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u���/C³½Ø>(Æ(f�¤. äN©Û
r!fÍÜü«4�e4zfg^µþÇ�	^|!þf:�
»!Landau Ïfëê!Rashba g^;�ÍÜëê�Cz'X.
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1 Ú ó

du3g^-1ì!þfO��Ãõ�¡d
3�A^cµ [1−3], ¦�öpÚ��þf:¥>f
g^�¤�Cc5�ÆïÄ�9:, 
éþf:¥
>f�g^µþL§ [4] �ïÄ´'X�3��¡
UÄA^�'�¯K. éNÅ�Ú��NX¥>f
g^µþL§ [5] ®²?1
���[�ïÄ, é
uþf:NXCc53¢�þ�®²U
|^^
��Ì¢�*	�
ü>fg^ [6], ÏLóÀµ
þÿþ [7] Ú1Æ��¢� [8] ÖÑ
ü>fg^
�, Ó�Äuü�þf:¥ Zeeman U?þ>fg
^µþÿþ�½
g^�=3þf:¥òÉ�é
r³��nØýÿ [9]. ���éþf:¥>fg
^µþ?1��\�n), KI�²(Ùµþ�Å
�. 3þf:¥Äu(f�x0�g^µþÅ�®
k�þ�nØó��9 [10−15]. ù
Å�Ì��)
g^ - ;�ÍÜE¤�ØÓg^��·ÜÅ�!
g^Ú(f��ÍÜÅ�!g^�ØÍÜÅ�9
L¡>f$ÄE¤�(fÍÜÅ�. 3ù
Å�¥
>f�g^�=Ñ´ÏLáÂ½u���Ø>½
/C³(Æ(f?1�. ��8c��, �Ü©�
nØó�ÑÌ�8¥3é>fg^µþ�ïÄ, 

é4zf�g^µþ�ïÄ�é�. �©K�Ä
3 Rashba g^ - ;�ÍÜ�^Ú>f�Np1Æ

(f�p�^/¤4zf�cJe, ­:ïÄ
�
�þf:¥4zf3Ä� Zeeman ©�U?mÏL
u�½áÂ��/C³ÚØ>(Æ(f�µþL
§. ·�äN?Ø
r!fÍÜü«4�e4zf
g^µþÇ�	^|!þf:�»!Landau Ïf
ëê!Rashba g^;�ÍÜëê�Cz'X. ©¥
�(Øé|^	Ü^�N�N�4zfg^µþ
L§k­���¿Â.

2 nØ�.

b�3��þf:NX¥>f$Ä�É�³
´�Ô.�, Ó��Ä Rashba g^ - ;�ÍÜ�
^Ú>f�Np1Æ(f�p�^. 3���Ù$
Ä²¡�pR��­ð^| B �^e, KdNX
� Hamilton þ�

H = H0 + HSO + HZ, (1)

Ù¥

H0 = P 2/2m∗ + m∗ω2
0ρ

2/2 + Σq~ωLOb+
q bq

+Σq[V ∗
q b+

q e−iq.ρ + Vqbqeiq.ρ],

HSO = aR(pxσy − pyσx),

HZ = gµBBσZ/2,
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H0 L«4zf Hamilton þ, HSO �L��þf
:¥ Rashba g^ - ;�ÍÜ�A�, ù«�A

uþf:)�L§¥á��ØÓE¤(���
é¡5�), Ïd´�«�±ÏL¢��{?1
k�����A, ?
��é>fg^�k��
� [16]. HZ �L Zeeman U?�, p = −i~∇− eA(r),
A(r) = (−y, x, 0)B/2 L«5�¥þ, e, m∗, ρ, ω0,
ωLO, q ©OL«>f>þ!k��þ!�»�
I!þf:É�rÝ!Np1Æ(fªÇÚÅ¥,
b+
q (bq) L«(f��) (�«) �Î. g L« Lan-

dau Ïf, aR L« Rashba g^ - ;�ÍÜÏf.
éu��þf:NX Vq = −i~ωLO

√
2πβγ0/Sq,

Ù¥ β ´��Ãþjëê, L«>f�Np1
Æ ( f � Í Ü r Ý, γ0 =

√
~/2m∗ωLO L « 4

z f � », S L « � � þ f : � ¡ È, $ § e
· � À 4 z f Ä � Å ¼ ê � |ψ〉 = |ϕ0〉|0〉, Ù
¥ |ϕ0〉 = γ/

√
πexp(−γ2ρ2/2) L«>fÜ©Å¼

ê§|0〉 L«(fÅ¼ê�÷v b+
q |0〉 = 0, H0 ��

gN�C�

U1 = exp(−iαΣqq.ρb+
q bq),

U2 = exp(Σqfqb
+
q − f∗

q bq), (2)

Ù¥ fq ´C©ëþ, α ´£ã>f�(fÍÜrf
§Ý�ëê, Ù����3 0 6 α 6 1 �m [17,18],
4zfÄ�Uþ�L�ª�

E0(γ) = 〈ψ|U−1
1 U−2

2 H0U2U1|ψ〉

= ~2γ2/2m∗ + ~2/2m∗R4
0γ

2 + ~2/8m∗R4
cγ

2

−Σq|Vq|2e−(1−α)2q2/2γ2

/(α2~2q2/2m∗ + ~ωLO), (3)

Ù ¥ R0 =
√

~/m∗ω0 L « þ f : � », Rc =√
~/eB L«	^|éþf:ºÝN����.(3)

ª��[í�L§�ë�©z [19—22]. �e5ò
?Øü«4��¹e4zfÄ�Uþ�/ª.

(1) 3fÍÜ4�e= (α = 1), 4zfÄ�U

þ�

E0(γ) = ~2γ2/2m∗~2/2m∗R4
0γ

2

+~2/8m∗R4
cγ

2 − πβ~ωLO/2, (4)

� Ä g ^ Zeeman U ? © � Ú g ^ - ; � Í Ü
� Rashba �, KfÍÜ4zfÄ�UþL«�

E↓↑
0 (γ0) = ~2γ2

0/2m∗ + ~2/2m∗R4
0γ

2
0 + ~2/8m∗R4

cγ
2
0

−πβ~ωLO/2 ± g~2/4m∗R2
c

±αR

√
~2γ2

0 + ~2/4R4
cγ

2
0 , (5)

Ù¥ γ0 ��d ∂E0(γ)/∂γ = 0 �C©$��Ñ.
(2) 3rÍÜ4�e= (α = 0), 4zfÄ�U

þ�

E0(γ) = ~2γ2/2m∗ + ~2/2m∗R4
0γ

2

+~2/8m∗R4
cγ

2 −
√

2πβ~ωLOr0γ, (6)

Ó�3�Äg^ Zeeman U?©�Úg^ - ;�Í
Ü� Rashba �, KrÍÜ4zfÄ�UþL«�

E↓↑
0 (γ0) = ~2γ2

0/2m∗ + ~2/2m∗R4
0γ

2
0 + ~2/8m∗R4

cγ
2
0

−
√

2πβ~ωLOr0γ0 ± g~2/4m∗R2
c

±αR

√
~2γ2

0 + ~2/4R4
cγ

2
0 , (7)

�fÍÜ��²Laq�C©O��� γ0 ��.
3þf:NX, �,>f�/C³(fÚØ>

(fkér��p�^, �§�é4zf���U
þK��~�, �3�õê�¹eég^µþL§
kX�~­���^. >f�/C³ÚØ>(f|
�p�^�L��

Ue−ph = Σq

√
~/2dωS(eh14 − iqD)b+

q eiq.ρ + c.c.,(8)

Ù¥ d L«¡�Ý, eh14 �Ø>~ê, D �/C³
~ê, ω �(Æ(f�ªÇ, b�(Æ(f�ÚÑ'
X: ω = ϑq, ϑ L«(�. 3$§4�Úó4Cqe,
Äu Fermi �75K��Ñ4zf3Ä� Zeeman
U?þ�µþÇ�

W =
2π

~

∣∣∣∣U ′
e−ph

∣∣∣∣2δ(∆E − ~ω)

=
2π

~

[
Σq(

D2~q

2dϑS
+

~(eh14)2

2dqϑS
)
]
e−q2/2γ2

0 δ(∆E − ~qϑ)

=
∫ (

D2q2

2dϑ2~
+

(eh14)
2

2dϑ2~

)
e−q2/2γ2

0 δ

(
∆E

~ϑ
− q

)
dq

=
∫ (

D2

2dϑ2~r2
0ωLO

r2
0q

2 +
(eh14)2

2dϑ2~ωLO

)
ωLOe−q2/2γ2

0 δ

(
∆E

~ϑ
− q

)
dq
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=
∫

MωLO(r2
0q

2 + 1)e−q2/2γ2
0 δ

(
∆E

~ϑ
− q

)
dq, (9)

∆E = E↓
0 −E↑

0 L«Ä�þ4zfØÓg^��U

?�, �
O�¯K��B·�½Â
D2

2dϑ2~r2
0ωLO

Ú (eh14)
2

2dϑ2~ωLO
�ü�Ãþjþ�b�§���, Ú�

^ M L«. ª¥
∆E

~ϑ
=

g~
2m∗ϑR2

c

+
2aR

ϑ

√
γ2
0 + 1/4R4

cγ
2
0

=
0.7g∗r0

R2
c

+ 2a∗
R

√
γ2
0 + 1/4R4

cγ
2
0 , (10)

Ù¥ g∗ = g/ξ ½Â� Landau Ïfëê, ξ = ϑ/v,
υ =

√
~ωLO/m∗ �·�O�¥À½��Ýü , �


BuO�Ú?Ø¯K, ·�æ^
4zf�» r0

ÚNp1Æ(fUþ ~ωLO ©O���Ýü Ú
Uþü . ·�r a∗

R = aR/ϑ ù�'~Xê½Â
� Rashba g^;�ÍÜëê.

3 (J�?Ø

3.1 fffÍÍÍÜÜÜ444���eee444zzzfffggg^̂̂µµµþþþÇÇÇ���ÙÙÙ
¦¦¦ëëëêêê���CCCzzz'''XXX

ã 1(a) �Ñ
3 Landau Ïfëê g∗ = 0.5,
Rashba g^;�ÍÜëê a∗

R = 0.5 �, ^|N�
�ÝÚþf:�»é4zfg^µþÇ�K�. l
ã¥��µþÇé^|N��Ýk²w��6'
X, �X^|N��Ý�~� (=^|C�) µþÇ
ÅìO\�����×�~�. ���� ���
âUþÅð'X ∆E = ~ω û½, l (5) ª¥��
Ä�U?� ∆E é^|Úþf:�»Ñk�6'
X, ¤±���� �dÙ�Óû½. Ó��X�
»�~�, µþÇÅìC�, �é^|��65C
��²w. du>f�Np1Æ(f�ÍÜfé
/¤4zf�A¿Ø²w, d�4zf�g^µþ
Ú>f�g^µþ¿vk�õ«O, ¤±©¥�4
zfµþÇé^|Úþf:�»��6'X�©
z [23—25] ¥�ïÄ>fg^µþ�(Ø��.

ã 1(b) £ã
3�» R = 2r0, g∗ = 0.8 �,
4zfµþ�Ç�^|N��ÝÚ Rashba g^;
�ÍÜëê�Cz'X. lã¥�±wÑ, 3^|
N��Ýé����S, µþÇ�X Rashba g^
;�ÍÜëê�C�
O\, 
3^|N��Ý
é���S, µþÇ�X Rashba g^;�ÍÜë
�ê�C�
ü$, ¤± Rashba g^;�ÍÜëê

⇀

⇀ 

  = 0.5
= 0.5

R⇀/r  

g⇀/. 

α
⇀
R

R/r0

*

*

ã 1 (a) 4zfg^µþÇ�^|N��ÝÚþf:�»�
Cz'X; (b) 4zfg^µþÇ�^|N��ÝÚ Rashba g
^;�ÍÜëê�Cz'X; (c) 4zfg^µþÇ�^|N�
�ÝÚ Landau Ïfëê�Cz'X

éµþÇ�K��6u	^|���. µþÇ��
��� ��XN��Ý�O\Åì£� Rashba
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g^;�ÍÜëêC��ê�?, ù�´Ï�Ä�
U?� ∆E Ó�É Rashba g^;�ÍÜëêÚ^
|N��Ý��ÓK�E¤�.

ã 1(c) L«3þf:�» R = 2r0, a∗
R = 0.5

�, 4zfµþÇ�^|N��ÝÚ Landau Ïf

ëê�Cz'X, lã 1(c) �ã 1(b) �é'¥�
� Landau Ïfëêé4zfg^µþÇ�Cz'
X� Rashba g^;�ÍÜëêé4zfg^µþ
Ç�Cz5Æ�q, �Ï�ã 1(b) �Ó, �d�¹
eùüëêéµþÇ��zvk���«O.

β
β
β g r 

α

Rc/

α

α

α

α

α

r

*

ã 2 (a) 4zfg^µþÇ�þf:�»�Cz'X; (b) 4zfg^µþÇ�ÍÜrÝ�Cz'X; (c) 3ØÓ Rashba g^
;�ÍÜëêe4zfg^µþÇ�^|N��ÝCz'X; (d) ØÓ Landau Ïfëêe4zfg^µþÇ�^|N��Ý�
Cz'X

3.2 rrrÍÍÍÜÜÜ444���eee444zzzfffggg^̂̂µµµþþþÇÇÇ���ÙÙÙ
¦¦¦ëëëêêê���CCCzzz'''XXX

Ï~�¹e, �â@Ï©z�½Â [26−28] r
ÍÜ´�>f�Np1Æ(f�ÍÜ~ê β > 6
���. ã 2(a) �Ñ
3 α∗

R = 0.01, g∗ = 0.1,
Rc = r0 ÚØÓ�>f -LO (fÍÜrÝe, 4z
fg^µþÇ�þf:�»�Cz'X. ²w�±
wÑ�fÍÜ�¹ØÓ, �k3�»é�����
S, µþÇ�X�»�O\ÑkCz, ��X�»
�O\, µþÇA�Ø�6u�»�Cz.

ã 2(b) £ã
3 α∗
R = 0.01, R = 2r0, Rc = r0

ÚØÓ� Landau Ïfëê^�e, 4zfg^µ
þÇ�>f - Np1Æ(fÍÜrÝ�Cz'X,
lã¥�±²w/wÑ�X>f - Np1Æ(fÍ
ÜrÝ�O\, 4zfµþÇÅìC�, ù´Ï�
>f�Np1Æ(f|�r�p�^¦� Rashba
�A�²w, l
E¤
Ä�� Rashba g^;�
©�UC�.

ã 2(c),(d) ©O�Ñ
3ØÓ� α∗
R, g∗ ^�

e, 4zfg^µþÇ�^|N��Ý�Cz'X,
l¥���X^|N��Ý�O\ (^|rÝ�C
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�) 4zfg^µþÇÅìC�. Ó�lã 2(c) ¥
��±wÑ, �X α∗

R �O\, 4zfg^µþÇ×
�C�, 
�ã 4 ¥ g∗ éµþÇ�K�Czé'
¥, �±?�Ú�ÑrÍÜ^�e Rashba �A�
²w, l
é4zfg^µþÇ�K��´Ì��.

4 ( Ø

�©æ^�gN�C�ÚC©�{, ïÄ
�
��Ôþf:¥�4zfg^µþ. ·�äN?Ø


3r!fÍÜ4�e4zf3Ä� Zeeman U?
þ�µþL§. (JL²µ3fÍÜ�¹e, du
4zf�AØ²w, 4zfµþÇé	^|!þf
:�»!Landau Ïfëê!Rashba g^;�ÍÜ
ëêkér��6'X, ù�>f�g^µþL§
�~�C. �fÍÜ�', rÍÜ^�e4zfµ
þÇé	^|!þf:�»!Landau Ïfëê�
�6Cf, 
é Rashba g^;�ÍÜëê²wC
r, ù´du>f�Np1Æ(f|�r�p�^
¦� Rashba �A�²w.
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Polaron spin relaxation in a two-dimensional
quantum dot
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Abstract

We theoretically investigate the spin relaxation of polaron, which arises from the electron interactions with the longitudinal optical

phonon between the sublevel Zeeman splitting of the polaron ground state by using the vibrational and the unitary transformation

methods in a two-dimensional quantum dot, where the Rashba spin-orbital coupling is taken into account. In fact, this process occurs

by means of the absorption (or emitting) of a deformation potential acoustic phonon (or a piezoelectric one). The relaxation rate

dependences of the magnetic, the quantum dot radius, the lander parameter, the Rashba spin-orbital coupling parameter are studied

under the conditions of the strong coupling limitation and the weak one.

Keywords: spin relaxation, polaron, Rashba spin-orbital coupling, quantum dot
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