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Fig. 1. Schematic of the multi-frequency pushing laser experimental setup. It includes a laser detuning setting module, a multi-fre-

quency laser generation module, and a cold atom transfer module. M: mirror; QWP: quarter-wave plate; AOM: acousto-optic modu-

lator; PBS: polarizing beam splitter; HWP: half-wave plate; FR: Faraday rotator; EOM: electro-optic modulator.
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Fig. 2. Beat signal between the EOM-modulated laser
and the reference laser at different RF power: (a) 8 dBm;
(b) 20 dBm.
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Enhanced cold atom transfer in a double magneto-optical
trap using a multi-frequency pushing laser”
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1) (Institute of Quantum Precision Measurement, State Key Laboratory of Radio Frequency Heterogeneous Integration,
College of Physics and Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China)
2) (Laboratory of Quantum Engineering and Quantum Metrology, School of Physics and Astronomy,
Sun Yat-Sen University (Zhuhai Campus), Zhuhai 519082, China)

3) (Quantum Science Center of Guangdong-Hong Kong-Macao Greater Bay Area (Guangdong), Shenzhen 518045, China)

( Received 20 January 2026; revised manuscript received 13 February 2026 )
Abstract

The dual magneto-optical trap scheme, which combines a two-dimensional magneto-optical trap (2D MOT)
and a three-dimensional magneto-optical trap (3D MOT), has been widely used in quantum simulation,
quantum computing, and quantum precision measurement. Enhancing the transfer efficiency of cold atoms in
the dual MOT scheme remains one of the most critical challenges. The cold atom cloud in a 2D MOT adopts an
elongated shape owing to the two-dimensional confinement. The Doppler broadening caused by the velocity
distribution of cold atoms siginificantly exceeds the natural linewidth. Therefore, when a single-frequency laser
is used, it can only push cold atoms within a specific velocity range, which limits the overall efficiency of cold
atom transfer.

We propose and experimentally demonstrate a cold atom transfer scheme that employs a multi-frequency
pushing laser. The scheme utilizes an electro-optic modulator (EOM) to modulate a single-frequency pushing
laser, and the generating multi-frequency pushing laser is capable of effectively transferring atoms with a broad
velocity distribution. By employing this scheme, the effects of the pushing laser power, pushing laser detuning,
and the RF power driving the EOM on the atom number and loading rate in a 3D MOT are systematically
investigated. The experimental results demonstrate that employing a multi-frequency pushing laser can
significantly increase the atom number in the 3D MOT. With the same pushing laser power, the atom number
is increased by up to 40%. Multi-frequency pushing lasers primarily enhance atom loading by expanding the
range of atomic velocity groups subjected to effective resonant interaction and increasing the proportion of
atoms that can be captured by the 3D MOT, without significantly altering the optimal loading conditions of the
3D MOT.

Our proposed scheme is easy to implement and requires minimal modifications to existing experimental
systems. If combined with integrated optoelectronic technology to generate a customized multi-frequency
pushing laser that matches the velocity distribution of cold atoms in a 2D MOT, this approach will further
enhance the transfer efficiency of cold atoms in a dual MOT apparatus and substantially reduce the preparation
time of cold atoms. The proposed multi-frequency pushing laser scheme not only facilitates more efficient
preparation of cold atoms, but also contributes to the development of fields such as cold atom physics and
quantum precision measurement.

Keywords: cold atom, magneto-optical trap, atom transfer, multi-frequency pushing laser, electro-optic modulator
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