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Abstract:

Although many-body localization (MBL) is most widely studied for systems with random potentials, various interesting
phenomena occur naturally in quasiperiodic potentials. In particular, there is the lack of low-disorder rare regions which may
destabilize MBL, the existence of a regime which is non-ergodic but with extended states, and a regime where all single-particle
orbitals are critical. In this talk, | will give a theoretical picture of these phenomena (and some generalizations) based on the
structure of the quasiperiodic potentials. First, | will show that reqularly spaced deep wells in the potential create a separation of
particle and information spreading timescales, leading to the non-ergodic extended behavior. Secondly, | will demonstrate that
local mirror symmetries in the potential give rise to a hierarchy of resonances in the presence of interaction, leading to
many-body critical states. Finally, | will discuss how such resonances may lead to rare-region effects in quasiperiodic systems,
even though there is no low-disorder region in such systems.
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Brief overview of my other works

Pirsa: 25110111 Page 3/44



My other WOl

Quantum entanglement criterion
in optical phase space

Undergrad research project

v“+ (hyperplane of equal phase)

» .
-------

(1]
.......

. .
------

Pirsa: 25110111

& relate

Entanglement entropy and state fidelity
in non-Hermitian quantum system

YTT, Tzeng, Chang, 2107.13006, SciPost Phys
YTT, Jang, Chang, Tzeng, 2203.01834, Quantum
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Anomalies of global symmetries on the lattice
YTT, Long, Else, 2507.21209

YTT, Chang, 2103.08603, PRResearch

Construction of non-Abelian fractons
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Electronic/thermal transport

YTT, Das Sarma, 2211.05192, PRB
YTT, Das Sarma, 2307.05477, PRB
Das Sarma, YTT, 2403.09890, PRB
YTT, Das Sarma, 2407.01664, PRB
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Phases of electron-hole bilayers
YTT, Davis, Das Sarma, 2402.00866, PRB
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Das Sarma, Sau, YTT, 2511.00625
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Introduction: Many-body localization
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A X XN X Ni

initial state

(WY WV

thermalized
information remains local
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A X XN X Ni

initial state

o H 40 A4

thermalized
information remains local

rd }

something in between?
critical phase?
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L
H = Z (0 crﬁ_l —I-UJJJH —I-UJJJJ+1 —I—QWZth;
f

= r e
Spin-1/2 Interaction disorder  Indep. uniform random
strength strength ~ numbers in [-1,1]

* For U=0 it can be mapped to free Fermions.

* For nonzero disorder the orbitals are Anderson localized.

* Has a complete set of local integrals of motion (LIOMs).

e For U >0, the LIOMs still exist for small L at about W > 4.

* For smaller W the system becomes thermalized. *

* For infinite system, critical point is believed to drift to W~ 20.
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Quasiperiodic MBL

Initial phase

_ cos(2mpj —f—\3>)
1 —acos(2mpj + ¢)
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Golden ratio (irrational)

L
H=2 (0§01 +0joly, +Ucoi ) +2W Y hjoj, by
Jj=1 r r =l r
Spin-1/2 Interaction disorder
strength strength

Ganeshan, Pixley, Das Sarma, PRL (2015)
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Just from the potential:

No rare low-disorder regime in general
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Phenomenologically:

Thermodynamically more stable

than random models?

Morningstar et al, PRB (2022)
YTT, Vu, Das Sarma, PRB (2022)

Non-ergodic extended phase?

Li, Ganeshan, Pixley, Das Sarma, PRL (2015)

Can have single particle critical phase.
Many-body consequence?
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Avalanche stability of QP systems
YTT, Vu, Das Sarma, 2207.05051, PRB

MBL in slowly-varying potential
Li, YTT, Das Sarma, 2503.22096, PRB
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Potential

Non-ergodic extended regime of QP systems
YTT, Vu, Das Sarma, 2305.15471, PRB
YTT, Long, Das Sarma, 2405.01622, PRB .
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Effects of mirror symmetric potential
Li, YTT, Das Sarma, in preparation

YTT, Li, Das Sarma, in preparation
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Avalanche stability of QP systems
YTT, Vu, Das Sarma, 2207.05051, PRB
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Li, YTT, Das Sarma, 2503.22096, PRB
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Potentlal

Non-ergodic extended regime of QP systems

YTT, Vu, Das Sarma, 2305.15471, PRB
YTT, Long, Das Sarma, 2405.01622, PRB |
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Effects of mirror symmetric potential

Li, YTT, Das Sarma, in preparation Part 11

YTT, Li, Das Sarma, in preparation Part 111
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Effects of re
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Effects Of r
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* For each supersite, we have one LIOM (the number of particles in it).
* But this does not completely describe the state.
* The remaining DOFs in the super-chain can still thermalize!

DOOOOO  — - A i

Initial state Partially localized, partially thermalized

. 10/30
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If not making approximations (or if true MBL does not exist), we have:

Tearticle: 1 e timescale of particle spreading (between supersites).
Tuto: The timescale of information spreading.
Trnite: 1 N€ lONgest timescale in a given numerics/experiment.

MBL NEE ETH
— > Tfinite
Tinfo Tparticle
thaa A gl - - A A

YTT, Long, Das Sarma, 2405.01622, PRB
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Part II: Effects of one mirror symmetric point

R
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Decouple the two halves and write as LIOMs:
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Unperturbed eigenspaces are marked by “activation pattern”
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0.2

Infinite time
averaged 0.1
spin-spin
correlators
with spins 0
to its left

Interaction

L=10,W =8, =0.725. All spinskup (down) on left (right) half initially.
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etry breaking
LIOMs becomes slightl -
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etry breaking
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Resonances due to local mirror symmetry are not robust against interaction!
6or typical states in the Hilbert space)
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for single symmetry point

er

Free region = Protection layer Central resonating region Protection layer Free region

N N o N N
L N s N la Y - N 7 N

* For exact symmetry, interaction synchronizes single particle resonance.

* For local mirror symmetry, such resonances are destroyed for a typical state.
* But the resonances can be protected by a layer of symmetric LIOM configs.
Outside the protection layer, potential and LIOM configs are entirely free.
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Part III: Effects of hierarchical mirror symmetries
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L4
Iror symmetries =

Free region  Protection layer Central resonating region Protection layer
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Consider a single particle system with hierarchical mirror symmetri qERs
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inergy distribution of a local state is a Cantor set! (singular continuous)
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Such spectrum, where all single-particle states are “critical”, happens in
(not necessarily due to hierarchical mirror symmetries)

* Fibonacci model (all disorder strength)
* Aubry—André (AA) model at critical disorder

* AA above critical disorder with rare frequency/initial phase
* AA with frequency modulation (some parameter regime)

What is the many-body generalization (with interaction)?
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rchical spectrum
Consider the snnplest case: single qubit in the first hierarchy.
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archical spectrum

The central part of the spectrum becomes extremely dense after iterations.

Will the hierarchies collapse in the thermodynamic limit?

If so:

* Local thermal region likely appears.

* Happens locally for almost all configurations, not just rare ones.
* May cause avalanche and destroy MBL.

If not:

* Exists stable many-body critical (MBC) energy eigenstates.

* They are rare, but dense in the spectrum (others are MBL).

. 24/30
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archical spectrum

The central part of the spectrum becomes extremely dense after iterations.

Will the hierarchies collapse in the thermodynamic limit?

If so:

* Local thermal region likely appears.

* Happens locally for almost all configurations, not just rare ones.
* May cause avalanche and destroy MBL.

If not:

* Exists stable many-body critical (MBC) energy eigenstates.

* They are rare, but dense in the spectrum (others are MBL).

* The system has no LIOMs (unless restricting the Hilbert space).

. 24/30
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Note that we have:

Every bounded part of the system is contained in one half of a resonance region.

A

Mirrored copy

protection resonating protection free

N

Mirrored copy

So for every operator supported in that part (up to tail) which is an approximate
LIOM in that hierarchy, we have a state where its expectation value oscillates
8etween two of its eigenvglues.
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yonacci model

Sn = Sn—15n-2 * Make the two color two values of the potential.
So = * Single particle spectrum are singular continuous.

S1 = e But numerics see an MBL transition.

&
|

palindromes
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.
yonacci model LA

C

The Fibonaceci word Sy:

First hierarchy:  prot., res. prot.
Second hierarchy: A__»

free protection layer resonating region protection layer free

N/
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with rare initial phase

Only requires a finite resonating region, Candidates of the second symmetry R
so can tolerate error up to the blue box  are determined by the green decaying ribbon
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with rare initial phase

Only requires a finite resonating region, Candidates of the second symmetry K-
so can tolerate error up to the blue box  are determined by the green decaying ribbon
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. 28/30

Pirsa: 25110111 Page 42/44



” ™ . ] ] .
with rare initial phase Ay

Al

|'III III'| |IIII IIII |III IIIll |IIII IIII| |IIII IIII| 'III IIII' IIIII I?'
|'I I'| |II ’I| | II| III II| ? III | II| 'II II|
f | | | II | | ll II l l
' I| + || |I I| II I| II ? II II 'll l'
,Ill I|| |II III |II III |II II| |II II| |II + III

| | | | | | | |
|II II| |II |'I .'| + l'. |'I ||I I|I I|I I'I I||

I#I I,'I I', IIll |II I'I .III IIII| \ 1" II| | II||

First hierarchy:

protection resonating protection Adjust initial phase

|Ir \\| IIII.II'| P\Il ,‘ﬁ ,f\.| ,f | |'IHII| ||lf II| 4“’“\". { T { I. .',". |
,' | I,' | I,' \ [\ [ \ [ 1 | \ [ ] il [ 'y [ f *I
/ I'| | I' [.' I' | I'| / III + IlI f | ||I T g Il' '|| | | lll | I'I |
\ | | | | | | | | | |
| \ III 'l I| ? | \ | \ | || | | | |I [ I| |I .I S f |I f '|
|| | [ | ® | | | [ | | | | | | | | | | | | | | | | l
| |I [ I| ' |I [ II [ |I | # | | | | | | | | | | | | | |
| [ | | | | | | | | | | | | | | | |
| | | | | | | | [ | [ | | | ‘ | | | | | | | | || | |
[ ® | || [ | | || | II | |I | || [ |I II [ II | II | || | ! [
|I || |I II |I lI f | |I |I | |I | f | | + | | | I| | | * I| |
|| || || 'I II ', II I* |. | I| III I| II I| |I I| |I I| |I I| |I II |I II |I ||
f l | | | | |I | | | |I | ( I| |I i .I \ f || ( & / || |
| \ ] X0 \ [ | | | | l‘ [ | | | | | | | | |
L |II [ \ II' |II | |II | lI II| |II | ,'I |II II| |II ,'I |II .'I |II III I'. | | II'
\ .lII I'-\ ..'II ." / I'\ , \ .-'II : / ! "? \/ \ \/ * / \p \ _J'll \ /
" . J ® y e \ / . \ \ v y o
First hierarchy:
protection resonating protection free
Second hierarchy: u
prot. resonating

. \_/ 29/30

Pirsa: 25110111 Page 43/44



onclusions

* Regularly spaced deep wells can lead to non-ergodic extended behavior.
* Single mirror symmetric point leads to synchronized resonances.
* Hierarchical mirror symmetries can lead to either:
— Rare but dense many body critical states in the otherwise MBL spectrum.

— Rare thermal bubble which may destroy MBL.
S

thermalized T v 4 ARy | Y W

something in between? v/ information remains local
critical phase? v/
Can happen naturally in quasiperiodic systems!
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