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Exercise 10.1 (6 points) Vertex functions of scalar QCD

In this exercise the interaction of spin-0 particles S (field variable Φ) in the fundamental
representation of SU(3) with gluons will be considered. The scalars are described by the
Lagrangian Lφ = (DµΦ)

†(DµΦ)−M2Φ†Φ with the covariant derivative Dµ = ∂µ+igsT
aAa

µ,
where T a = λa/2 are the generators of SU(3).

a) Write down the Feynman rules of the scalar particle S.

b) Calculate the self-energy ΣSS(p2) of the S bosons in one-loop approximation in the
Feynman gauge. The self-energy is defined via the two-point vertex function as

ΓSS(−p, p) = i
[

p2 −M2 + ΣSS(p2)
]

.

c) Calculate the contribution of the scalars to the gluon self-energy Σgagb
µν (k) in one-loop

approximation.

Exercise 10.2 (4 points) Ghost renormalization in QCD

The renormalized two-point vertex function of the ghost fields in QCD is given by

Γ̂ūaub(p,−p) = iδab
[

p2 + Σūu(p2) + p2δZu

]

with the unrenormalized self-energy Σūu and the wave-function renormalization con-
stant δZu.

a) Calculate the self-energy Σūu(p2) of the ghosts in one-loop approximation in the
Feynman gauge.

b) Determine δZu in MS renormalization, so that Γ̂ūaub is UV-finite and the renorma-
lization constant is proportional to the constant ∆ = 2

4−D
− γE + ln(4π).


