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Random systems

Vj (potential strength)

>J

(lattice site index)
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indep. for each j
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Quasiperiodic systems
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F(y+2m) = F(y)
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Non-ergodic extended (NEE) regime
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Non-ergodic extended (NEE) regime

— Numerical results
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Spin-spin correlator in the prethermal regime
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Spin-spin correlator in the prethermal regime
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Non-ergodic extended (NEE) behavior
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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.

L S A A s LI !

Initial state Partially localized, partially thermalized

Expected to be a finite-size/time behavior (eventually everything thermalizes)
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* Many-body critical (MBC) phases
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Existing literature are contradictory
e.g. [Mace2019,Varma2019,Wang2021]
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Outline

* Many-body critical (MBC) phases

— Single-particle hierarchical mirror structure (HMS)
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Critical phases in many quasiperiodic systems has HMS
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- Extended Aubry-Andre model
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* Many-body critical (MBC) phases

— Effects of interaction on HMS
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Resonance (oscillation) in the first level
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Effects of interaction in the first level
Li, YTT, Das Sarma PRB (2026)

Non-interacting:

0.5 1
t x 10
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Resonances are protected iff the configs of other particles are symmetric enough
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Condition of delocalization in HMS with interactions

Given an initial many-body configuration, can the purple particle go arbitrarily far away?
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* Many-body critical (MBC) phases

— Asymptotically solvable model



Construction of the solvable model of MBC

Random mixed-field Ising chain
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Construction of the solvable model of MBC
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Construction of the solvable model of MBC

Weaker for larger n (avoid accidental resonances)
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Probability of mirror resonances
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Probability of mirror resonances
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Probability of mirror resonances
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|ABCD),, with probability 1 — p,
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24/27




Probability of mirror resonances

nr res res
Hn—l—l Hn—l—l Hn—l—l
Hnr res res A nr B
HoZ—{—l n H;Z Hn HS’Y Hn Hq’%’ Hn —I—Hn Hszl
o @ ® o --- o ® ® o --- o @ ® o --- o ® ® o --- o ® P o
a b c d e f 9 h
€ > A ) b
e N Mirror _.~

-
-
———————————

’/

-
-
———————————

Randomly choose a state from the product canonical ensemble of the blocks at level n:
[ABCD)y, ~ pi ® pif* ® pi= @ iy

The corresponding state at the next level becomes:

|ABCD),, with probability 1 — p,
|ABCD)py1 ~ 4§ 4 . . o
NG (JABCD),, £ |ACBD),), with probability p,

pn = P(A = 15) = exp(—537%,), S2: thermodynamic Rényi-2 entropy
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Variance of local observable expectations
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Variance of local observable expectations
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Variance of local observable expectations
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Variance of local observable expectations
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Variance of local observable expectations
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Many-body critical phases
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Conclusions & general picture

For a quasiperiodic spin chain, we expect:

System size

L~ 20

Dominated by
random-like “accidental”
many-body resonances

NEE behavior happens
When there are regularly-
spaced bottlenecks for
some quantities but not
others

~~~~~~~~~~~~~~~~~~~~~

-~ -~ -~
--------------------

> )
or time scale

L > 100
Influenced by
“structural”
many-body resonances

Hierarchical mirror structure can lead to:

- MBC-L phase (most states are MBL)

- MBC-E phase (most states are ETH)
generalizing the single-particle critical phase
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