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Bose-Einstein condensates in 1D can support both dark (local minima in the wave function) and bright (local maxima) solitons depending on whether the interactions are repulsive or
attractive, respectively. Previously, we have demonstrated that a robust configuration of multiple solitons is created during the collapse of 85Rb condensates[1]. Confined in a
cylindrically symmetric trap, the solitons were observed to oscillate along the weaker axial direction repeatedly colliding in the trap centre. Detailed analysis of binary soliton collisions
using the Gross-Pitaevaskii equation (GPE) shows that the stability of these collisions depend critically on the relative phase and velocity of the solitons[2]. Moreover, the GPE results
suggest that the solitons must form with a relative phase of π to ensure their observed stability[2]. However, new theoretical work suggests that the inclusion of quantum fluctuations
causes the soliton dynamics to be predominantly repulsive in 1D independent of their initial relative phase[3]. We report the development of a new apparatus designed to resolve this
question and to explore the application of solitons in atom interferometry and precision measurement through the study of atom-surface interactions and quantum reflection.

Interactions in Bose-Einstein condensates

Probing atom surface interaction using solitons

Atomic interactions in BEC are accurately described in a mean field model by a self
interaction energy that depends only on the number density and the s-wave scattering
length a. The macroscopic wavefunction satisfies a non-linear Schrödinger equation,
known as the Gross-Pitaevskii equation (GPE):
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Feshbach resonances permit the precise control of the s-wave scattering length and can
be used to trigger the collapse of the condensate[4] and the formation of bright matterwave solitons[1,5].
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Bright soliton solution for attractive interactions (a < 0) in 1D:
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Binary soliton collisions: population

Quantum reflection from solid surface

transfer[2]

Previously, we created two solitons that oscillated along the weaker axial direction of a
cylindrical trap repeatedly colliding in the trap centre[1]. Within the GPE model, the
observed stability can only be explained by a π relative phase between the solitons[2].
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Traditional experiments achieve appreciable reflection by:
Weak potential: H,He on He surface[8,9]
Ultracold atoms offer new possibilities
Low velocity: Grazing incidence[10]
Quantum reflection of a 23Na BEC
on a Si surface. After reflection the
BEC is disrupted[11].
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Quantum reflection requires the local wave vector to change by more than k over a
distance of 1/k:
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Simulations of solitons predict a
clean reflection without changing of
shape[12].
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Intermediate phases show asymmetric density distributions and a transfer of population
between solitons that depends sensitively on the relative phase and velocity[2].
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New theoretical work suggests that the inclusion of
quantum fluctuations leads to predominantly repulsive
soliton collisions independent of the initial relative phase[3].
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Using an adjustable optical trapping potential to control the
soliton velocity and phase imprinting[6] to alter the relative
phase, we plan to engineer controlled binary collisions to
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Collaborators: Andy Martin, Melbourne University, Australia. Nick Parker, McMaster University, Canada. Mark Fromhold, Nottingham University, UK.
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