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(
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Ψ0 = ψ000|0〉, (8)
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Q =
∣∣∣Φ(r, θ, ϕ, t)
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. (15)

186301-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 186301

3 ê�O�Ú(J?Ø

�ïÄ(fé4zfÚþf'A5��K�,

À�4zfü  ~ = 2m∗ = ωLO = 1 ?1ê�O
�, ê�(J±uã 1 �ã 5 ¥.

ã 1 £±
S» r1 = 5 �Ä�Uþ�¥�	
»�Cz'X. dã�±wÑ, >fÄ�Uþ E Ú
4zf (>f - (fX) Ä�Uþ E′ þ�	» r2

�O�~�, `²¥�þf:äk²w�þf
º��A; �	»�½�, 4zf�Uþ'>f�
Uþ$, `²(f�A¦Ä�Uþ~�, �	»�
�(f�A�²w. d�ã��±wÑ, >fÚ4
zf-u�Uþ E1!E′

1 �üz5Æ9(f�A
�Ä���. �	»�½, S»~��, >f½4z
f�Uþ±9ØÓU��Uþ��Cz5Æ�S
»ØC	»O��5Æ�Ó. ù�ÊÏþf:�
UÌaq, �þf:þf²(�¥�>fUþG�
ØÓ, þf:þf²¥�>fÄ�Uþ�þf:�
»Ã', �²þÝ���'; -u�Uþ�þf:
�»9þf²þÝþk', �äkØÓ�Äþ�>
fÚ�Ç�U?��!äk�Ó�Äþ�U?�
�� [27].

ã 2 £±
S» r1 = 5 �þf'A���
±Ï�¥�	»�Cz5Æ. ���Ä(f�A
�þf'A���±Ï T ′ �Ø�Ä(f�A�
þf'A���±Ï T �, �S»�½�, T ′, T

±9 T ′, T üö��þ�	» r2 �O�O�.

d (15) ª��, þf'A���±Ï��Eþf
'A�ü���Uþ�¤�', /Ïã 1 ��,

�X¥�	�»�O�, ü�>f��Uþ�O
�, ����±ÏO�, AO´�Ä(f�A�,

(f�A��4zfü�Uþ���>fü�
Uþ���, �¦��±Ï T ′ '��±Ï T �,

�S»�½�, �X	» r2 �O�, þfº��
A~�!(f�AOr, ��>f (½4zf) -
u�ÚÄ�Uþ��~�, K��±Ï T (½ T ′)

±9 T ′, T üö��O�. �X¥�	�»�O
�, 4zf�U?må¬~�, é�Eþf'A�
ü�U��ÀJ�5�½(J. ��±ÏL¢�
5��þf:���½	\>^|5UCU?
må, l��÷v�Eþf'A�¦�4zf
U�.

� � � � � � � � � �� � � � �� � � � �� � � � �� � � � �� � � � 	� � � � �� � � � � 
 � 
 �  �� � �  �� � � � �� � � � �� � � � �� � � � � �� �� � � �
� �� � � �

ã 1 >fÚ4zfUþ�	»�Cz'X

� � � � � � � � � �� � �� � �� � �� � �� 	 

�� �

ã 2 �Ä�Ø�Ä(f�A���±Ï�	»�Cz'X

ã 3 £±
S» r1 = 5!	» r2 = 30 �
¥�S, 3ØÓ�� θ = 0 ��þVÇ�Ý��
»�Cz'X. ã¥ Q′

t=0.75T , Qt=0.75T � Q′
t=T ,

Qt=T ©OL« t = 0.75T ��½ t = T ���
ÄÚØ�Ä(f�A��VÇ�Ý. �±wÑ, V
Ç�Ý��»�CzCz, 3¥�¥%¥¡þ
VÇ�ÝÌ���, 3¥�.¡?VÇ�Ý�",

Ù¦�m:VÇ�ÝÌ�0u��Ú"�m. (
Ü (13)—(15) ª��, ���m:�VÇ�Ýþ
��m�±Ï5��, (f�AØUC���m
:VÇ�Ý�Ì�, �~�VÇ�Ý���±Ï,

ù:��±dã 3 ��`². Xã, �Ø�Ä(
f�A�, 3 t = 0.75T ��, þf'AS��
�m:�VÇ�Ý Qt=0.75T �é��, 3 t = T

��, ���m:�VÇ�Ý Qt=T ����Ì
�; ��Ä(f�A�, t = 0.75T ���VÇ�
Ý Q′

t=0.75T Ó��u t = T ���VÇ�Ý Q′
t=T ;

� Qt=0.75T < Q′
t=0.75T , Q′

t=T < Qt=T , (Üã 2

�, Ï� T ′ < T , K3 t = 0.75T ��, Q′
t=0.75T

� Qt=0.75T �¯/ªuVÇ�ÝÌ�, 3 t = T

186301-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 186301

��, Q′
t=T ®²lmVÇ�ÝÌ�, � Qt=T ff

��VÇ�ÝÌ�.

ã 4 £±3S» r1 = 5!	» r2 = 30 �¥�
S, �» r = 17.5 �¥¡þØÓ θ ��þ�VÇ�
Ý��m�Cz'X. ã¥ Q′

θ=0, Qθ=0 � Q′
θ=π/2,

Qθ=π/2 ©OL« θ = 0 ��½ θ = π/2 ���Ä
Úv�Ä(f�A��VÇ�Ý��mCz�'
X. dã¥ Qθ=0, Q′

θ=0 �½ Qθ=π/2, Q′
θ=π/2 

��±wÑ, �½�m:�VÇ�Ý��m�±
Ï5��, (f�A�,~�
��±Ï, �ØU
CVÇ�ÝÌ�. '� Qθ=0, Qθ=π/2 �½'
� Q′

θ=0, Q′
θ=π/2 ���±wÑ, �½��, Ó�

¥¡þ�VÇ�Ý�� � θ �CzCz.

� � � � � � � � � � ��� � � � � �� � � � � �� �	 
 � �	 
 �  � � � �	 
 � ��	 
 �  � � � ��
ã 3 �Ä�Ø�Ä(f�A�VÇ�Ý��»�Cz'X

� � � � � � � � � � � � � � � ��� � � � � �� � � � � � � � 	 
� � 	 
� � � 	 �  �� � 	 �  ��� �
ã 4 �Ä�Ø�Ä(f�A�VÇ�Ý��m�Cz'X

ã 5 £±
S» r1 = 5!	» r2 = 30 �¥
�S, 3 t = 0.75T Ú t = T ��, �» r = 17.5

�¥¡þ��m:�VÇ�Ý�� � θ �Cz
'X. dã��, �ÄÚØ�Ä(f�A��VÇ

�Ý Q′
t=0.75T , Qt=0.75T � Q′

t=T , Qt=T þ�� 
� θ �CzCz, Xã, 3 t = T ��, VÇ�
Ý Qt=T 3 θ = 0 Ú π ����, 3 θ = π/2 ��
��, 3 Q′

t=T �Cz5Æ���Ó, �´VÇ�
Ý���, �Ï´ T ′ < T , VÇ�Ývk��Ì
�. t = 0.75T ���VÇ�Ý©Ù� t = T aq,

�´VÇ�Ý Q′
t=0.75T �VÇ�Ý Qt=0.75T �,

� θ = π/2 ��Ø´VÇ�Ý��?. (Üã 4 �
��, ØÓ���VÇ�ÝÌ�ØÓ, �þ��m
�±Ï5��, du(f�A, VÇ�Ý Q′ 'VÇ
�Ý Q ���¯.

� � � � � � � � � ��� � � � � �� � � � � �� � � 	 
� � 	 � �  � 
� � 	 � �  � 
�� � 	 
��
ã 5 �ÄÚØ�Ä(f�A�VÇ�Ý�� ��Cz
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The phonon effect of polaron and qubit in spherical
shell quantum dot ∗
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Abstract

The influence of phonon on the properties of polaron and qubit in spherical shell quantum dot is studied by solving accurately the

time-independent Schrödinger equation, Lee-Low-Pines unitary transformation and variation methods. The numerical results indicate

that phonon effect leads to a lower energy of ground (or excited) state of polaron than electronic energy of ground (or excited) state and

the increased oscillating period of a qubit, and the phonon effect becomes more obvious with outer radius increasing when inner radius

is const. The numerical results also show that the phonon effect cannot influence the amplitude of probability density distribution of

electrons in quantum bit, and that the probability density distribution of electrons is dependent on co-ordinate and time and its amplitude

is maximal in centre spherical surface and but zero in boundary surface. The probability density of electrons at each position oscillates

periodically with time.
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