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Giulio Biroli, 2011: ET 
– YES, but…

De Luca et al. 2014: ET -
No, only non-ergodic 
and localized phases

Mirlin & Fyodorov: 1991-1997: 
ET: No, only ergodic  and localized phases

Extrapolation 
from N=2K-

32K
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peaks valleys



Structural disorder: WD (Uzy Smiliansky)

2/W 2/W

On-site energy 
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Special diagonal: 
Rosenzweig-
Porter (1960) 

ensemble
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Mimics pristine RRG 
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Pandey 1995, 
Kunz & Shapiro, 1998

level repulsion

level attraction
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Izikson-Zuber formula of integrating 
over unitary matrices diagonalizing H
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Kullback-Lieber
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1/lnN
extrapolation



constNDxx  ln)1(ln 1

There is some curvature!

2||  NxShannon entropy:
lnN - <x lnx>
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Changes sign at the 
transition points





AT

W

C1/N



22
|)(||)(|)( rrNK E

r

E   

PLBRM

GOE

BRM

ETh ~d ~1/N Eth >>d

RP

3D AM

21 D

21 D

Cuevas & VEK, 
PRB, 2007



ETh ~N 1

1<2

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



Dq>1/2 =2 -  ETh = d ND

N sites in a sample 

N    fractal domains 

N  sites in each

1-D

D

Each fractal domain is  a 

support of  N   wave 

functions leaving on it
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Standard Chalker’s scaling:
3D AT point, PRBRM

“Hierarchical “ lattices: RRG, 
RP
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 Rosenzweig-Porter RM model  shares many of the 
properties of RRG

 RP model contains both Anderson and Ergodic 
transitions

 They are seen in the rigorous theory of the two-level 
correlation function

 Perturbative treatment of the eigenfunction statistics 
gives the three phases: localized, non-ergodic 
extended, ergodic extended

 Numerics confirm existence of three phases
 <xlnx> moments (Shannon entropy) vs lnN has a 

curvature which changes sign at the transitions. 
 Two different scalings of Thouless energy
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only one transition point

Disorder W
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Rescaling and N-> infinity 
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Depends on the 
distribution function 

of the diagonal matrix 
A=diag{a}



2 N tend to a finite limit 
independent of 

cancels out

2:  Poisson due to infinitely fast oscillations
2:  regular oscillations
1<   2: no oscillations
0  1: rescaling does not work
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