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JIoKannsauma n UHTerpupyemocCTb

Pradhan et al. Phys. Rev. Lett. 85, 2360 (2000)
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JIoKannsauma n UHTerpupyemocCTb

Pradhan et al. Phys. Rev. Lett. 85, 2360 (2000)

f=3.04 GHz
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o J1oKanun3auunda B KOoOpganHaTHOM
NNoKann3auuna B UMMyribCHOM KBaAHTOBbIN XaoC npOCTpaHCTpBe
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X i& A > : =
’4 Vi

AN A N

Jlokanunsauna — ato
NnosiBNeHne nokanbHOU
NHTErPUPYEMOCTU B
Kakom-To basuce.

Mepa nokanusauum, He

3aBucdLwaa or basuca?
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Cnay4yauHble rayccoBbl MaTpuULbl:
MonHbIN KBAHTOBbIN XaoC
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Cnay4yauHble rayccoBbl MaTpuULbl:
MonHbIN KBAHTOBbIN XaoC
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Cnay4yauHble rayccoBbl MaTpuULbl:
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Mexay NoKannsaumem u Xxaocom

Pacnpocmparsouwuecss  Kputuyeckme JlokanusoBaHHbIE
«8O/THbI» COCTOSIHUA COCTOAHUSA
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B. E. KpaBuoB “MynbtudpakransHOCTb
BONMHOBbLIX dhyHKUMIN”, nekunsa B Mockse, 12.2011
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CneKkTp dpaKTaNnbHbIX pasMmepHOCTEN
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To4Has CMMMETPUA

f@=f2-a)+a-1

_____________________

Mirlin et al PRL 97, 046803 (2006)
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B nouckax Heaproamnyeckoun ¢gpassi

Pacnpocmparsouwuecss  Kputuyeckme JlokanusoBaHHbIE
«8O/THbI» COCTOSIHUA COCTOAHUSA
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B. E. KpaBuoB “MynbtudpakransHOCTb

BONMHOBbLIX dhyHKUMIN”, nekunsa B Mockse, 12.2011 20




MpmeHeHune Heaprognyeckmux ¢as:
ycuneHue ceBepxnposogmmocTtvm
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bosbwue amnaumyoel,
cnaboe u pedkoe
nepexkpsimue

6onbwue amnaumyoel,
MosIHOE nepeKkpsimue

deiirenbmaH, Modde, Kpasuos, KO3b6aLusH, Phys. Rev. Lett. 98, 027001 (2007)



MpmeHeHune Heaprognyeckmux ¢as:
YcuneHume cBepxnpoBogmnmocCTu
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Zhao et al., Nature Physics 15, 904-910(2019)
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MpmeHeHune Heaprognyeckmux ¢as:
YCKOpeHue KBAaHTOBOro «KOTXXUra»

[MONCK MMHMMYMA GYHKLUN: KBAHTOBOE TYHHENIMPOBAHUE
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B nouckax Heaproamnyeckoun ¢gpassi

Pacnpocmparsouwuecss  Kputuyeckme JlokanusoBaHHbIE
«8O/THbI» COCTOSIHUA COCTOAHUSA
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B. E. KpaBuoB “MynbtudpakransHOCTb
BONMHOBbLIX dhyHKUMIN”, nekunsa B Mockse, 12.2011
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OAauH war ot
NMOJIHOIroO KBAHTOBOro Xaoca

Cny4yaunHble rayccoBbl MaTpuLbl — MaTpULbl CO Cry4YanHbIMU
afieMeHTamMu, He3aBUCUMO pacnpegeneHHbIMu no [ayccy:
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PoseHuawnr — Noptep (1960): gobaBrneHne OoNONHNTENBHOrO
anaroHanbHoro becnopsiaka
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O606weHHaa moaenb

Po3eHuBaura-floprepa
Rosenzweig, Porter, PR (1960)
g 1 - 1
(Hom)=|
1 g 1
1 1 ¢
KBAHTOBbIA «XaoC» dpakTan nokanunsaums Y

\45

He3aBNCNMblE

oTTankvBaHue : «rmbpuaHasny
YPOBHM

YPOBHEW :  cTaTuUCTuKa

V. E. Kravtsov, |. M. Khaymovich, E. Cuevas, M. Amini, NJP 17, 12202, (2015)
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dpaKTtanobHaa dasa B mogenu

PoseHuBaura-foprepa
JloKanbHaA NJOTHOCTb COCTOAHUIA = Z‘WE (r)‘2 S(E-E))
I n

MwuHKU-30Ha: |
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Y HE3aBHCUMBIE YPOBHHU, ‘Er — Em‘ >F,

00 L 1 | I 1 L L I L 1 L I L 1 L L -
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extended ergodic (multi)fractal  localized

V. E. Kravtsov, I. M. Khaymovich, E. Cuevas, M. Amini, NJP 17, 12202, (2015)



BbiBOAbLI

* Jlokanunsauuna 4yepes MHTepcbepeHumo =

» a3oBbIn nepexoq (B 3d)

* Jlokanmnaauunsa = UHTErPUPYEMOCTb —\

« KBAHTOBbIN XaoC B CIly4aunHbIX Manmuax

* Kputnyeckasa ctaTuctuka Ha nepexoge

* Heaprognyeckune dpasbl Ans
v'YcuneHmsa cBepxnpoBoanMOCTH
v'YCKOPEHUA KBAHTOBOIO «OTXKMUra»
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d-dimensional

ff

ALT in long-range models
E.CC +Zmnjn,mc;cm +h.c.

ong-range hopping

Electromagnetic-induced (3d)

Ergodic phase Localized phase Levitov EPL, PRL (1989-90)
. __d,d,,—-3nd,-nd,

0 di jwp power a Jnm =

‘rn_rm‘3

Power-law banded matrices
Mirlin et al., PRE (1996)

a

Wigner-Dyson Poisson jo=J / ‘ n—m
Level statistics Level statistics d d "
| <'/m,n>:O' <Jm,n>:./0
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ALT in long-range models

H = Z E, c’ ,C. T Zm’n J, an C,. + h.c. e
2 .
wr' Long-range hopping
<
© \\i Electromagnetic-induced (3d)
S ErgOdiC phase? | ocalized phase L evitov EPL, PRL (1989'90)
g # . d,d, -3nd,nd,
o d power a jn,m o \fn—me
-_% Levitov’s localization principle
o (generalization of Anderson’s one)
5R > jR forall 1SRN Pow.er-law banded matrices
Mirlin et al., PRE (1996)
Convergence of perturbation theory j =
~ —d : _ ) ~ P—0 n,m n,m
Or :< n+R‘> WR " ,Jr= \/<-In,n+R> R

J V=0, (J2 V=]
Divergence at a<d means ergodicity? < ’”'”> < m'”> o
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ALT in long-range models

Inequivalence of
Anderson’s and Mott’s
principles leaves the gap Power-law banded matrices
Compar|  for non-ergodic states. hopping __Mirin et al., PRE (1996)

(€)W, K =3 ) NN [y =y /In =]
Large hopping band, a<d/2, means ergodicity <Jm'n> =0, <J§7’n> = J,

What happens at small hopping band?
E. Bogomolny and M. Sieber, PRE 98, 042116 (2018).

H = Zn ECC + Zm’n Jo m€aCm T+ h.C. e

2 2 .

(4 | Wt" Long-range hopping
A

© \\i Electromagnetic-induced (3d)
5 ErgodiC phase ,?,?,) | ocalized phase L evitov EPL, PRL (1989-90)
2 . __d,d,—3nd,nd,
O d2 d power a Jnm = —r P
= 0=
._CT)
©
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Anderson localization (1957)
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Only phase
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Anderson localization (1957)

_—m + U(r )] Qpa(r) — faﬂ;ba(r) €
Ava(@)  extended Strong disorder

d=3

Any disorder, d=1

Anderson insulator

v(€)

Weaker disorder d=3

localized
Localized

Extended

Localized

Extended
Localized

v(e)




Anderson Transition

€ Coexistence of the localized and
\ extended states is not possible!!!
) N
7
ended
\\\\ .........

I+, - mobility edges (one particle)



Temperature dependence of the
conductivity

Metal Insulator “Perfect” one particle
Insulator



Wavefunction moments

qg-1+A, =min|lga — f(@)]
(> il > ij‘“Sv g~ /v

g-o+const |

f(a)

0 05 1 15 2
ol

Exact symmetry
fla)=f (2____0f_)_ft“ I
A — : l—q E

q L 1Tq. .
Mirlin et al PRL 97, 046803 (2006)
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JIoKanusauuna AHAepCOHa:
KOPOTKOAEUCTBYIOLLLME CUCTEMDI

_ + .+
H=) ¢&,.c,c,+jc,c,, +hc.
1d Kak genokannsoBaTtb
W  HM3KopasMepHble
CUCTEMBI?
1) Koppenauun B
2d / becnopsake
w
@bHOﬂeVICT@
3d
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Rosenzweig-Porter:
spectrum of fractal dimensions

N=256
N=512
N=1024
N=2048
N=4096
N=8192
N=16384

ly=1.5 /\

L4

1+22,
fla)=10,
1,

.

1 2
a
2—y<oa<y
a:OI 7/>2 §~E,, /N E,=0N" o2
a:1’7S1 E‘IKI_IIIII”H'HIII|IIIIIIIII:I|E

BandwidthE,,

V. E. Kravtsov, I. M. Khaymovich, E. Cuevas, M. Amini, NJP 17, 12202, (2015)



Rosenzwelg -Porter: return probability

y=1.25

A=0.1
F=1/8
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B LG s v
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