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Full disclosure…



• Review of Anderson localization in an 
ultracold system

• AL in a 1D quasi-periodic lattice
• New experimental results:• New experimental results:

– phase diagram - disorder vs interactions



Anderson Localization

• Classical transport of particles through a material
– scattering off impurities, mean free path, resistance

• But if meanfree path < de Broglie Wavelength, quantum 
effects can be important:
– A wave phenomenon  
– Single particle interference between multiple scattering pathways– Single particle interference between multiple scattering pathways

• Signature: suppression of diffusion and exponential 
localization

• Alternately: Bloch waves in a perfect lattice… disorder breaks 
translational symmetry leading to localization
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Anderson Localization
• Predicts a metal-to-insulator transition (delocalized to localized 

wavefunctions)
• Originally applied to non-interacting particles, but it is well known 

that interactions can play significant role  
à disorder potential, non-linear interaction, hopping 

à interesting phases: bose glass, anderson glass, Mott insulator … 

• This work: avoid interactions to unambiguously see AL

BG
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Experimental setup
• 87-Rb BEC, 1.7x104 atoms.  
• opto-magnetic hybrid trap

– transverse confinement (70 Hz) [optical waveguide]
– longitudinal confinement (5.4 Hz) [magnetic trap]

• Turn on disorder potential
• Switch off magnetic confinement
• Weakly anti-trapping magnetic field compensates the residual 

longitudinal trapping of the optical waveguide, atoms expand freely 
over several millimetres.over several millimetres.

• Wait for time t, turn off trap, image after TOF.
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Exponential localization
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Summary
• First direct observation of exponentially localized matter 

waves in space, algebraic tails above the mobility edge.

Outlook
• Quantum simulation of Anderson localization in higher 

dimensions
• Add interactions: competition between interactions, disorder, 
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• Add interactions: competition between interactions, disorder, 
and kinetic energy poorly understood
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• 39K 1D quasiperiodic potential
• Primary lattice 1064.4 nm, 10.5 ER1
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Tight-binding approximation, expand in Wannier basis





Exponential localization







• Disorder (localize) vs. Repulsive interactions (delocalize)





White line: 

screening argument.  

Crossover occurs when 
Eint ~ standard deviation 
of lowest mini-band of 
non-interacting 
spectrum.gaussian spectrum.

exponential

gaussian





• Anderson localization in a quasi-periodic, 1D 
lattice

• Mapped out phase diagram, disorder versus 
interactionsinteractions

• Observed AG, fBEC, BEC phases.
• Outlook: push to stronger interactions


