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Development and application of the cesium optically
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Technology and Physics, Lanzhou 730000, China)

Abstract: The cesium optically pumped atomic magnetometer is a quantum precision measurement device that operates based on optical
pumping and magnetic resonance effects. It detects magnetic fields by exciting cesium atoms with a spectral lamp and probing their spin
Larmor precession. This device exhibits advantages such as high measurement sensitivity, rapid response, and compact structure, and is
widely applied in geophysical exploration, resource detection, and national defense security. This study systematically investigates the
development of the cesium optically pumped atomic magnetometer, focusing on the core operational principles and breakthroughs in three
key technologies; 1) The design of a magnetically clean probe, which optimizes the geometric structure and material to suppress external
magnetic interference and enhance signal-to-noise ratio; 2) A magnetic-free temperature control system, employing high-precision
temperature regulation modules to ensure the stability of atomic polarization; and 3) A low-phase-noise self-oscillating circuit, achieved
through optimization of circuit parameters and feedback control strategies to minimize system noise and improve measurement sensitivity.
During the integrated system development, the spectral lamp, sensor probe, and signal processing modules were co-optimized.
Performance metrics were verified through calibration by Ist Class Weak Magnetic Metering Station of National Defense Metrology
Station, demonstrating a measurement range of 10 000 ~ 120 000 nT and a sensitivity of 0.6 pT/ +/Hz, which meet international
advanced standards. Field tests under complex geomagnetic conditions confirmed the device's stable performance, effectively addressing
the demands of weak magnetic field detection for high precision and reliability. This research provides technical support for the domestic

development of high-precision magnetic measurement equipment and contributes to the advancement of quantum precision measurement
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technologies in resource exploration and national defense applications.

Keywords : cesium optically pumped atomic magnetometer; magnetic measurement range; sensitivity; geomagnetic measurement

0 5

[l

Tl 700 it 4 AR AT RE NG AT S B 4 1 T L
FB L, mRENSSREN B R B N T R
EPEREIN J2S WIAR | FE S R A e Y bR
A5 A0 55 00 e A S 32 R S DR A B R
T ETFRE T TB R T SCTRRET AL, #5250 T)
ASCER AR D 38R B AR F8 B AN [+ 17 i 2 AN (] £ 1 P 43
IR SEIERE AR R MR R S R S P g
GEIRE A TR 1A T R T 5 i R0, 2 R
WM R ThEE " SRR RE SO G SRS A
FAJCF SR CRFER G S i, TR A AR
B,

T TR 7 P R 8 205 v P Y 0 T A B T AR A o
KRR AR B HOCTRE S Hp & SO
A — PR A A R B X 61 2R 0 i o, o 4
LA I PR A A TS Bk sl 0 R S st A B, TR
X i R T V-5, HOGR R TG A — Bk
IR &t i 7 B e b, mT Ry 4 4 BLEk 4
Bahra , AR E REEMN AR, BrER RS
PR BT E TR 110 i BRI EE K Scintrex /23 H)
HEFERY CS-3 B CS-L AU CS-VL B4 565 5 F-1E J14X, LA
J & H Geometrics 23 FI A P2 G822A B fii=s 46 6 K i+
T F314% G882 T 4t 6 A2 JF -1 J1 4 L G-858 I F-H5 L
H# G TR G 714X  MagArrow o ANHLE 4B YCERE 1A, b
RS R 1A ™= i ¥ ELAT v R AR 75 G Rk,
LA A v 0 S 2 s H R SE
FUINEE K HLE RABUE DT 20 pT B9RE A3 [ ™ 4%

AR, B PN SR RE A ke 5 IS T
F kR U TR RS EE R a4 S B 5 A BA
EL R DA H 7 I 9 LA 20 000 ~ 100 000 nT | i —
WA NS 75 (B IG 22 0. 001 7 nT A48 CHERE S SCEEAL, T 2 T
T R B I e (Y T SR SR, A RS W 2
B = e I A A BT TP A8 0 R BRI 1 T 4 5
E PR ACHEAKOP A E — E 220, R PR AR 2 5000 55 o5 ot
IO PR, T i A SR AR Bl ] P ) K
W28 TR R K, U R 2 TR AT 7 B8 YR S PR A0 i
25 AU, IR R AT 7 T R R T

22 2 () AR P BRI 5T A ok ] P 1 ) S ot
ve P RE B 4 R ' I i S 38 U R SR B, X6 s R Bk e
VERES IR P T T 4 C S RE T AU T4 , ZE B 1

A R R GBS T v RSk e i | T R A R A o - AR o7 R
FHARD 3 TSR, S8l T /G OB PR AL A
WAL, RE ARSIV B R Tl 55 1 — 243t
T AR B [ PR SE it fhokoF o B E RSN RS T
2 JCHbL R I 10 S

1 I1E/RI8

HEOGIERE 1A A L34 S AR A B, SR DR
T A MDA R 52 BLRE 70 B D RE

TESNF S REAE TR | 8 I 1 BB RS A0 RE S 254 7
A IEE YR S T REGL 2 8] Y (8] -5 SN 7 5 BE G E
P, iAo 0 ek 2 6 R BRIT AR AR BV AT Wt M 700 L

TERCFBPIRZSS L1 RE A el <7 B H- 2% = 0 A
X BB B A7 19 o A s, Y LS B 37 D B T RE
YA B 65 I AR ELAE A A I G e %
S U 1 BESR 2 A BRAT fi e 1 SR B J AN RE Ll 1 2K
A AR R A b, oD A e A 2 O S B Al AR
A AT St 35 3 SR BRIT A 5 0 8 . LA D1 oA 81, 7 7 e
B 4 06 IEGF R, 4 T BROE R R T ROE e
Am, =+ 1, 3E5HBE m, =+ 4 LISMAA RS 19 R bk
WORE|6°P, A L BRIER RN 1 FR, AT
KA B R R R 8] B T (] 2 5 A5 4%
REZL LA JLREEAMSE, h TAMDCRZr e, I & 5
FHEWEREWE |F=4,m, =+ 4| B84, 58 Ul AL
BIFEFH# M 753 BT M3 1 1) L —A

F=5

67Py) F=4
=3/2
F=3

F=2

621)1/2/F:4 -
=1/2 \ -

D, F=3
852 nm

=1

RPN CN RN §

894 nm

62s,.| / F =4 L

=0 /=12 \ -

=3 |
RGN E5 1 S T EE TFRES
K1 R FREHR A1

Fig. 1 Cesium atomic energy level
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Fig. 2  Optically pumped atomic cesium magnetometer
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Fig.3  Photograph of the cesium lamp operating in its ring mode
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Fig.5 The electronic circuit system
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Fig.7 The temperature control circuit for the cesium lamp
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Table 2 Indicating error of the optically pumped

magnetometer
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Bg/nT JNH Bg/nT R U/nT(k=2)
40 506. 8 40 506. 5 -0.3
50 431. 4 50 431. 4 0
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70 377.9 70 378.6 0.7
80 361.6 80 362.0 0.4
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