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Fig. 1 Parameter plane of the correlation strength

between noises A and the noise strength ratio v/R.
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Fig. 2 The spectral density changes from one peak to two
peaks as A decreases. The dotted curve and the
solid curve are plotted according to point A and
point B in Fig. 1, respectively. Other parameters:
r=4.52s"',01=0.6s1=05s, D/I;=0.2,
Q/I§=0.45

REFAE 0 = 0 48R R BT 5L H B /)
{EL, TR BRH7E @ = 0 BYPII 4 B B T — A 16 X 3R
B IR T30 B B8 B B — A ST B T B R
WP [ B9 SE R T R T R T BOR IS S B AR

TEE 3, AL LA =g, j& T, &
w = 0 AR WEE LB WA, R E LR E
DU IESFAR R EBOX P MR RATHT LB B0 =
0 AL B EFEE A B9 KA B T HE NP EEZ
BAR T HE B PIASIEE . X R B iy T 14 75 [A) B9 R Bk
T R B E R TE S

0.0124
0.01221
0.0120F

§ 0.0118[

“ 0.0116[
0.0114F
0.01121
0.0110g

Fig. 3 The power spectrum with three peaks for different
A. The dotted curve and the solid curve are plotted
according to point C and point D. Other
parameters: '=4.52 s ', 1;=0.6 s, 1z=0.5 s,
D/I§=0.2, Q/I}=0. 45
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Fig. 4 Effect of the correlation time of the colored noise ¢
(¢) on the spectraa density. Other parameters:
Ir'=4.52s', 2=—1l,n=17/r =0.83, D/} =
0.2,Q/1=0.45
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Fig. 5 Effect of the ratio of the correlation time of noises
n=11/7; on the spectral density of atom laser.
Other parameters: '=4, 52 s ',A=—1,¢4 =
0.6 s,D/I}=0.2,Q/I{=0.45

BEE R T RO — R Y BRI 5
BRI EEEEQRR AL MIRIE. M R
IR R LU M, e 75 i) f) S R AT RE A R ix 7ift 2%
A% BRI N D0 4 B Y W ) E JBE A R E e B TR
P ) SR HEK 3 JBE 194 72 Ak T A 4k » TT L 24 47 5% K I g 119
MR FEE B R /N4, & A N — A~ I E B
AU B = X R RO AR AR . X 2B R R K S 2R
THOLER B, KRR T RO S, X
Fob A A8 AT LA 3 3R A4 T 97 2% S IR] BE A9 22 4 SR L%
T W48 75 SE TR 5 [B] B 388 K, TC I8 2 B SRR A J6] , 38 2
SRIR B[], JR T WO 3 A I (E AR R R . IE
FATETHE B, BT R A R A, B, RA
DR R i AR A ¥ » L3 b R 7 () 139 SR BER B2 /0N A4 T
AESC BUAR 4 1 AR IR T SO

s % X #

1 Anderson M H, Ensher J] R, Mathews M R e al..
Observation of Bose-Einstein condensation in a dilute
atomic vapor. Science, 1995, 269(5221) :198~201

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

3 Bradley C C, Sackett C A, Tollet J J et al.. Evidence of
Bose-Einstein condensation in an atomic gas with attractive
interactions. Phys. Rev. Lett., 1995, 75(9):1687~1690

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

5 Anderson B P, Kasevich M A. Macroscopic quantum



786 X =3

i 23 %

interference from atomic tunnel arrays. Science, 1998, 282
(5394) :1686~1689

6 Hagley E W, Deng L, Kozuma M e al.. A well-
collimated quasi-continuous atom laser. Science, 1999, 283
(5408) :1706~1709

7 Bloch I, Hansch T W, Esslinger T. Atom laser with a cw
output coupler. Phys. Rev. Lett., 1999, 82(15):3008~
3011

8 Zhou X J, Wang Y Q, Yang D H. A scheme for realizing
the continuous wave atom laser. Chin. Phys. Lett. , 2000,
17(11) :784~786

9 Ballagh R J, Savage C M. The theory of atom lasers.
Mod. Phys. Lett. (B), 2000, 14(Suppl. ):153~188

10 Wiseman H M, Defining the (atom) laser. Phys. Rewv.
(A), 1997, 56(3):2068~2084

11 Castro F, Sanchez A D, Wio H S. Reentrance
phenomena in noise-induced transitions. Phys. Rev.
Lett. , 1995, 75(9):1691~1694

12 Jia Y, LiJ R. Reentrance phenomena in a bistable kinetic
model driven by correlated noise. Phys. Rev. Lett. ,
1997, 78(6):994~997;

Zhou X J, Cao L, Wu D J. Reentrant transitions induced
by correlation between colored noises. Chin. Phys.
Lett. , 1998, 15(4):243~245

13 Zhou Xiaoji, Cao Li, Wu Dajin. Effect of correlated
noised on dynamic properties of a single-mode laser. Acta
Optica Sinica (& % ¥ #), 1999, 19 (1) 7~ 12 (in
Chinese)

14 Zhu S Q. Steady-state analysis of a single-mode laser
with correlations between additive and multiplicative
noises. Phys. Rev. (A), 1993, 47(3):2405~2408

15 Long Q, Wang Y Z. Effects of classical noises on atom
cooling and trapping. Phys. Lett. (A), 2001, 288(5):
257~270

16 Staliunas K, Berzanskis A. Quantum noise of
multitransverse mode laser felds. Phys. Rev. (A), 2000,
61(3):033810-1~033810-7

17 Ernst U, Marte A, Schreck F & al.. Bose-Einstein
condensation in a pure Ioffe-Pritchard field configuration.
Euro Phys. Lett., 1998, 41(1).:1~6

18 Ketterle W. Experimental studies of Bose-Einstein
condensation. Physics Today, 1999, 52(12):30~35

19 Lewenstein M, You L. Quantum phase diffusion of a
Bose-Einstein condensate. Phys. Rev. Lett., 1996, 77
(17) :3489~3493

20 Gardiner C W, Lee M D, Barlagh R J e al.. Quantum
kinetic theory of condensate growth: Comparison of
experiment and theory. Phys. Rev. Lett., 1998, 81
(24):5266~5269

21 Hope J J, Moy G M, Collet M J et al.. Steady-state
quantum statistics of a non-Markovian atom laser. Phys.
Rev. (A), 2000, 61(2).:023603-1~023603-14

22 Kneer B, Wong T, Vogel K et al.. Generic model of an
atom laser. Phys. Rev. (A), 1998, 58(6):4841~4853

23 Steck H, Naraschewski M, Wallis H. Output of a pulsed
atom laser. Phys. Rev. Lett., 1998, 80(1):1~5

24 Wu Y.
fluorescence decay rate under strong coupling condition.
Phys. Rev. (A), 2000, 61(3):033803-1~033803-06

25 Cao L, WuDJ, Ke S Z. Bistable kinetic model driven by
correlated noises: Unified colored-noise approximation.
Phys. Rev. (E), 1995, 52(3).:3228~3231

26 Zhou X J, Cao L, Wu D ]J. Effects of the form of
correlation between noises on dynamic properties of linear
system. Commun. Theor. Phys., 1999, 32(1).77~82

27 Jia Y, Li J R. Effects of quantum noise in a dye-laser
model. Phys. Rev. (A), 1997, 55(3):2475~2477

28 Liu W M, Wu B, Niu Q. Nonlinear effects in
interference of Bose-Einstein condensates. Phys. Rev.
Lett. , 2000, 84(11):2294~2297

29 Kshl M, Hinsch T W, Esslinger T. Measuring the
temporal coherence of an atom laser beam. Phys. Rev.
Lett. , 2001, 87(16) :160404-1~160404-4

Quantum theory of microcavity-modified

Effects of Correlation between Noises on the Spectral Density of Atom Laser

Zhou Xiaoji

Chen Xuzong Wang Yiqiu

(Key Laboratory for Quantum Information and Measurements, Ministry of Education,
Department of Electronics, Peking University, Beijing 100871)
(Received 20 June 2002; revised 23 July 2002)

Abstract ;

Expressions are derived for the correlation function and the spectral density of an

atom laser driven by a colored noise and a white noise, with a correlation of the exponential

form. The spectral density displays one, two or three peaks, depending on the correlation

strength between noises. A possible way of measuring the spacing of interference pattern is

suggested to demonstrate this multi-peak feature in the experiment. Effects of the correlation

time of noises on the spectral density also are discussed.
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