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lnØþïÄ
G.ÍÜVþf:�m¥Õ�^éÙCB���K�. æ^�²ï���¼êÚâ¸ÀÚf
²þ|Cq�{¦)
XÚ�M�îþ; O�
XÚ>f���Ý!ß�Ç!ÓØêÚCB§Ý�Vþf:�m
¥Õ�^U�Cz, Ó��O�
>4?u4z�Vþf:�m¥Õ�^UéXÚ>f��Ý�K�. (JL²,

Vþf:�m¥Õ�^U
4�/K�XÚ�Ä�Ôn5�. Ó��é�'�Ôn¯K?1
?Ø.
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1 Ú ó

Cc5, G.ÍÜVþf:XÚ3và�Ôn
�ïÄ¥É��5�õ�'5, ¿�, �XB�\
óEâ�?Ú, <�l¢�þïÄù�XÚ��1
5���Or. �DÚ�¿.Ú T .Vþf:XÚ
�', G.ÍÜVþf:XÚäk�
ÕA�5�.

��¡, ù�XÚ´ïÄV,��.Ú>f'é�
^�ûÐ�.. ÙÕA�þf:üÙ�ª¦>f�
Ñ$�U�gÏLz�þf:, ù«ÕA�Ñ$5
�du3B�>fÆÚþf&E?n��¡¤ä
k�d3A^d�
É�2��'5 [1−7]. ,��
¡, �üþf:XÚ�', Vþf:XÚäk�\
´L�Ôn5�. ÏLUCVþf:�m�ÍÜr
Ý, G.ÍÜVþf:XÚU
lfÍÜ�B«=
C�rfÍÜ�B«. 3fÍÜ�B«, �NX�
§Ý$uCB§Ý�, CB��Ò¬©O3z�þ
f:ÚÙÍÜ���¥/¤, ù�NX��B�A
É�uü�CB�. 
3rÍÜ�B«, ü�þf
:�ZÍÜ/¤��<E©f, 
ü�CB��Z

U\/¤
¤��Ú���, d�ÏL·�N�ù
�NX��'ëêÒU¦CB��u)©�¿/
¤V¸(� [6−13].

8c, NõéG.ÍÜVþf:XÚ�ïÄÌ
�'5uþf:S¥Õ�^�K�, 
éVþf:
�m¥Õ�^�K�'5Ø
 [6−10,13]. ,
, ·
���Vþf:�m¥Õ�^éXÚ�Ôn5�
ké­��K�. Ïd, �©ÏL�²ï���¼
ê�{ïÄG1ÍÜVþf:�m¥Õ�^é
ÙCB���K�, ã 1 «Ñ
�©¤ïÄXÚ�
�..

ã 1 ÍÜuc^>4�mG.ÍÜVþf:XÚ��.

¦^â¸ÀÚf²þ|Cq, ·���
TX
Ú>f���Ý!ß�Ç!ÓØêÚCB§Ý�
úª, ?Ø
Vþf:�m¥Õ�^Ué§��
K�, AO?Ø
�>4?u4z�, Vþf:
�m¥Õ�^UéXÚ>f��Ý�K�. �©�
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(JL², Vþf:�m¥Õ�^4�/K�

XÚ�Ä�Ôn5�. �é�'�Ôn¯K?1

?Ø.

2 XÚ��.

�©¤ïÄXÚ�^ N = 2 ­{¿V,�S
�Ü�.¥�M�îþ5£ã. 3â¸ÀÚf²þ
|Cqe, �þf:S�¥Õ�^UÃ¡��, X
Ú�M�îþ [6−14]

H =
∑
kασ

εkασc†kασckασ +
∑
ασ

εασf†
ασfασ

+
tc
N

∑
σ

(f†
LσbLb†RfRσ + f†

RσbRb†LfLσ)

+
1√
N

∑
kασ

Vkασ(c†kασb†αfασ + f†
ασbαckασ)

+U(1 − b†LbL)(1 − b†RbR)

+
∑
α

λα

(∑
σ

f†
ασfασ + b†αbα − 1

)
, (1)

ª ¥, c†kασ(ckασ) ´ � (α = L) c ^ > 4 ½
m (α = R) c^>4¥U?� εkασ >f��) (�
v) �Î. �ââ¸ÀÚfE|, � (α = L) þf:
½m (α = R) þf:>f��) (�v) �Î��
�� d†ασ → f†

ασbα(dασ → b†αfασ), Ù¥â¸ÀÚ
f�f bα(b†α) ÚO¤�f f†

ασ(fασ) ©OL«�
þf�ÚüÓØþf�. Vkασ(tc) ´þf:�c
^>4 (Vþf:�m) �ÍÜrÝ, U ´Vþf
:�m�¥Õ�^U. (1) ª�Òm>18�¥.
�KFÏf λ ´�
Ú\þf:üÓØ���^
�

∑
σ=↑↓

f†
ασfασ + b†αbα = 1. �
{ü, ·�=�Ä

Vþf:?u�����¹ εLσ = εRσ = ε0. �g
^��k'�þf:U?����ÍÜ~ê

Γα
σ (ε) = π

∑
kασ

V 2
kασδ(ε − εkασ).

��mü^>4^Ý²1�, k

ΓL
↑ = ΓR

↑ = (1 + p)Γ0,

ΓL
↓ = ΓR

↓ = (1 − p)Γ0;

�ü^>4^Ý�²1�, k

ΓL
↑ = ΓR

↓ = (1 + p)Γ0,

ΓL
↓ = ΓR

↑ = (1 − p)Γ0.

ùpg^4zrÝ½Â�

p = (Γα
σ − Γα

σ̄ )/(Γα
σ + Γα

σ̄ ) (0 6 p 6 1),

Γ0 ´g^4zrÝ p = 0 ��ÍÜrÝ.

�
ïÄ��., ·�æ^²þ|Cq [15,16],

ÀÚ|�fCq�²þ�, =

bα(t)/
√

N → 〈bα(t)〉 /
√

N = b̃α,

Ṽkασ = Vkασ b̃α,

t̃c = tcb̃Lb̃R,

ε̃α = ε0 + λα.

Ïd, M�îþ�±Cz�

H̃ =
∑
kασ

εkασc†kασckασ +
∑
ασ

ε̃αf†
ασfασ

+t̃c
∑

σ

(f†
LσfRσ + f†

RσfLσ)

+
∑
kασ

Ṽkασ(c†kασfασ + f†
ασckασ)

+U(1 − Nb̃2
L − Nb̃2

R + N2b̃2
Lb̃2

R)

+
∑
α

λα(Nb̃2
α − 1). (2)

�
�� (b̃L, b̃R, λL, λR) �²þ�, ·�æ^

�²ï���¼ê$Ä�§�{, �ÑgU�
§|

b̃2
L(R) = i

∑
σ

∫
dε

4π
G<

L,L(R,R)σ(ε) +
1
2
, (3)

λL(R)b̃
2
L(R) = i

∑
σ

∫
dε

4π
(ε − ε̃L(R))G<

L,L(R,R)σ(ε)

+Ub̃2
L(R)(1 − Nb̃2

R(L)), (4)

ª¥ G<
α,α′σ(ε) ´�²ï���¼ê G<

α,α′σ(t −
t′) ≡ i〈f†

α′σ(t′)fασ(t)〉 ÏLFp�C����. Ï
L$Ä�§�{ [14−16], �±��

G<
L,L(R,R)σ(ε) =

2i
{

fL(R)(ε)Γ̃
L(R)
σ

[
(ε − ε̃R(L))2 + (Γ̃R(L)

σ )2
]

+ fR(L)(ε)Γ̃
R(L)
σ t̃2c

}
∣∣∣(ε − ε̃L + iΓ̃L

σ )(ε − ε̃R + iΓ̃R
σ ) − t̃2c

∣∣∣2 , (5)
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ª¥,

Γ̃α
σ = b̃2

αΓα
σ (α = L,R),

fα(ε) ´¤�©Ù¼ê. ÏLgU�§ (3) Ú (4), �
�Ñ­�zëê, Ò�±�Ñ�þf:½mþf:
�>f��Ý

ρα,σ(ε) = − 1
π

b̃2
αImGr

α,ασ(ε), (6)

ª¥ Gr
α,ασ(ε) ´�þf:½mþf:¥>f�í

´��¼ê,

Gr
L,L(R,R)σ(ε)

=
(ε − ε̃R(L) + iΓ̃R(L)

σ )

(ε − ε̃L + iΓ̃L
σ )(ε − ε̃R + iΓ̃R

σ ) − t̃2c
. (7)


�þf:½mþf:¥g^� σ �>f�²þ
ÓØê

〈nασ〉 = − i
2π

∫
dωG<

αασ(ω). (8)

g^��� σ �>fÏLXÚ�ß�Ç

Jσ(ε) =
2t̃2cΓ̃

L
σ Γ̃R

σ∣∣∣(ε − ε̃L + iΓ̃L
σ )(ε − ε̃R + iΓ̃R

σ ) − t̃2c

∣∣∣2 .

(9)

ÏLXÚ�>6

I =
2eΓ0

h

∑
σ

∫
dε(fL(ε) − fR(ε))Jσ(ε). (10)

3O�L§¥, ·��c^>4��° D =

60Γ0, Vþf:�Ð©U? ε0 = −3.5Γ0 (éAN
X�CB§Ý T 0

K = 10−3Γ0). ¿�=�Äü«
AÏ��¹, =Vþf:XÚ?ufÍÜ�B«
� tc = 0.3, 
?urÍÜ�B«� tc = 1.5.

3 O�(J9?Ø

Äk, �
Q{üqU`²¯K, ·�6Ø
�Äg^4zrÝ, =� p = 0, @oéuXÚ
k ΓL

σ = ΓR
σ = Γ0, ρLσ = ρRσ = ρ, Jσ = J ,

〈nLσ〉 = 〈nRσ〉 = 〈n〉, ¿��ïÄXÚ?u²ï
G� (V = 0) ���¹.

ã 2 ØÓUþ>f���Ý ρ(ε) �Vþf:�m¥Õ�^U U �Cz (a) tc = 0.3; (b) tc = 1.5

ã 3 ØÓUþ>f�ß�¸ J(ε) �Vþf:�m¥Õ�^U U �Cz (a) tc = 0.3; (b) tc = 1.5
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ã 4 ÓØê 〈n〉 ÚCB§Ý TK �Vþf:�m¥Õ�^U U �Cz (a) tc = 0.3; (b) tc = 1.5

ã 5 >f��Ý ρ(ε) �>fUþ ε �Cz (a) tc = 0.3; (b) tc = 1.5

ã 2 Úã 3 Ð«
>f3þf:¥���
Ý Ú > f Ï L X Ú � ß � Ç � V þ f : � m
¥Õ�^U�Cz. lã 2 Úã 3 �±�Ù/
w �: V þ f : � m ¥ Õ � ^ U 4 � / Ø
� 
 > f � � Ý Ú ß � Ç. � � X V þ f : �
m¥Õ�^U�O\, >f��ÝÚß�ÇØ
´ëY/~�, 
´¥�F//~�, ù�´þ
f:¥>Öþfz��N. ¤ØÓ�´, >f��
Ý3rÍÜ�B«'3fÍÜ�B«�r�/É
�Vþf:�m¥Õ�^U�Ø�, 
>fß�Ç
3fÍÜ�B«'3rÍÜ�B«�r�/É�
Vþf:�m¥Õ�^U�Ø�. d	, éuUþ
l¤�U?���>f, Ù>f��ÝÚß�ÇÉ
�Vþf:�m¥Õ�^U�Ø�Ò�r�.

éù«>f��ÝÚß�Ç�Vþf:�
m¥Õ�^U�Cz�±�Xe�)º: Äk,

lã 4 �±wÑ, �XVþf:�m¥Õ�^U�

O\, Vþf:�m¥Õ�^Uk�/~�
>f
�ÓØê, �ÒØ�
CB��, ¿�>fÓØê
ÚCB§Ý�Vþf:�m¥Õ�^U�CzÓ
�¥�F//~�. Ïd, Vþf:�m¥Õ�^
UØ�
>f��ÝÚÏLXÚ�ß�Ç. Ùg,

3fÍÜ�B«, ü�þf:¥�>f´þfz�,

z�þf:©O�ÙÍÜ���/¤CB��. d
�, >f�±l��CB��[�,��CB�

ÏLXÚ. 
3rÍÜ�B«, ü�þf:¥�þ
f��ZÍÜ3�å, ��ü�þf:�ZÍÜ/
¤��<E©f. Ïd, fÍÜ�B«�>f��
Ý�urÍÜ�B«�>f��Ý; 
>f3rÍ
Ü�B«'3fÍÜ�B«�N´�BÏLXÚ.

ã 5 Úã 6 £ã
>f��ÝÚß�Ç�>
fUþ�Cz. lã 5 Úã 6 �±wÑ: �Vþf
:�m¥Õ�^U��Ñ (= U = 0) �, 3fÍÜ
�B« (ã 5(a), ã 6(a)) CB��3z�þf:Ú

087203-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 08 (2012) 087203

ã 6 >fß�Ç J(ε) �>fUþ ε �Cz (a) tc = 0.3; (b) tc = 1.5

ã 7 ²ïG�eÚ²1|��, g^�þ>f��Ý ρ↑(ε) Úg^�e>f��Ý ρ↓(ε) �>fUþ ε �Cz (a) ρ↑(ε),

tc = 0.3; (b) ρ↓(ε), tc = 0.3; (c) ρ↑(ε), tc = 1.5; (d) ρ↓(ε), tc = 1.5

ÙÍÜ���¥/¤; 
3rÍÜ�B« (ã 5(b),

ã 6(b)) ü�þf:�pÍÜ/¤��<E©f,

éA�ü�CB��ZÍÜ��CB��¸©�
¤ü�¸, ©OéAu¤��Ú���. ,
, �
Vþf:�m¥Õ�^UØ�"�, ·�U
w�
�¹u)
Cz, ÙCB¸É�
³�. 3fÍÜ

�B« (ã 5(a), ã 6(a)), �XVþf:�m¥Õ
�^Ul U = 1.5 O\� U = 3.0, CB��¸�
°ÝÚß�¸�°ÝC��5�Ä; 3rÍÜ�B
« (ã 5(b), ã 6(b)), �Vþf:�m¥Õ�^UØ
�"�, CB��¸Úß�¸�X U �O�
��
k, ¿�V¸¸k�m�ål �. ��²w�´,
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�Vþf:�m¥Õ�^U�� U = 3.0 �, CB
��¸�°ÝÚß�¸�°ÝC��Ä, CB��
¸Úß�¸�V¸(��C��\�

, Ä�þ
lV¸(�üz�ü¸(�.

éuþãG.Vþf:¥>f��ÝÚß�
Ç¤LyÑ�ù
y��)ºXe: �Vþf:�
m�¥Õ�^U��ÑØO�, Vþf:XÚS�
VÓØ�¹´�#N�. �´, � U ��v
��,

Vþf:XÚSØUÓ�kü�>fÓ��3. ¿
�, ·�3c¡®�½z�þf:S�¥Õ�^U
´Ã���, ù�, �k>fÏLVþf:XÚ�
��É�³�, >f�U���X��/ÏLXÚ
S�z��þf:. 3r¥Õ�^e, Ø==z�
þf:S�U#N��>f�3, 
�Vþf:Ø
�UÓ��>fÓØ (ã 4). ù«XÚS�VÓØ
Ø�#N��¹Ø=Ø�
>f��Ý, Ó���
�>fÏLXÚ�ß�ÇÉ�
³�.

�
?�Ú£ãVþf:�m¥Õ�^éÙ

CB���K�, e¡?Øg^4zrÝØ�"�
��¹. Äk�ÄXÚ?u²ïG� (V = 0). ã 7

�Ñ
XÚ?u²1|��>fg^�þÚg^
�e�>f��Ý�>fUþ�Cz. � U = 0 �,

Ø+XÚ´3fÍÜ�B«�´3rÍÜ�B«,

�±w�g^�þ>f��Ý���¸°Ý�X
4zrÝ�O\
C°, 
g^�e>f��Ý�
��¸%�X4zrÝ�O\
CÄ. ù´Ï�3
²1^|��, �m>4¥�g^�þ>f´õ>
f, 
g^�e>f´�>f, Xdg^�þþf
:U?����ÍÜ~ê�ug^�eþf:U
?����ÍÜ~ê (Γα↑ > Γα↓), 7,��þf
:¥g^�þ>f�²þÓØê�ug^�e>
f�²þÓØê (nd↑ > nd↓), þf:¥Ñyg^È
\�A
¦o�g^�þ>f��Ý�o�g^
�e>f��ÝØ��, = ρL↑ + ρR↑ > ρL↓ + ρR↓.

ùk|ug^�þ>f���BÏLVþf:X
Ú, 
Ø|ug^�e>f�BÏLVþf:XÚ.

ã 8 ²ïG�eÚ�²1|��, �þf:Úmþf:¥g^�þ>f��Ý ρL↑(ε), ρR↑(ε) Úg^�e>f��
Ý ρL↓(ε), ρR↓(ε) �>fUþ ε �Cz (a) ρL↑(ε), ρR↓(ε), tc = 0.3; (b) ρR↑(ε), ρL↓(ε), tc = 0.3; (c) ρL↑(ε), ρR↓(ε),

tc = 1.5; (d) ρR↑(ε), ρL↓(ε), tc = 1.5
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Ó�, ��ÄVþf:�m¥Õ�^�, 3fÍÜ
�B« (ã 7(a), (c)), Ø+´g^�þ�´g^�e
>f�CB��¸°ÝÑduVþf:�m¥Õ
�^��3
CÄ
. 
3rÍÜ�B« (ã 7(b),

(d)), Ø=g^�þ (�e) �>f�CB��¸�
X U �O�
��k, ¿�V¸¸k�m�ål 
�. ��wÍ�´, ÏLO� U ���, CB¸�
°ÝC��Ä, CB���V¸(��C��\�

 (U = 3.0, 6.0).

3²ïG�eÚ�²1|�� (ã 8), �¹u
)
Cz. d��>4¥�g^�þ>f´õ>
f, g^�e>f´�>f; 
m>4¥�g^�
e>f´õ>f, g^�þ>f´�>f. Ïd, �
O�g^4zrÝ p �, � (m) þf:¥g^�
þ (�e) �CB��¸�°ÝC° (ã 8(a), (b)), 

� (m) þf:¥g^�e (�þ) �CB��¸C
Ä (ã 8(c), (d)), ù���o�g^�þÚg^�e
�>f��Ý´��� (= ρL↑ +ρR↑ = ρL↓ +ρR↓),

Ï
XÚ¥g^�þ>fÚg^�e>f�Ï�
´���, �>4¥�g^4zrÝ~�
ü«g
^��>f�Ï�. Ó�/, �ÅìO� U �, CB
��¸É�
³� (ã 8(a), (b)), 
?urÍÜ«
�CB��V¸Ckb (ã 8(c), (d)), V¸¸k�
m�ålC�, V¸(��Åì�ü¸(�üz.

e¡ïÄXÚ?u�²ï�� (V = 3T 0
K)

� � ¹, ¿ � � m z Æ ³ © O � uL = V/2,

uR = −V /2. � 
 { ü 
 q U ` ² ¯ K, = =
�Ä�|AÏ� p = 0.3, tc = 1.5. ã 9 Ð«
²1
|��>fg^�þÚg^�e���Ý�>f
Uþ�Cz. lã 9 �±w�: � V 6= 0 �, �mþ
f:�CB��¸�X�m>4�zÆ³u)�
A£Ä. �kCB��¸�°ÝCÄ
, ¿��d
é¡V¸(�C¤�é¡(�. éu�þf: (g
^�þÚ�e), V¸¥��¸��\r, �¸Cb
|; Ó�m¸É�³�, ¸kC��
 (ã 9(a), (c)).

����, éumþf: (g^�þÚ�e), V¸¥

ã 9 �²ïG�eÚ²1|��, �þf:Úmþf:¥g^�þ>f��Ý ρL↑(ε), ρR↑(ε) Úg^�e>f��
Ý ρL↓(ε), ρR↓(ε) �>fUþ ε �Cz tc = 1.5, p = 0.3. (a) ρL↑; (b) ρR↑; (c) ρL↓; (d) ρR↓
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ã 10 �²ïG�eÚ�²1|��, �þf:Úmþf:¥g^�þ>f��Ý ρL↑(ε), ρR↑(ε) Úg^�e>f��
Ý ρL↓(ε), ρR↓(ε) �>fUþ ε �Cz tc = 1.5, p = 0.3. (a) ρL↑; (b) ρR↑; (c) ρL↓; (d) ρR↓

�m¸��\r�C�b|; 
�¸%�³�, ¸
kC��
 (ã 9(b), (d)). �� U = 50T 0

K �, þf
:�k�é¡�CB��V¸�°ÝÑC°
, V
¸���½§Ý�ÿ° (ã 9). �?�ÚO� U �,

þãy��\²w. ù
k��y��XÚ?u
²ï���¹´��ØÓ�. éd�±�Xe)
º: �Vþf:?urÍÜ�B«Ú¥Õ�^�~
��, ÍÜ�Vþf:�±w�äkü�U?�ü
þf: [17,18]. �,ÍÜ�Vþf:XÚØUÓ�
NBõu���>f, Ï~�g^CB�AÉ�³
�, �´3äkr¥Õ�^� “üþf:” XÚS,

Ï� “:S�CB�A”[19−23] 
U
\r>f3
þf:S�?Ñ=�ÅÄ. ù��Ï3XÚ�Ñ$
5��¡åXé'���^, �Ò´3�$� Ø
�¹e¹¥Õ�^�Vþf:XÚ¥>f?\ (l
m) þf:�ß�Ç��
\r.

��m>4^Ý�²1 (V = 3T 0
K, U = 0)

� (ã 10), ·��±w��mþf:�CB��¸

Ó��X>4�zÆ³u)�A�£Ä, � (m) þ
f:�ké¡��m¸©O��\rÚ³� (³�
Ú\r) 
C¤�é¡(�. � U 6= 0 �, z�þf
:�é¡V¸�°Ýq���½§Ý�ÿ°, V¸
�målC�. ù
y�Ú²1|��´���.

4 ( Ø

�©æ^�²ï��¼êÚ$Ä�§�{ï
Ä
G.ÍÜVþf:�m¥Õ�^éÙCB�
��K�. ïÄ(JL²: XÚ?u²ï��, ØØ
^>4^Ý´²1�´�²1, Vþf:�m�¥
Õ�^U�³�g^�þÚg^�e>f�CB
��¸. 
�XÚ?u�²ï��¹e, ØØ^>
4^Ý²1½ö�²1, Vþf:�m�¥Õ�^
U�±Org^�þÚg^�e>f�CB��
¸. d	, XÚ>f�ß�ÇÚÓØê�É�Vþ
f:�m�¥Õ�^U�K�. ù
A��)uV
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þf:�m�¥Õ�^ÚCB����pK�, ¿
¦G.ÍÜVþf:XÚäk��´L�Ñ$5

�. F"�©ïÄ�(JU
�?�ÚïÄmuG
.ÍÜVþf:XÚJøkd��nØ�â.
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The effect of the interdot Coulomb interaction on
Kondo resonance in series-coupled

double quantum dots∗
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Abstract

We theoretically investigate the effect of the interdot coulomb interaction on Kondo resonance in series-coupled double quantum

dots. The Anderson Hamiltonian of our system is solved by means of the slave-boson mean-field approximation, and the variations of

the density of states, the transmission probability, the occupation number and the Kondo temperature with interdot Coulomb interaction

are discussed in the Kondo regime, and the densities of states are calculated in the Kondo regime for various interdot Coulomb repulsions

with parallel and antiparallel lead-polarization alignments. Our results reveal that the interdot Coulomb interaction between quantum

dots greatly influences the physical property of this system, and relevant underlying physics of this problem is discussed.

Keywords: interdot Coulomb interaction, Kondo resonances, transmission probability, slave-boson mean-field
approximation
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