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Lecture 1.  
Disordered metals: quantum 

corrections and scaling theory
Plan of the Lecture

1) Dimensionless conductance and its scaling

2) Interference corrections to conductivity and 
magnetoresistance

3) Spin-orbit scattering and “anti-localization”

4) Aronov-Altshuler corrections due to e-e interaction 

5) Fractal nature of critical wave-functions: is simple 
scaling valid ?

Classical Reviews:



A non-interacting electron moving in random potential

Quantum interference of scattering waves

Anderson localization of electrons
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Scaling theory (“gang of four”, 1979)

Metal:

Insulator:

A metal-insulator transition at g=gc is continuous (d>2).

Conductance      changes when system size      is changed.

All wave functions are localized below two dimensions!



d ln g/d ln L = β(g)

β(g) = (d-2) – 1/g   at g >>1 
= ln g               at g << 1

g(L)  = const Ld-2 Classical (Drude) conductivity

This is for scattering on purely potential disorder

For strong Spin-Orbit scattering (-1/g)   → (+1/2g)



“Anti-localization” due to S-O



e-e   interaction  corrections 
(Altshuler & Aronov)



g(T):  Full RG  with  AA corrections

β(g) =  – 1/g – 1/g          for potential scattering  (g>> 1)

β(g) =  +1/2g  – 1/g      for  Spin-Orbital  scattering  (g >> 1)



Science (2005)

Anti-localizing effect  
of interactions at 
large nv



arXiv:0910.1338



Fractality of  critical wavefunctions in 3D
E. Cuevas and V. E. Kravtsov 

Phys. Rev. B 76, 235119 (2007)
Anderson Transitions   F. Evers, A.D. Mirlin
Rev. Mod. Phys. 80, 1355 (2008)  

IPR:

http://arxiv.org/find/cond-mat/1/au:+Evers_F/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Mirlin_A/0/1/0/all/0/1


Critical eigenstates:  3D mobility edge



Wavefunction’s  correlations in insulating band



2D v/s 3D:  qualitative difference

• 2D weak localization:   

fractality is weak,   1-d2/d ~ 1/g << 1

• 3D critical point:  

strong fractal effects,  1-d2/d = 0.57

3D Anderson model (“box” distribution):  Wc=16.5    
but simple diffusive metal is realized at  W < 2-3 only
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Anderson localization

A non-interacting electron in a random potential may be localized.

Anderson (1957)

Gang of four (1979): scaling theory

Weak localization P.A. Lee, H. Fukuyama, A. Larkin, S. Hikami, ….

well-understood area in condensed-matter physics

Unsolved problems:

Theoretical description of critical points

Scaling theory for critical phenomena in disordered systems


