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Log scale

The final atomic density shows exponential localization with 
localization length of few 100µm!

Noise or meaningful 
fluctuations?



Experiment on localization of atomic matter waves

Short time expansion (diffusion?) followed by localization 



Disordered potential in 2D

How do eigenstates look like?



Disordered potential in 2D

A typical localized eigenstate



Opposition Effect on the Rings of Saturn

January, 20, 2014

Observations by the Cassini mission, see http://saturn.jpl.nasa.gov/



Magneto-resistance of thin metallic films

Magnetic field (few Teslas)

M. Janssen, Phys. Rep. 295, 1 (1998)

Magnetic field (few Teslas)

F. Pierre et al, PRB, 68, 085413 (2003)



Universal conductance fluctuations

Gold ring Quasi-1D 
Silicon MOSFET

Numerics of the 
Anderson model

Lee et al, PRB 35, 1039 (1987)



Magnetofingerprint

Each curve is reproducible and corresponds 
to a given realization of disorder

D. Mailly and M. Sanquer, J. Phys. I France 2, 357 (1992)



Magnetofingerprint 

Average conductance                                Variance

D. Mailly and M. Sanquer, J. Phys. I France 2, 357 (1992)

Universal conductance fluctuationsWeak localization



Some orders of magnitude

Electrons (in Gold)
Atoms (Rubidium 87)

meV-eV, THz, 1000 K

peV-neV, kHz,  nK-μK



Video recording of laser light transmitted through (dilute) milk

Recorded  with 
cheap smartphone
at 30 fps
(March, 4th, 2017)

Two snapshots separated by 33 ms. 

Autocorrelation time
of the order of 10ms



Short-time dynamics of a Gaussian wavepacket
In the presence of a moderate speckle disorder

1. Very short 
time: The atoms 
fall into the 
potential minima 
and convert 
potential energy 
into kinetic energy

2. The atomic 
matter wave is 
later scattered by 
the potential hills

Movie in file wavepacket_propagation_short_time.mp4 



Beyond the single scattering time

Movie in file wavepacket_propagation_diffusive.mp4 

Diffusive motion: 
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