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Fig. 1 Experimental setup and the time sequence of FID-type optically-pumped Rubidium atomic magnetometer.

AOMs (AOM1, AOM2, AOM3): acousto-optical modulator; BE: laser beam expander; SAS lock:

Ly

1y

saturation absorption spectroscopic device for laser frequency lock; Offest lock: modulation-free laser frequency
lock based on a confocal Fabry-Perot (F-P) cavity; A/4: quarter-wave plate; A/2: half-wave plate; LP: linear
polarizer; WP: Wollaston prism; L: lens; PDs (PD1, PD2): balanced differential photoelectric detector; NI DAQ:
National Instrument’s data acquisition system. In the time sequence diagram, Tpump from to to t; is the pumping
period of the Rubidium magnetometer to prepare the spin polarization state of Rubidium atoms; Trr from t; to t; is
the transverse AC magnetic field n /2 pulse of the Rubidium magnetometer, which manupulates the spin
polarization of Rubidium atoms; Tprobe from to to t3 is the detection time of the Rubidium magnetometer, which

detects the FID signal of the Larmor precession of Rubidium atoms' spin around the By magnetic field.
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Fig. 2 (a) A typical FID signal; (b) The FID signal after FFT; (c) Measured DC magnetic field values for 6000
sampling periods; (d) The power spectral density (PSD) of magnetic field noise, the sensitivity is 6.5 pT/Hz'? with
analysis frequency range of 1~10 Hz.
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Fig. 3 Model FVM-400 three-axis fluxgate magnetometer from MEDA, USA. Left hand, the instrument panel;
Right hand, the three-axis fluxgate detector head.
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Table 1 Comparison of magnetic fields measured by two methods under the

applied current to the magnetic coil by the constant current source
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% (nT) +3 +8 +12 +13 +12
FID HE5ETFIASH) | 17748.823 | 44419.960 | 88754.509 | 177562.703 | 221984.548
BRI (H) +0.632 +0.914 +0.622 +0.438 +0.425
FID #5s it 2537.057 | 6349.491 | 12686.773 | 25381.220 | 31730.981
(IR 1 (nT) +0.090 +0.131 +0.093 +0.063 +0.061
FID HE5EFIASH) | 277.243 292.438 337.276 394.026 402.823
REFLIR 2 9% (Hz) +2.312 +2.914 +1.906 +1.232 +1.212
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Fig. 4 Relationship between the magnetic field values measured by FID atomic magnetometer and the magnetic
resonance linewidth. The longitudinal sizes of all the data pionts are much larger than the errors of the magnetic

resonance linewidth.
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Fig. 5 (a) Result of the coil constant calibrated by using of an optically-pumped rubidium FID atomic
magnetometer. The coil constant is 126.956 + 0.076 nT/mA. (b)Measurement error of magnetic field of

optically-pumped rubidium FID atomic magnetometer at different current.
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Fig. 6 (a) Result of the coil constant calibration by using a fluxgate magnetometer. The coil constant is 127.3 = 0.3

nT/mA. (b) Measurement error of magnetic field of fluxgate magnetometer at different current.
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Fig. 7 The relationship between the magnetic field B values, calibrated by optically pumped FID Rubidium atomic
magnetometer and the measured B, values by using of the fluxgate magnetometer. The sizes of all the data pionts
are much larger than the errors of the measured magnetic field values. In B = C - B,, the calibration factor C =

0.9967 is obtaied by linear fitting.
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Abstract: Magnetic field precision measurements were widely used in materials diagnosis and research, mineral
resources exploration, magnetocardiography (MCG) and magnetoencephalography (MEG) detection, geomagnetic
measurement, space magnetic field measurement, atomic spin gyro inertial navigation, dark matter searching, etc.
In a magnetic field detection system, to achieve high-sensitivity magnetic field measurement, it is necessary to use
magnetic coils to provide a stable and uniform magnetic field. The magnetic coil constant is the ratio of the
generated magneic field value at the center of the magnetic coil to the applied current. Precise calibration of the
magnetic coil constant is very important for effective suppression of magnetic field noise, compensation of
ambient magnetic field, evaluation of magnetic shielding effect, and calibration of sensitivity of magnetometer.

To precisely measure the magnetic coil constant, we employed two different methods under good magnetic
shielding conditions: the optically-pumped free induction decay (FID) Rubidium atomic magnetometer developed
by ourselves and the commercially available fluxgate magnetometer. A moment-free magnetic coil is placed in the
center of a four-layer permally magnetic shielding. The uniform magnetic field is generated in center of the
magnetic coils by a constant-current source (KeySight, Model B2961A) with low noise and high stability. The coil
constant is measured by the fluxgate magnetometer and the optically-pumped FID Rubidium atomic magnetometer,
and accuracy of the coil constant calibration are compared.

Optically-pumped atomic FID magnetometers employ spin polarization of atomic ensemble and Larmor
precession of the macroscopic magnetic moment around the magnetic field to map the Larmor frequency
information on the probe laser polarization rotation to extract the magnetic field information. Due to its advantages

of high-sensitivity (typical 6.5 pT/Hz'?

with analysis frequency range of 1~10 Hz in our case), high-resolution and
wide dynamic range, it can meet the needs of different fields. In terms of measuring coil constant, the
optically-pumped FID Rubidium magnetometer performs much better than the commercial fluxgate magnetometer
due to its good signal-to-noise ratio (SNR) and high sensitivity, and the magnetic field values can be accurately
obtained. The coil constant measured by the optically-pumped FID Rubidium atomic magnetometer is 126.956 &
0.076 nT/mA , and that measured by the fluxgate magnetometer is 127.3 == 0.3 nT/mA. Clearly the coil constant
value measured by the optically-pumped FID Rubidium atomic magnetometer is much more accurate than that
measured by the fluxgate magnetometer, because the former’s sensitivity is much better and the former one has no
zero point drifing.

The optically-pumped FID Rubidium atomic magnetometer has much better sensitivity and does not need to
be calibrated during magnetic field measurement, because it does not have the problem of zero point drifting.
Therefore, the optically-pumped FID Rubidium atomic magnetometer can be used to calibrate the commercial
available fluxgate magnetometer. We compare the magnetic field values measured by our optically-pumped FID
Rubidium atomic magnetometer with that of the commercial fluxgate magnetometer, and obtain the calibration
coefficient of 0.9967.

Keywords: Magnetic coil constant; Atomic magnetometer; Fluxgate magnetometer; Larmor frequency; Free
induction decay (FID)
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