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Fig. 1. (color online) Schematic setup for rubidium atomic magnetometer.
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Fig. 2. (color online) The effects of excitation magnetic field in different duration time: (a) Duration of

10 ms; (b) duration of 0.1 ms.
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the magnetic field of 10000 nT; (c) expanded version of the curve in Fig. (b).
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Fig. 5. Measurement range of the atomic magnetometer.
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in 300 s; (d) analysis of noise power spectrum density based on magnetic field values in Fig. (c).
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Abstract

We report a rubidium atomic magnetometer based on pump-probe nonlinear magneto-optical rotation. The rubid-
ium vapor cell is placed in a five-layer magnetic shield with inner coils that can generate uniform magnetic fields along
the direction of pump beam, and the cell is also placed in the center of a Helmholtz coil that can generate an oscillating
magnetic field perpendicular to the direction of pump beam. The atoms are optically pumped by circularly polarized
pump beam along a constant magnetic field in a period of time, then the pump beam is turned off and a /2 pulse of
oscillating magnetic field for 8Rb atoms is applied. After the above process, the individual atomic magnetic moments
become phase coherent, resulting in a transverse magnetization vector precessing at the Larmor frequency in the mag-
netic field. The linearly polarized probing beam is perpendicular to the direction of magnetic field, and can be seen as
a superposition of the left and right circularly polarized light. Because of the different absorptions and dispersions of
the left and right circularly polarized light by rubidium atoms, the polarization direction of probing beam rotates when
probing beam passes through rubidium vapor cell. The rotation of the polarization is subsequently converted into an
electric signal through a polarizing beam splitter. Finally, the decay signal related to the transverse magnetization vector
is measured. The Larmor frequency proportional to magnetic field is obtained by the Fourier transform of the decay
signal. The value of magnetic field is calculated from the formula: B = (21/v)f, where v and f are the gyromagnetic
ratio and Larmor frequency, respectively. In order to measure the magnetic field in a wide range, the tracking lock mode
is proposed and tested. The atomic magnetometer can track the magnetic field jump of 1000 nT or 10000 nT, indicating
that the atomic magnetometer has strong locking ability and can be easily locked after start-up.

The main performances in different magnetic fields are tested. The results show that the measurement range of
the atomic magnetometer is from 100 nT to 100000 nT, the extreme sensitivity is 0.2 pT/Hzl/ 2. and the magnetic
field resolution is 0.1 pT. The transverse relaxation times of the transverse magnetization vector in different magnetic
fields are obtained, and the relaxation time decreases with the increase of the magnetic field. When the measurement
range is from 5000 nT to 100000 nT, the magnetic field sampling rate of the atomic magnetometer can be adjusted in a
range from 1 Hz to 1000 Hz. The atomic magnetometer in high sampling rate can measure weak alternating magnetic
field at low frequency. This paper provides an important reference for developing the atomic magnetometer with large

measurement range, high sensitivity and high sampling rate.

Keywords: atomic magnetometer, nonlinear magneto-optical rotation, sensitivity, magnetic field

sampling rate
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