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Fig. 1 Schematic diagram of probe beam based on polarization balance difference optical path
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probe light wavelength
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Error analysis and suppression of probe system for SERF atomic
spin co-magnetometer
XING Li', QUAN Wei”®, SONG Tianxiao', CAI Qingzhong” ", YE Wen’

(1. Division of Thermophysics and Process Measurements, National Institute of Metrology, Beijing 100029, China;
2. Research Institute for Frontier Science, Beihang University, Beijing 100191, China;
3. School of Instrumentation Science and Opto-electronics Engineering, Beihang University, Beijing 100191, China;
4. Beijing Institute of Space Launch Technology, Beijing 100076, China;
5. Division of Mechanics and Acoustic Metrology, National Institute of Metrology, Beijing 100029, China)

Abstract: The performance of the probe system is the key factor to determine the sensitivity and stability limit
of the spin-exchange relaxation-free (SERF) atomic spin co-magnetometer for inertial measurement. In order to
suppress the low-frequency random noise in SERF auto spin co-magnetometer, the error mechanism model for the
probe system is established based on the steady-state solution of transverse electron spin polarization and optical
rotation angle. The main factors affecting the output signal of the probe system are clarified. According to model
analysis, the initial probe light intensity incident on the vapor cell as the signal background directly causes the
fluctuation of the scale coefficient rather than the electron spins. In addition, the non-ideal linear polarization of probe
light affects the electron spins in a transverse pumping manner and causes a light shift, both of which can cause
measurement error. Aiming at the main parameters affecting the noise, the optimization path has been proposed. The
probe light frequency has been first optimized to increase the scale coefficient of inertial measurement. Then the
transverse pumping rate, light shift, and background fluctuation have been reduced by optimizing the probe light
intensity. According to the analysis of Allan variance, the bias instability of SERF auto spin co-magnetometer is
suppressed by 1.8 times, and the coefficients of rate ramp are reduced from 0.124 (°)/h’ to 0.041 (°)/h’.
Therefore, the effect of reducing the low-frequency random noise in the output signal is achieved.

Keywords: spin-exchange relaxation-free; inertial measurement; probe system; error mechanism; transverse

pumping effect; transverse light-shift; low-frequency random noise

Received: 2021-11-16; Accepted: 2021-12-27; Published Online: 2022-02-1511:01
URL: kns.cnki.net/kcms/detail/11.2625.V.20220214.1617.008.html
Foundation items: National Natural Science Foundation of China (61803015); China Postdoctoral Science Foundation (2021M703049)

* Corresponding author. E-mail: qingzhong_cai@buaa.edu.cn


https://doi.org/10.1103/PhysRevLett.95.230801
https://doi.org/10.1103/PhysRevLett.95.230801
https://doi.org/10.1103/PhysRevLett.95.230801
https://doi.org/10.1103/PhysRevLett.89.130801
https://doi.org/10.1103/PhysRevLett.107.171604
https://doi.org/10.1103/PhysRevLett.120.033401
https://doi.org/10.1103/PhysRevLett.120.033401
https://doi.org/10.1103/RevModPhys.74.1153
https://doi.org/10.1103/RevModPhys.74.1153
https://doi.org/10.1364/OE.27.038061
kns.cnki.net/kcms/detail/11.2625.V.20220214.1617.008.html
mailto:qingzhong_cai@buaa.edu.cn

	1 检测系统误差机理模型
	2 实验与结果分析
	2.1 检测光频率的优化
	2.2 检测光功率的优化

	3 结　论
	参考文献

