The Abdus Salam KITP, Santa Barbara,

International Centre N ber 19, 2015
ICTP for Theoretical Physics e

FRACTALITY OF RANDOM

WAVE FUNCTIONS
V.E.Kravtsov

ICTP, Trieste

Collaboration:
Boris Altshuler, Columbia U.
Lev loffe, Paris and Rutgers
Ivan Khaymovich, Aaalto
Emilio Cuevas, Murcia
Andrea de Luca, Paris
Manuel Pino, Rutgers
Antonello Scardicchio, ICTP
Mohsen Amini, Isfahan




WO transitions in JJA?

Different samples

Manuel Pino, Altshuler, loffe, VEK



iIngle= and many-body wave

functions
basis vector in real Space

Lattice Network

basis vector in FOCk Space

Dim=q"
Exponentially

L interacting

S-spins
: large
L single- ' >
particle dimension of
orbitals filled space
by spin-1/2

fermions




Hierarchical structure of many-
body Fock space

Tree-like structure :-.

of many-body ©

ex itations

excitation
Basko, Aleiner, Altshuler,

. _Two-b(_)dry
e-h pairs § interactio

particle
excitation

Altshuler, Gefen, Kameney,
Levitov, 1997




Real space
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Extended
multifractal states



naderson model on random
regular graphs (RRG)
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Ergodic and non-ergodic
extended states

Map of the regions
with amplitude T(CI) — (q _1 Dq
larger than the
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Function f(a)
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Degenerate cases: ergodic and
sxponentially localized w.f.

good insulator
f(a)

1(q)=0, for
all g>0




insulator: “frozen phase”.

M.Foster et al.

1(q)=0, for all g>k 1(q)=q/k-1, for 0<g<k



f(l+x)=f(1—X)+X

I. M. Khaymovich, J. V. Koski, O.-P. Saira,
V. E. K, J. P. Pekola
Nature Comm. 6, 7010 (2015)

C. 1S, B. Berche, and C. Chatelani,
J. Stat. Mech. P12002 (2009).

MF duality is equivalent to the
Crooks-like relation for PDF of
w= - In(Ny”2)/InN,




Sedarch for ergodic transition on RRG
0 ergodic transition was found:
entire extended phase is multifractal?
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De Luca et al. PRL v.113, 046806 ( 2014)




Extrapolation
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Rectification (de-convolution)

oscillating
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simpler model-relative of
RRG?

Mimics pristine RRG
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Extended,

: localized
non-ergodic

VEK, I.Khaymovich, E.Cuevas, M.Amini,
arXiv: 1508.01714



tifractality spectrum f(o)
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rgodic transition shows up
oniysdatienergy scales >>
mean level spacing

Cannot be seen in

r-statistics
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CHALKER’S SCALING FOR TWO
VIULCTIFRACTAL STATES




ollapse of data for K(o) for

The same scaling of Thouless energy
as for spectral form-factor



BHOULESS ENERGY ON RRG
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VIBL: existence of intermediate
shase and the multiplicity
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localization on hierarchical
lattices and MB v

No qualitative difference between

localized and AT critical states:
MBL with q>2

Existence of non-ergodic extended

phase and ergodic transition:
MBL with q>2

z=1-D, <1

Anomalous Chalker’s scaling;: \o " (er+En

yet to be studied in MB systems
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