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An atom circuit is the neutral–atom analog of an electric circuit. Atom circuits have high potential for
applications such as precision navigation and metrology. Just as electric circuits need electronic current,
atom circuits need neutral–atom current to realize applications. It is thus important to be able to create a
given amount of flow on–demand. We have recently studied whether and how “smooth” flow can be created
in a certain type of atom circuit by stirring. The signature of smooth flow is a constant phase gradient.
We have modeled atom circuits that consist of a Bose–Einstein condensate (BEC) of sodium atoms confined
in a quasi–2d horizontal plane such as that produced by a red–detuned laser light sheet with a “racetrack”
shaped channel potential in the plane.
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Figure 1: Final phase distributions of a BEC in an L = 50 µm
racetrack potential at a speed such that the barrier makes six
trips around the racetrack in four seconds for 75 different barrier
heights 0.5µ < Vmax < 2.0µ.

The racetrack potential consists of two
parallel straightaways of length L con-
nected by semicircular endcaps of inner
radius Ri and outer radius Ro. The stir-
ring is modeled as a rectangular barrier
whose width is twice that of the race-
track and which always remains perpen-
dicular to the channel. The barrier shape
stays fixed during the stirring. The bar-
rier energy height is ramped up to a max-
imum value over 500 ms, remains at the
maximum energy for another 500 ms, is
ramped off over a further 500 ms and the
system is allowed to evolved for a final
2500 ms.

We performed a systematic study of
the ability of a barrier to produce smooth
flow for a range of racetrack straightaway
lengths, stirring speeds, and barrier en-
ergy heights. The figure shows results for
a racetrack of length L = 50 µm and bar-
rier speed of 1.5 round trips per second
for 75 different barrier energy heights.
Each picture shows the in–plane condensate wave function phase distribution. We found that making smooth
flow is easily possible not only for ring condensate (L = 0 µm racetrack), but also for racetracks with long
straightaways. We found that the final current present 2.5 seconds after the barrier was turned off was
created during the time barrier was a maximum height. Finally we found that the final winding number
produced for fixed racetrack and stir speed was not a monotonic function of the barrier height.

We also modeled the stirring process in an L = 0 µm racetrack with the one–dimensional Gross–Pitaevskii
equation in the frame in which the barrier is at rest (rotating frame). For a given stir speed and barrier
height, only flow states for a range of winding numbers are possible. As the barrier is ramped on, kept
constant, and then ramped off, these states become available to be populated and the dynamics depends
on the details of the turn on and off. The mechanism that produces flow in this model is that a soliton
forms inside the barrier region causing a phase jump across the barrier thus producing the necessary phase
gradient around the ring.


