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Ĥ0

9»íWë07�H-��5D:.9»};ë03DA�9»5DA>îc3DG�ëd7�H|9mí�34}»5@ë0H�EÃ7k5@Gd:.34A�9m6
3�í06I9;}»}m5_ë034GWôÁ9;ë07 ?k5@GdH©îcG0H�ü�ñ�HIA�6Iì

ΩB
5@AkE :©5Dídí

m
÷ z 7�5_ë

:©5DG0~�í�34ðkHSGd5@ë03DG8í�5D6®ë09»A�B�3DA>ëd7�H|3�í06I9;}»}m5_ë034GWE�HIB4G0HSH©3@î!îcGdHIH®ï
E�3D:g÷1ê!7�He��5@:L9»}­ëd3DA�9m5@Akí

Hl,r
í0ðkH�6®9;îcìWë07�H�9»í03D}m5_ëdHSE·};HIîVë³5@AkE

Gd9»BD7�ëÁHI}»HS6 ëdG03�E�H�í�3@î1ë07�HI(#ñ�Ak6 ë09»3DA

Hl =
∑

l

εl c
†
l
cl , Hr =

∑

r

εr c†rcr
þ 6 ÷ 6 �

ôÁ7�HIGdH
l,r

}»5D?kHS}»íÁë07�H�ü�ñ�5DA�ë0ñ�: A�ñ�:�?�HIG8íÁ3@î+ë07�HWí�9»A�BD}»H�ð�5DG�ï
ëd9»6I};H|HIA�HSG0B4ìwHI9»BDHSA�í#ë85_ëdHSí�9»AÄë07�H }»H®îVëL5@A�EÄGd9;B47�ëWHI}»HS6 ëdG03�E�H�íIó
GdHSí0ð�HS6 ëd9;�4HI}»ìDó4ôÁ9­ëd7 6®3DGdGdHSí0ðk34A�E�9»A�BoHIA�HSG0B49;H�í

εl,r
5@A�E©5DA�A�9»7�9­ï

}m5_ëd9;34AW5@A�E�6IG0H�5_ëd9;34A¥34ðkHSGd5@ë034GdíS÷°ê!7�H�34ðkHSGd5@ë03DG
ĤT
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(
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S(τ, τ ′) → Sij(t − t′).
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Sij(ω) =

∫ ∞

−∞

dt eiωtSij(t).
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S<(t − t′) = S12(t − t′) = 〈I(t)I(t′)〉 ,
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I(t) = −i
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dτ
〈

Tc

(

ĤT (τ)Î(t)
)〉
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I(t) = Ivv(t) + Iww(t),
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Iww(t) = −
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Ivv = GvvV,
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Iww = −
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Gww
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dωJ(ω).
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J(ω) = V DK(ω) −
[

DR(ω) − DA(ω)
]

∆V (ω),
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∆V (ω) =
V + ω
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coth

V + ω

2T
−

V − ω
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coth

V − ω

2T
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V± = V ± ∆V (Ω)
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N∗ =
1

eΩ/T∗ − 1
,

þ�mk÷%�'t��

ôÁ7�HSG0H·ë07�H·ë0HS:LðkHSGd5@ë0ñ�GdH·3Dî�ë07�H·3�í06I9;}»}»5@ë034GSó
T ∗
ó/9»íoí0ðkH�6®9;õ�HSE

9»A���ü�÷³þÐÿ�÷%��ÿ��®÷�Q�Gd3D:���ü�÷³þ�mk÷%�9ns�¥9;ë·6I5DA>?kH í0HIHSA>ë07�5@ë�ë#ô³3
34íd6®9»}»}»5@ë03DG0ïi5Dídí�9mí#ëdHSE|ë0ñ�A�A�HI}»};9»A�B�ð�Gd3"6IHSídí�H�í�6I3DA�ë0Gd9;?�ñ�ë0H�ë03 ëd7�H
ë0ñ�A�A�HI}»9»A�B�HS};H�6 ë0Gd3DAkí/B45D9;A�9»A�BÁHSA�HIGdBDì�îcG034:öëd7�H�3�í06I9;}»}»5@ë034G
5@A�E
}»3�3�í�9»A�BgHIA�HIGdBDì�ëd3gë07�H©3�í06I9;}»}»5@ë034GSó°GdHSí0ð�HS6 ëd9;�4HI}»ìD÷ ê!7�H 6I3D:.ï
?�9»A�5_ëd9;34A�í

V±

B49;�4Hoë07�HWð�7�5Dí0HWí�ðk5D6®Ho�43D}»ñ�:LHoîc3DGÁëd7�HSí0HWð�Gd3@ï
6®H�í0í0HSíS÷

��á=ép�i� � ���1�]���L�i� � �k�+���'�>� � �s�}�k���k�


�H��"ë�ô³HWë0ñ�GdAgë03 6S5@}m6®ñ�}m5_ëdH�ë07�H·6®ñ�GdG0HSA�ë�ïi6®ñ�GdG0HSA�ëÁ6I3DGdG0HS}»5@ï
ëd3DG�÷WQ�34G'5DA�9»í03D}m5_ëdHSEg(#ñ�A�6®ë09»3DA°óuëd7�H�A�349»í0H�9mí°BD9»�DHSAo?�ì�ë07�H³í0HS6 ï
34A�E�34GdE�HSG
H��"ð�G0H�í0í09;34AW9»A�ë07�H³ë0ñ�A�A�HI}»9»A�B¥5D:Lð�};9;ë0ñkE�H�í09»A�6®H³ë07�H
îc34ñ�G0ë07Ä3DG8E�HIGW6I3DGdG0H�6 ë09»3DAÃ3DA�}»ìw9»A�ë0Gd3"E�ñ�6®H�í�5�í�:©5@}»}+îcHS5@ë0ñ�GdH®ï
}»HSídí-6®34G0GdHS6®ë09»3DA°÷_��3_ô�HI�DHSGSó_ôÁ7�HIA.ë07�H8(#ñ�A�6 ëd9;34A.9mí�6I3Dñ�ð�}»HSE�ë03
5�ü�ñ�5@A�ë0ñ�:�í�ì�í�ë0HI:	H��"7�9;?�9;ë09»A�B¥G0H�í�34A�5@A�ë
?�HI7k5u��9»3DG�ó_5Dí'9;A�ë07�H
6S5Dí0H�3@î+ë07�H�34íd6®9»}»}»5@ë03DG�ó�ëd7�H�9»A�ë0HIG85D6®ë09»3DAg3@î+ëd7�H·í0ì�í#ëdHI: ôÁ9­ëd7
ëd7�H¥ë0ñ�A�A�HI}>(#ñ�Ak6 ë09»3DAg6I5DA|:©5@Gd~DH�E�}»ì.9»A�6IG0H�5Dí0H�ë07�H�îc34ñ�G0ë07|34G�ï
E�HIG�A�349»í0H�6I3DGdG0H�6 ë09»3DAg5_ëÁëd7�H�GdHSí03DAk5@A�6IHo5DA�E�6®34:�?�9»A�5@ë09»3DA�5D}
îcGdHSü�ñ�HSA�6®9»HSíS÷�<ÃH�ôÁ9;}»}�?�H 9»A4ëdHIGdHSí�ë0H�E>9;A>ëd7�H|GdHSí03DA�5DA�ë�6I3DA�ï
ëdG09»?�ñ�ëd9;34A�í�5DA�ELôÁ9;}»}�ëd7�HIGdH®îc34G0H�6I3DA�í09»E�HIG-ëd7�H�6®ñ�GdGdHIA�ë�ïi6®ñ�GdGdHIA�ë
6I3DGdG0HS}»5@ë034G�ëd3·îc34ñ�G0ë07g3DG8E�HIG�÷

����ð�5DA�E�9»A�B©ë07�H�H ��ð�GdHSídí09;34A�îc34G�ëd7�H·6Iñ�G0GdHIA�ë0ï[6Iñ�G0GdHIA�ë�6I3DG0ï
GdHI}m5_ëd3DG�ó4��ü�÷kþ�m�÷ ÿ��®óDëd3�îc3Dñ�G0ë07©34GdE�HIG-9»A©ë07�H�ë0ñ�A�A�HI}»9;A�B.5@:Lð�}»9­ï
ëdñ�E�H�ô�Ho3D?�ë85@9»A
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Î(τ)Î(τ ′)
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dτ1
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dτ2
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Tc

(

ĤT (τ1)ĤT (τ2)Î(τ)Î(τ ′)
)〉

L
,

þ�m�÷ 6 �9�
ôÁ7�HIGdH�ë07�H¥í0ñ�?�íd6®Gd9;ð�ë

L
E�HIA�3Dë0HSí³ëd7�5_ë�3DA�}»ì©};9»A�~4HSE E�9m5@B4Gd5D:©í

6I3DA�ë0Gd9»?�ñ�ë0HLëd3gë07�H|H ��ð�GdHSídí�9»3DA°ó1í�9»A�6IHLë07�H|E�9»íd6®34A�A�HS6®ë0H�EÄE�9­ï
5DBDG85@:©í�5@GdH©6I5DA�6®HS};}»HSE>?"ìwëd7�H|6Iñ�G0GdHIA�ë�ídü�ñ�5@GdHSEÃë0HSG0:g÷�<ÃH
õkGdí�ë�9;A"�DH�í#ëd9;B�5_ëdH�ëd7�H í�H�6®34A�E�34GdE�HIGo9;AÃë0ñ�A�A�HI}»9»A�Bw6®34A4ëdG09»?�ñ�ï
ëd9;34Ajë03�ë07�HÄ6Iñ�G0GdHIA�ë0ï[6Iñ�G0GdHIA�ë|6I3DGdG0HS}»5@ë03DG�ó!G0H�í�ñ�}­ëd9;A�B�9;Aöë07�H
A�3D9mí�Hp*�3"3DG�÷

t �c� YIam`dNW�-Y YSR

�iAgë07�9»í¥í�H�6 ëd9;34A�ô³H�5DG0H�B43D9»A�BLë03�E�9»íd6®ñkí0í�ë07�HWA�3D9mí�Hj*k3�34GS÷
ê!7�H�:©5@9»A�6®34A�ë0Gd9;?�ñ�ë09»3DAoë03�ë07�H�*�3"3DG16®3D:LH�í/îcGd3D:Kë07�H�í�H�6®34A�E
34GdE�HIGÁ6®34A4ëdG09»?�ñ�ëd9;34A|ëd3.ë07�H�A�349»í0H�í�ð�HS6®ë0Gdñ�:g÷
ê'3Lí0HS6I3DA�E�3DG8E�HSG�9»A�ë07�Hoëdñ�A�A�HS};9»A�B 5D:.ð�};9;ë0ñ�E�HSí

S(2)(τ, τ
′) = Svv(τ, τ ′) + Sww(τ, τ ′),
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Svv(τ, τ
′) = 〈Tc (jv(τ)jv(τ ′))〉 = −iΠ(+)

vv (τ, τ ′)
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Sww(τ, τ ′) = 〈Tc (jw(τ)jw(τ ′))〉 〈Tc (x̂(τ)x̂(τ ′))〉 ,þ�m�÷ 6 m>�
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Sww(τ, τ ′) = −Π(+)
ww(τ, τ ′)D(τ, τ ′).
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S<
vv(t) = −
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þ z mk�

ê!7�H�GdHS5D}³ëd9;:LH��¥GdHIHSA;S í.îcñ�A�6 ëd9;34A�í©3@î¥9;A�ëdHIGdHSí�ë©6S5@A ?kH�34?�ï
ëd5D9;A�HSE.?"ì�í#ë85@A�E�5@G8EWëdHS687�A�9mü�ñ�HSíS÷8Q�3DG-H���5@:Lð�}»HDóDí0ñ�ð�ð�GdHSídí09;A�B
ë07�H¥E�HSðkHSA�E�HSA�6®H�3DA ëd7�H�ëdñ�A�A�HS};9»A�BL5@:Lð�}»9­ëdñ�E�H�í

u
5@A�E

u′
3DA

ë07�H�};HIîVëWó

Π<
(±)(t1, t2) = −i

[〈

T †
u′(t2)Tu(t1)

〉

±
〈

Tu′(t2)T
†

u (t1)
〉

]

,

9mí!BD9»�DHIA�9»A�ëdHIGd:©í!3@î+HI}»HS6 ëdG034A��¥GdHIHSA;S í�îcñ�A�6 ëd9;34A�íÁ5Dí

Π<
(±)(t1 − t2) = −i

∑

lr

ulru
′
rl

[

G>
l

(t2 − t1)G
<
r (t1 − t2)

±G>
r (t2 − t1)G

<
l

(t1 − t2)
]

,

3DGÁ9»A�ë0HSG0:©í!3@î19­ë8íeQ�34ñ�Gd9;HSG!ë0G85@A�í�îc3DGd:

Π<
(±)(ω) = −i

∑

lr

ulru
′
rl

∫

dω1

[

G>
l

(ω1 − ω)G<
r (ω1)

±G>
r (ω1 − ω)G<

l
(ω1)

]

,

<ÄHW6I5@A�9»A�í�HSG�ë!ëd7�HWí�9»A�B4};HoHI}»HS6®ë0Gd3DA��¥G0HSHIA;S í�îcñ�A�6®ë09»3DA�í

G>
l

(ω) = −2πi [1− f(εl)] δ(ω − εl + V ),

G<
l

(ω) = 2πif(εl)δ(ω − εl + V )

G>
r (ω) = −2πi [1− f(εr)] δ(ω − εr),

G<
r

(ω) = 2πif(εr)δ(ω − εr)

5DA�E�3D?�ë85@9»A

Π<
(±)(ω) = −2πi

∑

lr

ulru
′
rl [f(εl) − f(εr)]

×{[1 + n(εr − εl)] δ(εr − εl + V − ω)

± n(εr − εl)δ(εr − εl + V + ω)} ,
þ z ns�

ôÁ7�HIGdH
n(ω)

9»í�ëd7�Ho7�3�í�H�îcñ�A�6 ëd9;34A°÷�Q�34Go�D3D};ëd5DBDH�í
V � EFô�Ho3D?�ë85@9»A|ëd7�HW5@ð�ð�G039��9»:©5_ë0H¥GdHI}m5_ë09»3DA

∑

lr
ulru

′
rl

[f(εl) − f(εr)] δ(εr − εl + V )

= V
∑

lr
ulru

′
rl

(

−∂f(εl)
∂εl

)

δ(εr − εl),
þ z q��
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Π<
(±)(ω) = iGuu′ [(V − ω) [1 + n(V − ω)]

þ z Fs�

± (V + ω) n(V + ω)]
þ z tk�

ôÁ7�HIGdH¥ô�Ho9;A�ëdG03�E�ñ�6IHSE|ë07�HW6I3DA�E�ñ�6 ë85@A�6IH

Guu′ = 2π
∑

lr

ulru
′
rl

(

−
∂f(εl)

∂εl

)

δ(εr − εl).
þ z u��
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ΠR
(±)(t1 − t2) = −iθ(t1 − t2)

[〈[

Tu(t1), T
†

u′(t2)
]〉

±
〈[

T †
u (t1), Tu′(t2)

]〉]

ΠA
(±)(t1 − t2) = −iθ(t2 − t1)

[〈[

Tu(t1), T
†

u′(t2)
]〉

±
〈[

T †
u (t1), Tu′(t2)

]〉]

ΠK
(±)(t1 − t2) = −i

[〈{

Tu(t1), T
†

u′(t2)
}〉

±
〈{

T †
u (t1), Tu′(t2)

}〉] þ z �=v��
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Π
(−)
uu′ (ω) = −i

(

ΠR
(−)(ω) ΠK

(−)(ω)

0 ΠA
(−)(ω)

)

þ z �s�'�

ôÁ9;ë07

ΠR
(−)(ω) = −iGuu′V, +R

(−)
uu′ (ω)

ΠK
(−)(ω) = −2iGuu′∆V (ω)

þ z � 6 �
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ΠA

(−)(ω) =
[

ΠA
(−)(ω)

]∗ ó
ôÁ9;ë07�ë07�H�îcñ�A�6®ë09»3DA�í

SV (ω)
5DA�E

∆V (ω)
E�H®õ�A�H�EW9»A���ü"íS÷"þPÿ�÷ q�ó

mk÷%�=mk�>GdHSí0ð�HS6 ëd9;�4HI}»ìDó�5@A�E í09»:.9»}m5@Gd};ì
Π

(+)
uu′ (ω)
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Π
(±)
uu′ (ω)

5DG0H¥BD9»�DHSA�?"ì

R
(±)
uu′ (ω) = 2π

∑

lr

ulru
′
rl

[f(εl) − f(εr)] (P− ± P+)

þ z �Sÿ��



��ÿ

ôÁ9;ë07

P± =
1

εl − εr ± V + ω
.

þ z �=mk�
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ω, V � EF
ókô�H�6S5@Aw5@ð�ð�G039��9»:©5_ë0H¥ëd7�H�GdHS546 ë09»�DH

ð�5DG�ë8í!3@î
ëd7�H�GdHSí0ðk34A�í�H¥îcñ�Ak6 ë09»3DAkí{��ü�÷
þ z �Sÿk��ëd3©BD9»�DH

R(−)(ω) ∼ Guu′V
ω

EF

R(+)(ω) ∼ Guu′EF .
þ z �9ns�
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S(4)(τ3, τ4) = −I2

− 1
2

∫

c dτ1dτ2

〈

Tc

(

ĤT (τ1)ĤT (τ2)Î(τ3)Î(τ4)
)〉

,
þÍ7p�'�
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I
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v4 óë0HSG0:©íoð�Gd3Dð�3DG0ë09»3DAk5@}'ë03
v2w2 5DA�EwëdHIGd:©íoð�G034ðk34G�ëd9;34A�5@} w4 óí03·ëd7�5_ë

S(4)(3, 4) = Sv4(3, 4) + Sv2w2(3, 4) + Sw4(3, 4),
þÍ7 6 �

ôÁ7�HSG0H�ëd7�H�í07�3DG0ë�A�3Dëd5_ëd9;34A
S(4)(τ3, τ4) = S(4)(3, 4)
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}m5_ë0H�E�(#ñ�A�6 ëd9;34Ag9»í

Sv4(3, 4) = −
1

2

∫

c

dτ1dτ2 Cvvvv(1, 2, 3, 4)− I2
vv ,

þÍ7!ÿ��

ôÁ7�HSG0H�ë07�H�6®ñ�G0GdHIA�ë
Ivv

9»í�B49;�4HIA ?"ì$��ü�÷/þ�mk÷%���'� ÷-ê!7�Ho6®34A�ë0Gd9­ï
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Sv2w2(3, 4) = −
i

2

∫

c

dτ1dτ2Cwvwv(1, 2, 3, 4)

× [D0(1, 3) + D0(1, 4) + D0(2, 3) + D0(2, 4)]

−
i

2

∫

c

dτ1dτ2 Cvvww(1, 2, 3, 4)

× [D0(3, 4) + D0(1, 2)] − 2IvvIww,
þ�7Cm>�

ôÁ9;ë07�ë07�HW6Iñ�GdG0HSA4ë
Iww

B49;�4HIA�?"ìK��ü�÷
þ�mk÷%�'v��®÷+ê!7�Ho6I3DA�ë0Gd9»?�ñ�ï
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Sw4(3, 4) =
1

2

∫

c

dτ1dτ2 Cwwww(1, 2, 3, 4)

× [D0(1, 2)D0(3, 4) + D0(1, 3)D0(2, 4)

+D0(2, 3)D0(1, 4)] − I2
ww,
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D0(1, 2) = −i 〈Tc (x̂(τ1)x̂(τ2))〉 .
þ�7Iq��
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Cu1u2u3u4
(1, 2, 3, 4) = 〈Tc (h(1)h(2)j(3)j(4))〉 ,

þ�7eF4�
ôÁ7�HIGdH

ui = v, w
5DA�E

h(1)
9mí�í07�34G�ë�îc34G

hu1
(τ1)

ól��ü�÷'þ 6 ÷rFs� ó
5DA�E�í09»:.9»}m5@Gd};ì

j(1)
îc34G

ju1
(τ1)

ós��ü�÷�þ 6 ÷ uk� ÷_
�3_ô ô�H�HS�_5@}»ñ�5_ëdH
ëd7�H�(#ñ�A�6 ëd9;34A�6I3DGdG0HS}»5@ë09»3DA îcñ�A�6®ë09»3DAz��ü�÷oþÍ7eF4� ÷��[ë�6I5DAC?kH
H���ð�G0H�í0í0HSE|9;A�ëdHIGd:Lí!3Dî'ëd7�Hoë0ñ�A�A�HI}»9»A�B©3Dð�HIG85_ëd3DG8íIók��ü�÷
þ 6 ÷rFs� ó
54í

Cu1u2u3u4
(1, 2, 3, 4) =

[〈

Tc

(

T †(1)T (2)T (3)T †(4)
)〉

+ (3 ↔ 4) − (2 ↔ 4)] + h.c.
þ�7It��

ôÁ7�HIGdH©ô³H©ñ�í0HSEÄëd7�H|í07�3DG0ëWA�3Dëd5_ëd9;34A
T (1)

îc3DG
Tu1

(τ1)
5@AkE

í09»:.9»}m5@Gd};ìgîc34G�ë07�H©7�HIGd:.9;ë09m5@A>6®34AL(#ñ�B�5_ë0H4÷T�[ëW9»íWí0ñ+, 6®9»HIA�ëoë03
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ëd3DG8í

〈

Tc

(

T †(1)T (2)T (3)T †(4)
)〉

=
∑

l1r1,...l4r4

u1u2u3u4 [Gl(1, 2)Gl(4, 3) − Gl(1, 3)Gl(4, 2)]

× [Gr(2, 1)Gr(3, 4) − Gr(3, 1)Gr(2, 4)]
þ�7Iu��

ôÁ7�HIGdH�ô³HWí0ñ�ð�ð�GdHSídí0HSE|ë07�HW}m5@?�HI}mí
l
5DA�E

r
3DAgëd7�Hoë0G85@Akí�:L9mí#ï

í09»3DA�5D:.ð�};9;ë0ñ�E�HSío5@A�Ew<j9»68~lS í�ëd7�HI34G0HS:$ô�54í�5Dð�ð�}»9;H�Egë03�ë07�H
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Gl(1, 2) = −i
〈

Tc

(

cl1(τ1)c
†
l2

(τ2)
)〉

Gr(1, 2) = −i
〈

Tc

(

dr1
(τ1)d

†
r2

(τ2)
)〉

.
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Cu1u2u3u4
(1, 2, 3, 4) = C̃u1u2u3u4

(1, 2, 3, 4)

+ C̄u1u2u3u4
(1, 2, 3, 4),
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C̃
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C̃u1u2u3u4
(1, 2, 3, 4) = −Π(+)

u1u2
(1, 2)Π(+)

u3u4
(3, 4)

+ Π(−)
u1u3

(1, 3)Π(−)
u2u4

(2, 4)

+ Π(−)
u1u4

(1, 4)Π(−)
u2u3

(2, 3),
þÍ7p� 6 �

ôÁ7�HIGdH(ô�H ñ�í0HSE ë07�H í07�3DG0ë*A�3@ëd5@ë09»3DA
Π

(±)
u1u2

(τ1, τ2) =

Π
(±)
u1u2

(1, 2)
îc3DG=ëd7�HÚ(#ñ�A�6 ëd9;34A 6®3DGdGdHI}m5_ë09»3DA îcñ�A�6®ë09»3DA�íSó
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〈Tc (hu(τ1)hu′(τ2))〉 =
−〈Tc (ju(τ1)ju′(τ2))〉
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C̄u1u2u3u4
(1, 2, 3, 4) = 2

∑

l1r1,...,l4r4

u1u2u3u4 [Gl(1, 3)Gl(4, 2)Gr(4, 1)Gr(3, 2) + h.c.] ,
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Su2

1
u2
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(3, 4) = S̃u2

1
u2

2
(3, 4) + S̄u2

1
u2
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(3, 4), ui = v, w.þÍ7&�=mk�
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∫

c

dτ1dτ2Π
(−)
vw (2, 3)Π(−)

vw (1, 4)
þ�7p�9ns�

× [D(1, 3) + D(1, 4) + D(1, 2) + D(3, 4)] ,
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S̃w4(3, 4) = −
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c

dτ1dτ2Π
(+)
ww(1, 2)Π(+)

ww(3, 4)D(1, 3)D(2, 4)

+

∫

c

dτ1dτ2Π
(−)
ww (2, 3)Π(−)

ww (1, 4)

× [D(1, 2)D(3, 4) + D(1, 3)D(2, 4)] ,
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S̄v4(3, 4) = −

∫

c

dτ1dτ2

∑

l1r1

∑

l2r2

v4 [Gl(3, 1)Gl(4, 2)Gr(1, 4)Gr(2, 3) + h.c.] ,
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S̄v2w2(3, 4) = −i

∫

c

dτ1dτ2

∑

l1r1

∑

l2r2

v2w2 [Gl(3, 1)Gl(4, 2)Gr(1, 4)Gr(2, 3) + h.c.]

× [D(3, 4) + 2D(1, 3) + 2D(2, 4) + D(1, 2)] .
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S̄w4(3, 4) =

∫

c

dτ1dτ2

∑

l1r1

∑

l2r2

w4 [Gl(3, 1)Gl(4, 2)Gr(1, 4)Gr(2, 3) + h.c.]

× [D(1, 2)D(3, 4) + 2D(1, 3)D(2, 4)] .
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v2w2(ω) = −i

∑

kl

skl
(

Πl1
(−)(ω)Πk2

(−)(ω)Dkl(ω)

+Πl1
(−)(0)Πk2

(−)(0)D12(ω)

+Πl1
(−)(ω)Πk2

(−)(0)Dk2(ω)

+Πl1
(−)(0)Πk2

(−)(ω)Dk1(ω)
)

,
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w4(ω) =

∑

kl

skl

∫

dω1

(

Πl1
(−)(ω1)Π

k2
(−)(ω1)D

kl(ω1)D
21(ω − ω1)

+Πl1
(−)(ω − ω1)Π

k2
(−)(ω1)D

2l(ω − ω1)D
k1(ω1).
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v2w2(ω) =

∫

dω1dω2

∑

kl

skl
∑

l1r1

∑
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