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Fig. 1. (color online) Potential curve for magnetically
levitated crossed optical trap with a large volume as a

function of vertical magnetic field gradient.
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Fig. 2. (color online) Potential curve for the magneti-

cally levitated crossed optical trap with a large volume

along the horizontal direction as a function of the ver-

tical bias field, and the OT represents the potential

curve that induced by only the optical trap.
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Fig. 5. (color online) The absorption images of Cs atoms loaded from 3D Raman sideband cooling to the

large volume magnetically levitated crossed optical dipole trap at different magnetic gradients along the

vertical direction.
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Fig. 6. (color online) The absorption images of Cs atoms loaded from 3D Raman sideband cooling to the

large volume magnetically levitated crossed optical dipole trap at different homogeneous bias magnetic fields

along the vertical direction.
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atoms from Raman sideband cooling to Dimple trap;

©

(color online) (a) Direct loading of Cs

(b) loading of Cs atom sample from a large volume
crossed optical trap to Dimple trap; (c) loading of Cs
atom sample to the Dimple trap based on the magneti-
cally levitated crossed dipole trap with a large volume.
Curves on the upper panel are theoretical loading po-
tential curves respectively, while the absorption im-
ages in the lower panel are corresponding experimental

results.
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Abstract

Optical trapping techniques and the ability to tune the atomic interactions both have made the unprecedented

progress in the quantum gas research field. The major advantage of the optical trap is that the atoms are likely to be

trapped at various sub-levels of the electronic ground state and the interaction strength can be controlled by Feshbach

resonance. Optical trapping methods in combination with magnetic tuning of the scattering properties directly lead to

the experimental achievements of Bose-Einstein condensation (BEC) of Cesium, which at first failed by using magnetic

trapping approaches due to the large inelastic collision rate. The rapid loss of cesium atoms due to the inelastic two-body

collisions greatly suppresses the efficient evaporative cooling to obtain a condensate.

For optical production of cesium atomic BEC, it is necessary to prepare a large number of Cs atoms at specified state

in an optical trap for condensation, especially for an efficient forced evaporation cooling. In this paper, we demonstrate
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our research on enhancing the loading rate of the atoms by using a Dimple trap combined with a large-volume optical
dipole trap (reservoir trap). In our work, the cold cesium atoms are prepared by a three-dimensional degenerated
Raman sideband cooling, and then loaded into a large-volume crossed dipole trap by using the magnetic levitation
technique. Effective load of the Dimple optical trap is realized by superposing the small-volume Dimple trap on the
center of the large-volume optical trap. The theoretical analyses are performed for the magnetically levitated large-
volume crossed dipole trap in variable magnetic field gradients and uniform bias fields. Optimal experimental values
are acquired accordingly. The combined potential curve of the Dimple trap, which is superimposed on the magnetically
levitated large-volume dipole trap, is also given. The loading of precooled atoms from Raman sideband cooling into
the magnetically levitated large-volume optical trap is measured in variable magnetic field gradients and uniform bias
fields. Different loading results of the Dimple trap are investigated, including direct loading after Raman sideband
cooling, the large-volume optical trap and the magnetically levitated large-volume dipole trap without anti-trapping
potential. Comparatively, the atomic number density is enhanced by a factor of ~15 by loading the atomic sample from
the magnetically levitated large-volume dipole trap into the Dimple optical trap. The experimental results lay a sound
basis for the further cooling and densifying the atomic cloud through the evaporating cooling stage. This method can
be used to obtain more cold atoms or a large number of Bose-Einstein condensation atoms for atomic species with large

atom mass.

Keywords: magnetic levitation, Raman sideband cooling, Dimple optical trap
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