The random quantum comb:

From compact localized states to many-body scars
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Diffusion in classical system
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Anderson Localization

Noninteracting fermions subject to a
random potential can be localized!

P. W. Anderson, Phys. Rev. 109, 1492



Subdiffusion in the Random Comb Model
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The random quantum comb
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(tight-binding model)

O. Hart, GDT and C. Castelnovo, PRR 2, 043267 (2020)



Disorder due to the structure Open Systems
or and

configuration of the system Fractional Schrodinger equation
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The random
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A. B. Harris, Phys. Rev. Lett. 49, 296 (1982)

Dynamics of quasi-particles
in dimer, vertex and ice models | |[.. I
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B. Tomasello et al. PRL 123, 067204 (2019), |
O. Hart et al., PRB 101, 064428 (2020), v
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Localization properties
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Effectve Schrodinger
equations on the backbone
with “fractional” time-
derivauve.



Transfer matrix
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H. Furstenberg, Trans. Amer. Math. Soc. 108, 377 (1963),
. Y. Gol’dshtein et al., Funct. Anal. Appl. 11, 1 (1977)



—2th < E < 2t21

We(€) = —tre ™ (1 — 2¢72tF)
€ = coshk (Weak Disorder)
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Compact Localized States
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Fractional Schrodinger Equation

Offshoots Backbone
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Continuum limit



What about interactions ?




Can generic isolated quantum many-body systems undergoing to reversible
unitary time evolution thermalize?

/ Localization (MBL)

K/

Energy

Density
; Yes! ~' No!
,';‘ 4
! Ergodic {  Many-Body

l'; Eigenstate Emergence
§  Thermalization / of
§ Hypothesis ' Integrability

Disorer
R. Nandkishore, D. A. Huse, Annu. Rev. Vol. 6: 15-38 (2015),

D. Basko et al., Annals of Physics 321, 1126 (2006)

+ many more



Many-Body Scars
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Single Rydberg probability
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H. Bernien et al., Nature 551, 579-584 (2017) C. Turner et al., Nature Physics 14, 745-749 (2018)

e Violates the ETH
e Embedded in a sea of thermal states



Many-Body Scars
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(Interactions only on the Backbone)

Exact Eigenstates
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(Area law)
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