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Fractal dimensions Fractal dimensions 

Metal: Insulator:

Anomalous scaling exponents:

Critical point:

How one can calculate       ? 

Green’s functions:

Spatial correlations :
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Moments:



PowerPower--law banded random law banded random 
matricesmatrices

critical states at all values of  



Almost diagonal matricesAlmost diagonal matrices
Diagonal approximation:

2x2  matrix  approximation:

localized states 
extended states 
critical states 

determines the nataure of eigenstates 
in the thermodynamic limit 



Strong multifractality in the Strong multifractality in the 
powerpower--law ensemblelaw ensemble

A. D. Mirlin  and F. Evers,  Phys. Rev. B 62, 7920 (2000)

Power-law banded 
matrices: 

General expression: 

Fractal dimensions: 





Structure of the ultrametric Structure of the ultrametric 
matrixmatrix



MetalMetal--insulator transition in insulator transition in 
the ultrametric ensemblethe ultrametric ensemble

Ultrametric ensemble: 

General expression: 

Y. V. Fyodorov, A. Ossipov and  A. Rodriguez,  J. Stat. Mech., L12001 (2009)

localized states 
extended states 
critical states 



Fractal dimensions in Fractal dimensions in 
the ultrametric ensemblethe ultrametric ensemble

Y. V. Fyodorov, A. Ossipov and  A. Rodriguez,  J. Stat. Mech., L12001 (2009)

Anomalous exponents: 

Symmetry relation: 

A. D. Mirlin et. al.,  Phys. Rev. Lett. 97, 046803 (2007)



Universality of fractal dimensionsUniversality of fractal dimensions

Power-law banded 
matrices: 

Ultrametric random 
matrices: 

universality
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Fractal dimensions: Fractal dimensions: 
beyond universalitybeyond universality

can be choosen the same for all models 

Can we calculate          ?



Fractal dimension Fractal dimension dd22 for power for power ––lawlaw
banded matrices banded matrices 

Supersymmetric virial expansion: 

where 

V. E. Kravtsov, A. Ossipov,  O. M. Yevtushenko, E. Cuevas , Phys. Rev. B 82, 161102(R) (2010)



Weak multifractality Weak multifractality 

Mapping onto the non-linear σ-model

How one can calculate          ? 

Perturbative expansion in the regime 



Non
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Spectral correlationsSpectral correlations

J.T. Chalker  and  G.J.Daniell, Phys. Rev. Lett. 61, 593 (1988)

Strong multifractality:  

Strong overlap of two infinitely sparse fractal wave functions! 



Return probabilityReturn probability

Strong multifractality                 :       

V. E. Kravtsov, A. Ossipov,  O. M. Yevtushenko, E. Cuevas , Phys. Rev. B 82, 161102(R) (2010)
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