2. Multifractality in a real system
3. Translational invariant system

4. Sign structure in experiments
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