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Fig.1 (Color online) (a) Relevant energy levels of the
133Cs D1 line corresponding a double-lambda
system. (b) Experimental setup. GL: Glan—
Laser polarizer. a represents the probe light of
Stokes field, & represents the conjugate light of
Anti-Stokes field; a’ represents the probe light
of Anti-Stokes field, b’ represents the conjugate
light of Stokes field.

H1 () #ETF DI ANBEE, (DEREEH.
GL:#ZBE. a REREH N Stokes 5,6 K
A H N Anti-Stokes 5 a” RR REHH R
Anti-Stokes 37 , " E I3 h Stokes 3.

ZHRFRMRAPEZRENINABETF
Fa . mB1@Fn. #ET DI KXESHH T
IS RRER 6°SL, F, =3 1 6°S1,F, =4
BRESRE 6"PL,F.=4a MR —TW A B =R
FETF&RSG. WAESGER IR | 2) 4 5% B4
BT DIXWAMESERALRNER F,=4 M F,
=3, ZEZEKPREN 6=2nX9. 2 GHz, B &
BREEIDHXMBIRT D1 KB RESHEE F.=4,
HBARFEBRRA M'=2nX4.6 MHz, —IRIBIIE

HWHRBEATRERK|D<IDHM[3D<]2),
HELTREDSH N A+ A, —RFHHEE
BERTRAKRT <Dt K HRER
A(Stokes ) , i Xt BE B BRI | 3) < | 2) B, 3 4t
%5 K A+ 0(Anti-Stokes ) , H T 7 68
S IR BSR AR T4 FAR A DL BL SR AR, R 4 R B
W Wi T 8 T 6 06 F » X R M PR AR — N R ROk
F ala’) M—DIHOENTF 6(6”), I E 1(b) fr
~. ERARBRP.REGNEHG . REHHE
WaHEIOEFRERERM, HE G EHZ
B4R ER 2% 18. 4 GHz,

LEEAKEN L=15 mm WEE FIRE,
Xt HBEAT MR . KR F, FH b (pump) #
BE L (probe) , IR K /N3 F128 P,=500 mW 1
P,,=100 pW, ZEE 1(b) ", 4 M X T R
JELL 0=0.38°ABEAL, HEBLE FIREP LM
X 2EEBXBHERERE S AN w,=0.69 mm
Mw,=0.39 mm, RFEL -NZERTEN
A A R I AR N B B A L R AT BRI,

2 ZBER

R 2RSSR, & R RS
G R R RET R R S AN EE I
JETIRZ M, FLHE 6 Y 3 25 O 7 A B L EE 0% IOk
MESEANBTH LR R, Hie E It
RN G— 1., SZH P HRE 6 R I 5ok 1 2
BB SR A XOE F IR R SELA MR R ST
KRG EBEBAHLTAE., NE 2 UEHER
W GmEN, BKeHE@EMR) MiLmyg
(TE Bl 28D 25 S BE 0 A 38 25 04, R4 3 a (™D M
I ()M E XK 18.4 GHz, X} HLE (b)
FE )T LRI, JWE H A Stokes 3 B 3 25 1%
F A — AN/ TR W, 3 B 2 €5 05 A 1Y 38 2%
LR 2 By & DU IR A 2% AL 8 R ikt 3k ) £
RArEEr.



ELAWSE  BFET B 2R VBRSO R

e 35

[ —sA] Ol @
[ in 4 wommnn [y
T, ]
8 ‘,;W__W ) 3] :
. s . M -
sL -, o Probe 1© 21
L ¢ [l'-.' JPEr RN A & i
E 3r- FY 0 : il : W
2F PHY 276 279 282 285 2.88
1 b S Time /ms
IV A TP : X
oF .W T T Wil g ) 4 g 4 (C)
5L ¢ b e Canjugate | 4
K : .8 i
: [ ks
E 3 . ) b 1 <2 2
1F Vo 11 '
0; 2" "4 Pr— ‘12 “’14 N SN S e
. 1290 1293 1296 1299 13.02
Time /ms Time / ms
Fig. 2 (Color online) (a) The gains of the probe (red line) and the conjugate (blue line) lights. (b) The
gains of the probe (red line) and the conjugate (blue line) light when the probe light is Stokes field.
(c) The gains of the probe (red line) and the conjugate (blue line) light when the probe light is Anti-
Stokes field. The main experimental parameters are; T=110°C ,A=1 129 MHz, P,=500 mW, P,,
=100 pW,L=15 mm,§=0. 38°,
2 (5@l MEREG(BalZOMEIMR, Kb Bl L mMmEyiE. (bHH

& Stokes HET R HMEFH R W R LR . (OFEH N Anti-Stokes AT R4 H ML H B
WHRMA, LWBEW. T=110C,A=1129 MHz, P,=500 mW, P,, =100 pW,L=15 mm, 6=

0. 38°.

B3AEARERFRERET . Rt g4
H & Stokes 3 #1 Anti-Stokes it . i K K T4 35
aCa’) M= A IL T 6(b7) B HE 25 BE 2 W OL A
RREARVTARRE., NEFTUEL, EAF
BEXGT HEHEMERIBER /NN, BEE A
B RHEGAMEGREREMETF R LA, S
KPR RN NIFIHRERT . HEH G A Stokes
Gt 7 AB/NMER T 6 M 22 18ME (L =/
BEHao(ZRBIWALE 3(al—el) |, XRHTF a
MR AL T I RERTRER F, =4 F. =41 i,
B TR F B0 BN, JRF X o B IR Wi 3 FE A
DrIgE A AWK, K F AR o R W Z
W H, B b BB EE X Hoa B/, TSR E
%8 Anti-Stokes B[ 3(a2—e2) |, H T a’ B
MREE R FIER 0410 GH , Tk o 18
HamEE—-HILY WK, HBERETFREREE
ISC~II5CHEN . EERER G, B Gt

WHWBEREEAEAT . EEZ WL RMAL
HE IR —EWHRMEF T (P,=500 mW, P, =
100 pW), 2§ T=110CHa, 25 A P A, A 3
DU BRI BE R BEARN .G =7.2,G,
=7.2,G,=7.2 % G, =6.6,
BREEBEARRA . RHEGEREHHEKX
BFREHARERARMELRE, RAESE
MIRE . NREFARREELRSEEZHGT A
RRBERENEFREEY, ARMVEZERR
i, Bl KEXZRBIE, RRE T=110C.A=
1129 MHzMf 3, Fj 3k 5 3% K B F R Bk [,
R, BATHB T E A=1 129 MHz i, 45
H3biu gy i 1 25 0 (A K 25 3 9 R IR B AR
R IE 4 iR, REFEEBIE TR FRE
BRI T BE A 3L 80 5 10 3 25 B A R 4R M
.7 T=110CH A B & K, R B X I HE 5
W 4Ca) BT 5 & SCHE 25 3% 0 2 5 58 B by 3 2% 0%



21(1) 2015

Gain

O MW VIO O— N W O XD —N W oohobhiobioho b Do L

500 10001500 000 2500 500 1000 15
Pump detuning A (MHz)

Fig. 3 (Color online) The measured gains of the probe
a (red solid circles) and the conjugate & (blue
solid triangles), as well as @’ (red hollow
circles) and &’ (blue hollow triangles) versus
the detuning A of the pump beam. The other
parameters ate the same as in Fig, 2
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Fig. 4 (Color online) The gains (a) and the spectrum
width d (b) of the probe a (red solid circles)
and the conjugate & (blue solid triangles) at the
same of the pump detuning, as well as a’ (red
hollow circles) and &’ (blue hollow triangles)
versus the temperature of the Cs cell. A=1 129
MHz, and the main experimental parameters ate
the same as in Fig. 2.
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Fig. 5 (Color online) The gain spectrum of the probe a
(a’) and the conjugate 5 (&’) versus the two
photon detuning with the different temperature:
T=105C (black line) , 110°C (red line) and
115°C (blue line). A=1 129 MHz. The other
parameters are the same as in Fig. 2.
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Fig. 6 (Color online) The gains of output probe versus
pump detuning A. The main parameters are: Q=
1007,7t=2.5,8=2 0007,(1)+/Nga =+Ngs
=557(green line) and (2) vVNgs =+ Ngu =
50 (red line).
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The Amplifier of Stimulated Raman Four-wave Mixing in Cesium Atoms

WANG Hong-li, WANG Dan, GUO Miaojun, ZHOU Hai-tao, ZHANG Jun-xiang

(State Key Laboratory of Quantum Optics and Quantum Optics Devices , Institute of

Opto-Electronics , Shanxi University , Taiyuan 030006, China)

Abstract: In this paper, we experimentally investigated the classic gains of injected probe and generated
conjugate lights via using stimulated Raman four-wave mixing process in cesium atoms. The dependences
of gain on the atomic density and pump detuning were compared when the probe was injected into the
atoms as a Stokes or Anti-Stokes field,and the line shape and width of the spectrum were also discussed.
This result will provide necessary information for the preparation of quantum correlation via using
stimulated Raman four-wave mixing process.

Key words: stimulated Raman process; four-wave mixing; Stokes fields; Anti-Stokes fields



