
Appendix E

Feynman rules

E.1 Factors induced by external or internal lines

ingoing quark:

p

(2π )−3/2u(p, λ)

ingoing antiquark:

p

-p (2π )−3/2v̄(p, λ)

outgoing quark:
p

(2π )−3/2ū(p, λ)

outgoing antiquark:

p

-p (2π )−3/2v(p, λ)

ingoing gluon:

k

(2π )−3/2εµ(k, η)

outgoing gluon:

k

(2π )−3/2ε∗
µ(k, η)

E.2 Factors induced by closed loops∫
dn p

(2π )n
for each loop integration
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(−1) for each closed fermion or ghost loop

1

2!
for or or

1

3!
for

E.3 Propagators and vertices

Propagators

quark:

p

i j i
p̂−m+iε′ δi j

gluon: µ, a ν, b

k

(−i) δab
k2+iε′

[
gµν − (1 − αG) kµkν

k2

]

ghost:

p

a b (−i) δab
k2+iε′

Vertices

quark-gluon-quark:

i

j

µ, a

(ig)γµT a
i j

ghost-gluon-ghost:

a

c

µ, b

pµ
(−ig) f abc pµ
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3-gluon:

k, µ

q, ν

 a

b c

r, ρ

(g f abc)[gµν(k + q)ρ − gνρ(q + r )µ
+ gρµ(r − k)ν]

4-gluon:

a, µ d, ρ

c, σb, ν (−ig2)[ f abe f cde(gµσ gνρ − gµρgνσ )
+ f ace f bde × (gµνgσρ − gµρgνσ )
+ f ade f cbe × (gµσ gνρ − gµνgσρ)]

E.4 Composite operators in deep-inelastic scattering

We define � ≡ 1 or γ5 and � to be an arbitrary four-vector with �2 = 0. The composite
operators are defined at x = 0.

k k

n

: q̄γµ1 · · · ∂µn q : �̂(� · k)n−1�

k k

n

µ ν : Gµµ1∂µ2 · · · ∂νG : gµν(� · k)n + k2�µ�ν(� · k)n−2−
(kµ�ν + kν�µ)(� · k)n−1
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k

n

p1, α p2, β p3, a : q̄αγµ1 · · · gBµ
a T a

i j · · · γµn �qβ : gT a
αβ�µ�̂

∑n−2
j=0(� · · · p1) j

× (� · · · p2)n− j−2�

n

p1, a, µ p2, b, ν p3, c, ρ : Gµµ1∂µ2 · · · gBµi · · · Gµnν : ig
3! f abc

{
�nu[�ρ p3,µ(� · · · p1)

+ p1,ρ�µ(� · p3) − gµρ

× (� · p1)(� · p3) − �µ�ρ

× (p3 · p1)] + ∑n−2
j=1(−1) j

× (� · p1) j−1(� · p3)n− j−2

+ gµρ�ν − gνρ�µ)(� · p3)
+ �ρ(�µ p3,ν − p3,µ�ν)

]
× (� · p3)n−2 + perm.

}

E.5 Rules in the background field approach

The background field is represented by A. The combinations of gauge fields not shown
below vanish. For instance, there is no quadrilinear vertices with three or four background
fields. We use the conventions in [127].

k, µ

 a

A

b c

r, ρ (g f abc)
[
gµν

(
k + q − r

αG

)
ρ

− gνρ(q + r )µ

+ gρµ

(
r − k − q

αG

)
ν

]

c, µ
q

p

b

a

A

(−g) f bca(p + q)µ
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i j

a, µ
A

(ig)T (a)
i j γµ

a, µ

d, ρ

c, σb, ν

A

≡

a, µ d, ρ

c, σb, ν

a b

d, νc, µ
A

(−ig2) f ace f edbgµν

a b

d, νc, µ
A A

(−ig2)
(

f ace f edb + f adx f xcb
)

gµν

a, µ

d, ρ

c, σb, ν

A

A

(−ig2)
[

f abe f cde
(
gµσ gνρ − gµρgνσ

+ 1
αG

gµνgσρ
) + f ace f bde

× (gµνgσρ − gµρgνσ ) + f ade f cbe

× (
gµσ gνρ − gµνgσρ + 1

αG
gµρgνσ

)]
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