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● Above a certain amount of disorder no transport is 
possible „Anderson localization“„Anderson localization“

● The reason: localized states due to disorder
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1D Bosons (BEC)

● Billy et Nature 2008

Also Roati et al Nature 2008

Localization length versus strenght of disorder



  

3D Fermions (BEC)

● Kondov et al. Science 2011

Localization length
Versus disorder



  

3D Photon
● Sperling et al. 

Nature Photonics 2013



  

TRANSVERSE Anderson Loc

INDEX CONTRAST 0.0001
PROPAGATION 1cm

T. Schwartz, G. Bartal, S. Fishman, M. Segev, Nature 446, 52 (2007)



  

The simplest model



  

The model

● Onedimensional NLS with a random potential

position x

Linear 

Focusing 

Defocusing 

CC, PRA 86, 061801R (2012)



  

Nonlinear Anderson localization

● Bound state equation 

● This is solved numerically by a pseudo
spectral NewtonRaphson algorithm



  

The simplest Anderson localization

● One dimensional LINEAR Schroedinger 
equation with random potential
● Specific case: 

– a Gaussianly distributed random potential
● Known issues:

– Existence of exponentially localized states 

(negative eigenvalues)
– Distribution of eigenvalues
– Localization length



  

Linearly localized states

● Gaussian potential
● Negative eigenvalues
● Decays as
● Link between 

localization length 

and

eigenvalue
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The statistical distribution of 
eigenvalues

● There is a tail of negative energies 
corresponding to 

exponentially highly localized states

Energy E 

Distribution of negative eigenvalues

V
0
=2

The localization length decreases as the 
Inverse square root of the |energy|, hence 
the localization length decreases with the amount of disorder 
(as observed experimentally)



  

Localization length 

● It is calculated by the inverse participation ratio

● For an exponentially localized state



  

Link between localization length 
and eigenvalue in the LINEAR case
● The localization length scales as inverse 

squares root of the eigenvalue

● The lower the negative energy, 

the more localized



  

Transverse localization in 2D fibers

Our experiments on 
transverse localization 
in two dimensional
fibers



  

Mixture of PS and PPMA
Index contrast 0.1
Propagation >7 cm

40000 pieces of PMMA and 40000 pieces of PS randomly mixed and fused together
n(PS)=1.59 
n(PMMA)=1.49



  



  

Observed mode

Calculated mode

250 microns 



  

Absence of diffusion

27 um 130 um 



  

Optimization of light focusing through Optimization of light focusing through 
disordered mediadisordered media



  

Focusing in the Anderson regime



  

Adaptive focusing

60 um 

60 um 

66 um 



  

Comparison

28 um 28 um 



  

Further comparison



  

Is this related to inference?



  

Measures from the top
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