54 11 2005 11 Vol.54 No.11 November 2005

1000-3290/2005/54 11 /5003-11 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.
*
12 3% 1 3
! 730000

2 100088

} 100088

2005 3 30 2005 4 29

- BEC self-trapping . phase
space 1

running-phase 2

BEC
PACC 0365 0155 7335
BEC =
1 9—I13 14—17
1925 - "
- BEC . BEC
1
70 1995
JILA RICE self-trapping
MIT BEC
“Rb 'Li  *Na - > . BEC
19
phase space
. BEC
running phase
BEC

" 10474008 10445005

"E-mail 1bfu@ iapem. ac. cn



5004 54

de Y es - svcosl 3b
d Vi1-s
ds
s 0 de ~
ol do_oail
o0 dt ~ os
) H:—%sz+}’s+v\/1—szcosﬁ. 4
- Gross-Pitaevskii GPE
7 =0.
2.1.
2. BEC
12
BEC . 1.
20
GPE™ . GPE Pi P> 1 a s=0 0= s=00=0
BEC A
2 223 ' P
s -11
. BEC
n 31
GPE 5 H
- —% 1 a D2
7 BEC soo-11 0 -5 =
Landau-Zener 2 2
Tunnelling * %% | H _% v H = _%
BEC
s==1 H=v
s =0.
GPE
dfa a
ldl(b):H(b) : =1 0=mn
a b P D3 Pa
I:ll c 2 2 v 0 = - =
D2—2|b|—|a| -5 0 1b s k., kO k,
=8 H 2
u —% -%+% b PP -lal g 1—(*) Pr P2
2
v v s -11 H -v -%
9 12 28—33 2
c .
lal®>+ 1517 1. $o=5 P
a=lale™ b=1ble" s P H -h -
=1h1>=1lal? 0=0,-0, s -k 0 0k, 0

szvl—szsinﬁ 3a 2:@ £y k=
ds c v



11

5005

1.0

=
=

=
o

A4

|
—_
OO

a b ¢
¢ 0=m
s==+1 06
%% 1+ f? ’ Pi P3
s
s =0
s 0
oscillation
Pa
H=-v P2
s 0
H —-é% v
c
-5 < - ” >2
O=m
pC
1 ¢ H
—‘éi - 1 ¢ s -10 01
g s
#0

(@)elv=05"

(mc/v_14

Ml

1.00

0.75
0.50
0.25
0.00

-0. 50
-0.75
-1.00

e

|
r f=4
SO HRNONP DO

e
o

c/lv=0.51.43.0

0=0
H= -
P2 P3
P P3
ky 1 )
c
—h - 5
P2
v
P4
< _ 2
v
s= 1
1.0

a b’
P
P1 Ps3
s -1 -k
2
hy=yf1- 57
s 0 H -0
< _q
v
P2
1 a b
2 a v v =
1


Absent Image
File:
0


54

5006
9 0 ‘<2 s =0 ) c
v v
¢ 5025 34
7>2 s #0 :
2
i ind
t
2 v=1.0 ¢c=1.99 2.0 2.01 2.5
a b N=50 c=0.5 c=
1.99 2.0 2.01
2 Asinwt
2.2.
35—37
|
oA . < 2 2 v O
H D281nwt—2 |b| —Ial _2 D 5
_E —% —%smwt+%|bl2—lal2 @
w .db/ _ c ) 7 12 , v i;wswt ’
ldt_2|b|_|a|b_2 6b
2.2.1. [
Asinwt eiizﬂosa)l — 2 ]” 2 ii netimul‘ 7
c ; ne -
n z n
2 a w = d
a C 7 12 7 2 ’
iV =——~ 1b1"=1ad |I” a
100 2210 s =0 s 20 di 2
v o~ A n —inwty,
c=1.53 3 a _7’;}@],,( ) —i b 8a
‘7 db’
: _£ 7 12 _ 7 12 ’
iz—mto.swl ’ b - 7i2'—mnfoswlb, 1 dt = 2 I b | I a | b
id_(l__£ |b/ |2_| /|2 /_ﬁ—ifcnsmtb, ii](é) . on inwt y 8b
dr = 2 a a He - 2 2\, 1"e a
6a 277[ a/ b/

Ww>v
@



5007

ey
80

(®)

c=1.0
c=1.531

v v=1.0

=1.531
60

[
¢c=1.53

N =50

a

v=1.0 =100 A/w=1.0

38 39

3
1.53 1.531 1.8

11

<3
QO
<z °I®
<|3
(=]
J
(@]
— <l
<
N
Il
C_U
QO
=
[=a)]
—
N

BERX

HIFRX

2.0 07—
~
o

1.5 4

1.0

A/

clv

w =100

1)
15Jy Alw

2.0

1.5

0.5 1.0
Alw
0.5 0
Alw

FEFFIRX

Alw

0.0
clv

4_
v=1.0 s

1000

clv

10 100

w

w

2.0

1.5
2Jo Alw

1.0
Alw

AKX
Alw

0.5

Alw

0.0

v=1.0 s
clv

0.5 1
0.0

1000



54

5008

WLV

2.2.2.

BEC

Aw coswt

Y =

1000

0.166

1

1

2/3 32 12

</

=100 1000

w

0

0.5"

2/3 2/3 32
A7+ .

c=

0.524

0.586

15

0 1200 1500 1800 300 600 900 1200 1500 1800

90

600

0

c=4.0 13.511

0.01 A=10

6 v=1.0 w=

13.512
13.511

c =

c=14.0

N =50

a

c=13.512

.. -
130

R LT

L
-

asp
o

)
i

_f}' f,-' -

~ T

13511
AR

®c/v=

-

13.512

L(@)c/v

1.0

c=13.512 13.511



5009

11

HEFRX

FEFFIRX
HRE A X

100

v=1.0

80

13.511

c

=10

=0.01 A

@

6 a

60

40

¢ <13.511

a

P2 P3 Pa

Pi

¢ >13.511

s %0 0

Ps3

P

40 60 80 100 120

20

P2

v=1.0 w

2
c= A-/} + U2/3 32

0.05 0.01

w =

2/3 2/3 32
A7 + v

20

15

10

1.OF

0.8
0.6

ugis

)

A
w

o

— >
3
c> AP 4 B

C
v

2.2.3.

0.4

0.2

0.0 &

v=1.0

1.99

10 » =100

A=
4

w =0.01
13.511

=10

=2.0 A

v=1.0 w

9

w=2.0

68
5.88

=0

sign

sign =1

9.2 ¢

0.94

1.0

15

10

20

15

10

5.88 9.2 16.65 a

c

1.0 @=2.0 A=10

v =

10

50



5010 54

b . a=
/NA eieA b= /NB eiHB s = w

0=0,-0, N, N, A
B N=N,+N,.

A . A .
L=a"a-0'b m= a'b+b'a +i a'b-b"a

3
Y ¢ v 2t
N ]W NN Y ¢y vy L.
3.1.
c
c
11 v=1.0 @=2.0 a b . 2b N =50 2 a
c c=5.88 9.2 16.65
¢c=0.5 s
16.65 9. s =0
) 10 a ¢=5.88 .¢c=1.99 2.0
s #0 c=9.2 s =0 2.01 s
c=16.65 s #0
11 a
c 11 b
¢c=2.0 c=2.0
c=2.5 s
3. s %0
c
A sinw, c
v A w
27 34
H=-v da'a-0bb -¢ a'aaa+ b bbb
+v, a'b+bla 10 3.2.
Y ¢ vy A sinw, t

at b oa



5011

11 -
H,, =A;sinw,t N -2n s c . 10
—¢, 2n* + N> =2Nn - N 1la b 10 a N =50
Hn . :Hn_ln — Ulm llb C=5.88 S _1 _0.94 C=9.2
s -1 -0.976 ¢ =16.65 s
c v
n=N, A Q=N BTN -1 -0.993 ¢
3.2.1.
c
3b N =50
3 a ¢
c 1.53 c=1.53
c
S[Jn (lbll =
A .
S[}:l elw—lcoswlt N-2n 7
H ,=-¢ 20+ N> =2Nn - N 12a
2A
Hnn—l:Hu—ln:vl nN—n+1]0—1'
o 4.
12b
A, -
1 . Michael
A N
24, 24
“0 =4 BEC
Jo W, Jo Nw 4 w o
3.2.2.
c
6 b
N =50 6 a
¢ =13.511 Jona-Lasinio o
¢ 0.186% .
3.2.3. Michael



5012

54

Franco D et al 1999 Rev. Mod. Phys. 71 463

Anthony L J 2001 Rev. Mod. Phys. 73 307

Anderson M H et al 1995 Science 269 198

Davis K B et al 1995 Phys. Rev. Lett. 75 3969

Bradley C C et al 1995 Phys. Rev. Lett. 75 1687

Andrews M R et al 1997 Phys. Rev. A 275 637

Hall D S et al 1998 Phys. Rev. Lett. 81 1543

Stamper-Kurn D M et al 1998 Phys. Rev. Lett. 80 2027
Anderson B P and Kasevich M A 1998 Science 282 1686

Raghavan S Smerzi A Fantoni S and Shenoy S R 1999 Phys.
Rev. A'59 620

Giovanazz S Smerzi A and Fantoni S 2000 Phys. Rev. Lett. 84
4521

Smerzi A Fantoni S Giovanazzi S and Shenoy S R 1997 Phys .
Rev. Lett. 79 4950

Raghavan S Smerzi A and Kenkre V.M 1999 Phys. Rev. A 60
R1787

Wu B and Niu Q 2000 Phys. Rev. A 61 023402

LiuJ Wu B and Niu Q 2003 Phys. Rev. Lett. 90 170404

Wu B Liu J and Niu Q 2005 Phys. Rev. Lett. 94 140402

FuL B LiuJ and Chen S G 2002 Phys. Lett. A 298 388

Liu J et al 2002 Phys. Rev. A 66 023404

Liu WM et al 2002 Phys. Rev. Lewt. 88 170408

Williams J E and Holland M J 1999 Nature 401 568

Zhang C LiuJ Raizen M and Niu Q 2004 Phys. Rev. Lett. 92
054101

Zhang C LiuJ Raizen M and Niu Q 2004 Phys. Rev. Lett. 93
074101

Dalfovo I and Stringari S 1996 Phys. Rev. A 53 2477

Markus G Cindy R A and Deborah J S 2003 Nature 426 537
Michael A et al 2004 arXiv cond-mat/0411757 v3

Zhang L and Ge M L 2000 Fashionable Problem in Quantum

21

22
23

24

25
26
27
28

29

30

31

32
33

34
35
36
37
38
39
40

Mechanic Tsinghua  Beijing  Tsinghua University Press in
Chinese 2000

Edwards M et al 1996 Phys. Rev. Lett. 77 1671

Stringari S 1996 Phys. Rev. Lett. 77 2360

Smerzi A and Fantoni S 1997 Phys. Rev. Lett. 78 3589

Kagan Y Surkov E L and Shlyapnikov G V 1997 Phys. Rev. A 55
RI18

Dodd R J et al 1997 Phys. Rev. A 56 587

Rokhsar D S 1997 Phys. Rev. Lett. 79 2164

Martin H 2001 Phys. Rev. A 64 011601 R

Zobay O and Garraway B M 2000 Phys. Rev. A 61 033603
Sigmund K and Sols F 2002 Phys. Rev. Lett. 89 060403

Yan K Z and Tan W H 1999 Acta. Phys. Sin. 48 1185 in
Chinese 1999 48 1185

Tan W H and Yan K Z 1999 Acta. Phys. Sin. 48 1983 in
Chinese 1999 48 1983

Tan W H and Yan K Z 2000 Acta. Phys. Sin. 49 1909 in
Chinese 2000 49 1909

Wang C and Yan K Z 2004 Acta. Phys. Sin. 53 1284 in
Chinese O 2004 53 1284

Lu J 2004 Chin. Phys. 13 811

Zhang GF Yin W Liang J Q and Yan Q W 2004 Chin. Phys. 13
988

Milburn G J et al 1997 Phys. Rev. A 554318

Gomez Llorente ] M and Plata ] 1992 Phys. Rev. A 45 R6954
Grossman F and Hénggi P 1992 Europhys . Lett. 18 571

Gomez Llorente ] M and Plata ] 1992 Phys. Rev. A 45 R6954
Yosuke K and Yoshihiko M 2000 Phys. Rev. A 62 061401 R
Yosuke K 1994 Phys. Rev. A 50 843

Jona-Lasinio M et al 2003 Phys. Rev. Lett. 91 230406



11 - 5013

Self-trapping and its periodic modulation of Bose-Einstein
condensates in double-well trap *

Wang Guan-Fang' > Fu Li-Bin® © Zhao Hong'  Liu Jie®
Institute of Physical Science and Technology —Lanzhou University — Lanzhou 730000  China
Beijing Graduate School — China Academe of Engineering Physics  Beijing 100088  China

1

Institute of Applied Physics and Computational Mathematics — Beijing 100088  China
Received 30 March 2005 revised manuscript received 29 April 2005

Abstract

Self-trapping of Bose-Einstein condensates BEC in double-well trap is investigated. Two kinds of self-trapping are
discussed through phase space analysis in the mean-field approximation 1 The number of atoms oscillates near an equilibrium
point in the phase space while relative phase increases monotonously with time running-phase 2 Both the number of
particles and the relative phase oscillate near an equilibrium point in the phase space. In particular we investigate how an
external periodic filed influence the self-trapping. It is found that the external periodic field may dramatically modulate the
critical points at which the transition to self-trapping occurs. With this we can observe self-trapping phenomenon in a dilute
Bose-Einstein condensate with a very weak interaction as well. Finally the effect of many-body quantum fluctuation on self-

trapping is also studied. We also discuss how to observe the self-trapping phenomenon with present experimental techniques.
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