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Outline

e brief intro to many-body localization (MBL) and context
e estimating the avalanche instability in microscopic models

e system-wide resonances in the finite-size MBL regime
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MBL Basics

e consider a highly-excited, 1D, spin-1/2 chain with short-
range interactions and static random disorder

ex: H=Y» S-S+hnS; he[-W,W]

e disorder inhibits hybridization of local degrees of freedom by
putting processes that advance thermalization off resonance,
results in local integrals of motion (“I-bits™)

H = ZhT —I—ZJZ]TZTZ—I—

e this Iocallzatlon can perS|st indefinitely at strong enough
disorder



MBL Basics

MBL

emergent local integrals of
motion

system retains local memory of
Initial state and does not
thermalize

limited ~log(t) entanglement
growth

eigenstates are area-law
entangled

minimal level repulsion

Thermal

system reaches thermal
equilibrium

ballistic entanglement
growth

eigenstates are volume-
law entangled

level repulsion is
abundant



MBL Crossover

e standard diagnostic of MBL: measure average amount of
level repulsion between an eigenstate and its neighbors
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MBL Crossover

attempts to finite-size scale this apparent
crossover lead to critical exponents that violate

a known bound (v = 2) for an MBL phase 0.60F I —10 L —16-

transition L=12 —+L=18
ansitio 0.55 +L=14 =L =20 ]

little sign of convergence to a critical point in . XXX chain |
numerics =

0.45 |- -
known “avalanche” instability (next slide) we
think is relevant at much larger sizes 0.40F N -
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this crossover is distinct from the MBL phase %
transition, and is driven by many-body Chandran, Laumann, Oganesyan (2015)
resonances, not avalanches A A

De Roeck, Huveneers (2017)
Gopalakrishnan et al. (2015)
Villalonga, Clark (2020)

/ Crowley, Chandran (2020)



Avalanches

*avalanches” a proposed mechanism driving the asymptotic
MBL phase transition in large systems

inevitable rare thermal bubbles (weak local disorder) in random
systems can have an outsized effect on thermalization

I

r

condition for runaway growth of bubble T'(r) oc 47"
where does this instability occur in microscopic models?
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Our Work

* we estimate the location of the avalanche instability in a microscopic
model and find it to be at much higher disorder than the MBL crossover

* we identify two additional well-separated “landmarks” deep in the
finite-size MBL regime where certain rare system-wide resonance arise

* we explain why these features are so well separated in finite systems
via a broad distribution of relevant matrix elements
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system becomes stable to avalanches

thermal phase

MBL phase

disorder strength >

MBL regime

, no system-wide resonances remain
finite L or ¢

the minimum gap in the spectrum
loses repulsion

crossover into the finite-size MBL regime
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Model

* Floquet circuit

* diagonalized Haar random one-
site gates

* one two-site gate per bond in a
random order

* open boundaries

* Floquet is preferable because no
dependence on energy density

e «ais the disorder strength
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Crossover into Finite-Size
MBL Regime
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Estimating the Avalanche
Threshold

model large thermal bubble by
coupling the system to an “infinite”
bath at one end

the system always thermalizes

the slowest mode of the Floquet
super operator represents the
decay of an I-bit at the far end of
the chain

at avalanche threshold, slowest
decay rate scales like T'(L) oc 4~ *
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Estimating the Avalanche
Threshold

slowest mode can be found | | . |
perturbatively when dissipation is 104 | _
weak [Sels 2021]

107° .

threshold for these sizes at a > 25

4LP80(1/T)

iIn standard random-field Heisenberg
model threshold at W > 20

there is a wide finite-size MBL regime
between the conventional MBL
crossover and the avalanche instability
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Many-Body Resonances

* MBL crossover and avalanche instability are two well
separated landmarks

 we define two other landmarks that probe the onset of
rare system-wide many-body resonances in finite-size
MBL systems
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Minimum Gap

e if no level repulsion, expected minimum gap in the
Floquet spectrum is 2z/4L

e detect onset of enough level repulsion to deviate from this
expectation




System-Wide Resonances

* detect the presence of cat-like eigenstates with system-wide

resonance involving both end spins

e find the eigenstate with the most mutual information between the
two end spins

* this is well beyond the minimum gap landmark

med(max,, I1'")

—
-
I

\V]

—t =
) )
| |
o o

—
-

—
—

Floquet circuit

8%

10!

17

Il,L _ Sl + SL . Sl,L

LSRR 2N W O AR W WA

R EEERE R



“Undoing” Resonances
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“Undoing” Resonances

e distribution of matrix elements is very
broad

e minimum gap landmark is sensitive to 0.10 10 -

the typical matrix element 008 |- _

0.06 -
* the number of system-wide resonances

. - . 0.04 -
IS sensitive to the mean matrix element

probability density

0.02 -

* this explains the large separation RO S E—
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Summary

e estimated avalanche threshold in microscopic model,
found a wide gap between conventional crossover and
where this instability appears to be

e supports the idea that observed crossover is very far
away from asymptotic transition

 uncovered “landmarks” deep in the MBL regime where
system-wide resonances arise, and understood these In
terms of a broad distribution of associated matrix
elements
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“Undoing” resonances
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Landmarks drifting
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Outlook

structure of slowest modes in the open system

concrete connection between extracted matrix elements
and avalanches

a more detailed theory of avalanches

need to understand origin of very strong finite-size effects
in detall
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