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ÚS�ò�Z�K�.

2 �.¦)

N 'A��É5°ÜË XY Z �.3	Ü^
|¥�M�îþ�

H =
1
2

N∑
j=1

[Jxσx
j σx

j+1 + Jyσy
j σy

j+1

+Jzσ
z
j σz

j+1 + Bjσ
z
j ], (1)

Ù¥ (σx, σy, σz) ´�|Ý
, Jj (j = x, y, z) �
ü��g^âfg^gdÝ�m��p�^X
ê. Xê Jj > 0 �L�c^�¹, Jj < 0 �Lc
^�¹. Bi ´\31 i �'Aþ�^|rÝ, �
� Bi − Bj L«^|31 i �'AÚ1 j �'Aþ
��þ!Ý.

�Äü'A°ÜË XY �.3	Ü�þ!^
|¥, XÚ�M�îþ�±L«�

H = J(σ+
1 σ−

2 + σ−
1 σ+

2 ) + Jγ(σ+
1 σ+

2 + σ−
1 σ−

2 )

+B1σ
z
1 + B2σ

z
2 , (2)

Ù¥ J =
Jx + Jy

2
, γ =

Jx − Jy

Jx + Jy
, σ± =

1
2
(σx±iσy).

σ± ´þ,Úeü�Î, γ(0 < γ < 1) ïþXÚ
3 XY ²¡���É5§Ý.

3 I O � g ^ Ä ¥ |00〉, |01〉, |10〉, |11〉
e, X Ú � � � � Ú � � � � H|ψ〉1,2 =

±u|ψ〉1,2, H|ψ〉3,4 = ±ν|ψ〉3,4, Ù ¥, |ψ〉1,2 =
1√

2u(B ± u)
[Jγ|00〉 − (B ± u)|11〉], |ψ〉3,4 =

1√
2ν(∆ ± ν)

[J |01〉 − (∆ ± ν)|10〉], u =√
B2 + J2γ2, ν =

√
∆2 + J2, 
 B = B1+B2,∆ =

B1 − B2.

2.1 SSS���òòò���ZZZ���???nnn

?Û��¢3XÚÑØ�;���	.�¸
�p�>, ùÒ¬��XÚþf�Z5���. 3
þf&E?nnØ¥, )ûò�Z�DÚ�{´
rTXÚ��´�)�¸3S�����µ4X
Ú��Ü©. ,
ù«�{E,äké��Û�
5. Milburn u 1991 cJÑ
��b�`: 3v

á��m«�S, XÚ�üzØ´��ëY�N�
C�. Äuù�b�, ¦éUþ���¥¹kþf

ò�ZÏf�Å½��§�
{ü�?�, ¡�
� Milburn �. [15]. 3ù��.¥, ò�ZÏ�Ì
�´� ò�Z, 
XÚ��müz��ÝÝ
�
£ã�

d
dt

ρ(t) =
1
Γ

(exp[−iΓH]ρ(t) exp[iΓH]− ρ(t)), (3)

Ù¥ Γ �� ò�ZÏf. 3 Markovian Cqe,

XÚüz�Ì�§�
d
dt

ρ(t) = −i[H, ρ(t)] − Γ

2
[H, [H, ρ(t)]]. (4)

�§ (4) �/ª)� [16−18]

ρ(t) =
∞∑

k=0

(Γt)k

k!
Mk(t)ρ(0)M+k(t), (5)

Ù¥ ρ(0) �XÚÐ©��Ý�Î, Mk ½Â�

Mk = Hk exp(−iHt) exp
(
−Γt

2
H2

)
. (6)

r'Xª
∑

n |ψn〉〈ψn| �\�§ (5), �±��
��m�'��ÝÝ
:

ρ(t) =
∑
mn

exp
[
− Γt

2
(Em − En)2

− it(Em − En)
]
〈ψm|ρ(0)|ψn〉|ψm〉〈ψn|,

(7)

Ù¥ Em,n, |ψm,n〉 (m,n = 1, 2, 3, 4) ©O��§ (2)

����Ú��¥.

2.2 XXXÚÚÚ333SSS���òòò���ZZZeee���999ÅÅÅ���

Ä k � Ä X Ú Ð © ? 3 � Z � ψ(0) =

cos(θ)|00〉 + eiφ sin(θ)|11〉, ù«�3¢�þ®²
¢y [19], φ ´�é� . � cos(θ) 6= 0 ½ 1 �, XÚ
Ð�´Å��. 3dÐ©^�e, �±��Ì�§
¥�Ý�Î�°()Û)�

ρ(t) = ρ11(t)|11〉〈11| + ρ14(t)|11〉〈00|

+ρ41(t)|00〉〈11| + ρ44(t)|00〉〈00|, (8)

Ù¥

ρ11(t) = −abα1 exp(−2u2Γt − 2iut)

−abα2 exp(−2u2Γt + 2iut)

+b2α3 + a2α4,

ρ14(t) = b2α1 exp(−2u2Γt − 2iut)

−a2α2 exp(−2u2Γt + 2iut)
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+abα3 − abα4,

ρ41(t) = −a2α1 exp(−2u2Γt − 2iut)

+b2α2 exp(−2u2Γt + 2iut)

+abα3 − abα4,

ρ44(t) = abα1 exp(−2u2Γt − 2iut)

+abα2 exp(−2u2Γt + 2iut)

+a2α3 + b2α4, (9)

ëê

a =
u + B√

2u(u + B)
, b =

Jr√
2u(u + B)

,

α1 = ab cos2 θ + b2eiφ sin θ cos θ

−a2e−iφ sin θ cos θ − ab sin2 θ,

α2 = ab cos2 θ + b2e−iφ sin θ cos θ

−a2eiφ sin θ cos θ − ab sin2 θ,

α3 = a2 cos2 θ + abeiφ sin θ cos θ

+abe−iφ sin θ cos θ + b2 sin2 θ,

α4 = b2 cos2 θ − abeiφ sin θ cos θ

−abe−iφ sin θ cos θ + a2 sin2 θ. (10)

�©ÀJ Wootters þÝ [20], =�)Å�Ý C

þÝ9Å�, Ù½Â�

C = max(0,
√

λ1 −
√

λ2 −
√

λ3 −
√

λ4), (11)

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

����, ÷v λ1 > λ2 > λ3 > λ4. σy ´�|Ý

. ρ �þf���ÝÝ
, Ù¥Ý
��?3Ä
¥ |00〉,|01〉, |10〉, |11〉 e. �)Å� C �����
l 0 � 1. éu�Å��g^âf, C = 0; éu�
��g^Å��, C = 1.

·��±¦Ñ�Ýå
 ρ(t) ��)Å�Ý, �
)Å� C(t) L«Xe:

C(t) = 2max{0,
√

ρ01(t)ρ10(t)

−
√

ρ11(t)ρ00(t)}. (12)

3 XÚ9Å��N�

�!�^þ!����)Å� C(t), ?ØXÚ
9Å��þfN�.

3.1 ^̂̂|||rrrÝÝÝééé999ÅÅÅ������þþþfffNNN���

lL�ª¥·��±wÑ, 3ù�Ð©^�e,

XÚ�9Å��^|�Øþ!Ý ∆ Ã', ã 1 Ð
«
ü'A?uØÓ�Ð©��^|rÝ B ØÓ
�üg^'A9Å�Ý��müz, ã 1(a) Ð«

üg^'AÐ©?u��Z� θ = π/2, φ = 0

�, ØÓ�^|rÝ B eüg^'A9Å���
müz1�. ã¥le�þ�üz­�©OéA
u B = 0, B = 1, B = 3, B = 2. � θ = π/2, φ = 0

�, üg^'AÐ©?3��Z� |00〉 ���/.

lã¥�±wÑ, 3S�ò�Ze, �Ð��Å�
�üz���­½�9Å�� (B = 0 Ø	), ^
|p�
ü'A�m�9Å�. ­½9Å�Ý�
���X B �O�kO�, ����¸��~�,

3 B = 2 �üg^'A9Å����� 0.5. ù�
(J�±)ºXe: 3 θ = π/2, φ = 0, t → ∞ ��
¹e, d (9) ª�±��­½�

ρ11 =
2 + B2

4 + B2
,

ρ10 = ρ∗01 =
−B

4 + B2
,

ρ00 =
2

4 + B2
. (13)

d (11) ª, �±��­½)��)Å�Ý�

C =
2B

4 + B2
. (14)

lþª·��±wÑ, �X B �d 0 O�, C

kO�, 3 B = 2 ������ 0.5, ,��X B �
O�
~�.

ã 1(b) Ð « 
 ü g ^ ' A Ð © ? u � Z
� θ = π/4, φ = 0 �, ØÓ�^|rÝ B eüg
^'A9Å���müz1�. � θ = π/4, φ = 0

�, ü'AÐ©?3��Å��
1√
2
|00〉 + |11〉.

ã¥le�þ�üz�©OéAu B = 3, B =

2, B = 1, B = 0 ��/. lã¥�±wÑ, ü
g^'A�9Å�Ý��m~�¿×���­
½�, ù�­½�����X B �O�
~�.

3 θ = π/2, φ = 0, t → ∞ ��¹e, �±��­½

���)9Å�Ý� C =
4

4 + B2
, ù´��'u

^|rÝ B �üN4~¼ê.
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ã 1 üg^'Am�9Å���m t �üz (Ù¥ Jr = 2.0,

Γ = 0.5, φ = 0) (a) θ = π/2. le�þ�üz�©OéA
u B = 0, B = 1, B = 3, B = 2; (b) θ = π/4. le�þ�üz
�©OéAu B = 3, B = 2, B = 1, B = 0

ã 2 üg^'Am�­½9Å��^| B Ú θ �üz (Ù
¥ Jr = 2.0, Γ = 0.5, φ = 0)

ã 2 Ð«
?¿Ð©^�e (θ ØÓ, φ = 0) ^
|rÝé9Å��þfN��^. �±wÑþ!^
|éXÚ9Å��þfN��XÚ�Ð©G�k
'. 3XÚ�½�Ð©^�e, ^|�Ú\éXÚ
9Å�å�­��þfN��^. k��´, 3^
� θ = π/4, φ = 0, B = 0 e, üg^'A�9Å�
ÝU
�±� 1, ¿Ø�X�müz. ù«­½9Å

��¼�, éuþf&E?n¢^zé­�. Ïd
ù�(Øk­��A^d�.

3.2 ÐÐÐ©©©ÅÅÅ���ÝÝÝééé999ÅÅÅ������þþþfffNNN���

ã 3 Ð«
3ØÓ�Ð©��ØÓ�S�
ò�ZÏf^�e, üg^'A9Å�Ý��m
üz. üg^'A?uØÓ�Ð©�, �äk�
Ó��  φ = π/8. Ù¥, (a) Γ = 0, θ = π/4

(:�), θ = π/12 (¢�), θ = π/2 (J:�); (b)

Γ = 0.05; (c) Γ = 0.1; (d) Γ = 0.5, (b), (c), (d)

¥lþ¡�e¡�üz­�OéAu θ = π/4,

θ = π/12 Ú θ = π/2. ã¥Ð«
� θ Cz, 
�
é� �~þ (φ = π/8) �ü'A�m�9Å�
ÄåÆ. d�ØÓ� θ ��A
ØÓ�Ð©Å�
Ý (Cinitial = | sin(2θ)|). '�ã 3(b), (c), (d) �±w
Ñ, XÚ�S�ò�Zéüg^âf�9Å���
�ÌÝk²w�Ø �^, ��Xò�ZÏf Γ �
O\, 9Å��¯/üz�­½�. Ð©Å�Ý�
�K­½9Å�Ý���. � Γ = 0 � (ã 3(a)), ü
g^'A�9Å��±Ï5���. ù�©z [1]

�(Ø��. �´, �Xò�ZÏf Γ �O\, ­½
9Å�Ý���ØC.

lã 3(b), (c), (d) ��±wÑ, ­½9Å��
��3�Ó��  φ = π/8 �, �ò�ZÏf Γ �
��Ã'
É θ �K�, =­½9Å�����û
uü'A�Ð©Å�Ý, �Ð©Å�Ý��K­½
9Å�Ý���.

3.3 üüü ''' AAA ��� ��� ééé ���     ééé 999 ÅÅÅ ��� ��� þþþ
fffNNN���

ã 4 Ð«
ü'A�m�­½9Å���é
�  φ �üz1�. Ù¥, ØÓ� θ éAuØÓ�
üz� θ = π/4 (:�), θ = π/12 (¢�), �½^|
rÝ B: (a) B = 0; (b) B = 1. ã¥w«
 θ, B �
Ó, 
�  φ UC�üg^'A�m9Å��Cz,

=£ãü'A�m�­½9Å�é�é�  φ �
�6. lã 4(a) �±*	�, � B = 0 �, 3�é�
  φ ÷v φ ∈ (0,π/2) ∪ (π, 3π/2) �, ü'A�m
�­½9Å�Ý�X�é�  φ �O�
~�, 

3�é�  φ ÷v φ ∈ (π/2,π)∪ (3π/2, 2π) �, ü
'A�m�­½9Å�Ý�X�é�  φ �O�
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O\. � θ = π/4, θ = π/12 �, XÚ�Ð©Å�
Ý©O� 1 Ú 0.5. lã¥�±wÑ: 3 φ = 0,π, 2π

?XÚ�­½9Å�Ý�Ð©Å�Ý�±��, 

3 φ = π/2, 3π/2 ?, ­½9Å�Ý� 0, =9Å�
��. Ïd, 3ã 4(a) ¥, XÚ�­½9Å�Ýþ
�u½�uÙÐ©Å�Ý. lã 4(b) *	�, �
B = 1 �, éu θ = π/4 ��¹, XÚ�­½9
Å�Ý��é�  φ �üz�ã 4(a) ¥�q, �

�uÙ3�A:�9Å��. 
éu θ = π/12

��¹, 3�é�  φ ?u«m φ ∈ (0, 0.374π) ∪
(1.626π, 2π) �, X Ú � ­ ½ 9 Å � ò � u Ù Ð
©Å�Ý��, ù¿�X�±lÅ�Ýé��9
Å � � �� Å � Ý � � � 9 Å � �, ¢ y 
 9
Å � � � � �. 3 � é �   φ ? u « m φ ∈
(0.374π, 1.626π) �, XÚ�­½9Å�Ýò�u
ÙÐ©Å�Ý.

ã 3 üg^'Am�9Å���m t �üz (Ù¥ Jr = 2.0, Γ = 0.5, φ = π/8, B = 0.5) (a) Γ = 0, θ = π/4 (:�),

θ = π/12 (¢�), θ = π/2(J:�); (b) Γ = 0.05; (c) Γ = 0.1; (d) Γ = 0.5 ((b), (c), (d) ¥lþ�e�üz�éA θ ©O� π/4,

π/12, π/2)

ã 4 üg^'Am�­½9Å���é�  φ �Czã (Ù¥ Jr = 2.0, Γ = 0.5, θ = π/4 (:�), θ = π/12 (¢�)) (a)

B = 0; (b) B = 1
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ã 5 Ð«
^|rÝ B = 0, θ �?¿��, ü
'A��é� éÙ­½9Å�Ý�þfN��
^. ã¥ φ = 0 éA�­��N
Ð©Å����.

ã 5 üg^'Am�­½9Å��ü'A�Ð©ëê φ Ú θ

�Cz (Ù¥ Jr = 2.0, Γ = 0.5, B = 0)

nþ¤ã, �é� Ïf φ 3XÚ�)­½9
Å�¥u�
é���^, ��é� Ïf φ é9
Å��N��^�6u θ Ú B, =�6uü'AÐ
©�Å�ÝÚ	.^|���. 3 θ Ú B ØÓ�,

�X�é� Ïf φ �Cz, ��XÚ�­½9Å
�Ý�±�u, �uÚ�uÙÐ©Å�Ý. ù�(
J`²: ÏL�é� �N�, �±¢y9Å��
��.

� ü g ^ â f Ð © ? 3 � Z � �, ψ(0) =

cos(θ)|01〉 + eiφ sin(θ)|10〉, �±��Ì�§¥�
Ý�Î°(�)Û)�

ρ(t) = ρ22(t)|10〉〈10| + ρ23(t)|10〉〈01|

+ρ32(t)|01〉〈10| + ρ33(t)|01〉〈01|, (15)

Ù¥

ρ22(t) = −abα1 exp(−2u2Γt − 2iut)

−abα2 exp(−2u2Γt + 2iut)

+b2α3 + a2α4,

ρ23(t) = b2α1 exp(−2u2Γt − 2iut)

−a2α2 exp(−2u2Γt + 2iut)

+abα3 − abα4,

ρ32(t) = −a2α1 exp(−2u2Γt − 2iut)

+b2α2 exp(−2u2Γt + 2iut)

+abα3 − abα4,

ρ33(t) = abα1 exp(−2u2Γt − 2iut)

+abα2 exp(−2u2Γt + 2iut)

+a2α3 + b2α4, (16)

ëê

a =
u + ∆√

2u(u + ∆)
, b =

J√
2u(u + ∆)

,

α1 = ab cos2 θ + b2eiφ sin θ cos θ

−a2e−iφ sin θ cos θ − ab sin2 θ,

α2 = ab cos2 θ + b2e−iφ sin θ cos θ

−a2eiφ sin θ cos θ − ab sin2 θ,

α3 = a2 cos2 θ + abeiφ sin θ cos θ

+abe−iφ sin θ cos θ + b2 sin2 θ,

α4 = b2 cos2 θ − abeiφ sin θ cos θ

−abe−iφ sin θ cos θ + a2 sin2 θ. (17)

'� (8)—(10) ªÚ (15)—(17) ª, �±wÑ
3 (B → ∆,Jr → J) C�e, ¤k�?Ø�âf
?3�Z� ψ(0) = cos(θ)|00〉 + eiφ sin(θ)|11〉 �
�aq.

4 XÚ� “V�”

3ã 5 ¥, uy� B = 0 �, Bell � |ψ±〉 =
1√
2
(|00〉 ± |11〉) (é A u Ð © � θ = π/4, φ =

0,π, 2π) ¢ S þ ´ X Ú � “V �”, = J−|ψ−〉 =

J+|ψ−〉 = 0, ¿�Xù��ØÉXÚò�Z�
�K�. �âù�¢S�¹, e¡�ÄÐ©?u^
o� Bell �L«� Bell-diagonal ���¹, Bell-

diagonal �L«Xe:

ρB = P1|φ+〉〈φ+| + P2|φ−〉〈φ−|

+P3|ψ+〉〈ψ+| + P4|ψ−〉〈ψ−|, (18)

ùp, Bell � φ± Ú ψ± �

φ± =
1√
2
(|00〉 ± |11〉,

ψ± =
1√
2
(|10〉 ± |01〉. (19)

�±¦�Ì�§¥��ÝÝ
äkXe/ª:

ρ =


ρ11(t) 0 0 ρ14(t)

0 ρ22(t) ρ23(t) 0

0 ρ32(t) ρ33(t) 0

ρ41(t) 0 0 ρ44(t)

 . (20)
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ÏLO�, þª�XÚ� “V�”, 3üzL§
¥Ù9Å�ÝØÉXÚò�Z�K�.

5 ( Ø

�©ïÄ
S�ò�Z��þ!^|^�e,

ü'A��É5 XY �.¥�9Å�. (JL²:

3S�ò�ZeXÚ�9Å�U
üz��­½
�, S�ò�Zé9Å����ÌÝk²w�Ø 
�^, ��Xò�ZÏf Γ �O\9Å�U�¯/
��­½�. ^|, ù���g^XÚÅ����

�kå�óä. §�Ú\3XÚ�½�^�eU

Or��'Am�9Å�§Ý. ,��¡XÚ9Å
�r��6uüg^'A�Ð©Å�Ý, 9Å�U

ÏLUCü'A��é� Ú�Ì
����,

3ØÓ�Ð©Å� (θ ØÓ) e, ÏLUCü'A�
�é�  φ, U
���u, �u½ö�uÐ©Å�
�Å��, U¢y9Å����. 3�kò�Z�
3��¹e, �±¼��6uü bit Ð©��­½
9Å�. ,	3vk	.^|�, ·�uy Bell �
��´XÚ� “V�”, 3üzL§¥Ù9Å�ÝØ
ÉXÚò�Z�K�.
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Abstract

By solving the Milburn equation, we investigate the thermal entanglement properties of a two-qubit Heisenberg XY chain in the

presence of intrinsic decoherence. The controls of nonuniform magnetic field, the initial state of two qubits, the relative phases and the

amplitudes of the polarized qubits on thermal entanglement are studied. The results show that for a particular initial state, the thermal

entanglement can be increased by the external magnetic field. The time behavior of the entanglement exhibits a strong dependence on

the initial state of two qubits, and it can be manipulated by changing the relative phase and the amplitudes of the polarized qubits. It is

also notable that stable entanglement, which is dependent on initial state of the qubit, occurs even in the presence of decoherence. The

magnetic field may have a constructive effect on the stable entanglement for a certain initial state, and the Bell-diagonal state turns out

to be a “dark” state of the system in the absence of the magnetic field.
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