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1 Ú ó

-1e%�§BEâ�uÐ�·�ïÄD�
�fíN��$§e%�þf{¿1�Jø
r
kå�óä. glÀÚ - OÏd"và (BEC) ¢
y [1] ±�, <�3¢�ÚnØþéÀÚíN [2−8]

?1
Nõ�\
k¿Â�ïÄ. Äu Feshbach �
�Eâ, ·��±¦¤�fÏL�é/¤äküg
^aÀÚf5��¥Ëé, l
�Ñ
�pØ�N
�n���, ¦�¤�và�±¢y, Ó�-u

<�é¤�íN [9−14] ïÄ�4�,�.

V³²�.�2�/^uïÄ�e�f��
«ÄåÆ5�, du�fm�p�^��3, X
Ú¬ÑyNõ�~k¿Â�y�, X��5­½
���3 [15], ��5 Josephson ��ÚgÐ¼y
� [16,17], rÍÜ±Ï°Ä [18], ±9ü²m�K
�àB�By� [19] �. Ramsey Z�y��@
d RamseyJÑ, §´|^ØÓ��óÀ��fZ
�þÝ©Û�{ [20], TEâ��c�IO�mO
þJø
Ä: [21]. Ramsey Z�´�e�fäk

���k��þfy�, 3ïÄ�e�fXÚ¥·
�^ü� Rosen-Zener óÀ�^uL�ü�³²m
ÍÜrÝ�Xê, ,�wwZ�é�B�K�. é
u BEC ���5 Ramsey Z�y�, �Eó�ö®
²?1
�'�ïÄ [22,23], �©­:ïÄ¤��
6íN3N�4�«����5 Ramsey Z�y
�. ùp¤`�N�4�«�´�¤�fm�Ñ�
�ÝªuÃ¡���4��¹.

�©± Rosen-Zener �BÚ��5 Ramsey Z
�nØ�Ä:, 3²þ|Cqe, Äkl�6¤�
íN�Ä�nØÑu,ÏLÚ\L�¤�fm��
p�^�p���5�, 0�
¤��6íN3N
�4�«�¥¤÷v�Ä�ÄåÆ�§. ,�ÏL
éZ�ã��©Û, uy
�p�^ëêéZ�ã
��K�, �±uyp���5ëêéZ�ã��
ªÇkwÍ�K�. ��·�©O3n«4��¹
eïÄ
��5ëêéZ�ã��ªÇ�K�. ©
O�Ñ
��5�Z�ã��ªÇ�'X.Ó�·
�nØí�
Z��ªÇ�)ÛL�ª, uyê�
�[Ú)Û(JÎÜ�éÐ.
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2 � .

± ² þ | n Ø � Ä :, ÏL ü � C q ?
n [24,25], ¤��6íN3N�4�«��Äå
Æ�§÷vXeÄåÆ�§| [26−28]µ

iψ̇1 =
γ

2
ψ1 + (c0N

2/3
1 + c1N

1/3
1 )ψ1 − kψ2, (1)

iψ̇2 = −γ

2
ψ2 + (c0N

2/3
2 + c1N

1/3
2 )ψ2 − kψ1. (2)

Ù¥, γ ´ü²m�U?�, k ´ü²m�ÍÜXê.

c0 ´�fm��5ëê [22,29], c1 ´�fm�p�
��5ëê� [16].

- ψ1,2 =
√

N1,2 e iθ1,2 , ¿Ú\ÙÛê� s =

(N2 −N1)/N , Ú�é�  θ = θ2 − θ1. ��XÚ�
²;/ªM�îþ�

H =γs +
3e0

5
[(1 + s)5/3 + (1 − s)5/3]

+
3e1

4
[(1 + s)4/3 + (1 − s)4/3]

− 2k
√

1 − s2 cos θ (3)

ª¥, e0 = (N/2)2/3c0, e1 = (N/2)1/3c1, s, θ ´²
;M�îXÚ��é�KCþ, ÷v

ds

dt
= −∂H

∂θ
,

dθ

dt
=

∂H

∂s
.

Ïd·��±��ÙÛê� s Ú�é�  θ

÷vXe�§|µ
ds

dt
= −2k

√
1 − s2 sin θ, (4)

dθ

dt
= γ + e0[(1 + s)2/3 − (1 − s)2/3]

+e1[(1 + s)1/3 − (1 − s)1/3]

+
2ks√
1 − s2

cos θ. (5)

3 O�(J9Ù©Û

�©·�òïÄ¤��6XÚ3N�4�«
����5 Ramsey Z�y�, Ramsey Z�£ã

����5XÚ3ü� Rosen-Zener óÀ��^
e, ¤��6íN�Z�y�, 3�©�ïÄ¥, ·
��L�ü�³²mÍÜ��p�^ëê k \þ
ü�aq Rosen-Zener �B�óÀN�, 5�¤�
�5 Ramsey Z�O, Ù¥1�� Rosen-Zener óÀ
^5��Z�
, 1�� Rosen-Zener óÀ^5¢
yZ�. ³²mÍÜ�^ëê k �äN/ªde�

/ª�Ñµ

k(t) =

0, t < 0,

k0 sin2
(
πt

T

)
, t ∈ [0, T ],

0, t ∈ [T, T + τ ],

k0 sin2
[
π(t − T − τ)

T

]
, t ∈ [T + τ, 2T + τ ],

0, t > 2T + τ,

(6)

ª¥ k0 ���ÍÜrÝ (�
�BO�, �©�
Æ�� 1), T L«�¤�� Roser-Zener óÀ¤^
��m, τ ´��N�ëê, §òü� Roser-Zener

óÀ©m. �©l£ãâfm�p�^�zÆ³
Ñu, Ú\p���5�, ­:ïÄp���5�
éZ��K�. ·�b�m©üz��ÿ, âf�
Ü��3Ù¥���²¥, ·�½Â�BÇ�ü
�óÀ(å�, 3,��²¥�âfêüz�V
Ç |ψ2|2. ÏL�EN!ü�óÀ�m�Õáüz
�mm� τ , ÿþP¹ØÓ�BÇÒ�±3�m�
þ�� Ramsey Z�ã�.

3.1 êêê������[[[ÚÚÚ©©©ÛÛÛ

ù��!p·�ïÄ¤��6íN���
5 Ramsey Z���
Ä�5Æ. ã 1 �Ñ
�
�5�p�^ëê�½� �ÿ, ØÓ×£±Ï
é Ramsey Z�ã��K�. Ù¥ã 1(a), (b), (c)

´vk�Äp���5�p�^���¹, ·��
±wÑ, ØÓ�×£±ÏéZ�kwÍ�K�, 3
×£±Ïé���ÿ (ã 1(a) T = 0.5), �BÇ�
ü�óÀ�m� τ �üzLyÑ
aq�{uC
z5Æ. �X×£±Ï�O\, �BÇ�ü�óÀ
�m� τ �üzã�C��\´L, ��´LyÑ

õ±Ï�n�¼ê.�� (Xã 1(b) T = 20). U
YO\×£±Ï, �BÇ�ü�óÀ�m� τ �ü
zã�C�'�k5K, LyÑ
aÝ/�� (X
ã 1(c) T = 1500), ù`²
3±Ïé���ÿ, â
fêÙÛò3ü�³²m��, 3,
 τ �«�,

âfê�Ü31��³²¥, 
3Ù¦ τ �«�,

âfêò�Üüz31��³²¥. ÏL±þ�©
Û, ·��±ÏL��±Ï5öpV³²¥¤�f
��B5Æ.
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�Äp���5�p�^�K�, ·�uy�
BÇ�ü�óÀ�m� τ �üzLyÑ
�
�
k��ã�, Xã 1(a′),(b′),(c′), ·��Ñ
éAu
ã 1(a), (b), (c) ëêe, p��p�^é�B�K
�. 3×£±Ïé���ÿ (ã 1(a′)), �BÇ� τ

�üz�,LyÑ
a{uCz5Æ. �´p��
��3, ¦Ù��±ÏC�. ã 1(b′) ¥E,LyÑ

õ±Ï�n�¼ê.��, ���ã�u)
C
z. ×£±Ïé���ÿ (Xã 1(c′)), �BÇ�ü
�óÀ�m� τ �üzã�C�'�E,, �E,
LyÑ
±Ï5. ÏL±þ©Û, ·��±�Ñ(
Ø, p���5�p�^¦��BÇ� τ �üz�
äk¯a5.

þ¡©Û
�p�^ëê�½�, ØÓ�óÀ
±Ïe, �BÇ�ü�óÀ�m� τ �üz. �e
5·�ïÄ�p�^ëêéZ�ã��K�, ·
�ÀJ±Ï T = 20,ã 2(a), (b), (c) ©O�Ñ
Ø
Ó��5�p�^ëêe, �BÇ�ü�óÀ�
m� τ �üz. ØÓ×£±Ïé Ramsey Z�ã�
�K�. �±uy, ØÓ��p�^ëêe, Ù��
5ÆE,Ly�õ±Ï�n�¼ê.��, �X�
p�^ëê�O\, Ù��±ÏC�. ã 2(a′), (b′),

(c′) éAuã 2(a), (b), (c) ©O�Ñ
�ëê��,

©O�Ñ
p���5�p�^ëê�3�, �B
Ç�ü�óÀ�m� τ �üz. �±wÑp���
�3¦�×£ã�u)
�½�Cz.
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(a) T/.↪ c0/.↪ c1/. (a') T/.↪ c0/.↪ c1/.

(b) T/↪ c0/.↪ c1/. (b') T/↪ c0/.↪ c1/.

(c) T/↪ c0/.↪ c1/. (c') T/↪ c0/.↪ c1/.
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ã 1 ØÓ×£±Ï�� Ramsey Z�ã�
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(a) T/↪ c0/.↪ c1/. (a') T/↪ c0/.↪ c1/.

(b) T/↪ c0/.↪ c1/. (b') T/↪ c0/.↪ c1/.

(c) T/↪ c0/.↪ c1/. (c') T/↪ c0/.↪ c1/.
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ã 2 ØÓ��5ëê� Ramsey Z�ã�

l±þ�©Û·��±wÑ, ��5�p�^
ëê c0, c1 ±9 Rosen-Zener óÀ�±Ï T é�B
�ªÇkwÍ�K�, ¤±e¡�Ü©·�­:©
n«4��¹5?Ø§��m�'X.

3.2 ZZZ���ããã���ªªªÇÇÇ©©©ÛÛÛ999ÙÙÙ)))ÛÛÛ(((JJJ

ÏLé±þZ�ã��©Û, ·�uy3�m
�þ� Rosen-Zener óÀ�±ÏéZ�ã��üz
å�
�~­��K�. Ïd3e¡�ù��Ü©
p, ·��´©n«�¹©O?Ø��5�p�^
é Ramsey Z�ã��ªÇ�K�.

3.2.1 ¯�×£�4�
Äk·�3¯�×£�4�e?Ø. ·�ùp

¤`�¯�×£4�´��m�þ Rosen-Zener ó

À�±Ïv
� (T ¿ 2π/k0 ), ù�ÒU�y×£
L§¯�u).

ã 3 (a) �Ñ
3¯�×£4�e, Ramsey Z
�ã���ªÇ ω ���5ëê c0 �m�'X,

lã�±wÑ, �X��5ëê c0 �O�, Ramsey

Z���ªÇ�O�, 
�§��m�ÎÜ�½�
�5'X, ù��5'X3�e5�?Ø¥¬�Ñ.

�
ïÄp���5� c1 ��3é Ramsey Z�
�ªÇ�K�, ·�©O3ã¥�ØÓ�n| c1

�
'�, ·�uyÙ�3U
K�Ù�ªÇ�
Cz, äNLy��Xp���5ëê c1 �O\,

Ramsey Z���ªÇ�O\.

ã 3 (b) �Ñ
3¯�×£4�e, Ramsey Z
�ã���ªÇ ω �ü�³²m��$Uþ� γ

�m�'X, lã¥·��±wÑ, ÏLN!ü�
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³²m�pÝ, �±K� Ramsey Z�. ��k��
y�´�ªÇ":�Ñy, ù¿�XâfêÙÛ3
ù�:òØ2��. ·�uyp���5�p�^
�O\, ¦�T":ê�k¤~�, 3T":��
>, p���5��O\, U
¦Z�ªÇ~�, 

3T":�m>, p���5��O\, U
¦Z
�ªÇO�.
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(a)  γ/.↪ T/.

γ

ω
ω

(b)  c0/.↪ T/.

ã 3 Ramsey Z�ã���ªÇ ω ©O� (a) ��5ë
ê c0, (b) ü�³²m��$Uþ� γ �m�'X

�e5·�ÏL�½�êÆL§,í�Ñ�ª
Ç�ù
��5ëê�m�)ÛL�. Úþ¡�ê
�O�L§��, ·��´?Ø�«{ü��¹,

¿éÅ¼ê�XeC�:

ψ1 =ψ′
1 exp

{
− i

∫ t

0

[
− γ

2
+ c0(|ψ1|2)2/3

+ c1(|ψ1|2)1/3

]
dt

}
, (7)

ψ2 =ψ′
2 exp

{
− i

∫ t

0

[
− γ

2
+ c0(|ψ2|2)2/3

+ c1(|ψ2|2)1/3

]
dt

}
. (8)

K�§ (1) Ú (2) ª�±�¤±e/ª

iψ̇′
1 =

γ

2
ψ′

1 − kψ′
2, (9)

iψ̇′
2 = −γ

2
ψ′

2 − kψ′
1. (10)

ù�·���M�îþÌé��þ�Ý

�, Ù¥ ψ2 ���Cq�±ÏL-�§m>¥
� ψ′

1 = 1, ψ′
2 = 0 ��, u´��

ψ′
2(t) =

k0

2

∫ t

0

sin2 πt

T
e−i(γ+c0+c1)tdt. (11)

2-È©þ�� T ��BÇ

|ψ2(t)|2

=
2π4k2

0{1 − cos[(γ + c0 + c1)T ]}
(γ + c0 + c1)2[4π2 − (γ + c0 + c1)2T 2]2

. (12)

�
{BùpÚ\�é� � φ(τ) 5£ãü�
óÀ3¥mÃÍÜ�mm�p\O�� . Ï�
ùü�óÀ3ùã�mm�pÕáüz, ¤±l
�§ (1), (2) �� φ(τ) = |γ + (c0 + c1)s|τ , Ù¥,

s = |ψ2(T )|2 − |ψ1(T )|2 L«1��óÀ(å�ü
�²¥�âfêÙÛ��. ù��é� ��'u
�mm� τ , é²w Ramsey Z�ã���ªÇ�
±de¡�ªfL«:

ω = |γ + (c0 + c1)s|. (13)

ÏLéþ¡ù�L�ª�©Û, ·��±wÑ,

Ramsey Z���ªÇ���6uëê c0, c1, γ, ±
9ÙÛê� s. ·�òþ¡�L�ª (12) ÏLÙ
Ûê�'X�\ (13) ª���3¯�×£4�e
� Ramsey Z���ªÇµ

w =
∣∣∣∣4(c0 + c1)k0

2
π4[1 − cos((γ + c0 + c1)T )]

(γ + c0 + c1)2[4π2 − ((γ + c0 + c1)T )2]2

− (γ + c0 + c1)
∣∣∣∣. (14)

ã¥:�ê�(J, ��)Û(J. ·�^�
��)Û(JÚê��[(J?1
'�, uyü
öÎÜ�éÐ.

3.2.2 ý94�
ù��!·�ïÄý94�e Ramsey Z�ã

���ªÇ ω ©O���5ëê c0 Úü�³²m
��$Uþ� γ �m�'X. ·�ùp¤`�ý9
4�´�±Ïé�, ��×£é�ú�?1��¹.

��y×£±Ïv
�·�3O�¥� T = 1500,

Ó�·�ïÄZ�ã���ªÇ���5ëê�
Cz'X.

ã 4(a) �ÑéuØÓ�p���5ëê c1,

Ramsey Z�ã��ªÇ���5ëê c0 �Cz
'X"�±uy3ý94�Ú¯×£4����
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(J�~aq, lã¥�±wÑ, ��5ëê c0

� Ramsey Z�ã���ªÇ ω ��3,«�5
'X, p���5��O�, ¦�Z�ªÇ�O�.

ã 4(b) �Ñ
3ý94�e, Ramsey Z�ã��
�ªÇ ω �ü�³²m��$Uþ� γ �m�'
X, §��'X�¯�×£4���¹aq, ·�
Ø2Kã.
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c1=0.2
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ω

(a)  γ/.↪ T/

(b)  c0/.↪ T/
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ã 4 ý94�e Ramsey Z�ã���ªÇ ω ©O
� (a) ��5ëê c0, (b) ü�³²m��$Uþ� γ

�m�'X

ã 4 ¥, :�·��ê�(J, ��·��
â ω = |γ + (c0 + c1)s| �Ñ�)Û(J, §�Ó�
ÎÜ�éÐ�.

3.2.3 ���¹
c¡·�ïÄ
ü«4��¹e Ramsey Z�

ã��Cz'X, ù��!�X?Ø���¹, ·
��×£�óÀ�±Ï T = 20. 3ù«�¹e,

Ramsey Z�ã���ªÇ ω ���5ëê�Cz
'X²wØÓuü«4��¹, Xã 5. ã¥·�©
O�Ñ
 Ramsey Z�ã���ªÇ ω ���5ë
ê c0 Úü�³²m��$Uþ� γ �m�ê��
[�nØýÿ (|γ + (c0 + c1)s|) �(J, '�w«
Ñ§�äkéÐ���5.

ÏLã 5 (a) ·�uy, �X��5ëê c0 �
O�, Ramsey Z���ªÇLyÑ
�½���.

Ïd3���¹e, ·��±N! c0, 5K�Z�
�ü�³²¥�âfêÙÛ.ã¥·�©O� c1 �

n|ØÓ��, '��ïÄ
p���5� c1 �
�3é Ramsey Z��ªÇ�K�, ïÄuyp�
��5���3éZ�ã���ªÇk�½�K
� (Xã 5(a)).
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Abstract

We investigate the relationships between the nonlinear Ramsey interference pattern of the angular frequency and system parame-

ters of fermi superfluid gase in unitarity regime in three limited cases. We find that the interaction between fermions and the difference

in energy between double-well potentials have a significant influence on the angular frequency of the interference pattern. Through

numerical simulation and theoretical analysis, the relationship between angular frequency of the interference pattern and the system

parameters is given, and the numerical simulations and theoretical analyses are in good agreement.
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