
Summary of QCD

The SU(Nc) QCD Lagrangian without gauge fixing

L = ψ̄(i /D −m)ψ − 1

4
GAµνG

µνA , GAµν = ∂µA
A
ν − ∂νAAµ − gfABCABµACν (0.1)

Dµ = ∂µ + igAAµT
A , [Dµ, Dν ] = igGAµνT

A .

The equations of motion and Bianchi

(i /D −m)ψ = 0 , ∂µGAµν = gfABCABµGCµν + gψ̄γνT
Aψ , εµνλσ(DνGλσ)A = 0. (0.2)

Color identites

[TA, TB] = ifABCTC , Tr
[
TATB

]
= TF δ

AB , T̄A = −TA∗ = −(TA)T ,

TATA = CF1 , fACDfBCD = CAδ
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A ,
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2

)
TB , dABCdABC =
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3
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′BC =
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δAA

′
, (0.3)

where CF = (N2
c − 1)/(2Nc), CA = Nc, TF = 1/2, and CF − CA/2 = −1/(2Nc). The color reduction

formula and Fierz formula are

TATB =
δAB

2Nc
1 +

1

2
dABCTC +

i

2
fABCTC , (TA)ij(T

A)k` =
1

2
δi`δkj −

1

2Nc
δijδk` . (0.4)

Feynman gauge rules, fermion, gluon, ghost propagators, and Fermion-gluon vertex

i(/p+m)

p2 −m2 + i0
,

−igµνδAB

k2 + i0
,

i

k2 + i0
, −igγµTA . (0.5)

Triple gluon and Ghost Feynman rules in covariant gauge for {AAµ (k), ABν (p), ACρ (q)} all with incoming

momenta, and c̄A(p)ABµ c
C with outgoing momenta p:

− gfABC
[
gµν(k − p)ρ + gνρ(p− q)µ + gρµ(q − k)ν

]
, gfABCpµ . (0.6)

Triple gluon Feynman rule in bkgnd Field covariant gauge Lgf = −(DA
µQ

A
µ )2/(2ξ) for {AAµ (k), QBν (p), QCρ (q)}

with AAµ a bkgnd field:

− gfABC
[
gµν
(
k − p− q

ξ

)ρ
+ gνρ(p− q)µ + gρµ

(
q − k +

p

ξ

)ν]
. (0.7)

Lorentz gauge:

L = −(∂µA
µ)2

2ξ
, Dµν(k) =

−i
k2 + i0

(
gµν − (1− ξ)k

µkν

k2

)
, (0.8)

where Landau gauge is ξ → 0. Coulomb gauge:

~∇ · ~A = 0 , Dµν(k) =
−i

k2 + i0

(
gµν − [gν0k0kµ + gµ0k0kν − kµkν ]

~k2

)
,

D00(k) =
i

~k2 − i0
, Dij(k) =

i

k2 + i0

(
δij − kikj

~k2

)
. (0.9)

Running coupling with β0 = 11CA/3− 4TFnf/3 = 11− 2nf/3:

αs(µ) =
αs(µ0)

1 + β0
2παs(µ0) ln µ

µ0

=
2π

β0 ln µ
ΛQCD

,
1

αs(µ)
=

1

αs(µ0)
+
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2π
ln

µ

µ0
. (0.10)
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