The Abdus Salam
International Centre
for Theoretical Physics

Dynamics of Quantum Information,

KITP, Santa Barbara
1 November 2018

NJP 17, 12202, (2015),
arXiv: 1805.06472
arXiv: 1810.01492

- V.E.Kravtsov
ICTP, Trieste

Mohsen Amini, (Isfahan Uni., ICTP)
Soumya Bera (IIT, Bombay)
Emilio Cuevas (Murcia)

Xiaolong Deng (Hannover)

Giuseppe DeTomasi (MPI, Dresden)
Ivan Khaymovich, (MPI, Dresden)

Pavel Nosov (St. Petersburg Uni) .
Gora Shlyapnikov (Orsay) | ke




osenzweig-Porter RMT
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ensemble Simplest non-invariant RMT



Localization/delocalization
SUTricient conditions (for
jncorrelated entries)

Convergence of Anderson’s
locator expansion
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Ergodic transition

I.M. Khaymvich, E. Cuevas, M. Amini,
ew J. Phys., v.17, 12202 (2015)

Multifractal
ergodic/basis iny states

Ergodic Anderson
transition transition




J"- h course on
multifractality

Map of the regions with amplitude
Iarger than the chosen level

N S|tes {|} in the sample
| M sites in this region
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pltitractality spectrum
V.E.K., .M. Khaymvich, E. Cuevas, M. Amini,
New ]J. Phys., v.17,12202 (2015)

Fractal dimension
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Existence of multifractal phase

oergodic transition in RP RMT
[eeetggested (with the physical
standard of rigor) in:

- 1L.M. aymvich, E. Cuevas, M. Amini,
- New J. Phys,, 2202 (2015)

nd rigorously proven
(Jau the level of a math theorem):

1 Soosten and S. Warzel, Electron J.
| Probab. 23, 1 (2018).
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Bandwidth E;,

Typically only one mini-band is
seen in the local spectrum;

global spectrum is a unification
of all N'" mini-bands

Viinibands and fractal

States living on
the same fractal

support form a
mini-band



Mini-band
states
counting
function

Generically mini-
bands have fractal
structure in the
energy space

Non-trivial fractal
dimension of a mini-
band is likely a cause

of a non-trivial
stretch-exponential
decay in the “slow
dynamics phase”
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Spectral form-factor and the
thybrid’ level statistics
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HOW 10 detect the new scale I'?
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SOTVaVal probability in NEE phase
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What about
orrelated /deterministic

soluble: all h Oopp l ng terms?
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X. Deng, V. E. Kravtsov, G. V. Shlyapnikov, and L. Santos,
Phys. Rev. Lett. 120, 110602 (2018).



Corre ation-induced
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Multifractal
states
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lelocalized states?

Convergence of Anderson’s
locator expansion
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Not only YS!

ocalized states also for
power-law hopping!

Evenfora<1

P. Nosov, .LM.Khaymovich and V.E. K. JEEVS,$v st IAUTEDY)

X. Deng, V.EK. G. Shlyapnikov, L. Santos,
Phy. Rev. Lett. 120, 110602 (2018)
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a>1

Poof of duality
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YUzbashyan-Shastry,
remsiation-invariant and fully

S
Yuzbashyan-
Shastry RMT
Translation- Fully random
invariant RP (original) RP
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dransiation-invariant RP

model
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> Lack of correlations between
diagonals destroy localization in
the coordinate space for y<2.

> Localization and multifractality
In the momentum space
y,=2-y

> Poisson and ‘hybrid' level statistics in

the delocalized phase
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Correlations in hopping
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Power—law family

Deterministic
PL hopping

H_nm =1/|n-m | *a

Translation-
invariant random
PL hopping
H_nm=H_(n-m)

Completely random
PL hopping
<H_nm>=0,
<|H_{nm]} | A2>=
=1/|n-m|~2a



Conclusion

Correlations in hopping

_ >
Disorder




"Conclusion

d phases and ergodic transition in

ave functions of RP RMT

rid’ level statistics
lization in YS exactly solvable model: RP

multiactality in the momentum space;
Poisson and ‘hybrid’ level statistics in

delocalized phase
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