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Squeezed Atom Laser Oringinating From Stimulated Raman Transition

He Huiyong Huang Chunjia
(School of Physics and Electronic Science . Changsha University of Science and Technology .

Changsha , Hunan 410114, China)

Abstract We present a method to prepare a squeezed atom laser via stimulated Raman transition of the A-type
three-levels atoms in sodium atom Bose-Einstein condensate (BEC) interacting with two light beams, a weaker
squeezed coherent probe light and a stronger classical coupling light,and investigate the squeezing properties of this
atom laser. The results show that the quantum fluctuation of this atom laser can be periodically squeezed. The
squeezing depth of such atom laser is determined by the initial squeezing factor of the probe light,and the squeezing
period of that is related to the mean number of atoms in trap, the strength of interaction between squeezed light and

BEC atoms, and the detuning of the light.
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Fig. 1 The system of sodium atoms Raman coupled
with light fields
ZIgE A EAER . 6% -7 F BEC 248
Ay B 25 105 ( Hamiltonian) 2 7] 278 S (k= 1)
H=H,+H,+H;+ H.. (D
A H, ARG b %, H, O8R5 7 1 i
WA Ho 4 5 5005 M 5AE F A A 2800 %5
i, Ho, R 2[RV AH B AR F s 35 B . 7/ Ik
R L . m
H, = wala,, (2)
X al () RARBEN o BRI SE 6T 177
AT R AAT) .

3
H, = >vblb,. (3)
1=1

X ol () F£om | ) G= 1.2.3) BIFEF I ERFFGEREFD v Fom | 0 G = 1.2.3) BT NTBEES

(Bt n = 1),

H, = [gibla,biexp(—iw 1) + gi alblbyexpCiw 1) ]+ [ g:05b,exp(— iwy1) + g5 bibsexplinw,t) s (4)

K g B e FRAE G- 1 1R]AH EL AR FH A9 98 12

3 3
H.. = D b670F + D a,b1b1bb, » (5)
i=1 ivj=1
G#j)

KA My (ag = 1,2,3) FRALNE T Z 18] A BLAF A 32 2
R FAR ELAE R 22 50 OF R RGeS e 2 n D Al e #E I Ho AR B TG S e VPR 2 A B

H=H,+V, (6)
AKrp
H, =wala, +u il)jb{ 4+ Cwr — w2 )0iby + wn b0, (7
i—1
V=>0—v—w )bgbs + (glbgalbl + g7 aib{ba )+ (gzbgbz + g5 b;tbs )+
i}x,bj‘fb? + i} Asbibibb,. (8)
i=1

ij=1Ci#j>

B W) Uy I 220 BT A R A B (- TR T SR BE SR 9 S AR AR 7E | D25 HAE T I D B P R 78 N, 2

Ko 2B A K BRITRN - [ 2) F | 3) 254 A3 3.

T PRI ' 7 AR 55 10 22 LR 5 Dt AR 5 HL R

WARKIEIE T AE RGBS R b AL T 2) A1 3) 28 09 I 80 G /N T 40 F | 1) 25 19 7 1 Ji 550 ELAS Bil i
[B) S A8 A, — D7 L A0 T [ 2) A0 | 3) 25 By 5t [R] By AH FL AR T g 5 ] DL Z2 B ATt (8) AT 4k oy
V= (vs —vi — w1 )b;bg + (glb;albl +gf aibibs )+ (gzb::bz Jfgz* bgbs )+ALIJI[)I[)1[)1- D)



12 39 SHAE . P R 2 R ) A TR 4 IR T RO 3533

b

%*ﬁﬁﬁy\ ii?s = Eba vV]% Ovﬁ?ﬁfﬁu /)3 ’\/_Zalbl _%bz v’fjt/\(g) ﬁv ﬂf’ﬁﬂ%\@?‘&ﬂ@)ﬁi?ﬁﬁ?@ﬂ{ﬁ

2 Al R G R AR e 2 R 1R AR
V =—wbbib, — (g'blaiby + g alblb,)— w\alblaiby + 2,607 (10)
ftq:' CU/] = ‘gx ‘Z/Aswgz ‘gz ‘Z/Avg/ = glgz* /A&A = VT VT ﬁﬁ%l&“ﬁoﬁﬂﬁﬁﬂﬂ Z.[.72 = [bz 9V]~ 0 %Elf

I by ~— falbl, PRA A0 — 20 | 2) S WY T AT 25 e A5 2 R GUM LA A R0 2 il

Ve = Zw/laJlralbIbl "‘/hblrbirblbl ’ (1D
WA IR 240 T | D28 BEC 4L T TE (B 654 T REAAH T8 o & W RS W46 R AT
FoRN

| w(0) =] ar® @ B> (12)
A
1 ) tanh o, tanh r\"? a
D - - - Hn n ’ 13
i) = exp( a4 U 3 (W) (e )
|8 = exp(—L> By, 14
P Z;J m !

(13) X £ = rexp(i®) IHFEHL O = 0,0 = Vexp(ip) .n WU B F 8 F R H, () J n By JL5 2500
(1) K g = /Niexplin . N, IHItaIF 24 F | 1) &0 BEC 5+ 1 F 350k F 5. & EIF. B o = 0,
n = 0,

KR E v R B 8 3T &« B2 RGBSR A

| () = 2 exp{*

‘ 2

1 \a\2+tan7hra2*‘L*i[2wﬁnm +Amim—1)Jt}X

S 2 2 2
1 g tanh r\""* e /
er< 2 ) H”(«/Zsinh rcosh r>| nym). (15)
3R Y SR A R FITF 459 BEC T 1 53 5 58 0T 3 U & o e
S SUJET0O6 1 9 4 1F 28 40 4 s CInE 2 B 38 B B ARCR A BT X (15) 5K
. + e AR
U, = ?(bz +b63), (16) . - .
: | >3 ORI s on— N (19)
U, :Z(bsz;)v an m=20 e 0
5
FIUN
1 4
Qi: (AU,')2_*91‘:192 (18)
4 7 8}
Sl 0~ Bl b~ Elalol il AU < o
2 82
U —U»* =18 2) RRETHOCMH i o 13
TR AR —RET A Q <0, MK Ok = o — .
&I THOCRI S « A i 05 1K U 4 n/10°
HERRZIAE T | DS FH R TFH N, 2% K 2 BEC JE T 198 7540 A (N, =10000)
R E4R 56855 HRIEIR RIVIEIE N IER S Fig. 2 Population distribution function of the BEC atom
AL R AT DAY R8N, AT with N, =10000

DiamAT. REELE RS RIENTRE HR ESLSE R T, %1886 7402 /N F BEC
PG AL B 5 X TR IF R F RN AT SEH R (15) & ] a4k ok



3534 ot 2

o 1l 29 %

| p()) = exp[— i Ny (N, — 1>z]exp<—%\a\2 +

a

.

tanh 7oy S exp(— inor) L

v/ 2sinh rcosh r

1 (tanh r)“”z %

2 n=0 vn! +/cosh r 2

)|n>|N1>, (20)

Ao =20 N, = 2| g [*/AN | ARHE(20) KX
Q (OFEBME TR AR B AN E 3 Fros M gs %, th (18)
AR S F OIS — Ao f Uy B3 13k i 7T DA
JEV M B 4 . e A 3 Ca) A Ch) BT, SR F i
U, s it Tk 0 R 45 IR 5 R 48 86 5 )

IR r A G BOR R . A 3(b)
FE 3Co) Al AL R F OB R 48 B2 T o, [ S
BEC )-F- %) )5+ %0 45 506 3% 5 BEC J& + 48 &
1 B OB 1 R R K

0.3 0.3 0.3
0.2 0.2 0.2
o 01 - 0.1 - 0.1
& 90 s 0 s 9
-0.1 -0.1 -0.1
-0.2 ~0.2 -0.2
e R RN o3l 0=20, =12 031.(0) 0=40, =12
002 04 06 08 T T o 0 02 04 06 08 10
t ¢ ¢

3 Qi () W EE A MA (n = 5. 0)
Fig. 3 The time-evolution of Q, (¢) with 7=5.0

MR (200 2XF Q. (o) Fr VE AR T35 1 45 R %
B R 30 U, 43 19 1k 75 R RE B R 46 . (175
BUEGE B R4 1 0 = n, BE FRIHE,
AL B B TR T30 Uy 23 i 70k 95 A RE Bk
FEART U, 4358 0 ik 55k v 7T AL S0) 1 Bk PR 47

4 2 1

ERIS BB T — A A0 R - R
HEERE P A B = REHR T 5 — 555 09 46 41
T 25 0 S R — AR A 5 A 2 R B A B R AR
32 Raman BRAE il £ He 46 I BO6 R 7 i IR BE5E
TR PR O R A B H R R . SRR
B 75 B s BEC 193 5 78 N, 25K
HE5ZkAEMEAERRIEN RS S ASHES N
THIE T it 52 # Raman BREAH B /E F 64 19 R+
WO, B — N IE 38 5 14 5 1k 7% 0] LS 3 st
B ESE. UL PT WL R RS A T8 S A L=
BB R 52 % Raman 8K A B 4E H 19 7 2007 2Ll
& 4 Dot B ik v 0 R 48 R B R
i A6 W) b He 4 - D S 1T 4 JR i 5 BEC
Y 5 R 46 08 5 BEC 141 B4 ok
B ROt R A L,

& X X
1 M. H. Anderson, J. R. Enscher, M. R. Methews et al..

Observations of Bose-Einstein condensation in a dilute atomic

vapor[J]. Science, 1995, 269(5221): 198~201

2 K. B. Davis, M. O. Mewes, M. R. Andrews e al.. Bose-
Einstein condensation in a gas of sodium atoms[]J]. Phys. Rev.
Lett. ., 1995, 75(22) . 3969~3973

3 M. O. Mewes, M. R. Andrews. D. M. Kurn e al.. Output
coupler for Bose-Einstein condensed atoms [ ]J]. Phys. Rev.
Lett. , 1997, 78(4) . 582~585

4 B. P. Anderson, M. A. Kasevich. Macroscopic quantum
interference from atomic tunnel arrays [ J 1. Science, 1998,
282(5394) . 1686~1689

5 E. W. Hagley, L. Deng, M. Kozuma et al.. A well-collimated
quasi-continuous atom laser [ J ]. Science, 1999, 283 (5408):
1706-1709

6 H. Jing, Y. A. Han, J. L.
theory for squeezed atom laser[]J]. Chin. Phys. Lett., 2000,
17(12) . 862~864

7 L. M. Kuang, L. Zhou. Generation of atom-photon entangled

Chen e al.. Quantum dynamical

states in atomic Bose-Einstein condensate via electromagnetically
induced transparency[J]. Phys. Rev. A, 2003, 68(4): 043606

8 S. A. Haine, M. K. Olsen, J. J. Hope. Generating controllable
atom-light entanglement with a raman atom laser system[]].
Phys. Rev. Lett., 2006, 96(7). 133601

9 Zhou Ming, Huang Chunjia. Squeezing properties of two-model
squeezed field interacting with Bose-Einstein condensate of V-type
three-level atoms [ J]. Acta Physica Sinica, 2003, 51 (11).
2514~2516
JA LA VI = AR R T -2 RN I R R S U
M EAE M R e R L] 42 %3k, 2002,
51(11): 2514~2516

10 Zhou Ming. Fang Jiayuan, Huang Chunjia. Squeezing effect of
light caused by Bose-Einstein condensate composed of interactive
atoms[ J|. Acta Physica Sinica , 2003, 52(8); 1916~1919
JA WL GO0 AR L A AR T R (- TR A0 O B R AR
SHC O], R SR, 2003, 52(8): 1916~1919

11 Zhou Ming, Huang Chunjia. Influence of the interaction between
atoms on the squeezing properties of atomic laser [ ]J]. Acta
Physica Sinica, 2004, 53(1): 54~57



12 39 PUE A

M T 52 HE 2 BR AT ) 45 TR 4 Dt T30k 3535

JA WYL B AR TR ) A EAE T X R O B 4 R R
[J]. =53k, 2004, 53(1); 54~57

12 C. J. Huang, M. Zhou, K. W. Mo. A scheme for the
generation of two-mode atomic laser[J]. Chin. Opt. Lett. , 2003,
1(12) . 686~688

13 C. J. Huang, M. Zhou., H. Z. Konget al.. Fidelity of quantum
state for interacting system of light field and Bose-Einstein
condensatel J]. Chin. Opt. Lett. , 2005, 3(7): 410~413

14 Zhou Ming, Huang Chunjia. Influence of the inter-atomic
interaction on the squeezing properties of two-mode atom laser
[J7]. Acta Optica Sinica , 2006, 26(10); 1575~1579
JA B AR I A AR T R I O A R R R
W[J]. 6% %4, 2006, 26(10): 1575~1579

15 C. J. Huang, J. Y. Fang, H. Y. Hee al.. Quantum coherence

and quadrature squeezing of atom laser originating from atomic
Bose-Einstein condensate interacting with light field[J]. Physica
A, 2008, 387(14) . 3449~3453

16 Kong Fanzhi, Zhou Ming, Huang Chunjia et al/.. Quantum
coherence properties of atom laser induced by light field[J]. Acta
Optica Sinica, 2008, 28(7) . 1395~1398
fLRLE. A WL B B E S0 R T ROLE T T
[J]. k%54, 2008, 28(7): 1395~1398

17 Zhuo Ming, Huang Chunjia. The influence of an atomic Bose-
Einstein condensate on the squeezing properties of light[J]. Acta
Optica Sinica , 2009, 29(4) . 1096~1100
JA W AR TR T Bk - DR T SH R IR Ak O 3 A R 1 5
W), R, 2009, 29(4) . 1096~1100



