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=C1��ÏLN!��³²�î�§BªÇ5��. d	, ��O
¢��Y5*	�f�ù«��-Û�=C

1�.
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1 Ú ó

¢�*	��ÀÚ-OÏd"vàN (BEC) ¥

��-V�f [1,2]!V-V�f [3] ���5y�r

?
��5�f1Æ�¯�uÐ, �?�ÚÚå


<�é��ÀÚ-OÏd"vàN�2��ï

Ä [4−21]. �� BEC �±dü«��|¤ (X 23Na-
87Rb), ��±´Ó«���Ó ��f (X 85Rb-
87Rb) Ú�«�f�ØÓ�°[� (X 87Rb �f�

ü��°[� |F = 2,mf = −1 〉 Ú |F = 2,mf =

1 〉; Ù¥�Î F̂ L«�f�o�Äþ, mf �L�

f�o�Äþ3^|���ÝK�Î) ¤|¤. ï

ÄL², BEC �NõÔ5, �)§�/GÚ��5

�-u�, ´dÙ�f��p�^5N� [22−35].

BEC ¥��f�p�^´^ S-ÅÑ��Ý5£

ã. ��� BEC ØÓ�´, éu�� BEC, I�n

� S-ÅÑ��Ý (a11, a22, a12) 5L«Ó«�f

ÚØÓ«�f�m��p�^. Ù¥ a11 Ú a22

L««S S-ÅÑ��Ý, a12 L««m S-ÅÑ�

�Ý.

du«SÚ«m�p�^��3, �� BEC

¥��f1�LyÑ'�� BEC ¥��\E,

Úk�. ~X, 3�� BEC ¥, V�f�k3�f

m�p�^��pü½��ÿâ�3 [36]; �

� BEC, =¦«S�p�^�ü½�^, ��«m

�páÚ�^v
r, vàN¥%/¤��f [37].

¢�®y¢�� BEC �«SÚ«m S-ÅÑ��Ý

Ñ�±ÏL Feshbach ��Eâ5N! [4,38]. ù�

ö��� BEC ¥��fJø
éÐ�cµ. 8c,

¢�ÚnØþy¢� S- ÅÑ��Ý (�)«SÚ

«m) �~ê�, �� BEC ¥Ñy�-�!�-V!

V-V�f�¥þ�f [9−12]. ,, �Ä«m�f

�p�^��mCz��� BEC ¥��fÄåÆ

1�E´��&?�y�. ·�3d�Ä¹��«

m S-ÅÑ��Ý, ê�ïÄ
Û�u��	Ü³²

¥��� BEC ¥�-��f�DÂ5�. (Juy,

�«m�páÚ�^��m�êO\�, �-��f
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Ñy����-Û�=C1�; �ù«��-Û�=

C1��±ÏLN!��³²�î�§BªÇ5

��.

2 Û�u��³²¥�� BEC ��.

Äu²þ|nØ, �� BEC �±d�|ÍÜ

� Gross-Pitaevskii �§5£ã:

i~
∂Ψ1(r, T )

∂T
=

[
− ~2

2M1
∇2 + V

(1)
ext

+G11 |Ψ1|2 + G12 |Ψ2|2
]
Ψ1, (1a)

i~
∂Ψ

(
2r, T )
∂T

=
[
− ~2

2M2
∇2 + V

(2)
ext

+G12 |Ψ1|2 + G22 |Ψ2|2
]
Ψ2, (1b)

Ù¥ Mi �L i |©¥�f�þ; Ψi L« i |©

�÷*Å¼ê, ¿�÷v
∫

dr |Ψi(r)|2 = Ni(Ni �

L i |©¥��fê8). Ø�Ä|©�m��

f=���¹ez�|©¥��fêÑ�±Ø

C. �§ (1) ª¥��5Xê Gii = 4π~2aii/Mi,

G12 = 2π~2a12/M . ùp M ´�z�þ 1/M =

1/M1+1/M2. ¢�þ, N! S-ÅÑ��Ý�±/

Ï Feshbach ��Eâ5¢y [37]

a(T ) = abg

[
1 − ∆

B(T ) − B

]
, (2)

Ù¥ abg ´ S-ÅÑ��Ý�l Feshbach ��:�

��; B(T ) ´�m�'�	\^|; B Ú ∆ ©O

´ Feshbach ��:Ú��°Ý. ¢�¥, ��m�

�«Cz�	\^| B(T ) Ñ�±^5N!và

N¥�f� S-ÅÑ��Ý [37]. nØþ, <��Ä


 S-ÅÑ��Ý��m�ê!±Ï5�Cz [39].

3d�Ä�� BEC �«m S- ÅÑ��Ý��m�

êCz, Ó��Ä��vàN/¤��C1?\�

��	Ü³²¥, �z�|©�§B³�ªÇØÓ.

��

V
(i)
ext(X,Y, Z) =

Mi

2

[
ω2
⊥(i)(Y

2 + Z2) + ω2
i X2

]
,

(3)

Ù¥ ω⊥(i) Ú ωi ©OL«��³²�¶�Úî�

§BªÇ, ¿k ω⊥(i) À ωi(i = 1, 2). �
ïÄ�

�O�� BEC ¥�-��f�ÄåÆ1�, �Ä�

§ (1) ª�)�

Ψi =
√

Ni√
πa⊥

φi(X,T ) exp
(
−iω⊥(1)T − Y 2 + Z2

2a2
⊥

)
,

(4)

Ù¥ a⊥ =
√

~/M1ω⊥(1), L«vàN�î��Ä

�Ý. ò (4) ª�\ (1) ª, 2é Y , Z l"��Ã¡

È©, ��

i~
∂φ1(X,T )

∂T

=
[
− ~2

2M1

∂2

X2
+ 2~ω⊥(1)a1N1 |φ1|2

+
~ω⊥(1)M1a12N2

M
|φ2|2 +

M1ω
2
1

2
X2

]
φ1, (5a)

i~
∂φ2(X,T )

∂T

=
[
− ~2

2M2

∂2

X2
+

2~ω⊥(1)M1a2N2

M2
|φ2|2

×
~ω⊥(1)M1a12N1

M
|φ1|2 +

M2ω
2
2

2
X2

]
φ2. (5b)

��, Ú\Ãþjzëþ X = a⊥x, T = 2t/ω⊥(1),

φ1 = u/a⊥, φ2 = v/a⊥; �\�§ (5) ¥, k

i
∂u

∂t
+

∂2u

∂x2
− g11 |u|2 u

− g12 |v|2 u − ω2
1

ω2
⊥(1)

x2u = 0, (6a)

i
∂v

∂t
+ ε

∂2v

∂x2
− εg22 |v|2 v

− εg21 |u|2 v − ω2
2

εω2
⊥(1)

x2v = 0, (6b)

Ù ¥ ε = M1/M2, gii = 4aiNi/a⊥, g12 =

2a12M1N2/(Ma⊥), g21 = 2a12M2N1/(Ma⊥).

3 vàN¥�f�DÂA5

Äu8c�¢�^�, À 41K Ú 85Rb �f¤|

¤���vàNNX, Ù¥|©�� 41K �f, |

©�´ 85Rb �f. ��³²�¶�§BªÇ©O

À�� ω⊥(1) = 2π×100 Hz Ú ω⊥(2) = π×100 Hz.

Ãþjz��ü �mÚü �ÝéAu¢S

Ônþ©O´ 3.2 ms Ú 1.6 µm. z�|©¥�f

ê N1 = N2 = 2000; �Ä«m S-ÅÑ��Ý��

m t �êCz'X�

a12 = −108aB exp(λt), (7)
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Ù¥ λ Ú aB ©O´~êÚÀ��»; éu«S S-

ÅÑ��Ý a11 = –80aB, a22 = –166aB. duù«

�¹e�§ (6) ´��Ø�ÈXÚ, 8cJ±)Û

¦), Ïd¦^ê��[Ù¥�-��f�DÂA

5. À��Ð©^��

u(x, 0) = 2b cos(θ)sech(2bx + c1)

× exp (−2id1x) , (8a)

v(x, 0) = 2b sin(θ)sech(2bx + c2)

× exp (−2id2x) , (8b)

Ù¥ d1, d2, b, c1, c2, θ Ñ´~ê.

�
é', ÄkO�«m�p�^ØC��¹,

= λ = 0. �A��-��f�ÄåÆ1�Xã 1 (�

Äü�|©�vàNU3�å, = c1 = c2, l

|©���fÄåÆ1��|©������, �


{', �©¤kã=«Ñ
|©��f�ÄåÆ

1�) ¤«. lã 1 ¥�wÑ: ��ml 0 O\ 50

�L§, �f÷X x ¶�K��$Ä; 3 t ≈ 50 �

�, �f$Ä� x ≈ –0.7 ?; ��, �f�§B³²

��£5, ÷X x ¶����$Ä; 3 t ≈150 ��,

�f$Ä� x ≈ 0.7 ?; �X�m�?�ÚO\, �

fq�§B³²��£5, ÷X x ¶�K��$Ä;

3 t ≈ 200 ��, �fq£� x ≈ 0 ?. Ó��y�

3Ù¦�Ó�mã�U�*	�. ·��8(Ñ,

§B3��³²¥��� BEC ��-��f�)


��±Ï5���1�, Ù���±Ï´ T ≈ 200.

¿��f3DÂL§¥Ù°ÝÚÌÝÑ�±ØC.

��, �Ä«m�páÚ�^��m�êO

ã 1 �� BEC ¥��f�±Ï5��1�, ëêÀ��
λ = 0, b = 1, c1 = c2 = 0, d1 = d2 = 0.05, ω1 = ω2 = 4π Hz

\ (=� λ = 0.004), �A��fÄåÆ1�Xã 2.

�±wÑ: �ml 0 Cz� 260 Ïm, �fE,¥

y��1�; ,, �X«m�p�^�?�ÚO

\, �f�Û�3 x ≈ –0.7 ?. ùL²«m�pá

Ú�^O\��½�§Ý�, �fÄåÆ1�Ñy


��l���Û��=C1�, T=C:�A�

«m S-ÅÑ��Ý�½Â��.Ñ��Ý ac. Ó

�, �f3$ÄL§¥, Ù°ÝØä/~�, ÌÝ

Øä/O\, ù¿�X«m�páÚ�^�O\é

�f�)Ø �A. ã 3 ?�Ú�Ñ
ù«�¹e

��f�¥%$Ä;,ã. �±uy�«m S-ÅÑ

��Ý�u�.Ñ��Ý�, �f�)��1�;

�u�.Ñ��Ý�, �fÑyÛ�1�.

ã 2 �� BEC ¥��f���-Û�=C1�, ëêÀ�
� λ = 0.004, Ù¦ëê�ã 1 ��

Äu8c�¢�^�, �O��{ü¢��

Y5*	ù«�f���-Û�=C1�. �â©

z [40], 41K Ú 85Rb �f�mu)-E�, Ù Fes-

hbach ��:Ú��°Ý©O´ 185.2 G Ú 3.5 G.

,�, À��µÑ��Ý� 327aB
[40]. äN¢�

Ú½Xe: ÄkME��d 41K Ú 85Rb �f|¤

���vàN; �*	�z��|©Ñ/¤��

��f�, 2rvàNC1?\��³²¥, ¿N

! Feshbach ���	Ü^|� 190.424 G; �e5,

N! Feshbach ���	Ü^|l 190.424 G �ê

eü� 185.4 G, ¤^�m� 960 ms. ��ml"C

z� 832 ms, �±*	��f���1�; �X�

m�?�ÚO\, uy�f¥yÛ�1�.
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ã 3 «m�p�^��m�êO\�¹e�� BEC ¥��
f�¥%$Ä;,ã ëêÀ�� λ = 0.004, Ù¦ëê�ã 1

��

¢�ÏLØÓ�-15N!��	Ü³²�

î�§BªÇ. �
¼���	Ü³²�î�§B

ªÇ�UCéÙ¥�f���-Û�=C1��K

�, ·��Ñ
�f�Û� ����³²�î�

§BªÇ�Cz'XXã 4 ¤«. �±w�, �ü

���³²�î�§BªÇ ω1 = ω2 = 2π Hz �,

�f�Û� � u��³²m> x = 1.1 ?; 

�ü���³²�î�§BªÇO\� ω1 = ω2 =

3π Hz Ú ω1 = ω2 = 4π Hz �, ùü«�¹e�

�f�Û� �Cz���³²��>, ©O 

u x = –0.3 Ú x = –0.7 ?. Ó��y�3î�§

BªÇCz«m [5π Hz, 7π Hz] Ú [8π Hz, 10π Hz]

�U*	�. ùL²�f�Û� �3��³²�

�mü>5£Cz, ��Xî�§BªÇ�O�,

�f�Û� �Åì�C³²¥%. �A��.

Ñ��Ý���³²�î�§BªÇ�Cz'X

Xã 5 ¤«. �±w�, �ü���³²�î�§

BªÇ ω1 = ω2 = 2π Hz �, �.Ñ��Ý ac =

0.155 nm; �ü���³²�î�§BªÇO\

� ω1 = ω2 = 3π Hz �, �.Ñ��Ý���O

�� ac = 0.180 nm; �Xî�§BªÇ�?�Ú

O� ω1 = ω2 = 4π Hz �, �.Ñ��Ýqü$

� ac = 0.155 nm. ùL²�.Ñ��Ý����X

î�§BªÇ�O\��)����. Ó��y�

3î�§BªÇCz«m [5π Hz, 7π Hz] Ú [8π Hz,

10π Hz] �U*	�. dã 4 Ú 5 ��: �f�ù«

��-Û�=C1��±ÏLN!��³²�î�

§BªÇ5��.

ã 4 �fÛ� ����³²î�§BªÇ�Cz'X ë
êÀ�� λ = 0.004, ω1 = ω2 = ωx, Ù¦ëê�ã 1 ��

ã 5 �.ÚÑ�Ý ac ���³²î�§BªÇ�Cz'X
ëêÀ�� λ = 0.004, ω1 = ω2 = ωx, Ù¦ëê�ã 1 ��

4 ( Ø

o�, �Ä�m�'�«m�páÚ�^, ·

�ê�ïÄ
Û�u��	Ü³²¥�� BEC �

�-��f�ÄåÆ1�. (JL², �«SÚ«m

�p�^ÑØC�, �f�)��±Ï5���;

�«S�p�^ØC, «m�p�^��m�ê

O\�, ·�*	�
����-Û�=C�k�1

�. �«m S-ÅÑ��Ý�u�.Ñ��Ý�, �

f�)��1�; �u�.Ñ��Ý�, �fÑ

yÛ�1�. ?�Úuy�.Ñ��Ý���Ú�

f�Û� �Ñ�±ÏLN!��³²�î�§

BªÇ5UC. �Xî�§BªÇØäO�, �.

Ñ��Ý��)����1�, �f�Û�� 

�3³²�ü>5£Cz, ¿�ªªCu³²¥%.

d	, �O
¢��Y5*	�f�ù«��-Û�

=C1�. ·��&ù
k��(Jò�¢�ö�

�� BEC ¥��fJøkÃ�ë�.
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Oscillation-localization transition behavior of
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Abstract

Considering the time-dependent interspecies interactions, we study the dynamic behaviors of bright-bright solitons in two species

Bose-Einstein condensates in the harmonic external potentials. In the presence of unchanged attractive interspecies and intraspecies

interactions, bright-bright solitons exhibit periodic oscillations. When the attractive intraspecies interactions are fixed but the attractive

interspecies interactions are increased exponentially, interestingly, a transition behavior from oscillation to localization is observed.

Meanwhile, this transition behavior can be controlled by tuning the transverse trapping frequency of harmonic potential. Furthermore,

an experimental protocol is designed to observe the transition behavior in the current experimental conditions.

Keywords: two species Bose-Einstein condensates, bright-bright solitons, atomic interactions
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