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S13��
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S = F [S, G, Γ]

G = F [G, g, ΓGGG, ΓGGGG, ΓGgg, S, ΓSGS]

g = F [G, g, ΓGGG, ΓGGGG, ΓGgg]

Γ3 = F [S, G, g, Γ3, Γ4]
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t → iτ , p0 → −ip4
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S−1(p) = � p − m − Σ(p)

Σ(p) = −i

∫
d4q

(2π)4
Γμ(p, q)S(q)γνG

μν(p − q)

�������
��� ��
�
��
� S � 1/(p2 − m2)

p2 = p2
o − p2

x − p2
y − p2

z�
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 24 q0, p0 → −iq4,−ip4

Σ(pE) =
∫

d4qE

(2π)4
Γμ(pE, qE)S(qE)γνG

μν(pE − qE)

�������� ���
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�� �����- S � 1/(p2 + m2)
p2

E = −p2 = p2
1 + p2

2 + p2
3 + p4
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Re k x

Im k x
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i=1 p2
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p = (p1, p2, p3, p4)[ET ] = (p0,−ip1,−ip2,−ip3)[M ] ,
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k0 = k cosh θ , θ ∈ (0,∞)
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k4 = k cos θ , θ ∈ (−π/2, π/2)
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 gμν = diag(1,−1,−1)# ���
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�
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�� {γμ, γν} = 2gμν 6��������
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��������-

S−1(p) = � p−m−ie2

∫
d3k

(2π)3
Gμν(k−p)Γμ(k, p)S(k)γν
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Gμν =
−gμν + (1 − ξ)kμkν

k2

k2
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$	�� 24 ������ � �� �����
�

kx,y → ik2,3

i

∫
d3k → −i

∫
d3kET

)����
����� 0�' ���
 ��� ������ �����

B(p) = m + i(2 + ξ)
e2

4π2

∫ ∞

0

dk
k

p
ln

∣∣∣∣k + p

k − p

∣∣∣∣ Ss(k)

ξ � ����� ��
�����
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Ss(x) =
B(k)

A2(k)k2 − B2(k)

=
RB

[
(R2

A − Γ2
A)k2 − R2

B − Γ2
B

]
+ 2RAΓBΓA k2

D

+ i
ΓB

[
(R2

A − Γ2
A)k2 + R2

B + Γ2
B

] − 2RBRAΓA k2

D

Sv(k) =
A(k)

A2(k)k2 − B2(k)

=
RA

[
(R2

A + Γ2
A)k2 − R2

B + Γ2
B

] − 2RBΓAΓB

D

+ i
ΓA

[−(R2
A + Γ2

A)k2 − R2
B + Γ2

B

]
+ 2RARBΓB

D

���
� RA, RB (ΓA,ΓB) �
� 
��� ��������
�� ��
��
�� ��� ���
����� A, B ��	 ��� 	���������
 D 
��	�

D = ([R2
A−Γ2

A]k2−[R2
B−Γ2

B])2+4(ΓARA−ΓBB)2 .
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Z
d

3
kK(k, p) =

Z ∞

0

drr
2

Z 2π

0

dθ

Z ∞

0

dαK(k, p)

8<
:shα

ko = −r chα

kx = −r shα sin θ

ky = −r shα cos θ

+ shα

ko = r chα

kx = r shα sin θ

ky = r shα cos θ

+ chα

ko = −rshα

kx = −rchα sin θ

ky = −rchα cos θ

+ chα

ko = rshα

kx = rchα sin θ

ky = rchα cos θ

9=
;
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 �'�# ��
 �������� �������

pμ = (p, 0, 0)

B(pT ) = m + i(2 + ξ)
e2

4π2

∫ ∞

0

dk
k

p
ln

∣∣∣∣k + p

k − p

∣∣∣∣Ss(k)
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�-



• ���
����� ��
� �� 6�������� ������
�= 0

• �'�$%& = �'�D �� ETD

��
 ���
����� � ��
���

pμ = (0, p, 0)

B(pS) = FB(pT )
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0����#?���@# F�8����*DG �$BBC�

Gμν(k) =
[
−gμν +

kμkν

k2

]
G(k2) − ξ

kμkν

(k2)2

g2

4π
G(q2,ΛQCD) =

∫ ∞

0

dν
ρg(ν, ΛQCD)
q2 − ν + iε
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���
�
� �� ���	��	 3��
� �
�������
# ��� �����
	�
	 �������
��� ��
 ����� �
�������
 �� ����� ������	�



0.1 1 10 100

p/Λ
QCD

-2

-1

0

1

2

Re B
Im B
Re A
Im A

��$ �� B9 �"� �%( ��� �����$���� - 	!���	 A, B2 �"�  ����

7��#	8 ! ���� �������	� �"� ���) 7�+�$�	��'8 �����2 �"� ��+�	%

���	- )) ( �	������ ��� ���!�)�� �' .�& �!�)� ΛQCD2 
���+�����

mr(0.2Λ � 0) � Λ

10 20 30 40
p/Λ

 QCD

0

1

2

3

|A|
|M|

��$ �� =9 �"� ����) �� ��) � �- ( ��� +��� - 	!���	
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 � ���
��
�0? 
���
����@�	 ����� M(250 − 350GeV ) ≈ 2 −
3MeV

6�	�� )�-

g2

4π
G(q2) =

4π/β

1
2ln

[
e +

(
q2

Λ2

)2
] �&�

6�	�� ))�-
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S−1 = � p − m − Σ(p)

Σ = ΣA � p + ΣB; S = SV � p + SS

ΣA(p) =
∫

dk2

2π
SV (k2)IA(p, k)

ΣB(p) =
∫

dk2

2π
SS(k2)IB(p, k)
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�� Es �� k → ik#
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IA(p, k) = IEs
A (p2 → −p2, k2 → −k2)

SS,V (x) =
A, B(x)

xA2(x) − B2(x)
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