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1 Gluon-Gluon

1.1 Vertex

1

2
Gµα(x)ελρνβG

νβ(0)

→ g2NcΓ(d/2− 1)

8π2(z2
3)d/2−1

∫ 1

0

du

{(
ū3−d − ū
d− 2

)
Gµα(uz)ελρνβ

(
xβG ν

x (0)− zνG β
x (0)

)
+

(
ū3−d − ū
d− 2

)
(zαGxµ(uz)− zµGxα(uz)) ελρνβG

νβ(0)

}
+
g2NcΓ(d/2− 2)

16π2(z2
3)d/2−2

∫ 1

0

du2

[
ū3−d − 1

d− 3

]
+

Gµα(uz)ελρνβG
νβ(0)

1.1.1 Transverse sum, α, ρ = i, i

1

2
Gµi(x)ελiνβG

νβ(0)

→ g2NcΓ(d/2− 1)

8π2(z2
3)d/2−1

∫ 1

0

du

{(
ū3−d − ū
d− 2

)
Gµi(uz)ελiνβ

(
xβG ν

x (0)− zνG β
x (0)

)
+

(
ū3−d − ū
d− 2

)
(ziGxµ(uz)− zµGxi(uz)) ελiνβGνβ(0)

}
+
g2NcΓ(d/2− 2)

16π2(z2
3)d/2−2

∫ 1

0

du2

[
ū3−d − 1

d− 3

]
+

Gµi(uz)ελiνβG
νβ(0)

1.1.2 µ, λ = 0, 0

G0i(x)G̃0i(0)

→ g2NcΓ(d/2− 1)

8π2(z2
3)d/2−1

∫ 1

0

du

{(
ū3−d − ū
d− 2

)
G0i(uz)ε0iνβ

(
xβG ν

x (0)− zνG β
x (0)

)
+

(
ū3−d − ū
d− 2

)
(ziGx0(uz)− z0Gxi(uz)) ε0iνβG

νβ(0)

}
+
g2NcΓ(d/2− 2)

16π2(z2
3)d/2−2

∫ 1

0

du2

[
ū3−d − 1

d− 3

]
+

G0i(uz)ε0iνβG
νβ(0)

=
g2NcΓ(d/2− 1)

4π2(z2
3)d/2−2

∫ 1

0

du

(
ū3−d − ū
d− 2

)
G0i(uz)G̃0i(0)

+
g2NcΓ(d/2− 2)

4π2(z2
3)d/2−2

∫ 1

0

du

[
ū3−d − 1

d− 3

]
+

G0i(uz)G̃0i(0)
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1.1.3 µ, λ = 3, 3

G3i(x)G̃3i(0)

→ g2NcΓ(d/2− 1)

4π2(z2
3)d/2−2

∫ 1

0

du

(
ū3−d − ū
d− 2

)
G3i(uz)G̃3i(0)

+
g2NcΓ(d/2− 2)

4π2(z2
3)d/2−2

∫ 1

0

du

[
ū3−d − 1

d− 3

]
+

G3i(uz)G̃3i(0)

1.2 µ, λ = j, j

Gji(x)G̃ji(0)

→ g2NcΓ(d/2− 1)

4π2(z2
3)d/2−2

∫ 1

0

du

{(
ū3−d − ū
d− 2

)
Gji(uz)G̃ji(0)

}
+
g2NcΓ(d/2− 2)

4π2(z2
3)d/2−2

∫ 1

0

du

[
ū3−d − 1

d− 3

]
+

Gji(uz)G̃ji(0)

1.2.1 µ, λ = 3, 0

G3i(x)G̃0i(0)

→ g2NcΓ(d/2− 1)

2π2(z2
3)d/2−2

∫ 1

0

du

(
ū3−d − ū
d− 2

)
G3i(uz)G̃0i(0)

+
g2NcΓ(d/2− 2)

4π2(z2
3)d/2−2

∫ 1

0

du

[
ū3−d − 1

d− 3

]
+

G3i(uz)G̃0i(0)

1.2.2 µ, λ = 0, 3

G0i(x)G̃3i(0)

→ g2NcΓ(d/2− 2)

4π2(z2
3)d/2−2

∫ 1

0

du

[
ū3−d − 1

d− 3

]
+

G0i(uz)G̃3i(0)

1.3 Box

Γ(d/2)

(εσρµzzλ − εσρλzzµ)
g2NcΓ(d/2)

2π2 (z2
3)
d/2

∫ 1

0

du
ū3

6
Gxξ(uz)G

ξ
x (0)
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Γ(d/2− 1)

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−1

∫ 1

0

du

{
εσρµλ

2ū3

3
Gxξ(uz)G

ξ
x (0)

+
ū3

3

(
−ε ν

σρλ Gxν(uz)Gxµ(0) + ε ν
σρµ Gxν(uz)Gxλ(0)

)
+(2uū+

ū3

3
)
(
−ε ν

σρλ Gxµ(uz)Gxν(0) + ε ν
σρµ Gxλ(uz)Gxν(0)

)
+ ū2

(
ε η
σρz Gλη(uz)Gxµ(0)− ε η

σρz Gµη(uz)Gxλ(0)− ε νη
σρ zµGxν(uz)Gλη(0) + ε νη

σρ zλGxν(uz)Gµη(0)

)
+ ū(1 + u)

(
ε η
σρz Gxµ(uz)Gλη(0)− ε η

σρz Gxλ(uz)Gµη(0)− ε νη
σρ zµGλη(uz)Gxν(0) + ε νη

σρ zλGµη(uz)Gxν(0)

)
+ (

ū2

2
− ū3

3
)

(
εσρzλGµξ(uz)G

ξ
x (0)− εσρzµGλξ(uz)G ξ

x (0) + εσρzλGxξ(uz)G
ξ
µ (0)− εσρzµGxξ(uz)G ξ

λ (0)

− ε ν
σρλ zµGνξ(uz)G

ξ
x (0) + ε ν

σρµ zλGνξ(uz)G
ξ
x (0)− ε ν

σρλ zµGxξ(uz)G
ξ
ν (0) + ε ν

σρµ zλGxξ(uz)G
ξ
ν (0)

)
+ 2ū

(
ε η
σρz zµGλξ(uz)G

ξ
η (0)− ε η

σρz zλGµξ(uz)G
ξ
η (0)

)
− ū

3

6
(εσρzλzµ − εσρzµzλ)Gηξ(uz)G

ηξ(0)

}
Γ(d/2− 2)

1

2
ε νη
σρ

g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
− ū (Gλη(uz)Gµν(0)−Gµη(uz)Gλν(0)−Gλν(uz)Gµη(0) +Gµν(uz)Gλη(0))− 2uGµλ(uz)Gνη(0)

+ ū(1− 2u)Gνη(uz)Gµλ(0) + ū(1 + 2u)Gµλ(uz)Gνη(0)

+
ūu2

2

(
gληGµξ(uz)G

ξ
ν (0)− gµηGλξ(uz)G ξ

ν (0)− gλνGµξ(uz)G ξ
η (0) + gµνGλξ(uz)G

ξ
η (0)

)
+
ūu2

2

(
gληGνξ(uz)G

ξ
µ (0)− gµηGνξ(uz)G ξ

λ (0)− gλνGηξ(uz)G ξ
µ (0) + gµνGηξ(uz)G

ξ
λ (0)

)
+ ū

(
gµνGλξ(uz)G

ξ
η (0)− gλνGµξ(uz)G ξ

η (0)− gµηGλξ(uz)G ξ
ν (0) + gληGµξ(uz)G

ξ
ν (0)

)
− (gµνgλη − gνλgµη)

ū3

6
Gζξ(uz)G

ζξ(0)

}

1.3.1 Transverse sum, λ, ρ = i, i

Γ(d/2− 1)

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−1

∫ 1

0

du

{
ū3

3

(
ε ν
σiµ Gxν(uz)Gxi(0)

)
+ (2uū+

ū3

3
)
(
ε ν
σiµ Gxi(uz)Gxν(0)

)
+ ū2

(
ε η
σiz Giη(uz)Gxµ(0)− ε η

σiz Gµη(uz)Gxi(0)− ε νη
σi zµGxν(uz)Giη(0)

)
+ ū(1 + u)

(
ε η
σiz Gxµ(uz)Giη(0)− ε η

σiz Gxi(uz)Gµη(0)− ε νη
σi zµGiη(uz)Gxν(0)

)
+ (

ū2

2
− ū3

3
)

(
− εσizµGiξ(uz)G ξ

x (0)− εσizµGxξ(uz)G ξ
i (0)

)
+ 2ū

(
ε η
σiz zµGiξ(uz)G

ξ
η (0)

) }
Γ(d/2− 2)

1
2ε

νη
σi

g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
− ū (Giη(uz)Gµν(0)−Gµη(uz)Giν(0)−Giν(uz)Gµη(0) +Gµν(uz)Giη(0))− 2uGµi(uz)Gνη(0)

+ ū(1− 2u)Gνη(uz)Gµi(0) + ū(1 + 2u)Gµi(uz)Gνη(0)

+
ūu2

2

(
−gµηGiξ(uz)G ξ

ν (0) + gµνGiξ(uz)G
ξ
η (0)

)
+
ūu2

2

(
−gµηGνξ(uz)G ξ

i (0) + gµνGηξ(uz)G
ξ
i (0)

)
+ ū

(
gµνGiξ(uz)G

ξ
η (0)− gµηGiξ(uz)G ξ

ν (0)
) }
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1.3.2 µ, σ = 0, 0

Γ(d/2− 1)

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
ū2

(
Gij(uz)G̃ij(0)−G0j(uz)G̃0j(0)

)
+ ū(1 + u)

(
− 2G30(uz)G̃30(0) +G3i(uz)G̃3i(0)

) }
Γ(d/2− 2)

g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
− ū 1

2ε
νη

0i (Giη(uz)G0ν(0)−G0η(uz)Giν(0)−Giν(uz)G0η(0) +G0ν(uz)Giη(0))− 2uG0i(uz)G̃0i(0)

− ū(1− 2u)G3i(uz)G̃3i(0) + ū(1 + 2u)G0i(uz)G̃0i(0)

}
=
g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
ū
(
−2G3i(uz)G̃3i(0) + 2G0i(uz)G̃0i(0)−Gij(uz)G̃ij(0) + 2G30(uz)G̃30(0)

)
− 2uG0i(uz)G̃0i(0) + 2ūuG0i(uz)G̃0i(0) + 2ūuG3i(uz)G̃3i(0)

}

1.3.3 µ, σ = 3, 3

Γ(d/2− 1)

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
ū2
(

2G30(uz)G̃30(0)−G3j(uz)G̃3j(0)
)

+ ū(1 + u)
(
G0i(uz)G̃0i(0)−Gij(uz)G̃ij(0)

) }
Γ(d/2− 2)

g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
ū
(

2G3i(uz)G̃3i(0)− 2G0i(uz)G̃0i(0) +Gij(uz)G̃ij(0)− 2G30(uz)G̃30(0)
)

− 2uG3i(uz)G̃3i(0) + 2ūuG0i(uz)G̃0i(0) + 2ūuG3i(uz)G̃3i(0)

}

1.4 µ, σ = j, j

Γ(d/2− 1)

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
2ū2G0i(uz)G̃0i(0)− 2ū(1 + u)G3i(uz)G̃3i(0)

}
Γ(d/2− 2)

− g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
2ū
(
G0i(uz)G̃0i(0)−G3i(uz)G̃3i(0)

)
+ 2ū(1− 2u)G30(uz)G̃30(0) + (ū− 2)(1− 2u)Gij(uz)G̃ij(0)

}

1.4.1 00+jj

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
ū2G0i(uz)G̃0i(0)− ū(1 + u)G3i(uz)G̃3i(0) + ū2Gij(uz)G̃ij(0)− 2ū(1 + u)G30(uz)G̃30(0)

}
+
g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
(2ūu− 2u)G0i(uz)G̃0i(0) + 2ūuG3i(uz)G̃3i(0)− 2u2Gij(uz)G̃ij(0) + 4ūuG30(uz)G̃30(0)

}
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1.4.2 00+33

Γ(d/2− 1)

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−2

∫ 1

0

du2ūu
(
G0j(uz)G̃0j(0) +G3j(uz)G̃3j(0)− 2G30(uz)G̃30(0)−Gij(uz)G̃ij(0)

)
Γ(d/2− 2)

g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

(
4ūu− 2u

)(
G0i(uz)G̃0i(0) +G3i(uz)G̃3i(0)

)

1.4.3 µ, σ = 3, 0

Γ(d/2− 1)

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−2

∫ 1

0

du
(

2ūGi0(uz)G̃i3(0)− 2ū2G3i(uz)G̃0i(0)
)

Γ(d/2− 2)

g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
(4ūu− 2u)G3i(uz)G̃0i(0)− ūG0i(uz)G̃3i(0) + ūG3i(uz)G̃0i(0)

}

1.4.4 µ, σ = 0, 3

Γ(d/2− 1)

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−2

∫ 1

0

du2uūG3i(uz)G̃0i(0)

Γ(d/2− 2)

g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
(4ūu− 2u)G0i(uz)G̃3i(0) + ūG0i(uz)G̃3i(0)− ūG3i(uz)G̃0i(0)

}

1.5 Link

g2NcΓ(d/2− 1)

4π2(z2
3)d/2−2

−1

(d− 3)(d− 4)
Gµα(z)Gνβ(0)

=
g2Nc
8π2

{
1

εUV
+ log

(
z2

3e
γ
)

+ 2

}
Gµα(z)G̃νβ(0)

1.6 Self energy

−g
2Nc
8π2

(
1

εUV
+ log

(
z2

3e
γ
)

+
1

εIR
− log

(
z2

3e
γ
)) 1

6
Gµα(z)G̃λβ(0)

1.7 Kernel

Using: ∫ 1

0

du

∫ u

0

dvf(u, v) 〈F (ux)F (vx)〉 =

∫ 1

0

dv

∫ 1

v

duf(u, v) 〈F ((u− v)x)F (0)〉

=

∫ 1

0

du 〈F (ux)F (0)〉
∫ ū

0

dvf(u+ v, v)

=

∫ 1

0

du 〈F (ux)F (0)〉
∫ ū

0

dvf(v̄, ū− v)
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The kernel should be:

Kgg,A (ū, v) /Nc =
{

4(u− v) +
[
u2/ū

]
+
δ(v) +

[
v̄2/v

]
+
δ(ū)

}
+ (11/6− 3) δ(ū)δ(v)

→
∫ ū

0

dv
{

4u+
[
(u+ v)2/(1− u− v)

]
+
δ(v) +

[
v̄2/v

]
+
δ(ū− v)

}
+ (11/6− 3) δ(ū− v)δ(v)

=
{

4uū+ 2
[
u2/ū

]
+

}
+ (11/6− 3) δ(ū)

=

{
4uū− 2u+ 2

[u
ū

]
+

}
+ (11/6− 2) δ(ū)

= 4uū− 2u+ 2
[u
ū

]
+
− 1

6
δ(ū)

1.8 Full terms

1.8.1 00

→ g2Nc
8π2

{
1

εUV
+ log

(
z2

3e
γ
)} 8

6
G0i(z)G̃0i(0)

+
g2Nc
8π2

∫ 1

0

du

[(
1

ū
− ū
)

+

−
(

4u

ū
+

4 log(1− u)

ū

)
+

+ 2δ(ū)− ū2

]
G0i(uz)G̃0i(0)

+
g2Nc
8π2

∫ 1

0

duū(1 + u)

(
G3i(uz)G̃3i(0)

)
+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

[
2

[
u2

ū

]
+

− 1

2

(
β0

Nc
+ 6

)]
G0i(uz)G̃0i(0)

+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

{
(2ūu+ 2ū)G0i(uz)G̃0i(0) + (2ūu− 2ū)G3i(uz)G̃3i(0)

}
+
g2Nc
8π2

∫ 1

0

du

{
ū2

(
Gij(uz)G̃ij(0)

)
+ (ū2 − 2ū)

(
2G30(uz)G̃30(0)

) }
+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

duū

{
2G30(uz)G̃30(0)−Gij(uz)G̃ij(0)

}

1.8.2 33

→ g2Nc
8π2

{
1

εUV
+ log

(
z2

3e
γ
)} 8

6
G3i(z)G̃3i(0)

+
g2Nc
8π2

∫ 1

0

du

[(
1

ū
− ū
)

+

−
(

4u

ū
+

4 log(1− u)

ū

)
+

+ 2δ(ū)− ū2

]
G3i(uz)G̃3i(0)

+
g2Nc
8π2

∫ 1

0

duū(1 + u)

(
G0i(uz)G̃0i(0)

)
+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

[
2

[
u2

ū

]
+

− 1

2

(
β0

Nc
+ 6

)]
G3i(uz)G̃3i(0)

+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

{
(2ūu− 2ū)G0i(uz)G̃0i(0) + (2ūu+ 2ū)G3i(uz)G̃3i(0)

}
+
g2Nc
8π2

∫ 1

0

du

{
ū2
(

2G30(uz)G̃30(0)
)

+ (ū2 − 2ū)
(
Gij(uz)G̃ij(0)

) }
+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

{
ū
(
Gij(uz)G̃ij(0)− 2G30(uz)G̃30(0)

) }
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1.8.3 03

→ g2Nc
8π2

(
1

εUV
+ log

(
z2

3e
γ
)) 5

6
G0i(z)G̃3i(0)

+
g2Nc
8π2

∫ 1

0

du

[
−
(

4u

ū
+

4 log(1− u)

ū

)
+

+ 2δ(ū)

]
G0i(uz)G̃3i(0)

+
g2Nc
8π2

∫ 1

0

du2uūG3i(uz)G̃0i(0)

+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

[
4ūu+ 2

[
u2

ū

]
+

− 1

2

(
β0

Nc
+ 6

)]
G0i(uz)G̃3i(0)

+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

{
ū
(
G0i(uz)G̃3i(0)−G3i(uz)G̃0i(0)

) }

1.8.4 30

→ g2Nc
8π2

(
1

εUV
+ log

(
z2

3e
γ
)) 11

6
G3i(z)G̃0i(0)

+
g2Nc
8π2

∫ 1

0

du

[
2

(
1

ū
− ū
)

+

−
(

4u

ū
+

4 log(1− u)

ū

)
+

+ 2δ(ū)− 2ū2

]
G3i(uz)G̃0i(0)

+
g2Nc
8π2

∫ 1

0

du2ūGi0(uz)G̃i3(0)

+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

[
4ūu+ 2

[
u2

ū

]
+

− 1

2

(
β0

Nc
+ 6

)]
G3i(uz)G̃0i(0)

− g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

{
ū
(
G0i(uz)G̃3i(0)−G3i(uz)G̃0i(0)

) }

1.8.5 jj

→ g2Nc
8π2

{
1

εUV
+ log

(
z2

3e
γ
)} 8

6
Gij(z)G̃ij(0)

+
g2Nc
8π2

∫ 1

0

du

[(
1

ū
− ū
)

+

−
(

4u

ū
+

4 log(1− u)

ū

)
+

+ 2δ(ū)

]
Gij(uz)G̃ij(0)

+
g2Nc
8π2

∫ 1

0

du

{
2ū2G0i(uz)G̃0i(0)− 2ū(1 + u)G3i(uz)G̃3i(0)

}
+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

[
ū(1 + 2u) + 2

[
u2

ū

]
+

− 1

2

(
β0

Nc
+ 4

)]
Gij(uz)G̃ij(0)

+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du

{
2ū
(
G3i(uz)G̃3i(0)−G0i(uz)G̃0i(0)

)
+ 2ū(u− ū)G30(uz)G̃30(0)

}
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1.8.6 00 + 33

G0i(x)G̃0i(0) +G3i(x)G̃3i(0)

→ g2Nc
8π2

(
1

εUV
+ log

(
z2

3e
γ
)

+ 2

)(
G0i(z)G̃0i(0) +G3i(z)G̃3i(0)

)
− g2Nc

8π2

(
1

εUV
+ log

(
z2

3e
γ
)) 1

6

(
G0i(z)G̃0i(0) +G3i(z)G̃3i(0)

)
+
g2Nc
16π2

∫ 1

0

du

(
1

εUV
+ log

(
z2

3e
γ
))(

G0i(z)G̃0i(0) +G3i(z)G̃3i(0)
)

+
g2Nc
8π2

∫ 1

0

du

(
1

ū
− ū
)

+

(
G0i(uz)G̃0i(0) +G3i(uz)G̃3i(0)

)
+
g2Nc
4π2

∫ 1

0

duūu
(
G0i(uz)G̃0i(0) +G3i(uz)G̃3i(0)− 2G30(uz)G̃30(0)−Gij(uz)G̃ij(0)

)
+
g2Nc
8π2

∫ 1

0

du

[(
1

εIR
− log

(
z2

3e
γ
))(

4ūu− 2u+ 2
(u
ū

)
+
− 1

6
δ(ū)

)
−
(

4u

ū
+

4 log(1− u)

ū

)
+

](
G0i(uz)G̃0i(0) +G3i(uz)G̃3i(0)

)
=
g2Nc
8π2

2
(
G0i(z)G̃0i(0) +G3i(z)G̃3i(0)

)
+
g2Nc
8π2

(
1

εUV
+ log

(
z2

3e
γ
)) 8

6

(
G0i(z)G̃0i(0) +G3i(z)G̃3i(0)

)
+
g2Nc
8π2

∫ 1

0

du

(
1

ū
− ū
)

+

(
G0i(uz)G̃0i(0) +G3i(uz)G̃3i(0)

)
+
g2Nc
8π2

∫ 1

0

du2ūu
(
G0i(uz)G̃0i(0) +G3i(uz)G̃3i(0)− 2G30(uz)G̃30(0)−Gij(uz)G̃ij(0)

)
− g2Nc

8π2

∫ 1

0

du

[
4u

ū
+

4 log(1− u)

ū

]
+

(
G0i(uz)G̃0i(0) +G3i(uz)G̃3i(0)

)
+
g2Nc
8π2

∫ 1

0

du

(
1

εIR
− log

(
z2

3e
γ
))[{

4uū+ 2
[
u2/ū

]
+

}
− 1

2

(
β0

Nc
+ 6

)
δ(ū)

](
G0i(uz)G̃0i(0) +G3i(uz)G̃3i(0)

)
1.8.7 00 + ii

G0i(z)G̃0i(0) +Gij(z)G̃ij(0)

→ g2Nc
8π2

[
8

6

(
1

εUV
+ log

(
z2

3e
γ
))

+ 2

](
G0i(z)G̃0i(0) +G3i(z)G̃3i(0)

)
+
g2Nc
8π2

∫ 1

0

du

(
1

ū
− ū
)

+

(
G0i(uz)G̃0i(0) +G3i(uz)G̃3i(0)

)
+
g2Nc
8π2

∫ 1

0

du

{
ū2
(
G0i(uz)G̃0i(0) +Gij(uz)G̃ij(0)

)
− ū(1 + u)

(
G3i(uz)G̃3i(0) + 2G30(uz)G̃30(0)

) }
+
g2Nc
8π2

∫ 1

0

du

((
1

εIR
− log

(
z2

3e
γ
))(

2ūu− 2u+ 2
[u
ū

]
+
− 1

6
δ(ū)

)
−
[

4u

ū
+

4 log(1− u)

ū

]
+

)(
G0i(uz)G̃0i(0) +Gij(uz)G̃ij(0)

)
+
g2Nc
8π2

(
1

εIR
− log

(
z2

3e
γ
))∫ 1

0

du2ūu
(
G3i(uz)G̃3i(0) + 2G30(uz)G̃30(0)

)
1.8.8 03

G0i(x)G̃3i(0)

→ g2NcΓ(d/2− 2)

4π2(z2
3)d/2−2

∫ 1

0

du

[
ū3−d − 1

d− 3

]
+

G0i(uz)G̃3i(0)

8



Γ(d/2− 1)

g2NcΓ(d/2− 1)

8π2 (z2
3)
d/2−2

∫ 1

0

du2uūG3i(uz)G̃0i(0)

Γ(d/2− 2)

g2NcΓ(d/2− 2)

8π2 (z2
3)
d/2−2

∫ 1

0

du

{
(4ūu− 2u)G0i(uz)G̃3i(0) + ūG0i(uz)G̃3i(0)− ūG3i(uz)G̃0i(0)

}
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1.9 Structures

Mµα;λβ(z, p) =

(gµλsαpβ − gµβsαpλ − gαλsµpβ + gαβsµpλ)Msp

+ (gµλpαsβ − gµβpαsλ − gαλpµsβ + gαβpµsλ)Mps

+ (gµλsαzβ − gµβsαzλ − gαλsµzβ + gαβsµzλ)Msz

+ (gµλzαsβ − gµβzαsλ − gαλzµsβ + gαβzµsλ)Mzs

+ (pµsαpλzβ − pαsµpλzβ − pµsαpβzλ + pαsµpβzλ)

×Mpspz

+ (pµzαpλsβ − pαzµpλsβ − pµzαpβsλ + pαzµpβsλ)

×Mpzps

+ (sµzαpλzβ − sαzµpλzβ − sµzαpβzλ + sαzµpβzλ)

×Mszpz

+ (pµzαsλzβ − pαzµsλzβ − pµzαsβzλ + pαzµsβzλ)

×Mpzsz

+(sz) [(gµλgαβ − gµβgαλ)Mg + (gµλpαpβ − gµβpαpλ − gαλpµpβ + gαβpµpλ)Mpp

+ (gµλzαzβ − gµβzαzλ − gαλzµzβ + gαβzµzλ)Mzz

+ (gµλzαpβ − gµβzαpλ − gαλzµpβ + gαβzµpλ)Mzp

+ (gµλpαzβ − gµβpαzλ − gαλpµzβ + gαβpµzλ)Mpz

+ (pµzαpλzβ − pαzµpλzβ − pµzαpβzλ + pαzµpβzλ)Mppzz]

Gµα(z)G̃λβ(0) = Gµα(0)G̃λβ(−z)

Relevant projections (with summation over i) in the basis of the M structures are:

M0i;0i =− 2s0p0(Msp +Mps)− (sz)
(
2Mg + 2p2

0Mpp

)
M3i;3i =− 2p3s3(Msp +Mps)− 2z3s3(Mzs +Msz)

−(sz)
(
−2Mg + 2p2

3Mpp + 2z2
3Mzz + 2z3p3 (Mzp +Mpz)

)
M0i;3i =− 2 (s0p3Msp + s3p0Mps)− 2s0z3Msz − 2(sz) (p0p3Mpp + p0z3Mpz)

M3i;0i =− 2 (s3p0Msp + s0p3Mps)− 2s0z3Mzs − 2(sz) (p3p0Mpp + z3p0Mzp)

Mij;ij = 2(sz)Mg

M30;30 =s3z3 (Msz +Mzs)

+ (p0s3p0z3 − p3s0p0z3) (Mpspz +Mpzps) + s0z3p0z3 (Mszpz +Mpzsz)

+(sz)
(
−Mg −m2Mpp + z2

3Mzz + z3p3 (Mzp +Mpz) + p2
0z

2
3Mppzz

)
where we’ve used the requirement that (sp) = 0. Additionally, the requirement that s2 = −1 allows us to define: sµ =(
p3, 0, 0, p0

)
/m, and so we can write:

M0i;0i =− 2p3p0(Msp +Mps)/m+ p0z3

(
2Mg + 2p2

0Mpp

)
/m

M3i;3i =− 2p3p0(Msp +Mps)/m− 2z3p0(Mzs +Msz)/m+ p0z3

(
−2Mg + 2p2

3Mpp + 2z2
3Mzz + 2z3p3 (Mzp +Mpz)

)
/m

M0i;3i =− 2
(
p2

3Msp + p2
0Mps

)
/m− 2p3z3Msz/m+ 2p0z3 (p0p3Mpp + p0z3Mpz) /m

M3i;0i =− 2
(
p2

0Msp + p2
3Mps

)
/m− 2p3z3Mzs/m+ 2p0z3 (p3p0Mpp + z3p0Mzp) /m

Mij;ij = − 2p0z3Mg/m

M30;30 =p0z3 (Msz +Mzs) /m

+p0z3 (Mpspz +Mpzps) + p3p0z
2
3 (Mszpz +Mpzsz) /m

−p0z3

(
−Mg −m2Mpp + z2

3Mzz + z3p3 (Mzp +Mpz) + p2
0z

2
3Mppzz

)
/m
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We can find more information about the relationship between different structures and matrix elements by looking at the
interchange of fields in the matrix element.

〈p|G0i(z3)G̃0i(0) |p〉 =
1

2
〈p|G0i(z3)ε 3j

0i G3j(0) |p〉 =
1

2
〈p|G0i(0)ε 3j

0i G3j(−z3) |p〉

= −1

2
〈p|G3j(−z3)ε 0i

3j G0i(0) |p〉 = −〈p|G3i(−z3)G̃3i(0) |p〉

〈p|G0i(z3)G̃3i(0) |p〉 =
1

2
〈p|G0i(z3)ε 0j

3i G0j(0) |p〉 =
1

2
〈p|G0i(0)ε 0j

3i G0j(−z3) |p〉

= −1

2
〈p|G0j(−z3)ε 0i

3j G0i(0) |p〉 = −〈p|G0i(−z3)G̃3i(0) |p〉

〈p|Gij(z3)G̃ij(0) |p〉 = −2 〈p|G30(−z3)G̃30(0) |p〉

Looking at the second relation:

− 2
(
p2

3Msp(ν) + p2
0Mps(ν)

)
/m− 2p3z3Msz(ν)/m+ 2p0z3 (p0p3Mpp(ν) + p0z3Mpz(ν)) /m

= 2
(
p2

3Msp(−ν) + p2
0Mps(−ν)

)
/m− 2p3z3Msz(−ν)/m+ 2p0z3 (p0p3Mpp(−ν)− p0z3Mpz(−ν)) /m

which, along with a similar relation for M3i;0i, gives us:

Msp(ν) = −Msp(−ν)

Mps(ν) = −Mps(−ν)

Msz(ν) =Msz(−ν)

Mzs(ν) =Mzs(−ν)

Mpp(ν) =Mpp(−ν)

Mpz(ν) = −Mpz(−ν)

Mzp(ν) = −Mzp(−ν)

Combinations:

M0i;0i +M3i;3i = −4p3p0(Msp +Mps)/m− 2z3p0(Mzs +Msz)/m− 2p0z3

(
p2

0 + p2
3

)
Mpp/m+ p0

(
2z3

3Mzz + 2p3z
2
3 (Mzp +Mpz)

)
/m

M0i;0i +Mij;ij = −2p3p0(Msp +Mps)/m+ 2p0z3p
2
0Mpp/m

M3i;3i + 2M30;30 = −2p3p0(Msp +Mps)/m+ 2p0z3p
2
0Mpp/m

+2p0z3 (Mpspz +Mpzps) + 2p3p0z
2
3 (Mszpz +Mpzsz) /m

−2p0z3

(
p2

0z
2
3Mppzz

)
/m

So for M0i;0i +Mij;ij we have:

− 2p3p0(Msp +Mps)/m+ 2p0z3p
2
0Mpp/m

→ g2Nc
8π2

8

6

(
1

εUV
+ log

(
z2

3e
γ
)) (
−2p3p0(Msp +Mps)/m+ 2p0z3p

2
0Mpp/m

)
+
g2Nc
8π2

∫ 1

0

du

{
2 (1− ūu) +

(
1

ū
− ū
)

+

−
[

4u

ū
+

4 log(1− u)

ū

]
+

}(
−2p3p0(Msp +Mps)/m+ 2p0z3p

2
0Mpp/m

)
+
g2Nc
8π2

∫ 1

0

du

(
1

εIR
− log

(
z2

3e
γ
))[{

4uū+ 2
[
u2/ū

]
+

}
− 1

2

(
β0

Nc
+ 6

)
δ(ū)

] (
−2p3p0(Msp +Mps)/m+ 2p0z3p

2
0Mpp/m

)
+O (twist 3)
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