3He absolute magnetometer in the geomagnetic range
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Absolute magnetic-field measurement (AMFM) in the geomagnetic range is important for mag-
netometry studies such as Earth’s magnetism investigations [1]. Both 3He and proton are
suitable for AMFM due to their highly accurate gyromagnetic ratios [2]. However, AMFM in
the geomagnetic range based on *He has not been achieved since the systematic error caused
by RF (Radio Frequency) disharge is difficult to estimate [3]. In this work, we eliminate the
influence of RF discharge based on spin exchange theory. Within 50 pT, our approach achieves
a magnetic induction measurement accuracy of 26 pT (within a 68 % confidence interval, 0.52
ppm). Atomic densities and relaxation rates of the ground state and the metastable state in
the cell are measured with an reletive uncertainty of 0.08 %. Such a measurement scheme can
be applied in other cells involving spin exchange like Cs—*He [1].
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Figure 1. (a) The configuration of the FID magnetometer based on *He. (b) The
measurement and the fitting of the FID signal of 3He. (c) The measured metastable state
atomic densitiies ny, and relaxation rates I'e under different RF powers. (d) Precession
frequencies of *He before and after the elimination of spin exchange shift.
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