56 7 2007 7
1000-3290/2007/56 07 /3733-06

ACTA PHYSICA SINICA

Vol.56 No.7 July 2007
©2007 Chin. Phys. Soc.

2006

PACC 0530) 0365 7335

_ LZT 3—5

36

78 9

10—14 I_ZT

15—30
31 32

33—36

34 37—40

LZT.

* 10474008 10604009

2006CB921400 863
F E-mail wanggf02 @ sina. com

11

*
1 23
100088
730000
361005
1
0% | ¢ 2 v O
02 *4lal T2 0 0
O O
0 2 L, e, 20
0 2 2747 2 0
% 0 < b+£|a|zg
1 2 2 Tyl
2
v .c
Y V2 Vs
.ay; a, asjs
la, |7+ Tay[? + | ay|? 1.
7220712_7327- -
v 7
Y=at a
2
ey =0 =V Y +2)° 1la
r, nm=123 y—>—
n Y=+ ® m

'y =I'y =Ty =1
F12:F13=P21 :F23:

2005CB3724503



3734

i i
a, =+ s, €9 a, =+ 1-s,—3s,€"

01 = 0(,] - @(,2 02 = 8(1 -

56
s, =—va 1 -5, — 35, s,sin0, 7
0, :—%—% 1 - s, =2s,
+ 5 ycosl,
2y 1 = s5) =55, 84
1 -5, =2
- il i ycosl, . 8
2 01— s — 85 8y
5—8
e=H,
1.
4 (a)’c=0

2 P /\1\
[b < 1 ] 1 (C)’ c=10 ' ' ’ '
+ 5 t7g -8 = 5 -85 =% 4 3~
+ (—3 LSy )s ’ \I/z_
I 0 “‘F
—vy 1 -5, — s, s cos0, -2 ” P — " -
—vy 1 -5, — s, sycosl, 4
s, 0, s, 0, . . b oo
0.1 c c=10 v =
1.0
sp =—vy 1 —s —s, s sin0, 5 ccy 1 b
91 :%—% 1—281 - 8
- 1-25 - % vcosl,
2y 1 = 5; — 5, 54 s g
+ % vecosl, 6 -
2y 1 =5, =5, 5,
|
0 oH. O H, O H, JH,
O 2s,90, T, T 95,00, 90,20, 0
0 g
0 o°H, oH, JH, OH,
O s, 90,9s, Js,90s, 960,0s, U
H =0 . : . . u 9
O oH, o H, o H, o H, O
E_ 881862 B a@lagz B 852862 8262 E
H o'H, oH, OH, OH, A
U 9s,0s, o0, 9s, s, 96,0s, U




3735

A Jaccobi (real)

0.01p

0.00

-0.01

7
2 H,
a b 5 Y
y=-2
=0 Yy=+2
c>v
3. -
3
1.0
0.5}
0.0t

1—21

—o—c=5.0

—_—c=0.0

Iy

107?

b/



3736 56

a I, y+TI'y,+ My =1
Iy +Iy+1s=1 . Qg . a I,
3 . Iy, I'p FIS
a, .4 c 3 4
g o4} C
4.
0. 03
*'* BEC
**-* . T:O
0.02 1 *‘*’ Vori BEC v or i Gross-
0*.
£ *’** Pitaevskii GPE
* 2
.01} ‘*'* ihM:_—v@rt
*,** ot 2m
*,*/ + v o+ gl Tt |PW o
. . . . 2
“00T 0.2 0.3 0.4 0.5 gU:A'Tdi N a
. m
1
4 ¢ a
.2 GPE
3 a b a b 3
lprt=¢lt¢lr+¢2t¢zr
gyt By 10
BEC
1 a r, 1 O 1 O
i 40,8 g0, O 1
'y I'; T'y I'y Ty 3 deg g g8°g
) Oy, 0 Oy,0
lc r,, Ok + Uy L g |2 - Ky 0 O
m=123 3¢ d . H=E - K, E(2)+U2‘¢2\2 - Ky E
Iy, m=123 O 0 — Ky ES + Uyl ¢y]20
5 12

1.0 — T — T

—e—c=5.0

—_—c=0.0

0.0

107 1072 107" 10° 107 1072 107" 10°

5 y=1.0 c=5.0 Iy, m=123



7 - 3737
EO:J(E\V¢\2+vr\¢|2)dra=123 ]
a om a a
.U, = Jg0‘¢a|4dr a =123
5.
2
K, = ‘J(EW' Vé, + v ¢,¢2)dr
2 -
Ky = ‘J(ﬂ Vb, Vb + v ¢2¢3)dr
12 23
K, = Ky 13
16
v a Iy, I,
11 1
1 Landau L. D 1932 Phys. Z. Sowjetunion 2 46 22 Liu]J Wang W G Zhang CW Niu Q Li B W 2005 Phys. Rev.
Zener C 1932 R. Soc. London A137 696 A 72 063623
2 Shytov A 'V 2004 Phys. Rev. A 70 052708 23 LiuJ Zhang CW Raizen Mark G Niu Q 2006 Phys. Rev. A73
3 Raghavan S Smerzi A Fantoni S Shenoy S R 1999 Phys. Rev. A 013601
59 620 24 Albiez M Gati R Foling J Hunsmann S Matteo Cristiani
4 Yosuke K Yoshihiko M 2000 Phys. Rev. A 62 061401 Oberthaler M K 2005 Phys. Rev. Leit. 95 010402
5 Zobay O  Garrway B M 2000 Phys. Rev. A 61 033603 25  WuB LiuJ Niu Q2005 Phys. Rev. Lett. 94 140402
6 Mullen K Ben-Jacob E  Schuss Z 1988 Phys. Rev. Lett. 60 1097 26 WangGF FuL B Zhao H Liu J 2005 Acta. Phys. Sin. 54
7 Bharucha C F Madison K W Morrow P R Wilkinson S R Bala 5003 in Chinese 2005
Sundaram Raizen M G 1997 Phys. Rev. A 55 R857 54 5003
8 Madison K W Bharucha C F Morrow P R Wilkinson S R Niu 27  XiaoY F Wang D L. Wang F'J Yan X H 2006 Acta. Phys.
Q Sundaram B Raizen M G 1997 Appl. Phys. B Lasers Opt . 65 Sin . 55 547 in Chinese
693 2006 55 547
9 Sibille A Palmier ] F' Laruelle F 1998 Phys. Rev. Lett. 80 4506 28 AoSM Yan]J R2006 Chin. Phys. 15 296
10 LiuJ Hu Bambi Li B W 1998 Phys. Rev. Lett. 81 1749 29  Wang GF FuL B LiuJ 2006 Phys. Rev. A 73013619
11 LiuJ Hu Bambi Li B W 1998 Phys. Rev. A 58 3448 30 WuB LiuJ 2006 Phys. Rev. Lett. 96 020405
12 HuB LiB Liu] GuY 1999 Phys. Rev. Lett. 82 4224 31 Ostrovsky V' N Nakamura H 1997 J. Phys. A Math. Gen. 30
13 Zhang C Liu J Raizen M Niu Q 2004 Phys. Rev. Lett. 92 6939
054101 32 Vitanov NV Suominen K A 1997 Phys. Rev. A 56 R4377
14 Zhang C Liu J Raizen M Niu Q 2004 Phys. Rev. Lett. 93 33 Nemoto K Holmes C A Milburn G J Munro W J 2000 Phys .
074101 Rev. A 63 013604
15 Smerzi A Fantoni S Giovanazzi S Shenoy S R 1997 Phys. Rev. 34 Zhang S Wang F 2001 Phys. Lett. A 279 231
Lett . 79 4950 35  Franzosi R Penna V 2001 Phys. Rev. A 65 013601
16 ~ Wu B Niu Q2000 Phys. Rev. A 61 023402 36 Franzosi R Penna V 2003 Phys. Rev. E 67 046227
17 Liu] FuLB OuBY ChenS G Chaoi Dae-Il Wu B Niu Q 37  Graefe EM Korsch H J Witthaut D 2006 Phys. Rev. A 73
2002 Phys. Rev. A 66 023404 013617
18 FuLB LiuJ ChenS G 2002 Phys. Lett. A 298 388 38  Carroll CE Hioe F T 1986 J. Phys. A Math. Gen. 19 2061
19 LiuJ WuB Niu Q2003 Phys. Rev. Lett. 90 170404 39 FuLB LiuJ ChenS G Duan Y S2002 J. Phys. A Math.
20  Huang G X 2004 Chin. Phys. 13 1866 Gen . 35 L181
21 Wang D . Yan X H Tang Y 2004 Chin. Phys. 13 2030 40 FuLB ChenS G2005 Phys. Rev. E 71 01660



3738 56

Adiabatic Landau-Zener tunnelling in nonlinear
three-level system™

Wang Guan-Fang' 2" Liu Bin'  Fu Li-Bin'  Zhao Hong’ *
1 Institute of Applied Physics and Computational Mathematics — Betjing 100088  China
2 Institute of Physical Science and Technology —Lanzhou University —Lanzhou 730000 China
3 Physical Department  Xiamen University ~Xiamen 361005 China
Received 7 September 2006 revised manuscript received 1 November 2006

Abstract
We investigate adiabatic Landau-Zener tunnelling in nonlinear three-level system. The levels and tunnelling probability are
studied with respect to the nonlinearity. For weak nonlinearity the structures of the levels are smooth and similar to their linear
counterparts. However the eigenstates of the middle-level will be unstable for some system parameters which leads to the
adiabaticity to break down and the tunnelling probability chaotic. For strong nonlinearity the structures of the levels are
distorted including double-ring-like distortion in lower-level and butterfly-like distortion in upper-level. The adiabaticity will be

broken down more badly. Finally we give a possible application of the system in triple-well trapped Bose-FEinstein condensates.
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