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Fig. 2 Experimental setup of CPT Cs atom magnetometer



« 314 - B F ok % % #

19(4) 2013

RIEZHAM CPTEZRFELRIET HRE
T B CPT F 5 i m, Y EROLE
BAER, AT UBARERN CPT 5. XFMHE
REREASMETERE RME AT RN
BEEHE RS TS BOCE T 4 H18 R
B .

{Cs + 30 Yorr Ne) Vapor Cell (L=T8mm) 2513125 F n s 1 BRIZ MCPEE S |

7 +a CPT configuration ]
0.084 | aser Power: ~ 2681 38 "
Beam Diameter. 13 & rwn ,.--"Hf
— Scolencid, | = 500 uA 4
[ - i j ing: ~ (~ 10z F R e T
3..:_ 0.06 4 Magretic Shielding: ~ 1nT {~ 10pG) _,.r‘"r'/r'-d”f?‘ Voitags
=}
o
= ™
< ooad 5o
2
g
= C iaral
@ 002+ - T-Feg 1ok Filfirsg
fﬂf’\‘m 3 £ A 3 |
d v
sl S VAW
8 08 S g
et 2 ez b GO R

T T T T T T T T T T
-10 -8 -8 -4 -2 9 2 4 1 8 10

Freguency Detuning  {kHz)

B3 PHEEEMA#EDPH CPT HHES
Fig. 3 CPT splitting signal in medium

axial magnetic field

HER BB A Origin B, AE /D RRKIR
2 7 % Lorentz I8, WHL-& 55 R 7T LA HEH
EHEENMEFEHAE, ATER G REE.

REFHMET (DRI EHRE.

B— hAY _ Av (2)

MrBrltB mpY

Hopy = B8 = 3.5 Ho/n'T, #5 4 He sl 1

MTHGSTRAENREXRE. RENS
CPT % & W& 9 4 S IR I, B o] 45 B) 48 [ 09 B 3%
.

YRRENBGE N, EEWED SR
T B, BN ES N RNMIMER CPT &5
%, AR CPTESINFEMNSR,

MNP E BTN, G ENES
43 400 9] BE o A R W/, B 0 B SN AE B T,
B Gk P dg R 4 » BT U025 B B9 0 95 B4 5 A 04 L A
TR E S TR A%, ] F 1% Lorentz
A UARLREME.

TE X — R4 - 0 B 0B 1 4 4 1A BE 48 B AR R

{Cs + 30 Torr Me) Vapor Cel! [L=75mm) CPTHEE 4K vs digels

o o CPT configutation
0.14 - Laser Power: ~ ki
Beam Diameter: 15 B:mm 3
042 - Solenoid, 1 =21 1A | CPT
Magnetic Shiekding: ~InT{~10u3) E B

0.06 —

Signals (Arb. Units)
f=]
3

.04 4

0.02

0.00 "

. . — . :
-8 -8 -4 2 0 2 4 8 8
Frequency Detuning {kHz)

Hi WEBHBEHHH CPTES
Fig.4 CPT signal in weak axial magnetic field

. BTREXEARBE S MERREL,
AESGREBRNBR—RBARRT R
AENMVECHEH SAMAUNEESEEH X
.

T B B B R KA P AR SE R e R R B
SHGHE M RR, BT 48 28 F Hi i B 7

TR E
B(nT) = 44. 86 x vw(kHz)-43. 97 3
B(nT) = 23.82 x Av(kHz) (4)

3 BRI TR A

MTELEG, BT WEERE. #XFN
BT . EEREXE#BIT. XEUREITFT=2
HEEEANEER AFANNBESRENGRE
2 B AT R A4S B 5 R R T

BT 950 AR AF A9 BRI, SR AT R X A 1 3
RIS OLETT T AL HL, OB B b 0 0 45 1) R 5 Y1
WHEGT 4. BEREKAFE TR TENFK
BT . REEEEETRE. ¥TZAEER
RE . AMEERAARLBET AN ARG,
BoFEs B, B DR, SEgS
BRXETHE —ERXRANHSFR L5 AB5
W, Wynands NAAELR EREH T L LK
2 EX—ERRR T RIE,

AR#SH 87 AR E SN IERN S
WHRMMERZRUET —FHFROE K. TR



RBE MATAERRER TR T SR EN I + 315 «

ESAESECNE AR Nl IS
100

50 B (nT) =44.85877~KHz)-43.97423 /,/—J@,

_,’;
A
-
50

fEE3ENT)

.r‘-
4n - L
P

20 -

T T F T ¥ L T ¥ T T T
10 42 14 16 18 20 22 24 28 28 30 32
TR 2 68 (kHz)

EE WEGREN, 50 CPTREERENRXER
Fig. 5 In weak magnetic field, relationship between

linewidth of single-peak CPT signal and magnetic field

CPT# bt N IR T IR BRI R R
1600

1400 - )
B (nT) = 23.81589 x M (kHz) L
-
1200 - o
- -~ ~
-
1000 - P
o 1 7
£ so0- P
% 600 7
J,*’
j e
400 o
i
) L
200 o
a : T T . T . : : -
0 10 20 30 40 50 &0

CPT#: FAEHE (kHz)

M6 FTEREEEGPCPTERAUESHHNLEE
Fig. 8 In medium magnetic field, relationship between

maximum splitting of CPT peaks and magnetic field

BERHEDFE . HHRMUESHIFEFRRERRM
MTHFMERES - EAE. SREANNEH
UK 7 Ak, BRRT A A D ek AR D Ak B R 5 Ok S 1
W, Wi AnE T 6B ROk A 2 AR
B

BRI ER RN BN ERHE B RR
RgERE™ . o T CPT @\, HWHH EE
WERBRTHRBEMEEARBESNEW, 53—
TE. ARG K. M TENBERELE SR, K
KRARERDENERZEKE. SoRAERE S
Rl B, 68 0L KBRS RS

EHL BN ARESRE W, BasAx
SR SR B4 L TT A R A CPT & 38, 1%
KREBIEES, ATRE TERE, BT ER
RE,

RETE LT B0 43 Sk 2 R vt B S RE T I BN IR 4
BEMTR. BT EMNERESASHE, —
BTEL B DB AEREE. ARETER
B st B 39 25 Ak 1) WD B, 2 3 R 4 4 o 1D A A
B, HET. Kb R RN CPT %IE
334 Kitching /N2 B0 75 K S8 3831, SR I R &
BE %% 50 pT/Hzt o,

RATR S 5 o H BB T ok of R 48 4k 9 7
SRR, LR WA N .
ELFHERAGT,ANE TRANT RS .
T 7% R P R A R o B R, R T O AS B
BB HRH 6.9 nT,

1 BESEHR

MARTEAG TR T AEFRAEN, &
FREXRTHEHREGMME. FHLFEEA
HERHTE, “ERRAMHE T, JEEZETH
FETRESERBLHERENRCUAEATS
KEREHMERNFES. ELREBEM B K
HTRANNEG . WERANTEARNBRGTHES
MU ENEREMERSHNERES,BAT
KEAMAHAE SHHRXT R RE .

HE-FHLBRREREIHECHRTERE
i NMEBUOR R Mo PR R B, 7R 403 PR
TSR, B R 7R P9 & IR A Rk 38 i B OB 1
MR FH. Romalis NABEEELR L3t —
HRBEAT RN, B ELRIT G
AEERERBEFTHRERE, ALUAIETFH
SERF &, MIAE—EBELERBENE R
BWRRBME, DERATEMRGHNE. WRHE
F /A B B0 2 L TR A 0t A% (VCSEL) , X
BT AEES, S ERIER KRBT REA
HEERMAZE, ER CPT X AMEE K AR,
8 CPT 52 3+ i /N BIAL R A 7T BB .



= 316 - B F & % % iR 19¢4) 2013

5% 0wk

[1] SCULLY M O, FLEISCHHAUER M. High-sensitivity Magnetometer Based on Index-enhanced Media [ J]. Phys Rev
Lett, 1592, 69 1360-1363.

[2] NAGEL A, GRAF L, NAUMOQV A, et al. Experimentul Realization of Coherent Dark-state Magnetometers [ J].
Furophys Lez, 1998, 44. 31-36.

[3] PRADHAN S, MISHRA S, DAS A K. A Non-scanning Atomic Magnetometer Based on Coherent Population
Trapping, arXiv: 1303, 5589, [T].

(1] LIUGB, GU S H. Experimental Study of the CPT Magnetometer Worked on Atomic Energy Level Modulation [J]. J
Phys B, 2010, 43. 035004,

[56] DIAOW T, HEJ, LIU Z, et al. Alternative Laser System for Cesium Magneto-optical Trap Via Optical Injection
Locking to Sideband of a 9-GHz Current-modulated Diode Laser [ J]. Opt Express, 2012, 20, 7480-7487.

(6] X4, AXE, EALE F. EFRETHTAEFANSEKAX AR (1], %2 %Kk, 2012, 61.
233201.

[7] WYNANDS R, NAGEL A, BRANDT S, etal. Selection Rules and Line Strengths of Zeeman-split Dark Rescnances
[J1. PhysRev A, 1998, 58; 196-203.

(8] HEBX. BTHAMNFEMITREN LI]. %KL LK, 2005, 29, 283-287.

[9] LIUZ, WANGJ Y, DIAO W T, et al. Characterizing Passive Coherent Population Trapping Resonance in a Cesium
Vapor Cell Filled with Neon Buffer Gas [J]. Chin Phys B, 2013, 22: 043201,

[10] SCHWINDT P D D, KNAPPE 5, SHAH V, ezal. Chip-scale Atomic Magnetometer [J]. Appl Phys Lett, 2004,

85, 6409-6411,

[11] SHENG D, L1S, DURAL N, et al. Subfemtotesla Scalar Atomic Magnetometry Using Multipass Cells [J]. Phys

Rev Lett, 2013, 110; 160802,

The Measurement of Simulative Weak Magnetic Field with a Cesium

Magnetometer Based on Coherent Population Trapping

WEN Xin, LIU Zhi, WANG Jie-yving, DIAO Wen-ting, HE Jun, WANG Jun-min

(State Key Laboratory of Quantum Optics and Quantum Optics Devices and Institute of Opto-Electronics,
Shanxi University, Tai Yuan 030006, China)

Abstract: Coherent population trapping (CPT) magnetometer is based on coherent population trapping
coherent dark states, using an all-optical method to measure the magnetic field with high accuracy. In our
experiment, we used the method of injection locking to get the two color lasers with locked phase and large
frequency difference, which equald to the hyperfine splitting of the cesium atoms’ ground states, and
observed the CPT transmission signals. We added the longitudinal magnetic field which was along the laser
propagation direction, and observed the widen CPT transmission peak and the splitting signals. For the
magnetic field of medium intensity, we got the magnetic field value by measuring the splitting spacing, and
for the weak region, the value could be obtained by the relation of current and magnetic field. In our
experiment, we could measure the static field with several nT.

Key words: Coherent population trapping; atomic magnetometer; weak magnetic field measurement;

cesium atoms





