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Resonant Non-resonant

Frozen Protected

Interplay between interaction and symmetry breaking

Resonances are protected iff the configs of other particles are symmetric enough
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Symmetric

Not Symmetric

Still resonant in the 2nd level

As long as there are resonances at level n for arbitrarily large n,
the particle will go arbitrarily far away.

(No need to resonate at every n)
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Symmetric?

Probability: p1 

Probability: p2 

Probability: p3 

Expected number of resonances from level 1 to n: p1+p2+⋯+pn 

Expected number of resonances (0 or 1) at level n: pn 

Taking n→∞, we get: 

The particle goes arbitrarily far away iff ∑ pn diverges.

Condition of delocalization in HMS with interactions

… …

YTT, Li, Das Sarma (in preparation)
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● Introduction
– Many-body localization (MBL)

– Random v.s. Quasiperiodic systems

● Non-ergodic extended (NEE) regime
– Numerical results

– Theoretical explanation

● Many-body critical (MBC) phases
– Single-particle hierarchical mirror structure (HMS)

– Effects of interaction on HMS

– Asymptotically solvable model

Outline
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Construction of the solvable model of MBC

Weaker for larger n (avoid accidental resonances)
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System size
or time scale

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

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

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

Influenced by
“structural”
many-body resonances

Conclusions & general picture

…

For a quasiperiodic spin chain, we expect:

... ...
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