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Fig. 1. Schematic diagram of the experimental apparatus.
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Fig. 2. The schematic diagram of timing sequence for atomic magnetometer: (a) The data measured in the magnetic field of

10000 nT; (b) expanded version of the curve in Fig. (a).
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Fig. 3. The influence of the design of magnetic compensation on the sensitivity of pump-probe atomic magnetometer: (a) Magnetic

field values without magnetic compensation; (b) magnetic field values with magnetic compensation; (¢) compensation current in the

process of the magnetic compensation; (d) the power spectral density of the magnetic field values in (a) and (b).

FoHh 1 pA, FMEHE M -0.034 mA 4EFE-0.076 mA
I HL Y4 B R AR 100 pA, KM FL B L I 20
RS E R LA BRI 4 N BCE S, IR
AR LA ERANG I AL . RSz 4k
T, REAMER T W E ] T R IR, 1
T 3 B I B T ISR 300 1/ FWR TS, X
IR 43 T LT R

3.2  A[EBIRIER RS hiE- 46N E
[RFEE N REE B 520

TEARAMESET, /35 S Z IR B2912A
FVE L UM A N6705B [ A i £E 8 1 i A
fE 2 L IR AR T AR N B A g Y, fhiz-
o 000 29 5~ A R R 5 A O G &R
WA 4 Frs. A e IR B2912A FREEE ]Ik 1079,
Bt R R RO RS T A SR, AR UL
b dg e S E IR A R (E 2 3R 1 mA,
10 mA, 100 mA, 1 A B, 435X 2 1 nA, 10 nA,

100 nA, 1 pA BHEFEAHEE. X 1 > 100 mA B,
WG SN R AT 290 15 pT /Hz!/2, Xt 7 B 2 PER
A1 pA; 10 mA < T < 100 mA B (& 4 H A
SERGY), WA REE LA 1 pT/Hz /2, KR HL i
YEEE I 100 nA; 24 1 mA < T < 10 mA i, @77
LR LN 0.2 pT/Hz 2, X7 L 23 B R
10 nA. ARLE FHARAEL R 15 Sk [15] Tk
PELAHITR], DRI 0 1 D - T A ) R A% 5 A
B 5 56 2R HEAS 15 SCRik [15] A TA). LI R VR4 A
I N6705B A 4 ™4 E3E , 41858 ] BE A [H
RIS U AL VAR R, S0 v 3 0 — PN LI L TR
RIS 02 N6762A, HA AR S HOE ki i d /b T
0.1 A B, F i/ NV HERZ R 2 pA, it i R
FL P 350000 L 3 0 R AT s . & 4 T R B
U873 BT A N6705B [ bn MELR Bl 1 i A TE 2 HL TR
A R RE 7 ), AE 100 n'T & 10000 nT %6 #%3%
Y0 FB] PN 132 A I 78 I i 0 A1) R AR AR 2
20 pT/Hz'/2, W 5 R[] F F A 2 f i U B2912A
B R E B

024202-4



) 3B 3R Acta Phys. Sin. Vol. 71, No. 2 (2022) 024202

-
& 4100

W 10t _o B2912A

T —a— N6705B <CE
g =
> kS
Jast 110 #
g 1 =
'B’l( \
=

w

0.1 | . .
100 1000 10000

T% /0T

4 3o R e O IR AR B AN 3 5 R T R T AR
REUZ KR

Fig. 4. The relationship between the sensitivity of atomic
magnetometer and the external magnetic field generated by

two current sources respectively.
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Fig. 5. The magnetic field values measured by pump-probe atomic magnetometer when the magnetic field of 5000 nT and 6000 nT

is generated by two current sources respectively.
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Abstract

The stable and reproducible magnetic field generated by a precision current source and a coil is usually
used to calibrate the sensitivity of an atomic magnetometer. The noise of the current source directly determines
the noise of the magnetic field. Therefore a highly sensitive atomic magnetometer can be used to measure the
noise of the current source.

In this paper, a pump-probe atomic magnetometer is used to measure and estimate the noises of two
current sources in a wide range. Firstly, in order to suppress the drift of magnetic field, which is caused by the
drift of the current source or the gradual change of the magnetization of magnetic shielding materials, a method
of implementing the magnetic compensation by using a precision source B2912A with small current is proposed
and realized. The experimental results show that the magnetic compensation significantly suppresses the drift of
magnetic field and reduces the amplitude of the power spectral density of magnetic field values to less than 0.1 Hz,
but have little effect on the amplitude of the power spectral density of magnetic field values more than 0.1 Hz.
Secondly, the relationship between the sensitivity of the pump-probe atomic magnetometer and the noises of
two current sources in a wide range is respectively verified experimentally. When the magnetic field varies from
100 nT to 10000 nT, the sensitivity of the pump-probe atomic magnetometer increases stepwise from 0.2 pT /Hz!/?
to 15 pT/HzY/? by using a precision source B2912A to generate the magnetic field, while the magnetometer
sensitivity is always about 20 pT/HzY/? by using a DC power analyzer N6705B to generate the magnetic field.
When the magnetic field increases from 5000 nT to 6000 nT, the current resolution of B2912A changes from
100 nA to 1 pA, leading the peak to peak of the measured magnetic field to change from 23 pT to 230 pT. In
the same transformation process of the magnetic field, the current resolution of N6705B is always about 2 pA,
causing the peak to peak of the measured magnetic field to maintain at 300 pT. The experimental results show
that the sensitivity of the pump-probe atomic magnetometer is limited by the noise of the magnetic field, thus
the current noise can be estimated by the sensitivity of the pump-probe atomic magnetometer. When the
magnetic field is set to 5000 nT, the current of B2912A or N6705B supplied to the coil is 94.8 mA, while the
noise of B2912A or N6705B is 22.70 nA/Hz'? or 0.39 pA/Hz'/2, respectively. The value of the current noise is
about 20% of the value of the current resolution, which will be given a more reasonable explanation by
combining the data processing process and the calibration details of current source in the future.

Our research is of great significance in calibrating the sensitivity of magnetic sensor, developing the high-

precision current sources, and co-developing the magnetic induction metrology and current metrology.

Keywords: atomic magnetometer, magnetic compensation, the noise of current source, sensitivity
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