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Off-resonance
Eigenfunctions are close to
the original on-site wave
functions
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In both bonding and anti-bonding
eigenstates the probability is
equally shared between the sites
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ielocalization from localization:

Yoliferation of resonances
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Anderson insulator Anderson metal

Few isolated resonances Many resonances and they overlap



Anderson model of
localization



dimensionality

1D and 2D
systems:

all states localized

at any disorder

3D systems: mobility edge
and localization transition



Cayley tree

e No loops like in 1D

~ , but N(r)=K" like in
infinite dimensions

Coordination
number finite like in

b ....... e ) finite dimensions






Aany-Body Hilbert space
e in Many-Body Hilbert/Fock Space

spin-chains

siveof Hilbert spove | {MAMMMUUQMOAIORAIMD
= INFINITE L
DIMENSIONALITY

Basis states of a single-particle on a lattice
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dyee structure of Fock/Hilbert
BPECE Of Interacting systems

Tree-like structure :-.

of many-body ©

excitation

Basko, Aleiner, Altshuler,

, Two-bod
e-h pairs interactimy

particle
excitation

Altshuler, Gefen, Kameney,
Levitov, 1997




».but no boundary

Random
regular

graph
(RRG)



EOCALIZED, EXTENDED ERGODIC AND
TENDED NON-ERGODIC PHASES

Finite number of occupied sites
in thermodynamic limit p—

Infinite number of occupied

sites but zero fraction of all sites
in the thermodynamic limit

0<D<1

| Finite fraction of occupied sites |

D=1




;r Mn«arggdl; extended phase and
Podic transition in RP RMT
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Competition of power laws




-
J'he case of RRG

Pres (1) = €Xp[—-Ar]
i . ™
# pairs at adistancer: K" =exp[InK r]

o #res=exp[(InK-A(W))d]=N (1-A/InK) ﬂ ﬂ ﬂ

\ ;z—;?;i“”” d=InN/InK  is the graph diameter
D=1-A(W)/InK

Competition of exponentials




Lattice of
N sites




Fractal dimension D and
Shannon entropy

Shennon entropy D =0, localized

(> |¥; FIn|¥,F)=InN*3 0<D <1, fractal
! D =1, ergodic extended

N is size of the system

D is the Hausdorf dimension of eigenfunction support set
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ictal dimension D(g) and Renyi
entropy

In <mei \2q>= (q-1)D, InN,

0, localized
D, =4 0<D, <1, fractal

4

1, ergodic extended



Pnesstep replica symmetry
breaking
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PD numerics K=2 I

D(W') for RRG extrapolated from exact
diagonalization data, N=2000-32000
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Xact diagonalization on RRG

Something
happens at W~10.
Is that ergodic
Ergodic transition? Or a
transition? og e
Not transition to

really! Localization

transition | another NEE

Many open questions
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Jhase diagram on RRG
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Why important?

0 statistics in MBL phase:

(sub-diffusive) dynamics in NEE phase

1 No FDT: strongly enhanced noise



