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Fig. 1. Experimental scheme. The system has a double-MOT structure, the first MOT produces an

atomic beam, and the second MOT traps the atoms from the atomic beam to form a cloud of atoms.
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Fig. 2. (color online) Experimental sequence: (a) Voltage of quadruple magnetic trap coil; (b) loading of
3D MOT, the black line is the result with push beam, and the blue line is the result without push beam;
(c) power of optical trap beams (1064 nm) (black solid and red solid), the blue dashed line shows the voltage

of quadruple magnetic trap coil.
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Fig. 3. (color online) Plug effect of blue detuning beam
on quadruple magnetic trap: (a) Loss of atoms in mag-
netic trap, the blue solid dots are the results with blue
detuning beam, the black hollow dots are the results
without blue detuning beam; (b) loss rate of atoms in
different temperature, the blue solid dots are the re-
sults with blue detuning beam, the black hollow dots
are the results without blue detuning beam. The inset
is the absorption imaging picture with the blue detun-

ing beam keeping on.
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Fig. 4. (color online) Formation of BEC, the left row shows the optical density distribution of the

atomic cloud, the right row is the absorption images of the atomic cloud, time of flight is 40 ms:
(a), (e) Thermal gas; (b), (f) critical sate; (c), (g) coexisting of thermal gas and BEC; (d), (h) BEC.
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Abstract

A rapid atomic beam of rubidium (¥"Rb) is produced by two-dimensional magneto-optical trap (2D MOT), and then
trapped by three-dimensional magneto-optical trap (3D MOT) with high vacuum for further cooling. After a process
of optical molasses cooling, atoms are reloaded into a magnetic trap, where radio frequency (RF) evaporation cooling
is implemented. The precooled atoms in the magnetic trap are then transferred into a far detuning optical dipole trap,
where Bose-Einstein condensate (BEC) appears by further evaporation cooling. The 3D MOT is loaded to its maximum
within 25 s and then BEC is prepared in 16 s. Due to the linear intensity of magnetic trap, the frequency can be scanned
fast in the RF evaporation cooling process. In our experiment, the frequency scans from 39 MHz to 15 MHz in 6 s
and then scans to 2 MHz in 5 s. The number of atoms in 3D MOT is about 1 x 10'°, and there are 5 x 10° atoms
in the BEC after a succession of cooling processes. To optimize the performances of 2D MOT, a special light path is
constructed. And prisms with high reflectivity are used to reduce the imbalance between opposite propagating cooling
beams. Furthermore, quarter-wave plates are used to keep the polarization state of the cooling beam when reflected by
prisms or mirrors. The atoms are cooled to a temperature about 15 pK in the magnetic trap by RF evaporation. In such
a low temperature, the loss of magnetic trap (Majorana loss) will prevent the atoms from reaching a high density, and
the atoms cannot be cooled further. To reduce the loss rate of the magnetic trap, the far blue detuning light (532 nm,
18 W) is added to plug the zero point of the magnetic trap. In the optically plugged magnetic trap, atoms with high

density are cooled down enough, which gives a good start for the loading of optical dipole trap.

Keywords: two-dimensional magneto-optical trap, quadruple magnetic trap, Majorana loss, Bose-

Einstein condensates
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