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3���þf�äó�Úþf¥UÕ [1,2] ¥
¢y�ålþfÏ&?Ö�, ��mÅ��þfÅ
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kp�Å�ÝÚ��Å��±�m. ,
¢S�Å
�NXØ�;�/¬�±��¸u)�p�^, l

3ÏÕÏ�ÚO�C�¥�)ò�Z�A, ��
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y�î­æN. 2004 c Yu � [3] 3ïÄò�ZÅn
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z [5] éV Jaynes-Cummings (J-C) �. (�±�[
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^e, ü�fØ2ÑyòÅ�y�, 
�� Stark  
£ëêÀJÜ·�, Ñy��m!­½��fÅ�,

=�� Stark  £ëêB�k�/N�Å�. ,

X�þfXÚ3��¸�p�^L§¥, duò�
Z�A��3, X�Å�éJ�)Ú�±. Ïd, ï
Ä·Ü�þfÅ��N�äk�­��¿Â. �~
��·Ü�Ò´ü�91|, §�L±A½�§Ý
�¥�éX�XÚ, �d�?u9²ïG��ü�
nN�). �©�Ädü� J-C �.|¤�XÚ,

Ù¥�¹ü�Ônþ��©l�!n��ü�þ
fzn|, zn¥k���U?�f. Ïd, ùü�
�fvk?Û�p�^, z���f�UüÕ/�
gC¤3�n|u)�p�^. Ð©��, ü�f
?u��Å��!1|?uü�9�. ·�ïÄV
1f�[L§¥� Stark  £éü�f�mÅ��
K�, ¿&Ï^ Stark  £N��fÅ���U5.

2 XÚ�.Ú�z�ÝÝ


�Ädü� J-C �.|¤�XÚ, TXÚdü
�k��U?�f (^ A Ú B IP) Úü�©l�
ü�þfzn| (^ a Ú b IP) |¤, Ù¥�f A,

B ©O²dV1fL§�?u9·Ü��1| a, b

�p�^, 
ü��f�mvk?Û�p�^. T
V J-C �.�M�îþ�±L«�

H = HA,a + HB,b, (1)

�
{üå�, ·�b�ùü��f��gn|�
p�^��ÍÜ~ê�Ó. �f�-u�ÚÄ�©
O^ |e〉 Ú |g〉 IP. y3·�?Ø�f A Ún| a

��p�^, éu�¹ Stark  £�{¿V1f J-C

�., Ùk�M�îþ HA,a 3^ÅCqe�±L
«� (� ~ = 1)[18,19]

HA,a =ωa†a +
1
2
ω0S

z
A

+ a†a(β1S
−
AS+

A + β2S
+
AS−

A )

+ g(a†2S−
A + a2S+

A ), (2)

(HB,b �L«ª�daq), ª¥ a†,a ©OL«
ª Ç � ω � 1 | a � � ) Ú � « � Î, Sz

A =

|e〉〈e| − |g〉〈g|, S+
A = |e〉〈g|, S−

A = |g〉〈e| ��[
ªÇ�[� ω0 ��f A ��=Ú�[�Î. �
Òm>1n�£ã
�f-u�ÚÄ��Äå
Æ Stark  £, §�6uü1fÍÜ~ê!��þ

9|�rÝÚÚO5�. dÍÜ~ê g1(�éuÄ
� |g〉 �¥m� |j〉 �m��[)!g2(�éu-u
� |e〉 �¥m� |j〉 �m��[) Ú��þ ∆ �(
½üU?� Stark  £ëê β1 Ú β2, ±9�f�|
�m�k�ÍÜ~ê g:

β1 = g2
1/∆,

β2 = g2
2/∆,

g = g1g2/∆,

(3)

�
{üå�, ·��Ä���p�^ (ω0 = 2ω).

ò HA,a 3��m |e, n〉, |g, n + 1〉 é�z, �
���p�^L�¥��müz�Î [18,19]

UA,a(t) =

 U11(n, t) U12(n, t)

U21(n, t) U22(n, t)

 , (4)

Ý
�

U11(n, t) = sin2(θn) exp(−iλ+
n t)

+ cos2(θn) exp(−iλ−
n t),

U12(n, t) =
1
2

sin(2θn)[exp(−iλ+
n t)

− exp(−iλ−
n t)] = U21(n, t),

U22(n, t) = sin2(θn) exp(−iλ−
n t)

+ cos2(θn) exp(−iλ+
n t),

(5)

ª¥

sin(θn) =
1√
2

(
1 +

ξn

Ωn

)1/2

,

λ±
n =g

n(1 + r2) + 2r2

r
± Ωn,

Ωn =[g2(n + 1)(n + 2) + ξ2
n]1/2,

ξn =
g

2r
[n(1 − r2) − 2r2],

r =
(β1

β2

)1/2

.

XJØ�Ä Stark  £, k

sin(θ′n) =
1√
2
,

Ω′
n = g[(n + 1)(n + 2)]1/2,

λ±′

n = ±Ω′
n.

é A /, � f B � n | b � p � ^ � ü z �
Î UB,b(t) � UA,a(t) /ªaq.

b�ü�fÐ©?u��Å�X�

|Φ(0)〉AB = (|eg〉 + |ge〉)/
√

2, (6)
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ün| a Ú b Ð©?uü�9�

ρfa(0) =
∑

n

Pn|n〉〈n|,

ρfb(0) =
∑
m

Pm|m〉〈m|,
(7)

Ù¥ Pn Ú Pm ´�­¼ê,

Pn =
n̄n

(1 + n̄)n+1
,

Pm =
m̄m

(1 + m̄)m+1
,

(8)

n̄ = [exp(~ω/κBTa) − 1]−1, m̄ = [exp(~ω/κBTb)

−1]−1 ©OL«n| a (9²ï§Ý� Ta) Ún| b

(9²ï§Ý Tb) �²þ1fê, kB ´À�[ù~
ê.

�âüz�Î (4) ªÚÐ©^� (6), (7) ª, ¿
|^þf1Æ�{�±��TV J-C �.��Ý
�Î

ρ(t) =UA,a ⊗ UB,b[ρAB(0) ⊗ ρfa(0) ⊗ ρfb(0)]

× U †
B,b ⊗ U †

A,a, (9)

é|Cþ¦,, ��?¿��ü�f��z�Ý�
Î ρA,B(t). 3�fÄ|ee〉, |eg〉, |ge〉, |gg〉e, �z�
ÝÝ
 ρA,B(t) �±L«�

ρA,B(t) =Tra,b[ρ(t)]

=


ρ11 0 0 0

0 ρ22 ρ23 0

0 ρ32 ρ33 0

0 0 0 ρ44

 , (10)

Ý
�

ρ11 =
1
2
ΣnΣm

[
PnPm+2U11(n)U∗

11(n)U12(m)

× U∗
12(m) + Pn+2PmU12(n)U∗

12(n)

× U11(m)U∗
11(m)

]
,

ρ22 =
1
2
ΣnΣm

[
PnPmU11(n)U∗

11(n)U22(m − 2)

× U∗
22(m − 2) + Pn+2Pm−2U12(n)U∗

12(n)

× U21(m − 2)U∗
21(m − 2)

]
,

ρ23 =
1
2
ΣnΣmPnPmU11(n)U∗

22(n − 2)

× U22(m − 2)U∗
11(m),

ρ33 =
1
2
ΣnΣm

[
Pn−2Pm+2U21(n − 2)U∗

21(n − 2)

× U12(m)U∗
12(m) + PnPmU22(n − 2)

× U∗
22(n − 2)U11(m)U∗

11(m)
]
,

ρ32 =ρ∗23,

ρ44 =1 − ρ11 − ρ22 − ρ33, (11)

Ù¥ * L«Eê�Ý, Pn Ú Pm d�§ (8) (½, �
m�'¼êd (5) ª(½.

3e�!, ·�ò|^ü�f��z�ÝÝ

 (5) ª, ¿/Ïuê�O�, Ð«TXÚ¥ü�f
�þfÅ�üz5Æ.

3 ê�(JÚ?Ø

U^5þÝü�þf'A�mÅ���{k
éõ«, �©^�´©z [20, 21] JÑ��{, =�
)Å�Ý C (concurrence), ½Â�

C = max(0,
√

λ1 −
√

λ2 −
√

λ3 −
√

λ4), (12)

ª¥ λ1, · · · , λ4 ´Ý
 ρ̃ = ρ(σy ⊗ σy)ρ∗(σy ⊗ σy)

����. ρ ´þf���ÝÝ
. �)Å�Ý C

�����´ 0 � 1, C = 0 �vkÅ�, 
 C = 1

���Å��. d�ÝÝ
 (10) L«��fÅ��
�)Å�Ý�

C(t) = 2max{0, |ρ23| −
√

ρ11ρ44}. (13)

d�§ (11) Ú (13), ¿/Ïuê�O��{�
±�*/Ð«ü�f�Å�üz5Æ, �«9�¸
e Stark  £±91|�²þ1fêé�å�fÅ
��K�, (JXã 1, ã 2 Úã 3 ¤«.

ã 1 Ð«
f9� (²þ1fê n̄ = m̄ =

0.01) �¸e, V J-C �.¥�å�fÉ Stark  £
K���Å�üz5Æ. 3ã 1(a) ¥, β1 = β2 = 0,

=Ø�Ä Stark  £��¹, �±wÑd��f
Å � � gt � C z ´ ± Ï 5 �, ± Ï � nπ/

√
2.

3 t = nπ/
√

2g �, ü�fòÅ�. ã 1(b), (c) Ú (d)

´�Ä Stark  £�, �fÅ���m�üz5Æ.

� Stark  £ëê r = 1, =�U?�fþeüU?
� Stark  £���, �fÅ�E,±Ï5/üz,

�±Ï á, Xã 1(b) ¤«. 
�d��fÅ��
���O�, ü�f©ª�±Å�G�, 
Ø¬Ñ
yòÅ�. ~� r �, =�Ä�U?
ó, -u�U
?�¥mU?�ÍÜ�r�, Xã 1(c)r = 0.5, ü
�fE,U
�±Å�G�. �´�ã 1(b) '�,

·�uyÙÅ�üz±ÏO\, ���ü$. XJ
UY~� Stark  £ëê r � 0.1 (©¥��Ñã),
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�fÅ�üzò�Ø�Ä Stark  £ (ã 1(a)) ��
�¹�q. ,
XJO� r � (��uOr�fÄ
�U?�¥mU?�m�ÍÜrÝ), d��fÅ�
���� r �O\
O\, � r ����, �fÅ
��±��m�±. Xã 1(d) r = 5 ¤«, ü�f
?u�­½�Å��, ÙÅ�§Ý�Ð©���Å
�ÝCq��. 3²dV1f�[�V J-C �.¥,

�fÅ�ÄåÆÑyù
A:´du�f�1|
V1f�p�^L§¥���5A:¤�. þãù

A:L², 39�¸e²dV1f�[�V J-C

�.¥, Stark  £é�fÅ�kXr�K�. ·�
N! Stark  £ëê�, �±é9�¸eV J-C �
.¥��fÅ�?1N�.

�
ïÄü�91|�§ÝéV J-C �.¥�
fÅ��K�, ·��²þ1fê� n̄ = m̄ = 0.1

Ú n̄ = m̄ = 1, ©O�Ñ�fÅ��üz5Æã,

Xã 2 Úã 3 ¤«, ¿��ã 1 (n̄ = m̄ = 0.01) �
'�. '�ã 1(a) Úã 3(a) �±wÑ, Ø�Ä Stark

 £�, 91|²þ1fê�O� (¿�X|�§

ÝO\) �, �fÅ�����~�, ¿�Ñy

â,k�y�. �Ä Stark  £��f�þeüU
?�¥mU?�m�ÍÜrÝ�Ó, d�|�§Ý
é�fÅ��K�Xã 1(b) Úã 3(b) ¤«, �±
wÑ�fÅ�����Ú���þ�²þ1fê
�O\
eü, �²þ1fê�� (Xã 3(b)) �Ñ
yòÅ�y�. �-u�U?�¥mU?�ÍÜ�
r��, �Ñy
aq�(J, �ã 1(c) Úã 3(c).

� Stark  £ëê r ���, ~X r = 5(ã 1(d) Ú
ã 3(d)) �, ²þ1fê�O\���fÅ�~f,

Ù���eü, éJÑyÅ��±�G�, 
��
fÅ�Ñypª��y�. ù
(J`²91|�
§Ý (²þ1fê����) é�fÅ��K�é
�, �¸§Ý�,pò���fÅ�~f, $�Ñ
yòÅ�y�.

� � 5 ¿ � ´, � ü � f Ð © G � ?
u |Φ(0)〉AB = (|ee〉 + |gg〉)/

√
2, 1 | E � ü �

9��, �fÅ��üz5Æ�þ¡Ð«�Ð�
� |Φ(0)〉AB = (|eg〉 + |ge〉)/

√
2 ��5Æ�aq.

0 2 4 6 8 10
0

0.2

0.4

0.6

0.8

1.2

gt

(c)

0 10 20 30 40 50 60
0

0.2

0.4

0.6

0.8

1.2

gt

(d)

0 2 4 6 8 10
0

0.2

0.4

0.6

0.8

1.2

gt

C
↼t
↽

C
↼t
↽

C
↼t
↽

C
↼t
↽

(a)

0 2 4 6 8 10
0

0.2

0.4

0.6

0.8

1.2

1.0

1.0

1.0

1.0

gt

(b)

ã 1 n̄ = m̄ = 0.01 ��fÅ��üz5Æ (a) Ø�Ä Stark  £ (β1 = β2 = 0); (b) r = 1; (c) r = 0.5; (d) r = 5
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ã 3 n̄ = m̄ = 1 ��fÅ��üz5Æ (a) Ø�Ä Stark  £ (β1 = β2 = 0); (b) r = 1; (c) r = 0.5; (d) r = 5
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4 ( Ø

�©�Ä²dV1f�[�V J-C �., ï
Äü�fÐ©?u��Å��!1|Ð©?uü
�9��, V1fL§¥� Stark  £!91|�
²þ1fêé�fÅ��K�, &Ï39�¸e
^ Stark  £���fÅ���U5. �Ñ±e(
Ø: 1) �fÅ�±Ï5/üz, ±Ï��áÉ Stark

 £��; 2) Ø�Ä Stark  £�, ÃØ²þ1f
ê� (éAX1|�§Ý) XÛ, ü�f3üzL§
¥±Ï5/ÑyòÅ�y�, 
�Ä Stark  £�,

ü�f��m/Å�, AO´� Stark  £ëê�
����91|�²þ1fê�'���, ü�f
U�±­½/Å�, Å�Ý���Ð©�����

C; 3) 1|²þ1fê���é�fÅ��K��
é�, ü�f�Å��²þ1fê�O\
~f,

$�ÑyÅ�â,k�y�. 3²dV1f�[�
V J-C �.¥, �fÅ�ÄåÆÑyù
A:´d
u�f�1|V1f�p�^L§¥���5A
:¤�. ù
(JL²39�¸e²dV1f�[
�V J-C �.XÚ¥, Stark  £éÙ¥��fÅ
�kXr�K�. ùp·��Ä�´²dV1f�
[�V J-C �., �Ä Stark  £�K�, ¦�.�
�C¢�¢y. d	, V1f�Å-�ì�¤õ$
= [22] ¦�ïÄV1fL§¥�f - 1|��p�
^¤��U. Ïd, �©¤�Ä��.´¢S�, �
±�¢�¢y�. �©�ïÄ(Jò?�Ú-y<
�3¢S�Å�N�, cÙ´9�¸e�Å�N�
L§¥¢y^ Stark  £N�Å�.
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Abstract

Considering a double two-photon Jaynes-Cummings (J-C) model, we study the effects of Stark shift and mean photon number

on entanglement between two two-level atoms when the atoms are initially in a maximally entangled state and the fields are in the

single-mode thermal fields. The results show that the two atoms evolve periodically into a disentangled separable state when Stark

shift is not considered. However, in the presence of Stark shift, the two two-level atoms are no longer disentangled and long-lived

entanglement can be obtained. For a larger value of the Stark shift parameter and a smaller mean photon number, the two atoms can

remain in a stationary entangled state. These properties show that the Stark shift can be used to control entanglement in the double

two-photon J-C model under the influence of thermal environment.
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