Vol. 57, No. 7, July, 2008

57 7 2008 7
1008- 3290/ 2008 57(07)/ 422406 ACTA PHYSICA SINICA ¢ 2008 Chin. Phys. Soc.
*
How T K KREE REE IME K O
( , , 030006)
(2007 11 19 ;2008 3 10 )
, ®Rb D,
PACC: 4265], 4265C
57 :
[ [2 [31 [4]
1965 " , i
P [6]
' [14—17] '
( )
, ). 1970
, Golub
, s Chaupczak
* ( - 10725416) , (973)
60678029)
. Ermail: jzhang74@ su. edu. en, ghang74@ yahoo. com

[ 1]

R , X2
[7,8]
[91
[10—12] [ 3]
(
, Grischkowsky
1986
;1988 | Shevy
2. 1993
( - 2006CB921101),



7 4225
1,198 . Dreischuh , (267281
80 Bm
s 630 mm s
21.2001 , Andersen , 50 mm,
12 ;2002  Bennink 20 mm, ,
4.2005 , Aumiler
) , (ECDL) ,
= 20 Um
630 mm s
“Rb D> F=4 ,
Ty , D
, 10 GHz
9 DZ
(PBS), , (1
mW) PBS ., CCD
2. LI RE N2 540
uw , N2
1 , 50/50 ,
('TA100, Toptica) 400 mW, ,
(Isavave, £ 80F-5L) i =
. PBS

18

Skt o

1 (PBS

. GL )



4226

57

3. ER

3.1
% CRb TS (F=2) 7 Py

5Sl/z(F: 3)_)5P3/2 A Mo,

2 2

©, +
W3, w,— Wy W+ Wy
, Wp 551/2(F= 2) 5Sl/z(Fz 3)
220 mW, 130
C , Rb D>
) , 3
3(b) F=3"F
1.6 GHz 3 GHz
87Rb ’ .
6.8GHz "Rb
(0 =
27 F 1.5 GHz +3
GHz
6.8 GHz "Rb
3.2
4( a)
[30, 31] '
“Rb D: F=3"F
0.4 GHz. 130. 'C

| @A — A

IIIIIIIIIIIIIIIYI

2 ®Rb

1
@ SRy p3—=p

8Rb F=2—=F"
85 87

()'_h-q-.__A
2 4 6 8 10 12 14
é 1F(b) —
. OF 87 85 87
: ___/“‘“’\}/—\,@“"\__@
or [
il 1 1 1 1 1 1
14
14
3 (a)Rb D, ,(b)y  (¢)
) ° 3( a) )
220 mW )
4(b) 130 C, 20
mW s
“Rb D, F=3"F
1.5 GHz , )
, 1 GHz
=3 F 0.4 GHz




7 : 4227

) ) 4(c)
, F=3"F 20 mW, *Rb D> F=3
0.4GHz . ¥ 0.4 CHz
) ) , , . 25 C
, 100 C
, : , 130 C

+1. 5 GHz 1 GHz

-

, 2710 BW. 5 6

5 D, F=3"F
s : 20 mW . 1,2,3,4,5 F
, , =3"F 15 GHz, 1 GHz, 0.6 GHz, 0.4 GHz, — 0.4
R 220 mW GHz, 0.4 GHz ,
g
g
1,
ES
FE /MHz
5 ( 6 (  1—

1—5 220, 160, 120, 80, 20 mW) 5 + 1.5+ 1,+0.6,+ 0.4 - 04GHz)



4228

57

4,

[12]

[13]
[14]

[15]

[16]
[17]

[ 18]
[19]
[20]

0.4 GHz ,

% #®

Rb D,

[ 34 35]
°

Berge L. 1998 Phys. Rep. 303 259

Zeff BW, Kleber B, Fineberg J, Lathrop D P 2000 N ature 403401
Donley E A, Claussen N R, Cornish S I, Roberts J L, Comell E
A, Wieman C E 2001 Nawre 412 295

Robinson P A 1997 Rew. Mod. Phys. 69 507

Kelley P L 1965 Phys. Rev. Lett. 15 1005

Fibich G, Gaeta A L 2000 Opt. Lett. 25335

Abrahan N B, Fith W J 190 J. Opt. Soc. Am. B 7951
Vorontsov M A, Miller W B 195 Sdf-organization in Optica
Systems and Applications Information Technology ( Berlin: Springer )
XiTT, LuX, Zhang J 2006 Phys. Rev. Lett. 96 025003
Alessandro G D, Firth W J 191 Phys. Rev. Lett. 66 2597
Grynberg G, Mayre A, Petrossian A 19% Phys. Rev. Lett. 72
2379

Schipers B, Feldmann M, Ackemenn T et al 2000 Phys. Re.
Lett. 85748

Staliunas K, SanchezMorcillo V J 2000 (pt. Commun. 177 389
Gauthier D J, Malcui M S, Boyd R W 1988 Phys. Rev. Lett. 61
1827

Grynberg G, Bihan E L, Verkerk P et ol 1988 Opt. Commun. 67
363

Berre M L, Resayre E, Talld A 191 Phys. Rev. A 43 6345
Gaeta AL, Skeldlon M D, Boyd R W @ o 1989 J. Opt. Soc.
Am. B 6 1700

Guschkowsky D 1970 Phys. Rev. Leit. 24 866

Golub I,Erez G, Shuker R 1986 /. Phys. B 19 L115

Shevy T, Rosenbluh M 1988 J. (pt. Soc. Am. B 5116

[21]

[2]

[24]

[25]

[ 26]

[27]

[ 28]
[ 2]

[30]
[31]
[32]
[33]

[34]

[35]

Chaupczak W, Gawlik W, Zachorowski J 1993 (pt. Commun. 99
49

Dreischuh A, Kamenov V, Dinev S ¢ o 1998 J. Opt. Soc. Am.
B 1534

Andersen J A, Friese M E J, Truscott A G et al 2001 Phys. Rev.
A 63 (23820

Bemink R S, Wong V, Marino AM ¢ al 2002 Phys. Rev. Lett.
88 113901

Aumiler D, Ban T, Pichler G 2005 Phys. Rev. A 71 063803

Wei D, ChenH X, XiongD Z & al 2006 Ad¢a Phys. Sin. 55 6342

(in Chinese) [ 2006 55
6342]

Zhang J, Tao H, Wei D et al 2003 Acta Gpt. Sin. 23 197 (in
Chinese) [ 2003 23 197]

Zhang J, Wei D, Xie C D, PengK C 2003 Opi. Eapress 11 1338
Zhang J, Zhang T C, Dong R F et o 2001 J. (pt. Soc. Am. B
18 1014

Bespalov V I, TalanovV 1 1966 JETP Lett. 3 307

Boyd R 2003 Nonlinear Optics (San Diego :
Wang H, Goorskey D, Xiao M 2001 Phys. Rev. Lett. 87 073601
Moseley R R, Shepherd S, FultonD Jet a 1995 Phys. Rev. Lett.
74 670

McComick C F, Boyer V, Arimondo E et af 2007 Opt. Lat. 32
3479

Li XY, Voss P, Shaping J E, Kumar P 2005 Phys. Rev. Lett.
94 053601

Academic)



7 : 4229

Experimental study on laser pattern formation by strong
nonlinear effects in rubidium atomic hot vapor®

Guo Lu  Wei Dong Chen Hai-Xia Xiong De-Zhi  Wang Peng- Jun  Zhang Jing’
( Sae Key Laboraory ¢ Quantum Optics and Quantum (ptics Devices, Insiitute of (pte-Eledronics, Shawi Unversity, Taiyuan 030006, China)
(Received 19 November 2007; revised manuscript received 10 March 2008)

Abstract
There are abundant nonlinear effects in atamic vapor. In this paper, the phenomenon of laser breaking up into filaments is
studied in the nea-resonant rubidium atomic vapor, which is induced by the strong nonlinear Kerr effect. When the cont inuous—
wave laser beam with transverse Gaussian distribution passes through the atomic vapor, the patten arising from the coherent
superposition of the diffraction patterns of filaments is observed. We also investigated the influence on the mode patern by input
power of laser, the temperature of the vapor cell and the frequency detuning of pump light. Due to the hyperfine structure of
rubidium aoms, the fourwave mixing effect exists in hot rubidium aomic vapor, which is related to the third-order nonlinear

effect closely. The Raman gain of the Stokes and anti— Stokes photons is observed by scaming the frequency of the probe beam.

Keywords: rubidium aomic vapor, Kerr effect, self Focusing, patten formation
PACC: 4265], 4265C

* Project supported by the NSFC for Didinguished Young Scholars ( Grant No. 10725416), the National Basic Research Program of China ( Grant No.
2006CB921101) , the National Natural Science Foundation of China ( Grant No. 60678029) and Program for Changjiang Scholars and Imovat ive Research
Team m University.

= Lomesponding anthor. E-mail: ghang74@ sxu. edna, | jzhang74 @y ahoo: com



