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>50 years of Anderson Localization
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Absence of Diffusion in Certain Random Lattices
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This paper presents & simple model for such processes as spin difuslon of conduction in the “impurity
hand.” These processes invalve tmnsport in a lattice which 15 in some senge randoem, and in them diffusion
s expected to take place via quantum jumps between localized sites, In this simple model the esential
rendomness 15 introdeced by requiring the snergy to vary mndemly from site to site. I is shown that at low
enpugh densities no diffusion at all can take place, and the crterin for transport Lo ootwr are gaven.




éevery few believed it
[localization] at the time,

and even fewer saw its

Importance; among those

who failed to fully

understand it at first was

certainly i1ts authore

Nobel Lecture

Mobel Lecture, December 8, 1977

Local Moments and Localized States
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Diffusion
Equation

Diffusion
constant

It can also be the probability to find a

r (_. i ) Can be density of particles or energy density.
! particle at a given point at a given time

Einstein theory
of Brownian
motion, 1905

The diffusion equation is valid for any random walk
provided that there is no memory ( markovian process)



Diffusion
Equation

Density of
states

If electrons would be degenerate
and form a classical ideal gas

- _ Ny

n

William Sutherland T
(18591911)




Will a fluctuation (wave packet) spread ?

[_Dl?on Constanﬂ
Einstein (1905): Random walk without memory S <r2> _ Dt
L 4 o )

always diffusion -

Anderson (1958): For quantum particles  extended states <r2>1/2t1_/2g%/2 Dt

not always localized states <r2> Y2/2% const




Basic Quantum Mechanics:
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Continuous Discrete
Unbound states Bound states
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Extended states Localized states

L System size

d Number of the spatial dimensions



Localization of single-particle wave-functions.

Continuous limit:
Random potential

Ao (z) extended

localized



Spin Diffusion
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Localizationof Ultrasound
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Localization of Ligh
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Localization of cold atoms
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What'about .charge -transport ?

Problem:




