Interacting atoms under strong quantum confinement
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We will discuss the effects of interactions on confined ultra-cold atoms. The marked effects
will be clarified for three situations that are of interest for experiments with Bose-Einstein con-
densates near a collisional Feshbach resonance[l] and possible uses in Quantum computing[2].

First we present energy level shifts of a tightly-confined trapped alkali atom in the presence
of a second trapped atom[3]. Using a microscopic description of the interaction energy between
the two atoms, we present results for two sodium and two cesium atoms confined in a spher-
ically symmetric harmonic optical trap. We show that for Na where the scattering length is
small compared to the size of realistic optical traps the effect of the interaction can be quan-
titatively described by a (regularized) delta function potential with a strength proportional to
the scattering length. For cesium, however, the scattering length is large and the delta function
potential is inadequate in describing the energy level shifts.

Secondly, we have calculated the time-dependent dynamics of two ultra-cold Na atoms in an
atom trap where a time-dependent magnetic field B(%) moves a Feshbach resonance state across
the energy threshold for a binary collision[4]. Our coupled channels scattering calculations,
which reproduce the observed properties of such resonances in sodium atom collisions, can be
reduced to an effective two-channel configuration interaction model for one bound state and
one continuum. The model is adapted to describe the time-dependent dynamics induced by
B(t) for two atoms trapped either in a strongly-confining single well of an optical lattice or
in an optical potential in the presence of a Bose-Einstein condensate. We show that a simple
Landau-Zener curve crossing model gives quantitative agreement with exact calculations of
field-induced transition rates. If B(t) sweeps the resonance across threshold from above, two
atoms in the ground state of the trap potential can be efficiently converted to translationally
cold dimer molecules. If the resonance is swept from below, the atoms can be removed from the
ground state and placed in hot vibrational levels of the trap. Our calculations reproduce the
rapid atom loss rates observed in a Na Bose-Einstein condensate due to sweeping a Feshbach
resonance state through the binary collision threshold.

Finally, the confining potentials of individual atoms need not be overlapping or even har-
monic. Unlike for a spherically symmetric harmonic trap, the center of mass motion now
couples to the relative motion and the system quickly becomes numerically intractable. We
present preliminary calculations for one-dimensional rubidium that attempts to include inhar-
monicity and effects of non overlapping wells.
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