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What is in common?



Chaotic billiard

Wavefunction amplitude in 
a chaotic billiard

Random
superposition of 

plane waves

Quantum dotSea waves
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Eigenvalues

Eigenfunctions





Sinai billiard
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Random superposition of plane waves on an 
energy shell E=const
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Rotation of basis:
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Does not change statistics of 
wavefunction (basis invariance)

Large number of terms in the 
sum over k (large energy E) CLT

Gaussian statistics
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H Random entry Hnm: 
fluctuates around zero 
independently of other 

entries and with 
Gaussian distribution
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Wigner surmise

Semi-circle

Level 
repulsion
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Does not change 

probability

Mathematically 
very powerful but 

excludes 
localization



Basis Preference
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Special diagonal: 
Rosenzweig-
Porter (1960) 

ensemble
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NxN matrix, 

uncorrelated
random entries

Scaling with 
matrix size 
as for YS

Basis 
preference:

Localization 
may happen 

in this 
particular 
fixed basis
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Finite number of occupied sites   
in thermodynamic limit

Finite fraction of occupied sites

Infinite number of occupied 
sites but zero fraction of all sites 

in the thermodynamic limit
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Localization 
transition

Ergodic 
transition

Extended 
ergodic
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Non-ergodic 
Extended 
(Multifractal)
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Two-body



No loops like in 1D 
but N(r)=K   like in 
infinite dimensions

r

Coordination 
number finite like in 

finite dimensions



Random 
regular 
graph 
(RRG)



site disorder:
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Lattice of 
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D 0, localized

| | ln | | ln * 0 D 1, fractal

D 1, ergodic extended
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N is size of the system

D is the Hausdorf dimension of eigenfunction support set

Shennon entropy
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Mott criterion: 
sufficient criterion 

of ergodicity
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Anderson criterion: 
sufficient criterion 

of localization
R~1/R is mean level spacing in volume 
R, Vhop (R)=           is the hopping matrix
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The gap between the 
Mott and the Anderson 
criteria leaves room for 

fractal phase
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Momentum basis is complementary 
to a coordinate one
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2p  
Coordinate 

basis

Momentum 
basis

Poisson level 
statistics for 
delocalized 

(in coordinate 
space) states

 If  the states are localized either in the coordinate or in the 
momentum basis then the level statistics is Poisson

 If the states are ergodic in any frame then the level statistics 
is Wigner-Dyson

 Otherwise the level statistics is “hybrid”


