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A high sensitivity cesium atomic magnetometer with a wide
operating temperature range
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2. School of Electronic, Electrical and Communication Engineering, University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract : A high sensitivity cesium atomic magnetometer with wide temperature characteristics is developed to meet the magnetic anomaly
detection application requirements on an airborne platform. The problems of existing sensors such as small operating temperature range
and easy magnetic field lock-out at low temperature. The temperature feedback mechanism is utilized to compensate the excitation source
of the cesium atomic lamp in real time, and the atomic magnetic sensor’s stability and working temperature range is improved. The
stability of the output optical power of cesium atomic lamp is increased from 2. 10 ( standard deviation) to 0.62, and the operating
temperature range of the sensor is increased from —20°C ~ 60°C to —50°C ~70°C. The design and parameter optimization of cesium
atomic magnetic sensor are presented, which are based on low-noise cesium atomic lamp and a cesium vapor cell with a narrow
bandwidth. A prototype of high sensitivity cesium atomic magnetometer is developed. Test results show that the cesium atomic
magnetometer prototype’s measured sensitivity in the geomagnetic background is around 140 fT/ +/Hz @ 1 Hz, which is better than that of
comparable worldwide commercial items ( Geometrics G-824A cesium atomic magnetometer ) .
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Fig. 1 Schematic diagram of the sensor probe
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Fig.2 Principle of cesium atomic magnetometer
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Fig.3 Temperature feedback mechanism of Cesium lamp
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Fig.4 Simulation of longitudinal relaxation time of Cesium

atoms under different buffer gases
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Fig.7 Measurement of intrinsic relaxation time of

Cesium atomic absorption cell
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Fig. 12 The test result of of Cesium lamp’s noise

WE 13 iR, 54 8 TR RGN AE (1.5 V)
TEOL  REIEHREE TE 55 RN B (E R R 2= T AE R
T C RN . W& TARRE T &, = FH A
DA, (H AR B o5 A A [, i LR 42 96 20 7% 48°C 3k
BERAMAE 155 IR ETE 54°C IRE f A AE, M0 B Feft A
Jg52°C, MRHEI(5) , Hede 3 A TAE IR o506 I A A4
RN, Nk 2 iR, ATUL,7E 52°C TARIRIE T, 1518k
PRI AR R, 290 108. 4 T/ VHz , 5 B E &AM T
VEIREE A —3K

Fa4%
o A BEFLIRERTE . 152
280} /f{ér o . .
= fESIEAE 148
N 260 8T {44 >
jas} u £
7" a 27 {40 =
gﬁé 240 R p A ‘;%
# ]6 F 36 4
& ol 1 st s 32
) A
e 28
200

39 42 45 48 51 34 57 60
TR/ C
K13 BEIARA S XA SRS TARREE G R
Fig. 13 Magnetic resonance linewidth and signal amplitude

depend on different operating temperatures

F2 AEIERE TH#ERSEREE
Table 2 Magnetometer sensitivity depends on different

operating temperatures

TAEREE  REIHRASE  (FS5 IR Bl REE
/C /Hz /mW /AU /(£1/ +/Hz)
48 210 46. 10 4.56 117.1
52 215 51.00 4.22 108. 4
54 220 51.58 4.26 109.7

B 14 25 T EECE TARIREE (52°C) —E BT,
JR TR RS RESARER T (5 5 MR (EL AN B AE A2 AN 5] S 1
TlEE T A E O, o] L, B3R PR R v AVE S iR E Y
Wit 2 157 s 7 W (L %) 386 KT 3 K, B D00 25 A7 76 S /IMEL
M RREANRE A 1.8 V B (LA IR e R U, 24
7 100. 3 1T/ /Hz 3% TAE 85 B e/ IMEXT R 1) [ 152 1
H—3%,

320[ —a— mistiRASE a6

o P AN 6.0
300F o fraump e 156
280} Ve
N A S 12 > 554
T 260F N\ A - E
B . Vs {48
K 240+ /A i IE 5.0
Vadi 44
=8 S00L A/ N e S 440 4.51

PIE /AU

A o 36
180 ‘él ..... » 404
160 432
1.0 1.5 2.0 25 3.0

SRR /Y
K 14 IR TE NG S IRIES RS R

Fig. 14 Magnetic resonance linewidth and signal amplitude

depend on different feedback magnetic fields

TESERUE RAS S8R G |, B bR HERE 37 70 AR 2%
B (H5 LC-CPBT-W7) Xt 4 J& T 1 A% ik 28 A ML 1Y R A



9

FUIEHS G5 — P L T AR IR Y P A e SRR R T A R 127

FESEAT T 92 PR, T BRI R P O T AL A Y [ A
WP A AR SO A7 5, e A AR SG Ak B
AR PR I R AR, DA Sk T Al g A% SR i 1 M
PR MRS S 15 s 505k S T bR HERE 7
ASEE IS IXA, HL T BT T B i 1 A, AR I A o
%4570 50 000 nT,

o R Y
| GEEEHTH,
] | zzeseeeet
X RS
w5

K15 fRRGE RN 5t

Fig. 15 Scenario of magnetometer sensitivity testing

MERZE R ANE 16 FrRs 2T 5 8%k 1 fl
Rk 2 1 H DR 2R, PRGN PR S A8 H M G JE rY T
Figdh gk, T W AE 1 Hz &b, /B RS0 R BT 4N
140 {T/ +/Hz , 855 5§ TR FH 0 ] 422300 38 Jr vk BE AR AH
AF o S5 SR A T ) 42 ik %) 32 8 D IR T g B
iR ARG 2%, B G RE SO IR B 75 58 AT R

O o

o ~ PR i

| L ~ B2 H TR
102* P

*

B /(pT/sqrt(Hz))
=

100 Wy 3

o,
140fTAFZ@1 HZMM

107 10" 10°

K16 4 Jir mfe et RIS,

Fig. 16 Results of magnetometer sensitivity testing

%

3 & i

AR SCEF X ZS R 0 57 FH 75 3R, R FH R R s ML o e
PR S KT ICIR TC 1 AR B4 ) R, $2 0 0 ol T — b
W AR L S L % e 2R e A R A TR . &t
L AR 1Y T AR IR V5 FlA #1]-50°C ~ +70°C , TARIR TS
FEL P9 6 4T o HH O T SR AR E R R 2. 10 (A 2E) 2 T
20.62, 7F 50 000 nT T 5tHEL T, 4o 51 R AL A8 52
W R A E TS 140 1/ VHz @ 1 Hz, 38R/ E00 T B B E b
B St BT =0 (G-824A)

S % 30k
[ 1] HERNDON J. Origin of earth’s magnetic field, its nature

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

and behavior, geophysical consequences, and danger to

humanity: A logical discoveries
review[ J]. 2022, 10(6) : 529-562.
CHEN Q, SUN Q, LIAO L, et al

characteristics of Chinese archaeological bricks and their

progression  of

Magnetic

implications for archaeomagnetism[ J]. Frontiers in Earth
Science, 2023, 11:1272317.
LE G, KNIPP D, RASTATTER L, et al

generation magnetic field measurements from low-earth

Next

orbit  satellites enable enhanced space weather

operations[ J].  Frontiers and Space

Sciences, 2022, 9. 1076892.
ROMALIS M. Optically pumped magnetometers for

in  Astronomy

biomagnetic measurements [ M ]. Flexible High Perfor-
mance Magnetic Field Sensors: On-Scalp Magnetoen-
cephalography and Other Applications. Cham: Springer
International Publishing,2022. 3-15.

OELSNER G, IJSSELSTEIJN R, SCHOLTES T, et al.
Integrated optically pumped magnetometer for measure-
ments within earth’s magnetic field[ J]. Physical Review
Applied, 2022, 17(2) : 024034.

LI W, HUANG P, DING Z, et al
optimization for the induction magnetometer of 10 kHz to
100 kHz[J]. TEEE Access, 2022, 10. 21169-21177.
HRAKOVA D, RIPKA P, KMJE C T. Enhancing

performance of fluxgate sensors using annealed nanocry-

Parameter

stalline core [ J ].
2023, 59(9): 1-9.
MA N, CHEN S, ZHANG S. Proton magnetometer

sensor design and its performance[ J]. IOP Conference

IEEE Transactions on Magnetics,

Series: Earth and Environmental Science, 2021, 734.
012028.

SAARI M, SAKAI K, KINA T, et al.
magnetometer utilizing high-Te  SQUID for magnetic

A sensitive
property characterization[ J]. Microsystem Technologies,
2021, 27 1-8.

ALEXANDROV E B. Recent progress in optically
pumped magnetometers [ J ]. Physica Scripta, 2003,
2003(T105) ; 27.

FENG Y, ZHANG Q, YAOXIN Z, et al. An improved
aeromagnetic compensation method robust to geomagnetic
gradient[ J]. Applied Sciences, 2022, 12, 1490.
EORE AR B R A TR RS #b
fE0r i (1], B0 i 5 AR 2 4z, 2022, 36 (3)
96-104.

LYU Y X, LEI H M. RLS method for carrier interference



128

O % 2 i

a4t

(13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

compensation in magnetic anomaly detection[ J]. Journal
of Electronic Measurement and Instrumentation, 2022,
36(3) :96-104.

ZHENG Y X, LI S, XING K, et al. A novel noise
reduction method of uav magnetic survey data based on
CEEMDAN, permutation entropy, correlation coefficient
and wavelet threshold denoising [ J]. Entropy, 2022,
36(3) :96-104.

YOUNES M, ATTOU A, ABDELHALIM M, et al.
Aeromagnetic data of the Kelaat M’ Gouna inlier ( Jbel
Saghro, Eastern Anti-Atlas, Morocco) : Geotectonic and
mining implications [ J ]. Journal of African Earth
Sciences, 2022, 197, 104744.

BLOOM A L. Principles of operation of the rubidium
vapor magnetometer[ J ]. Applied Optics, 1962, 1(1):
61-8.

LU Y, ZHAO T, ZHU W, et al. Recent progress of
atomic magnetometers for geomagnetic applications [ J].
Sensors, 2023, 23(11) . 5318.

XUTEAS, B4, AL, AF. HOGTRRE S0 d A
HL O MR RS AR MR R T ()], AR AL R A=, 2018,
39(9) :203-210.

LIU L S, ZHANG L, LU Y T, et al. Research on noise
characteristics of the photoelectric detection circuit of
optically pumped cesium magnetometer [ J ]. Chinese
Journal of Scientific Instrument, 2018, 39(9) :203-210.
SUTTER J U, LEWIS O, ROBINSON C,

Recording the heart beat of cattle using a gradiometer

et al.

system of optically pumped magnetometers [ J ].
Computers and Electronics in Agriculture, 2020, 177,
105651.

FRANZ F A, E LUSCHER. Spin relaxation of optically
pumped cesium [ J ]. Physics Letters, 1964, 7 (4) .
277-278.

LEGOWSKI S. Relaxation of optically pumped cesium
atoms by different buffer gases [ J]. The Journal of
Chemical Physics, 1964, 41(5) . 1313-1317.

[21] DRISKELL T, HUANG M, CAMPARO J. Measuring
buffer-gas pressure in sealed glass cells: An assessment
of the KSK technique [ J].

IEEE Transactions on

Ultrasonics, Ferroelectrics, and Frequency Control,
2016, 63(7): 928-937.

[22] SCHOLTES T, WOETZEL S, IJSSELSTEIJN R, et al.

Intrinsic relaxation rates of polarized Cs vapor in

miniaturized cells [ J ]. Applied Physics B, 2014,
117(1) . 211-28.

[23] JIMENEZ M R, GRIFFITH W C, WANG Y J, et al.

Sensitivity comparison of Mx and frequency-modulated

bell-bloom Cs magnetometers in a

cell[J]. IEEE Transactions

Measurement, 2010, 59(2) . 372-378.

GROEGER S, PAZGALEV A S, WEIS A. Comparison

microfabricated

on Instrumentation and

(24]
of discharge lamp and laser pumped cesium magneto-

Applied Physics B, 2005, 80 (6): 645-

meters[ J |.

654.
fEEE N

AR (EARIEH ) ,2005 4F T4 458
MR 2F AT 2 2 A, 2008 AF T [E R
Bt L 72 W 58 T R A 5 2 o, B v ]
Frefbeas KAR B AU U 58 Be I F5E 61, &2
BEWFFETT 1) A e R BB D A SRR R
K
E-mail ; luyt@ aircas. ac. cn

Lu Yuantian ( Corresponding author) received his B. Sc.
degree from Xi’ an Jiaotong University in 2005, received his
M. Sc. degree from the Institute of Electronics, Chinese Academy
of Sciences (IECAS) in 2008. He is currently an associate
research fellow at the Aerospace Information Research Institute
(AIR) under the Chinese Academy of Sciences ( CAS). His
high

main research interests include sensitivitive atomic

magnetometer technology and its application.



