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Measurement method for relaxation time of Rb-Xe spin exchange
system based on dark state sweeping method

Qian Tianyu',Zheng Jintao' , Xiong Zhigiang”, Luo Hui', Wang Zhiguo'
(1. College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China;
2. Huaguan Technology Co., Lid., Changsha 410073, China)

Abstract; In the ¥ Rb-"Xe spin exchange system, the accurate measurement of the relaxation times of ¥ Rb and'*Xe is crucial for
applications related to nuclear magnetic resonance gyroscopes and magnetometers. In response to this requirement, the influences of
pump light and excitation magnetic field on® Rbrelaxation time, as well as the spin exchange processes of ¥ Rb and 'Xe in the dark
state, are analyzed. Based on theoretical analysis, a dark state sweep frequency measurement method is proposed. The measurement of
longitudinal relaxation time of ¥Rb and '"®Xe is achieved. The transverse relaxation time and longitudinal relaxation time of ¥Rb
measured using this method are 1.36 and 5. 18 ms, respectively. The longitudinal relaxation time of '*Xe is 519 s, whose R-squared is
0.999 9 which has a very high goodness of fit. Compared with previous measurement methods, the dark state sweep method can
completely eliminate the influence of magnetic field gradient caused by pump light, and has the advantages of high accuracy and easy
operation. This article has high reference value for the performance analysis and calibration of nuclear magnetic resonance gyroscopes and
magnetometers.
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