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Superfluid transport is one of the hallmarks of Bose-Einstein condensation.  Landau showed that 
superfluid transport is dissipationless for velocities below the speed of sound, a result now known 
as the Landau criterion.  We have explored superfluid flow of a weakly-interacting Bose-Einstein 
condensate in the presence of disorder or a single Gaussian defect, either a barrier or a dip [1].  
Disorder is known to play an important role in the transport of particles in a variety of contexts, 
including electronic materials, granular superconductors, and liquid helium in porous media. 

A condensate of 7Li is confined in a highly elongated trap formed by a focused far-detuned laser 
beam.  By suddenly displacing the center of this potential axially the condensate begins to 
oscillate with the characteristic axial frequency of a few Hz.  The disorder potential is formed 
from optical speckle, while the Gaussian defect is created from a cylindrically-focused laser beam 
that passes through the axial center of the trap, at right angles to the axial direction.  Due to the 
versatility afforded by this experimental setup, the main parameters of the system are readily 
tunable:  disorder or defect strength via their laser intensities, condensate velocity via the initial 
amplitude of oscillation, and interatomic interactions via a Feshbach resonance [2].  It is even 
possible to explore the effects of 1D vs. 3D confinement. 

Our main experimental result is the confirmation of the Landau criterion under variation of these 
parameters, as long as the criterion is applied locally, that is, the speed of sound must properly 
account for the inhomogeneous distribution of density for a trapped condensate.  Our 
measurements of the dissipative damping rate help us to understand the underlying damping 
mechanisms.  In the case of single defect potentials, we have directly observed the creation of dark 
solitons and confirm the importance of this mechanism. 

While the previously described experiments were performed with repulsive condensates, we have 
also studied the interaction with matter-wave solitons formed from a Bose condensate with 
attractive interactions incident on a single potential barrier.  We find that the barrier height can be 
adjusted to give total reflection, transmission, or partial reflection/transmission.  In the latter case, 
the soliton splits with a part transmitting through the barrier, while the rest is reflected.  After a 
half period, the two parts meet again at the barrier.  In a preliminary experiment, we have observed 
that they recombine onto a single side of the barrier, and continues to oscillate.  Whether this is 
coherent recombination or not is being investigated by more experimentation.  If it is coherent, 
this setup contains all the ingredients of an atom interferometer. 
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