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Fig. 1 2D-MOT total optical path diagram and energy diagram. (a) Diagram of total optical path model for 2D-MOT;

(b) D, line energy diagram of Rb-87 atom
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Fig. 2 Footprint diagrams of 2D-MOT light path. (a) Light spot size of cooling repumping beam in center of 2D-MOT;

(b) light spot size of buffer beam in center of 2D-MOT; (c) light spot size of push beam at differential pipeline;

(d) divergence angle distribution of cooling repumping beam; (e) divergence angle distribution of buffer beam
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Fig. 3 MTF diagrams. (a) Cooling repumping beam; (b) buffer beam
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Fig. 4 Spot diagrams. (a) Cooling repumping beam; (b) buffer beam
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Fig. 5 General structure drawing and profiles of 2D-MOT optical machine. (a) Structural diagram of 2D-MOT optical

machine; (b) optical-mechanical profile for cooling repumping beam; (c) optical-mechanical profile for push beam;

(d) optical-mechanical profile for buffer beam
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(¢) sequence diagram of cooling repumping beams
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Fig. 7 Normalized loading atom number in 3D-MOT with normalization factor of 9X10°. (a) Atomic loading curves in

3D-MOT; (b) fitting line of loading rate with push beam; (c) fitting line of loading rate without push beam
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Beijing 101408, China

Abstract

Objective An optical system is one of the key systems of the space ultra-cold atomic physics experimental platform
for laser cooling, state preparation and detection of atoms, as well as evaporative cooling and deep cooling
experiments based on optical traps. The optical system is mainly composed of laser, optical platform and optical-
mechanical system. The optical-mechanical system is a key component installed in the physical subsystem for
shaping, alignment, imaging, and polarization control of the incident laser. In this paper, a two-dimensional (2D)
magneto-optical trap (MOT) optical-mechanical system of the space ultra-cold atomic physics experimental platform
is proposed for the preparation and pre-cooling of ultra-cold atoms. The main purpose is to generate a high-flux cold
atomic beam through two-dimensional magneto-optical trap (2D-MOT) lateral pre-cooling and thus to improve the
atomic loading rate of a three-dimensional magneto-optical trap(3D-MOT).

Methods The laser system of our quasi-2D MOT includes cooling beams, repumping beams, push beam, and buffer
beam. To ensure an excellent optical performance, the Zemax software is applied to design and optimize this optical
system with the root mean square (RMS) radius of the point diagram of the imaging system less than that of Airy spot
and the modulation transfer function (MTF) of the optical system very close to the diffraction limit transfer function.
Further, the Solidworks software is used to complete the simulation design of the miniaturized optical-mechanical
structure with a high stability performance. We also propose a V-GROOVE optical fiber design scheme to let four-way
beams input into one optical port at the same time, which further improves the integration of all optical components.

Results and Discussions In this paper, the optical design software Zemax is used to simulate the optical path
required by a 2D-MOT for the optical-mechanical system of the space ultra-cold atomic physics experimental
platform. From the footprint diagram, it can be seen that the light spot size of a long window cooling repumping
beam is 13.10 mm, and the divergence angle is 0.39 mrad. The light spot size of a short window cooling repumping
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beam is 13.27 mm, and the divergence angle is 0.41 mrad. The light spot size of a buffer beam is 10.00 mm, the
divergence angle is 0.13 mrad, and the focal spot size of a push beam at the differential pipeline is 2.02 mm (Fig.
2). The imaging quality of all channels of light is evaluated by the modulation transfer function and the point
sequence diagram. The root mean square radius and the geometric radius of the point sequence diagram of the
imaging system are both smaller than those of the Airy spot, and the modulation transfer function of the optical
system is very close to the diffraction limit transfer function, indicating that the system had an excellent optical
performance (Figs. 3 and 4). The V-GROOVE fiber scheme and other optical-mechanical structures simulated by the
Solidworks software also meet the requirements of few optical components, short total optical path, small volume,
low power consumption and light total weight, greatly improving the integration of all optical components (Figs. 5 and
6). Finally, the atomic loading rate of 1.89 X 10*/s in the 3D-MOT is achieved.

Conclusions  This paper presents a method for system design and core device selection, a physical optical-
mechanical system is developed for the realization of a rubidium potassium hybrid two-dimensional magneto-optical
trap, and the system analysis and experimental verification are carried out. The results show that the light spot size
of a long window cooling repumping beam is 13.10 mm, and the divergence angle is 0.39 mrad. The light spot size
of a short window cooling repumping beam is 13.27 mm, and the divergence angle is 0.41 mrad. The light spot size
of a buffer beam is 10. 00 mm, and the divergence angle is 0.13 mrad. The focal spot size of a push beam at the
differential pipeline is 2.02 mm. The root mean square radius and the geometric radius of the imaging system are
both smaller than those of the Airy spot, and the modulation transfer function of the optical system is very close to
the diffraction limit transfer function, indicating that the system has an excellent optical performance. The
V-GROOVE design scheme of an optical fiber is proposed to let the four-way beams input optical port at the same
time, and the overall physical optical-mechanical structure design also meets less parts used in an optical group, short
total optical path, small volume, low power consumption, and light total weight, greatly improving the integration of
all optical components and at the same time promoting atomic capture efficiency and the quality of the groups. The
atomic loading rate of 1.89 X 10*/s in the 3D-MOT is achieved.

Key words quantum optics; two-dimensional magneto-optical trap; laser cooling; atomic loading; Zemax software;
Solidworks software
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