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Research of all-optical Cs atomic magnetometer by using

modulation of laser’s polarization
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Abstract: Modulation of laser’s left-handed and right-handed polarization was used in the paper. This
method has realized all-optical detection of magnetic field and avoided cross talk existing in conventional
atomic magnetometer. The detection principle of precession frequency of atomic magnetic moment in
magnetic field was demonstrated based on the method, and the signal was analyzed, then the detection
and processing system was designed based on the analysis. The in-phase signal was displayed as Lorenz
lineshape. The quadrature signal was displayed as dispersion lineshape, and the magnitude was 0 at
resonance frequency. The phase signal was displayed as monotonically decreasing function with frequency,
and the magnitude was O at resonance frequency. Both the quadrature and phase signals can be used to
lock resonance frequency and realize measurement of magnetic field.
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Fig.1 Zeeman splitting of Cs atom’s hyperfine level stucture in
magnetic field and pumping process under left-handed

polarized light of Cs atom’s F,=3—F.=4 transition level
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Fig.2 (a) Polarization of Cs atom in the direction of pumping
light; (b) Polarized magnetic moment after half

Larmor cycle
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Fig.3 Schematic drawing of device
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Fig.4 In-phase and quadrature signals of photodetector at 2w’s

5 [6] AR 23 4k (IP) A1 1E 52 73 4 (QU) , 1E 20 #i1

demodulation frequency

100}
80!“'-\
601
401
20F
[1]3
_20.
,40.
_60.
_80_
-100f ) ) ) . )
160 165 170 175 180 185 190
w/kHz

9/(%)

P 5 Ol B 48 £ 5 AL R/ TE 200 B0 AL i 9

Fig.5 Phase signal of photodetector at 2w’s demodulation frequency
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