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Fig. 1. Schematic diagram of transitions in atoms within different frequency ranges.
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Table 1. A set of values measured by a cesium magneto-

meter before the gyromagnetic ratio is calibrated.
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3 60394.41 60382.68 —-11.73 1.94
4 70375.19 70362.33 —12.86 1.83
5 80359.64 80344.38  —-15.26 1.90
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Table 2. A set of values measured by a cesium magneto-

meter after the gyromagnetic ratio is calibrated.
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Fig. 2. Measurements of reproduced magnetic field noise by a cesium magnetometer and a pump-probe rubidium magnetometer:

(a) The dependence of magnetic field strength and noise on coil current; (b) the magnetic field values measured by a pump-probe

rubidium magnetometer when the current source outputs a current of 90 mA or 110 mA.
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Fig. 3. Suppressing noise and drift in reproduced magnetic

fields using cesium magnetometer.
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based on quantum magnetometer2.

5 HREEAT R Rl A E

i i A 55 G DN A 40 A B AT BRI
AT AT SR B I T % P AR R0 35-361 it o s 0
g BT8R B 5 AR R e ) AR A R G
P (1042 SRR, A R S A4 R A A
AR | R 5 2 0 T e R 0 X BT S ot e
AT A BRAE R MAGR R R H o A i A A
LB MR R 2 TR B e v A ) R W SR

060804-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 75, No. 6 (2026) 060804

a
(a) ol %
—— 3
+4
—20r — 5
—« 6
+7
< —40f —— 8
f —— 9
e r —— 10
2 _eof 90 — 11
10.0%
780.
10.5
—100F 90 92 94 96

0 100 200 300 400 500 600
I} 1a) /s

Bl 5 HL I BNAE 0.001—100 pA T8 BBl PN U LU A Y SR 45

il 32 -G 0 7 0 L e DM A5 B 3

(b) 500.002 |

[500.000 (¥4 A olagon J°

499.998}F )
90f 92 94 96

500.00

0 100 200 300 400 500 600
Isf1a] /s

(a) B2912A WL Uit YR HY A RME2 L IREAEL; (b) HEL VR HUERASC T AR A

Fig. 5. Experimental results of the current comparator in the range of 0.001—100 pA: (a) Compensation current values output by

B2912A current source; (b) the magnetic field values measured by a pump-probe rubidium magnetometer during the operation of

the current comparator.
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Fig. 7. Experimental results of measuring the coercivity of a soft magnetic sample at different temperatures using a pump-probe ru-

bidium magnetometer: (a) Curves measured by the magnetometer; (b) hysteresis loops of the soft magnetic sample; (c) coercivity of

the soft magnetic sample; (d) bias of the hysteresis loop.
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SPECIAL TOPIC— Applied magnetism

Applications and prospects of quantum magnetometer in
electromagnetic measurement”

MIAO Peixian? SHI Yanchao  CAI Zhiwei YANG Xuhong XU Zihan
TU Jianhui  CHEN Jiang YANG Wei

(National Key Laboratory on Vacuum Technology and Physics, Lanzhou Institute of Physics, Lanzhou 730000, China)

( Received 29 November 2025; revised manuscript received 6 January 2026 )

Abstract

The researches on measuring constant magnetic field, DC current and soft magnetic sample’s coercivity by
using atomic magnetometers are reported in this article. The accuracy and stability of the above measurements
are also discussed.

The indication values of proton magnetometers and atomic magnetometers are directly proportional to the
magnetic resonance frequency or Larmor precession frequency, and inversely proportional to the gyromagnetic
ratio v of protons or atoms. For the accuracy calibration of magnetometers, if the frequency measurement
accuracy is high enough by using the atomic frequency standard technology, the calibration of proton
magnetometers and atomic magnetometers will be transformed into the calibration of the gyromagnetic ratio v
of the working medium. The self-developed cesium magnetometer is calibrated in the magnetic induction
intensity reference device. When the value of 7/2m is set to 3.49857 Hz/nT, the standard magnetic field
increases from 40.5 to 80.4 p'T, the error between the indication of the cesium magnetometer and the standard
magnetic field measured by the proton magnetometer increases from —7.68 to —15.26 nT, and the ratio of the
absolute value of the indication error to the standard magnetic field is about 1.9 x 10°%. After modifying the
value of 7/2w from 3.49857 to 3.49791 Hz/nT in the cesium magnetometer’s software, the indication error is less
than 1 nT in the range of 40.5-80.4 pT, and the ratio of the absolute value of indication error to the standard
magnetic field is less than 1.0x107°.

For the stability calibration of constant magnetic field and DC current, it is recommended to use self-
excited oscillation cesium magnetometer or pump-probe atomic magnetometer, which can accurately measure
the noise of reproduced magnetic field or reproduced current and avoid noise measurement distortion. We have
verified the measurement capability of cesium magnetometer and pump probe rubidium magnetometer to
measure magnetic field noise jumps by switching the B2912A current source range. We also use a phase-locked
loop consisting of a magnetic shielding tube, magnetic field coil, voltage controlled current source, crystal
oscillator, cesium magnetometer, and phase detection circuit to suppress the noise of reproduced magnetic field.
When the magnetic field reproduced by the phase-locked loop is 12261.5 nT, the ratio of peak-to-peak value to
the reproduced magnetic field reaches 3.3x1077, and the noise of the reproduced magnetic field is 0.1 pT/Hz"/?
at 1 Hz.

To ensure traceability and accurate transmission of current values by using quantum magnetometers, the
calibrations of the gyromagnetic ratio of the working medium and the coil coefficient are important metrological

tasks. It is necessary to study and develop calibration specification for calculating coils or improve the
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calibration specification for constant magnetic field coils.

The coercivity of a soft magnetic sample is measured by a pump-probe rubidium magnetometer. When the
temperature of the soft magnetic sample increases from 100 to 300 K, the coercivity decreases from 58.59 to
41.02 A/m, and the bias of hysteresis loops fluctuates around 5 A/m. When the temperature of the soft
magnetic sample is 300 K, the coercivity is measured repeatedly ten times, and the measurement reproducibility
is expressed as 0.17% by relative standard deviation. Related methods have the potential to be applied in the
characterization of magnetic properties of soil and rock samples, as well as in satellite magnetic cleanliness
control, among other applications.

The precision of high-resolution aero magnetic measurement in Criterion of Aeromagnetic Survey is better
than +1 nT. When drawing a large-area geomagnetic reference map, multiple sets of UAV aeromagnetic
measurement systems need to be used simultaneously. The consistency of output values from multiple atomic
magnetometers directly determines the accuracy of subsequent geomagnetic reference map splicing and
processing. We suggest that the calibration of the working medium gyromagnetic ratio should be added to the
proton magnetometer or atomic magnetometer calibration specification.

This article provides ideas and references for the research, development, and updating of calibration

specifications and standards related to electromagnetic measurement.
Keywords: atomic magnetometer, magnetic field measurement, current measurement, Larmor precession
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