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Fig. 1 Two independent FWM processes and related
energy levels in Rb

B RE AR ME T I 12 3 7 R

d < <
dt” - Zz Yipu + 24 Yapii =+
<E,<;E,> (E, <I;E,>
iZ(/l/;‘O;[_/l,]{O/;)E(I) (la)

dow, :
‘C% = — Gy, T, )(Olm +

2 o~ i E@ (1b)

A B R AE M 0 058 o, R B R
o SRR 56 I, S 1 BT %

X DU RA R P 55— —>5d—>6p—>5s 4 i
K T 1 I JF



1406 T

SO 36 4

o =pla’ Tl Tl ol ()
I o =1, 2 [Z2m Fl L =m~Fa I, p,) =
0. 8 ERAMHIVA K Qo) MK (16) ., 155 — B %
YL B 1 %85 2 0 e

g><zy—-i“ *(r'+mn'| e T E (D de (3)

HE—M & Ao % . @GO

AKX Q) FI(b) , A3 i il e L F 79 % A
ot
(2 :ﬂ — Gy, +T, )1 f Gu, 000
P (1) . J}le
o’ (OE@H A 4

HE B il % B M e o &
R OFMDRAKXQDOFI(IL), 52 =
BB 3T 8L R ) 25 B SR R T

Ty . . [ L
5 (1) = fizlxe G, T, 00 [ gl 0,00

Pral

pff>(t/)E(t/)dt/ (5
p<43) (t):_ﬂeﬂiwdﬁnhn i eliog +I00

el (HE@)H A (6)

How = W R % B AR M o o
ERE L TUPE IR 55—>—>5d—>6p—>5s AYAELL P
AT R = W CHR %85 8 R [ o0 R
P () =NTr(pup) =N (uapil + ol
Kb N 2 i1 8U%
K WURH ] 1 25 3R Xfm{ﬁ/wlfﬁ 2 5s—>—>Ts—>
6p95s,1¥f§ﬂ~l§uM?)'EJEMTE"J%‘T‘%EWE

D dc.c.) ()

{0,(”1)([) h 7(1 bl Tyt l e iy, +1, )IE(Z )dl‘ (8)
He—primiis ﬁ%mﬁﬁ? Z B A e
E‘J%‘X%EWFJE
{Oifl)([):i/zi‘”’e*“wdu‘ﬂw’i eliog 100
o (HOE@ ) (9
HE B s B o % . = ok
1 %5 BE 3 [ o0
‘O/x)(t) 1;;&1 o Uy, T, i ‘C(iw,MJrF,m)/' .
pi (HEWH A 10
H)(z‘)* #u/ Gy, +Ty )1 j eliog 400 o
h s
ol (HE@ ) (1D

B N N & Rl S Ive < S e [ = o5 L1 /5 2
Wi R 5s—>—>Ts—>6p—5s MIAEL PE M b R Al 1

B I B AR B TR N R
P, () =NTr (yp) = Nuupi2 T puaps’ +c.c.) (12)
14 Y 6 O Ik v A R K A S DU TR

R R A 2o R 2 W) B B O ELAE AR A R
AVER . WRURUL e R G, Y3 bk op
f 3 £ B B R 08 T8 UL 2 T e 68 R B BT SR RE K ¢ Al d
I, DU YR A 3 B 5s—>—>5d—>6p—>5s I 5s—>—>Ts—>
6p—5s ¥ HEAH T Ho i & . A 2.

d 7s

c 5d
@, ;) @

b 6p
w, w, 0]

a Ss

B2 WEFHEAANABANTRBALREIMERE FRA
Fig. 2 Two coupled FWM processes and related energy
levels in Rb

PRI 28 40 5 1 A 4 P AR b 38 R PR A 1Y 8 T Ot
AR PR AL A 0, B
P()=P,(0)+P, () (13)
LSS A B TR A AR L AR D SO
F4) 768 ' IOk o ) ' 1 0 250 Y B L AH N Y Dk o s ]
B B AR B A L IO I TR Ak AR S 7 AR Y PR A D AN
5T S I ) R R AR A ek XORE X s
Yk ol ) 5 R 37 1 I B 26 T DL AL o pR ROk
LN

EW =06 (A, e ™' +A, e ™' +A, e '+
A, e D+tee 14
SR FHBERE WA AT A7 3 R GE i AR Lk Mk A
P(z);—”\”;‘;“| S*T{ | pra | *Le ol —
e Tt T | gy [2[e G T —
S e (15
Bl
T=A, TA, +A,, TA,
IS5 A B G i TR AL A iR
I. ()| P(0)|* (16)

2 itig

LAOHIL T WPIRME S RE, Ea
VF 20023 W48 A (1 — A T AR R (wa —
we s HX Y FRESH d Fl e 22 . XA FRR LR T
IR AERESE I R G BB d R ¢ XoF R 1) I8 4
2548 608 em ™, B AL ELE IR AR S

HPHMWIEEZBEZEEZNEm . 55, 5%
TR DK e A S g R A e R 1 X T A B R B T %
SER AR S BV 0 o ) ' T i R A 20 ] s 5
Geod T e FLUR A DUk TR AR A R 04 4 47 DG e 2% 1



8 4] AT S R T B T A3 BT P AR LR 5 A 2 i DU R T AR 1407

UG o o (€1 VAN = S A1 I AT 5 o S R 1 52
TR A o0 8 P R 57 DG C 2% A2 . Dl T A 3 R ) A 6 DT
e 45 14 1 % B R ik U

2k, =k, +k. (17
ok, e I ke A3 R S S DR R 5 U i
K. 3 AF SRS A IR Z MAEAE I A 0.

n(w,)w, n(w,)w,

B3 KRR AR By AR L IS B s B
Fig.3 Schematic diagram of phase-matching in
FWM processes

ik B 58 A A A VL T L 25 254
n(w,)w.cos 0+
21w, ), 18)
K nCw,) nCw) Fn o) 53 )2 5 1 % . PRSI A
EREALANEIR IS IE -3 ES L U8
e s PRAR I AT 5 Do BB 3 I8t o PR A3 g R 1 5 A
[F]—A>J5 1) b I8 4= (18) AT LA faf ik hy
n(wdw, Tnlw)w ="2n(w,)w, 19
Pt 2% n(w) AT LA L A

2 _ Ne’ fig(wizgiwz)
n (@) 1+2€Omczf:(wi2g*w2)2+)’?gw2 20

X N RETFRBE. e Mom, 43 52 1 09 fir
FUT R S [ F i 30008 MR T 004 g B 1 18
e BRI 58 B AT, 7, S S IR AT 1 4R 1Y) B B
M1 FTC20) 7T LA Y FEAH R 25440 T A4S
G 1 O VR AR e ELAT R ) ) AR 67 2R BC i . 2R
L — A O R A A AR ELAT ST — 1 D TR i
KAFZ AT R I8 A X — s Rk 2 i . Al
P o5 — > DU TR AT Ao Pt 25 15 ) 0 . XA
JIT O ) kT A R R 5 5 . X B R AR L
r A T 4% ) D B0 T L R B IR O ik v () 2
S, PR A ORI v A T MR R A S i
DU 557 YR A 3k S AN AR 3] T i ) DU R VRARA S T
FOUREEE) 1 AR Al ) DU TR AR A S dE— 2 X
Sl e i DO TR AR T R AT B R o A A5 8 T
SR A 608 em Y LA L [ AR ST bk o
F14) Bt RTS8l R 2 o X o A KON L
RS2 . GG Jok b WA IRk S 0 1 AR Ak BB S B0 A
VU 3 TR AT A BRI 1) S8 IS T I R L Ak Bl AR T
VR DU 9 YR A 3 ) R T R L DA 2 ) 2 40
AR 2. K b ' T O R A A8 Ak T R EOP A Y D R
AT R R A R R RORE TR L T 5 e B A 40

n(w) ! —nlw) wsin® 0=

R R 3 A T e A DR R R B A A
VU 35 R A0 3o R 4R 2 DR TC 348 RE 0% 445 A k1 41 R
I /N 3 e S B 2 SRR 43 BT AR A AT

3 e

SR FH OIS 125 7 T 6 3l 30 AL 23 301l 2 BT 1

H A N7 Y S DU R A R R — A I S i

DU R A L G AR GO S R X S 2

it U IR AR R P SRR A B S .

AR JE O DK R R X S 2 TR A

SRR A IS AR gt 2 [ s B O EL A A A R A

YER . AL B 3R B A8 5 0 2 & U R RS 5 b

AT LAWLSE B 5 7471, B 7 41008 B2 9 KON A E Ok T

QDGR bk el R T AR TSRS A i 2

et DY TR AR AR P A AR AL DC T

5% 3

[1] MA Lan-ying, MA Zhi-kao. Randomly varying zero-dispersion
wavelength and phase-sensitive amplification in fiber four-wave
mixing[J]. Acta Photonica Sinica» 1999, 28(9); 775-779.
T, hECE . 2R DY TR A B K 7 O R AR
PEBURICRLT ], ST 2440, 1999, 28(9): 775-779.

[2] MA Rui-giong, LI Yong-fang, CHENG Zhen, et al. Heterodyne
detection for rayleigh-enhanced four-wave mixing [J]. Acta
Photonica Sinica, 2007,36(1): 55-58.

ThHG I, AR, UM, S5 SR 2R 4 5 U IR AT A 25 IR
[J]. JeT 24, 2007, 36(1): 55-58.

[3] MALCUIT M S. GAUTHIER D J. BOYD R W. Suppression
of amplified spontaneous emission by the four-wave mixing
process[J]. Phys Rev Lett , 1985, 55(10): 1086-1089.

[4] LUM H,LIU Y M. Observation of the suppression of the
stimulated hyper-Raman scattering (3S;,2- 4P3,» ) near the
sodium 4D two-photon resonance[ J]. J Phys B, 1994, 27
(20): 5089-5096.

[5] HU Zhen-hua, MIAO Qing-yuan, CHEN Jun,et al. Theoretical
studies of the quantum beats on population relaxation for V-
level atoms by using time delayed four-wave mixing with
incoherent light[J]. Acta Photonica Sinica, 2002, 31(4):
407-411.

BRAE, BETT, BRAE . AF. JEA T OGRS IE DU R AT VOB =
BUREFHARLBRE FHMOERR ] 7 ¥im.
2002, 31(4) . 407-411.

[6] TRAN H C, JOHN P C, GAOJ, et al. Interaction of atomic
wave packets with four-wave mixing detection of rubidium and
potassium wave packets by coherent ultraviolet emission[]].
Opt Letr, 1998, 23(1) . 70-72.

[7] SENIN A A, TRAN H C, GAO ], et al. Molecular dissociation
observed with an atomic wavepacket and parametric four-wave
mixing[J]. Chem Phys Lett, 2003, 381(1-2): 53-59.

[8] BOYD R W,MALCUIT M S,GAUTHIER D J,et al. Competition
between amplified spontaneous emission and the four-wave-
mixing process[J]. Phys Rev A, 1987, 35(4): 1648-1658.

[9] KATHARAKIS M. MERLEMIS N, SERAFETINIDES A, ez



1408 * F % W 36 &

al. Four-wave mixing and parametric four-wave mixing near wave radiation generated by parametric four-wave mixing in
the 4P-4S transition of the potassium atom[]J]. J Phys B, rubidium vapor: ultrafast (~ 150 fs) and nanosecond time
2002, 35(24): 4969-4980. scale excitation[ J]. Phys Rev A ,2005,72(2):023811(1-7).

[10] ZHU C J,SENIN A A,LU Z H,et al. Polarization of signal

Analysis of Two Coupled Parametric Four-Wave-Mixing
Processes Using Perturbative Theory

ZHAI Xue-jun', ZHU Chang-jun', XUE Bing',He Jun-fang®
(1 Department of Physics,School of Science s Xi'an Polytechnic University s Xi'an 710048 ,China)
(2 State Key Laboratory of Transient Optics and Photonics s Xi'an Institute o f Optics and Precision Mechanics
Chinese Academy of Sciences,Xi'an 710119 ,China)
Received date:2006- 12— 18

Abstract: Two parametric four-wave-mixing (FWM) processes in Rb atoms are studied using perturbation
theory under the condition of rotating wave approximation. The two parametric FWM processes are
coupled when they are excited coherently by a short laser pulse with a bandwidth encompassing the two
corresponding upper energy levels in the two FWM processes. Perturbative analysis reveals clear evidence
of the appearance of quantum beatings in the two coupled parametric FWM signals. The amplitude of the
quantum beating is not only determined by the temporal and spectral properties of the pump laser pulses,
but also influenced by the phase-matching conditions for the two coupled parametric FWM processes.

Key words: Nonlinear optics; Perturbative analysis;Parametric four-wave mixing; Quantum beating
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