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Detection Method of Fiber Atomic Spin Precession
Based on Circularly Polarized Probe Light
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Abstract The optical rotation property of a polarized alkali vapor cell is demonstrated. The polarized atomic gas
chamber can be macroscopically equivalent to a Faraday polarized crystal, whose optical rotation coefficient is related
to the spin precession of atoms. A novel atomic spin precession detection scheme is proposed by means of the
detection of the phase difference between the left and the right circularly polarized probe lights when a circularly
polarized probe light is propagating through the vapor cell. Based on the modified all-fiber reflective Sagnac
interferometer, the fiber atomic spin precession detection system is built and the detection of spin precession signals
in the spin exchanged relaxation free states is realized by a circularly polarized light. The detection scheme is verified
and the gyroscopic effect is realized on the experimental platform of an atomic spin gyroscope. The experimental
results confirm that the proposed theory is correct. The performance of this gyroscope is preliminarily tested and its
zero-bias instability is 0.29 (°)/h.
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Fig. 1 Schematic of vapor cell in SERF states and

variation of polarized probe light
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Fig. 2 Structural diagram of circularly polarized light detection system
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Fig. 3 Reciprocity of circularly polarized light detection system
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precession detection module

A2 P il 48 fe A SR E N LT 5T A BEA AR R
Ao TERCINAE B 2% B 5T 1 e B IR SE 507 /5 1Y
st fd B 25 B Thorlabs 23 7 45 72 i TXP5004 f
A 04SN i 4 S AR Ak AE LR IR 1/4 % R 5 DR
JEEF T Al A R DA DR IE AR A5 A B AR ) [ i 41 45 0
o [T IR s S B AR B ol S S R K PR R M
WG, {15 E Agilent 23 & 42 77 1Y 335228 15 %
KM AR AR G 2 BB — Al ) it AS TR AR S
A I 22 250 B 1 79 i) o7 i 4 6T 90 % R A a0 AT AR
PN RE SR A B R A R TR

5 TS AL A B SERF 2% HLRE 7 kM2 58 e
Jo s B S HEAT T RE IR AR M, L 0.1 (O /s /BN fi
B AR SR PR  ZE AR 1 () /s 1Y
117 B BB RE 40 25 3k, A6 00 2R 45 i o 10 B
SR S R UNE 6 T, 1% 5% o BBl PN G 0 45
ST B RS B 8 5 0L il A5 2 1 D R

4.0+ -
y 4

o
-

1 1 1 1 1
-1.0 -0.5 0 0.5 1.0
Input /[(°) -s™']

6 S R YOG &R

o
(=)
T

Output /(10%arb. units)
o
(=} (=}
T T

|
=
(=)

T

Fig. 6 Relationship between rotation speed and output value

FERE N 3812 () 1 o s, SR G AT e R 3 b v
GJIB 2426 A-2004 FLE M THEIME TR B L Pk
HJ1.84X107",

HEAT T 2R G0 §0  H E DU K, 28 7 I 3 245 5% G &
7Ca) fin s Allan 43 B T an & 7 (b) B, i B A) 45
FAm At e 20 0.29 () /h,

1.0

@

h
o
oo

T

°)-h-]

Zero bias /[(°)
=
(o2}

04t
1 1 1
0 1000 2000 3000
Time /s
10!
(b)
=
2 100
:
5
E
<
1071 C 1 1 1
10° 10! 102 103
Time/ s

B 7 RGEMREMINZ . (OfFAN; (b) Allan J5 22
Fig. 7 Performance test curves of system.

(a) Static test; (b) Allan variance

0112001-5



i

{5

5 4% 1w

¥ 4b T SERF 25 A0 43 J& Ji <% 2 W 1 583K
R — TG kR AR A B T SR TR R R D O
AF A6 A S B B BE HE 345 5 AR Yy R B
WA Sz T 3% T ) 5 8 Sagnac T #2641
JR - B R R B . 7E R SERF FRIR{CE & 158
T PR RE I KL AE 1 O /s WU N, iR
H1.84X10 B AFREIEL ] 0.29 () /h, L5
S5 AW T P 4R BEOS A9 T B M A T B IR R D'
S e HE S Ay ZE W R AT M R R B LR
BN A FL Y 5 B e B 5 5 AR T 4R T S 0
HA,

[1] Cronin A D, Schmiedmayer J, Pritchard D E. Optics
and interferometry with atoms and molecules [ J].
Reviews of Modern Physics, 2009, 81(3): 1051-1129.

[2] Kominis I K, Kornack T W, Allred J C, et al. A
subfemtotesla multichannel atomic magnetometer[J].
Nature, 2003, 422(6932): 596-599.

[3] Colombo A P, Carter T R, Borna A, et al. Four-
channel optically pumped atomic magnetometer for
magnetoencephalography[J]. Optics Express, 2016,
24(14): 15403-15416.

[4] Chen BT, Jiang M, Ji Y L, et al. Spin exchange
relaxation free atomic magnetometer for zero-field
nuclear magnetic resonance detection [ J]. Chinese
Journal of Lasers, 2017, 44(10): 1104001.

MntE, VL, a2, L TR I RED
1 JC B ESE e st SR T DA (] T O, 2017,
44(10): 1104001.

[5] Kornack T W, Ghosh R K, Romalis M V. Nuclear
spin gyroscope based on an atomic comagnetometer
[J]. Physical Review Letters, 2005, 95 (23):
230801.

[6] Kamada K, Ito Y, Ichihara S, ez al. Noise reduction
and signal-to-noise ratio improvement of atomic
magnetometers with optical gradiometer
configurations [J]. Optics Express, 2015, 23 (5):
6976-6987.

[7] Allred J C, Lyman R N, Kornack T W, et al. High-

sensitivity atomic magnetometer unaffected by spin-

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

0112001-6

exchange relaxation [J]. Physical Review Letters,
2002, 89(13): 130801.

Hu Y H, HuZ H, Liu X J, et al. Reduction of far
off-resonance laser frequency drifts based on the
second harmonic of electro-optic modulator detection
in the optically pumped magnetometer [J]. Applied
Optics, 2017, 56(21): 5927-5932.

Fan WF, LiuG, LiRJ, et al. A three-axis atomic
magnetometer for temperature-dependence
measurements of fields in a magnetically shielded
environment [ J |. Measurement Science and
Technology, 2017, 28(9): 095007.

Ding Z C, Long X W, Yuan J, et al. Sensitive
determination of the spin polarization of optically
pumped alkali-metal atoms using near-resonant light
[J]. Scientific Reports, 2016, 6: 32605.

Sheng D, Li S, Dural N, et al. Subfemtotesla scalar
atomic magnetometry using multipass cells [J].
Physical Review Letters, 2013, 110(16): 160802.
Happer W, Mathur B S. Off-resonant light as a
probe of optically pumped alkali vapors[J]. Physical
Review Letters, 1967, 18(15): 577-580.

Seltzer S J. Developments in alkali-metal atomic
magnetometry[D]. Princeton: Princeton University,
2008: 38-44.

Blake J, Tantaswadi P, de Carvalho R T. In-line
Sagnac interferometer current sensor [J]. IEEE
Transactions on Power Delivery, 1996, 11(1): 116-
121.

Zhang W X. Fiber optic gyroscope and application
[M]. Beijing: National Defense Industry Press,
2008: 98-119.

TRYERL. JCEFFE IR SR T [M] . dest: BBy Tolk i
JiAt, 2008 98-119.

Qin J, Fang ] C, Wan S A. Experimental design of a
dual axis atomic spin gyroscope [C]. 8th IEEE
International Symposium on Instrumentation and
Control Technology (ISICT), 2012: 24-27.
ChuZY, Sun X G, Wan S A, et al. Active magnetic
compensation of spin-exchange-relaxation-free atomic
magnetometer[J]. Optics and Precision Engineering,
2014, 22(7): 1808-1813.

R, I, TR, 5. JCHRESS R IR R T
BRI B E S EAME [T] . O WE TR, 2014, 22
(7): 1808-1813.



