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1 Ú ó

þfÅ��@�´�«þf&EDxÚ?n
��], 3þf&EÚþfO� [1] +�¥,
Å�åXé'���^ [2,3], §�@�´þf&
E�+���«��]. <�lnØÚ¢
��¡éü�f�Å�?1
�þ�ïÄ [4−8],
X Eberly[9] uyduþfDÑ�K�, Å�3üz

�ã�m�â,~��", ùÒ´¤¢�Å�
â,k�.  Zhang Ú Chen[10,11], Metwally[12] �
ïÄ
 Tavis-Cummings[13] �.�ü�f�m�â
,k�y�. 3L�¤?1��þó�¥, <�Ñ
æ^
^ÅCq, ù3�f�1|ÍÜrÝ��
�´·^�. �´, �X¢�^�Ú¢��{�J
p, n|��f�p�^�ÍÜrÝ��
wÍJ
p [14,15], 3ù«�¹e�^Å�òØ��Ñ [16,17].

3þf1ÆXÚ¥, üþf'AXÚÚ��f
´ü��Ä��XÚ. 3L�êcm, üþf'A
Ú��f�ÍÜ�XÚ®��þïÄ, ¿uy
N
õk��y�, XÙØê��¥�¡E!þf'A

���fm�Å��. édXÚ3�^ÅCqe
�þfÅ�ïÄ%�A�vk. Ïd, 3�^ÅC
qe, éüþf'AÚ��f�ÍÜXÚ�þfÅ
�ïÄ´ék7��, ùØ=k��nØ¿Â,
�é¢��Uå����^.
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3 üþf'A���f�ÍÜXÚÄ
��Å�5�ïÄ

ã 1 £ã
üþf'A���f�ÍÜXÚ
���Ä��Å�5�, Ù¥¢�£ã�´üþf
'A�m�Å�5�, ^�)Å�Ý5Ýþ; J�
£ã
üþf'AÚ��f�m�Å�5�, ^¾
ì�ù�5Ýþ. � ε = 0 (ã 1(a) ¤«), �±w�,
üþf'A�m�Å��XÍÜrÝ�O\l�
�� 1 ×�~��", d�þf'A�þf'A�
m´?u�©l�G�, L²
üþf'A�m�
Å�3�rÍÜ«´4Ùyf�. ���´, ü
þf'A�1|m�Å�%�XÍÜrÝ�O\
l"×�/O�, ��ªu�½� 1; ,	, du·
��Ä�´üþf'A�XÚ, �����AT�
±�� 1b 4 = 2, �ÏLê�O�uy, �����

014208-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 014208

ØU� 2. '�ã 1 ¥� (a)—(d) uy, �	|Ø�
"�, üþf'A�m�Å��XÍÜrÝ�O\
keü, ,�qþ,, ������� 1, ¿��X
	|�O\, üþf'A�mÅ��²þ�²wO
�. ùL²�X	|�\r, üþf'A�m�Å
���
\r. þf'AÚ��fm�Å��Í
ÜrÝ�üz5Æ�üþf'Am�ÍÜrÝ�

üz5Æ�Ð��. Ïd, ¦+ü«Ýþ�{ØÓ,
�·��´�±@�, þf'A - þf'AmÅ�
�~f´duþf'A - þf'Am�Å�=z�
þf'A -oscillator �m�Å�½öþf'A - þ
f'AmÅ��Oruþf'A -oscillator �m
Å��~f.

ã 1 þf'A���f�ÍÜ�XÚÄ��Å�5� (a) ε/ω0 = 0; (b) ε/ω0 = 0.1; (c) ε/ω0 = 0.5; (d) ε/ω0 = 1

4 üþf'Am�Å���m�üz

ã 2 £ã
���üþf'Am�Å�3Ø
ÓÍÜrÝe��m�üz, �ëê ε = 0. Ù
¥üþf'AÐ©����3��Å�� Bell
� 1/

√
2| ↑↓〉 + 1/

√
2| ↓↑〉, ��f?uý��.

� λ/ω0 = 0.01 (Xã 2(a) ¤«), ù�ÍÜrÝ
�fÍÜ«, ÏLê�O�L², üþf'AmÅ
�¥yÑéÐ�±Ï5üz. � λ/ω0 = 0.1 (X
ã 2(b) ¤«) �, duÍÜrÝ?urÍÜ«, d�
�^Å�A'�²w, Ïd, üz�Ñy
�

àå, üzk�½�±Ï, �ã 2(a) '��±uy,
üþf'AmÅ��²þ�Ñ�. UYO�ÍÜr

Ý (Xã 2(c) Ú (d) ¤«), ÏL�cü«�¹�'
�uy, Å��²þ�Ñy~�, ¿�Ñy
Å�
�â,k�y�, Å��üzC�vk?Û±Ï5,
�ÍÜrÝ��, üþf'A?u�©l���m
Ò��.

ã 3 £ã
���üþf'Am�Å�5�,
Ù¥ëê ε = 0, üþf'A?u 1/2| ↑↑〉+1/2| ↑↓〉
+ 1/2| ↓↑〉 + 1/2| ↓↓〉, ��f�,?uý��. é
w,, ù´���©l�, Ïdüþf'A�Ð©
Å��"©©©� λ/ω0 = 0.01 � (Xã 3(a) ¤«), �
X�m�üz, üþf'Am©ªØU�)Å�,
ù`²3�Ñ�Ð©^�e, ý�ÞáØUÚåü
þf'Am�Å�. � λ/ω0 = 0.1 � (Xã 3(b) ¤
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ã 2 3ØÓ�ÍÜrÝeüþf'Am�Å���m�üz (a) λ/ω0 = 0.01; (b) λ/ω0 = 0.1; (c) λ/ω0 = 0.06; (d) λ/ω0 = 1

ã 3 3ØÓ�ÍÜrÝeüþf'Am�Å���m�üz (a) λ/ω0 = 0.01; (b) λ/ω0 = 0.1; (c) λ/ω0 = 0.06; (d)
λ/ω0 = 1;λ/ω0 = 0.6; λ/ω0 = 1
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«), �±�Ù/w�, 3m©�ã�m, üþf'A
��?u�©l�, �,���å, §�â,�Å
�å5
, ùÒ´¤¢�â,�)y�. duÍÜ
rÝØ´�r, XÚ�)�J1fê8��, Ïd,
ØU¦üþf'A�)r�Å�, �´â,�)Ú
k��üz5ÆkéÐ�±Ï5. UYO�ÍÜr
Ý (Xã 3(c) Ú (d), üþf'Am�,kÅ���
), d�, üþf'Am�Å��r. ÏL'�ùo
Ìfã�±��, �XÍÜrÝ�O\, üþf'
AmÅ��²þ�´kO��~�, ¿�ÍÜr
Ý��, Å�Ò��. �â©z [8] ��3^Åe
?¿���f�mÑ´ØU�)Å��, ù´�^
ÅCqÚ^ÅCq���«O.

5 ( Ø

1) �©?Ø
3���, üþf'AÚ��f
ÍÜXÚÄ��5�, ��Ä
	|éXÚÅ�5
��K�. �Ø�Ä	|�, þf'A - þf'A
m�Å��XÍÜrÝ�O�l 1 ×�/~��
", L²
þf'A - þf'Am�Å�éÍÜr

Ý´�~¯a�. ·���Ä
þf'AÚ��f
�m�Å�, �þf'A - þf'Am�Å�ØÓ,
þf'AÚ��f�m�Å��XÍÜrÝ�O
�l"×�/O�, �ØU��nØþ���� 2;
��Ä	|�, þf'A - þf'Am�Å��X
ÍÜrÝ�O�k~��qO����� 1; þ
f'A - ��fm�Å��XÍÜrÝ�O�kO
��q~����� 0. �Ø+kvk	|��3,
ùü«Å��ÍÜrÝ�üzª³�Ð��. Ïd,
=Bü«Å��Ýþ�{ØÓ, ·��´�±@�,
þf'A - þf'Am�Å�Úþf'A - ��f
m�Å��±�p=z.

2) ·�?Ø
3ØÓÍÜrÝeüþf'A
��m�üz5Æ, ÏLïÄuy, 3�Ñ�Ð©
Å��e: �Ð©�üþf'AkÅ��, üþf
'AmÅ�¥yÑéÐ�±Ï5üz, �ÍÜrÝ
���, �^Å�A²w, �Ñy
Å��â,k
�y�; �Ð©��vkÅ��, 3fÍÜrÝe,
ý�|ØU��Å���); r�ÍÜ�^Å�
A�±��Å��â,�)y�.
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Abstract

Under the non-rotating wave approximation, the quantum evolution of entanglement property of a two-qubit and oscillator cou-

pling system is accurately investigated by the method of coherent-state orthogonalization expansion. The property of the ground state

for qubit-oscillator system and the difference between qubit-oscillator entanglement and qubit-qubit entanglement when resonant vi-

bration occurs are discussed. The calculation results show that when the external field is not taken into consideration, the qubit-qubit

entanglement reduces from 1 to 0 rapidly with the increase of coupling strength, indicating the strong sensitivity of the entanglement

to the coupling strength. On the contrary, with the increase of the coupling the qubit-oscillator entanglement rises from 0, but does not

reach the maximum value 2. At the beginning, when the two qubits do not entangle, the vacuum field does not lead to the entanglement

in weak coupling. However, the strong coupling can induce the sudden appearance of the entanglement.

Keywords: coherent-state orthogonalization expansion, non-rotating wave approximation, quantum entanglement
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