58 6 2009 6
1000-3290/2009/58 06 /3670-09

Vol.58 No.6 June 2009
(©2009 Chin. Phys. Soc.

ACTA PHYSICA SINICA

PACC 0365 0290

1.
- BECs
= BECs
2527
30
BECs
31
3 3
BECs Feshbach
BEC

%
¥
321004
2008 8 15 2008 10 21
Gross-Pitaevskii
35—37
Schrodinger
BEC
' BEC BEC
4
BEC
20—23 24 BEC
2829
BEC
BEC
BECs BEC
0 BEC
BECs
BEC
34
BEC BEC
BEC
10672147 Y605312  Y1080959

T .E-mail jf_ zhang@zjnu. cn



- 3671
L_.( ou’ *@) ‘auz
BRREY CANEY
BEC —lul* 42V x lul?, 3
44
2. BEC u=AVpexp - 70 x - x, °
+ifBx-x "+Ex—x +9 4
BEC 7B x & ¢
V x ¢ )
Schriodinger NLS *#  Gross- Pitaevskii ® A BEC
iut+§um+\u\2u—qu=0 1
4 BEC
u xt Hartree-Fock
40
Va BEC
221
k
Vx = Vi k x-x + V& 2 ) "
oo 1 ko 5
K
k x 7
si® k ox-%
4 Ex-x °
BEC 1 2
t=w t" x=x"1a; u=+2la,/lu
Va =Vikw, Vo= Vibhw, V,=Vi/ko, =w’/
2w x=x'la, k=ka, . a = hlmo,
m @ 4 3
A @ L= [ Ldx 5
N - oL/I6p =0 p n B
> x, & BEC
41 42 dyp
. T =-2798 6
Vax =0 1 4p 427
Schrodinger di =2 7]4 -p - 7—27L
@
— Vok*cos 2k x - x, -V, 7
BEC d
% _
de =¢ 8
) fo =-2V,xy + Voksin 2k x — x, 9
5
exp — k*/ 27]2 ~1.
36 37 BEC
1 3



3672 58

6
47
! t dyg _dp _dw, _de
BEC de ~ dt dt de ~
6 —9 o3 Mo Bo % &o
Bo =0 10
3. 29— 2vo—l/kzcoska—x -V, =0
0 «/E 0 00 1
11
BEC & =0 12
BEC 6 —9 2V xg — Voksin 2k X — xp = 0. 13
NLS : BEC 14
4
NLS ’ x AV, V, k « 10 —
13 .
Runge-l(utti BEC % Bo xm &
6 —9 . . 6— o
BEC 6 — 9
|
EF%’Z 0
Ode 0O 0 -2 0 0
O 7o O
A8 0, sy 0.8
di B7 0 — 2V, k'sin 2k x — x o
0 O_ 0 Mo — /2 0 00 DAAB 0 14
OdAx, 07 g DHAxO
a2 g 0 0 'Dhe O
Baco 0o 0 -2V, -2V, kcos 2k ¥ - xy OO
Uq, U
O 0 - 2770 0 OD
O 3 2772 O
" 58773 - 5 ¢ 0 — 2V, k'sin 2k ¥ — xq og s
: 0 5
o 0 -2V, —2V,k’cos 2k & — x5  OH
15 7 4
A+ 2V, +2Vikrcos 2k X — xg
+ 167 - 3V24% g A°
+ 27, 167 - 3V24% p;
x Vi + Vok’cos 2k X — xy =0. 16 10 — 13 17 18
16 4
A == iy 1678 - 3724, 17 2

Vk _
A, = \/ﬁ 770 +8V1 ; cos 2k x — xg
1

Ays =+ 14/ 2V, + 2Vok*cos 2k X — xy . 18
19



6 3673
V, K
A34=ii\/2vl(1+ 0% cos 2k X — xg 100
V,
50 F
20 . @
2 -100 -50 0 20 100
19 20 Yok 150
Vl = 100
Vok’ = 50t ®)
v 0 00 750 0 50 100
<1 4 200
100 r
. ©
BECs Vok o1 . 0 00 750 0 50 100
. v, 0 x
A A
1 V x x
a 3 b 5 ¢ 7
BECs
113 ” BEC
Vo K BEC
Vi 4
BEC
1 BEC
V x x 1 BEC
V, K BEC
k=0.1 x=1.257% —— =10
Vi 23
V, K V, K
1a 2% _n I R LAY 4 3
Vv, Vi 23 4 BEC
le 6 — 9 BEC 1
35 7 1
V x x=0 X = inT:t n 6 BEC
BEC
V x x=0
BEC
1b
BEC 5 BEC |
~55.94 -26.16 3.74 33.63 63.33. 2 3 "
x Strecker
BEC
2 BEC
2 234 6
BEC
BEC |
3 BEC ©
2 BEC 5



3674

58

100 ) 100 100
80 | = 80} 80 F%
F -
60 g ...... L ogobos 50 »é
At o s L 4  peeewmgllF e 000 earses I.-- 20
40 = 40|~ 10 -é
20 % 20| 20 é
gl=s=_J g 0 h 0
0.51.0 1.5 -0.50.0 0.5 3.7398 3.7399 -2 0
7 8 g &/
@ (b)
2 BEC A=1.0 V;=50.0 £=0.1 x =1.25x
Vy=0.025 7B x & =103740. a BEC 6 —9
b BEC 1
100 —— 100 100
80| == 80 801

60| -

T B e

60

60|

D0 B . a0 201
0 0 :
0.5 LOLGE -1 -0 0 10 -1
7 *a
(a (b
3 BEC A=1.5 Vy=50.0 k=0.1 ¥ =
1.250 ¥, =0.025 7B x &=101000.a BEC 6—9
b BEC 1
80 80 771 80 ﬁ:i
e —
E;—.d-"_;‘“““_. "":{:;
- =
60 | 80 f===m{ 60 =
10 10 g 10 ez
v H “ed -
20 20 20 %
0 : 0 e ==
0.5 1.01,5 -0.20.0 0.2 30 35 40 -5 0 5
7 ¥id Xy -
(a) ()
4 BEC A=1.5 Vy;=50.0 k=0.1 ¥ =
1.25% V) =0.025 7B x &=103000.a BEC 6—9
b BEC 1



6 . 3675

51

{a) (b} (e}

41

42

Wannier-Stark Melnikov

BEC 52 53
BEC
1 BEC
100 100 L 100 ~ 100
60
= 20
I ;
QK g 0 4] .
0 5 10 -20 0 20 -50 0 &0 -20
7 yil Xy 4
(a}
6 BEC A=1.5 Vy=50.0 £=0.1
x =1.25% Vi =0.025 7B x &=104.00 . a BEC 6 —9
b BEC 1
BEC
4. BEC . v
3 Vo bk x
=0
6 —9 1 BEC V x x=0 5
-59.64 -
BEC 29.90 0 29.90 59.64. BEC
BEC % BEC
6 —9 BEC
1
BEC BEC
BEC
5
Vo k*
Vi BEC

BEC BEC



3676 58
BEC 7
a b BEC
4 56
3 H £ =1
100
80
I3
100" ©
7 BEC BEC 6 —9
A=1.5 Vo=50.0 k=0.1 £=0.0 V,=0.025 a pBx &=10-27.0
0 b 77ﬁx05=1059.640
BEC BEC
6 —9 BEC
BEC
5. BEC
BEC
BECs BEC
BEC BEC BEC
4 BEC

1 Anderson M H Matthews ] R Wieman C E 1995 Science 269 198
2 Dalfovo ¥ Giorgini S Pitaevskii L P Stringari S 1999 Rev. Mod .
Phys . T1 463
Montina A Arecchi F T 2003 Phys. Rev. A 67 023616
4 Fallani L Sarlo L D Lye ] E Modugno M Saers R Fort C
Inguscio M 2004 Phys. Rev. Lett. 93 140406
Huang G X Deng L. Hang C 2005 Phys. Rev. E 72 036621
6 Merhasin I M Malomed B A Band Y B 2006 Phys. Rev. A 74

033614
7 MaY FuLB YangZ A LiuJ 2006 Acta Phys. Sin. 55 5623
in Chinese 2006

55 5623

10
11
12

13

14
15

Barontini G Modugno M 2007 Phys. Rev. A 76 041601
Cheng R Liang J Q 2007 Chin. Phys. 16 834
Xi X Q Liu W M 2007 Chin. Phys. 16 1858
Zhou XY Mu A X Xue J K2007 Chin. Phys. 16 3197
He ZM Wang D L 2007 Acta Phys. Sin. 56 3088 in Chinese
2007 56 3088
Zhao X D Xie Z W Zhang W P 2007 Acta Phys. Sin. 56 6358
in Chinese 2007 56
6358
Mu A X Zhou XY XueJ K2008 Chin. Phys. B 17 764
Wang G F Liu H 2008 Acta Phys. Sin. 57 667 in Chinese
2008 57 667



6 3677
16 Huang J S Chen HF Xie Z W 2008 Acta Phys. Sin. 57 3435 in 36 Trombettoni A Smerzi A 2001 Phys. Rev. Lett. 86 2353
Chinese 2008 57 3435 37 Brand J Kolovsky A R 2006 Eur. Phys. J. D 41 331
17 Chen HJ Xue J K 2008 Acta Phys. Sin. 57 3962 in Chinese 38  Pitaevskii L P 1961 Sov. Phys. JETP 13 451
2008 57 3962 39  Gross E P 1961 Nuovo Cimento 20 454
18 Fang YC YangZ A Yang LY 2008 Acta Phys. Sin. 57 661 in 40  Lieb EH Seiringer R 2002 Phys. Rev. Leit. 88 170409
Chinese 2008 57 661 41  FangJS Hai W H 2005 Physica B 370 61
19  Wen W ZhouY Huang G X 2008 Phys. Rev. A 77 033623 42 Chong GS Hai WH Xie QT 2004 Phys. Rev. E 70 036213
20 Anderson B P Kasevich M A 1998 Science 282 1686 43 Ablowitz M Segur H 1981 Solitons and the Inverse Scaitering
21  Hagley EW Deng L. Kozuma M WenJ Helmerson K Rolston S Transforms  Philadelphia SIAM
L Phillips W D 1999 Science 283 1706 44 Kutz J N Holmes P Evangelides S G Gordon J P 1998 J. Opt.
22 Chiofalo M L Tosit M P 2000 Phys. Leit. A 268 406 Soc. Am. B 15 87
2 MaRQ LiYF Shi J2008 Aca Phys. Sin. 57 4083 in 45  Taha TR Ablowitz M J 1984 J. Comput. Phys. 55203
Chinese 2008 57 4083 46  Press W H Teukolsky S A Vetterling W T Flannery B P 1996
24 Ovchinnikov Y B Muller ] H Doery M R Vredenbregt E ] D . . L . .
Helmerson K Rolston S L Phillips W D 1999 Phys. Rev. Leit. Numer.w(ll ReCIZPES .. The Artof Scientific: Computing - Cambride
83 284 Cambridge University Press
25 Jaksch D Bruder C Gimac ] 1 Gardiner C W Zoller P 1998 47  Drazin P G 1992 Nonlinear Systems  Cambridge Cambridge
Phys. Rev. Leit. 813108 University Press
% YuZX Liang) Q JiaoZ Y 2006 Chin. Phys. Letr. 23 2004 48  Strecker KE Partridge G B Truscott A G Hulet R G 2002 Nature
27 Brennen G K Caves C M Jessen P S Deutsch I H 1999 Phys . 417 150
Rev. Lett. 82 1060 49 Nozaki K Bekki N 1983 Phys. Rev. Lett. 50 1226
28 Choi DT Niu Q 1999 Phys. Rev. Letr. 82 2022 50  Moon HT Huerre P Redekopp L G 1982 Phys. Rev. Lett. 49
29 XuJ Hai WH Li H2007 Chin. Phys. 16 2244 458
30 Car LD Brand J 2004 Phys. Rev. A 70 033607 51 Zheng Y Kostrun M Javanainen J 2004 Phys. Rev. Lett. 93
31 Ruprecht P A Holland M J Bumett K Edwards M 1995 Phys . 230401
Rev. A 514704 52 Filho VS Gammal A Freder T Tomio L. 2000 Phys. Rev. A 62
32 Car LD Leung M A Reinhardt W P 2000 /. Phys. B 33 3983 033605
33 Bronski J C Carr L D Carretero-Gonzdalez R Deconinck B Kutz J 53 Saito H Ueda M 2001 Phys. Rev. Lett. 86 1406
N Promislow K 2001 Phys. Rev. E 64 056615 54 Zong ¥ D Zhang ] F 2008 Acta Phys. Sin. 57 2658 in Chinese
34 Cornish S L Claussen N R Roberts J L Comell E A Wieman C 2008 57 2658
E 2000 Phys. Rev. Lett. 85 1795 55  Zong F D Zhang J F 2008 Chin. Phys. Lett. 25 2370
35  Malomed B A 2002 Prog. Opt. 43 69 56  Hai WH Lee CH Chong G S 2004 Phys. Rev. A 70 053621



3678 58

Evolution and controlled manipulation of a Bose-Einstein
condensate chirped soliton in external potentials ™

Zong Feng-De  Yang Yang Zhang Jie-Fang'
Institute of Nonlinear Physics ~Zhejiang Normal University  Jinhua 321004  China
Received 15 August 2008 revised manuscript received 21 October 2008

Abstract

An extended variational method for describing the dynamics of a Bose-Einstein condensate BEC chirped soliton in the
presence of periodic and harmonic potentials is developed. It is shown that the BEC chirped soliton dynamics can be deduced via
the extended variational method to a set of four coupled nonlinear differential equations. This deduced set of equations agrees
remarkably well with full numerical simulations and highlights the dominant physical interactions in the system namely
amplitude width chirp center-position and center-frequency dynamics. The extended analytic theory provides a useful
accurate and greatly simplified description of the governing BEC chirped soliton dynamics. It further gives the critical strength
ratio of periodic to harmonic potential necessary to support multiple stable lattice sites for the BEC chirped soliton and
demonstrates that the BEC chirped soliton can move selectively from one lattice site to another by simply manipulating the

potentials. In addition some interesting results for the experiments and applications of the BEC are also obtained.
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