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Random disorder is known to play an important role in theteksd properties of conduc
tors and superconductors. In those materials, disorderbmaayaused by crystal defec
impurities, or anything else that changes the landscapewfdiectrons move in a mat
rial. If the disorder is sufficiently strong to localize thie&rons the material undergoe:
transition to an insulating state, as has been observedrisfiltm and granular supercol
ductors. A complete understanding of the transition anchttere of the insulating sta
remain elusive due to the limitations imposed by the conipl@f actual materials. Atomi
Bose-Einstein condensates (BECs) afford the opportunigxplore the role of disorder i
superfluids where the physical parameters are well chaizete and moreover, can |
varied. The interplay of disorder and interactions is otipatar interest, because weal
interacting disordered systems can undergo a quantum piaassgtion to the Anderso
localized state.

We have studied the transport and phase coherence prepeft&’Li BEC in the
presence of disorder produced by optical spelckiat moderate disorder strengthi;,
we observe inhibited transport and damping of dipole aailhs. Contrary to previot
expectationsin-situ density measurements reveal only small densityutatins in this
regime. Time-of-flight images exhibit random but reprodhleinterference. Only at muc
higherV,; does the condensate fragment into many quasi-independekets, which is
accompanied by a reduction of interference contrast. Tmesesurements show that wh
transport of the condensate is inhibited at modevatehe condensate remains connec
and phase coherent.

Anderson localization, recently observed in atomic BEE arises from single particl
interference which requires that atomic interactions igcéently weak that the condenss
healing length is larger than the disorder length scéléis an interesting atom for thes
studies because the scattering lengtltan be readily varied via a Feshbach resonanct
particular interest is the ability to tuneclose to and through zetoproviding a systemati
way of varying the healing length. We are using this zercssimg to investigate the ro
of weak interactions, both repulsive and attractive, ingresence of disorder.
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