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Research on the dead zone avoidance method for the
combination of dual atomic magnetometers
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Science and Technology, Chinese Academy of Sciences, Wuhan 430071, China;
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Abstract; When an atomic magnetometer operating in the geomagnetic background is mounted on a
mobile magnetic field measurement platform., within certain angular ranges between the probe di-
rection and the magnetic field direction, the atomic magnetometer cannot operate properly. These
areas are known as dead zones. Through theoretical analysis of the dead zone generation mecha-
nism, a generalized method is proposed to avoid dead zones in a combination of two atomic magne-
tometers in practical applications. This method places two atomic magnetometers combinatorially
at the actual measurement position, which makes at least one of the two atomic magnetometers is
in the normal operating state within a certain range of changes in the attitude angle of the atomic
magnetometer mounting platform, and thus effectively avoids the dead zone. By establishing the
mathematical model of the dual atomic magnetometer, a simulation experimental research is
carried out according to the actual geomagnetic field direction and the conditions of the attitude an-

gle change of the mounting platform. The optimal combination scheme is obtained and the experi-
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ment is carried out on the test platform. Finally, the effective avoidance of dead zone is realized

when the platform attitude angle rotation is varied asa € [0°,180°] and pitch angle is varied as 8 €

[ —40°,40°]. The result shows that the method has practical value.

Key words: Geomagnetic field; Atomic magnetometer; Dead zone; Electron paramagnetic reso-

nance

0 35

J R v S — bR ] D g Y i
R IR, PUH MR TR AR T FE S R e o, 2
7z N ek B A (R R S R
W =R RE Y S R AU, Y AR T
g5 ot e A S e, B A 5 H 1Y QuSpin A
"9 Geometrics 22 A MY ) Twinleal A RN 282
BT A A A T /N Y D R T s T N AN
] A A A A R W AR B — R T Ao R
SR R A BE s R AR BF ST B B R 2
B i 2 D S ) 27 5 R BEn F 5 B 45 UL g B F
HT IR FRGE TN, TETFHBEST =S TWERET
TSR T ™ S RE S N T A A5 L M T B VE AEOR W]
S AHHAE S BR R v A7 7 D £ AR X Y R) R, R
TR I R R DT

JEF RGP R R T RS L T
g B, RSk Ty ) 5 b 1) () ) e AR s R A AR
b AERELE e A DI L H 7 R I AR 15 S 0 iR
SRR H S5 . T 3R T w0 R BRI,
2 I TCEE R CAE B O 12 A R
M FEIX (dead zone)™™ , X F Mz J& ¥ #f 3% i1 1
B MOGUTHE S Oy ] A OF 5 R AR AR TR 5
TR AL 0 BTG AL T 1] 04 SRR 3
A A v R IR 5 T 206 O e 5 W 3% 5 e 3 B
IF - AN BB B A Ak, TC ¥R A AR B HE I
FEIX TS

H R & 0T T 1 5 7 o D K X[ Y
FARRT LD W2 E P AESL R & F . 40, Ben-
Kish &8 52 17 38 5k ok A8 i i 98 1 05 22 5 [ B 9
& CPT {55 1 Bell-Bloom {5 5 LAyl /b W 2 5E X ;
Schultze &I T 2 AR F<E L 40 50 P
WROAH B E YOG AT R DU DL BRI SE X5 Gong
G T —FHRA 3N ERREFRENZLR
J A5 g o FH LA B 0 4 B X, AR SCE X Mz Ji
FRERTT A& T — BB 4% 7 S B B T o ke A A X
B - G R T A ik . B — R R T TC Tk

if

e ABEIX T K 2 R TR 2 A i E
TE S i B 07 AL o R 22 208 O B S A e —
RN, MWEA 1 G ERIH b T IES TR
AR S T AT 2503 s 4 5E IX 19t B . 32207 125 JC s B
7 J - R v Y BT B S A A R R R N Y
IS BIRT [ R B0 A T 00 5 b s K A )~
BB T LAAR 4 52 B ] 75 5K 236 ko 41 &
T3 58 e R BIR B b ot e ) HEBEIX

1 B

1.1 MEFRRXRF=ENIE

TE & ML BE I5, 75 T R 3 & B R 1
SRR K I ) (O I ) A X T b G ) (] A S L
Je f XIS SR RGO IE R AR, %9 M IX
BRI FEIX . Mz i @5 i A R an # 1
FIoR s R T B AR Sk AR T 2oy VT, B0 42 )8
JRFAESN RREGE T KA TE 2 57 B 2 4> %8
SFRe . Y — AR W BRI #E S O A TS
JRFEHRS SER S S TR b s R F i ik
1k B 1 i o fhey B, B ARG D7 101 AB ROl
JiTa) o RN G35 4% 4% J7 o) 2 B S ARG 37, BT
W B, 5 %E = RO K AR WL ORG 3E R S
N o G H R0 g R I 52 5 A 18 i i O AT DA
75 21 B 0T IR A5 5, 3 3 {5 5 e I s X R ) S

FHIES B

Bl "F?i? .
(. -

iy
4

B1 Mz EFEEETHE TIERE

Fig. 1 Operating principle of Mz atomic magnetometer
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Fig. 2 Schematic diagram of the atomic
magnetometer placement model
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Fig. 3 Schematic diagram of dead zone comparison
between a single atomic magnetometer and a combination

of dual atomic magnetometers
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Fig. 5 Sensitivity of Mz atomic magnetometer
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Fig. 6 Experimental device for measuring dead zone angle area
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peak-to-peak values of the differential signal of the

electron paramagnetic resonance signal

T R S D A, %98 M X O RSB X, @ €
[90°,180° ][] 3 . DM Uk, 2% JAL - W 5 11 U & 3 X 1) 4
Wide fs XN @ € [70°,110°], 1E % T4F e £ X 1,
€ [0°,70°JUL110°,180°], Hitfgpe [0°,40°JU
[140°,180° ] HL WL H 4 15 5 19 T 501 5 I 2
TV /N K e O BEAR TR S A K L e
R RRIZ A8 bR AT SE 5
3.2 EWIIE

BB R WG CE S B AR i A BT AR By
ArAs, 2 B AL A ST G 47, 29, B y =07,
13°,23°,33°%,43°,53°,63°,73°,83°,90°, A AL ik & V&
LI BALIE H KV IR f « €[0°,180°], FFAfF
s pE[—40°,40°], Lk o € [70%, 110" JHI by iff AN i
FEIX L L o € [0°,40°T U [140°, 180°7 1 Wy £ PR AH T 4F
Je I L2 R, B9 BrR AT
v TR BRI RS 5 a5 w5 1w [B] I AR
BEF- 5 225 AR A 15 D, B A AR 5 W0 46 T8CE £
v W R BRI BT IX S A X 3, ST A A 4]
I DS ) L 2T 2 B 3 B AR TAE 2 A IX R 1 oy
o, AIARSE G TR A y =23 W I BE X e £ X
LA /N o AH AR AR 2 A X8 LA Je y =33 y
=43% MY FEVIRCE M vy =430, A K y=13°
Hl oy =23°Wf W I AR e A ORI A7 7E 3. 19%
40 2t B X, E H AR T AR e F DX IR R L % 7 S B
FHEE AT IR TAEM M X k. ik, S g a
WIMRTCE Ay 55T 2S00 W0 i i A iy i 257 75 Ak 1
AR By = 0 B, BB 8% 35 B me R AR

2 PRV B B VIRCE f oy =43°. i

(43,
1]}(][3]( (33,0.88)

23,0.07)
0 10 20 30 40 50 60 70 80 90
SR PR T AR AR S 7/(0)

B9 B—RFHEBETERARABELS
HMERHIIERER

Fig. 9 Operating conditions of a single atomic magnetometer

when placed on platforms at different angles
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Tab. 1 The effect of different combination schemes of two atomic magnetometers
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Fig. 11 Schematic diagram of the effect of combining two

atomic magnetometers when ¢ =60°,80°,90°
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Fig. 14 Schematic diagram of magnetic field measurements from a combination of dual atomic magnetometers
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Tab.2 Correspondence between data point interval and platform attitude
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Fig. 15 Schematic diagram of magnetic field measurements of completely avoiding dead zones
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