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Question 1 [Feynman rules for QCD ]:

Consider the parts of the QCD Lagrangian that involve gauge fields only

L
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4
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µνF

µν,a −
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2ξ
(∂µAa

µ)
2 (1)

and decompose it into an interacting and a free part by using the definition of the field
strength tensor given by

F a
µν = ∂µA

a
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a
µ + g fabcAb

µA
c
ν . (2)

(i) Show that
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Lint = −
g

2
fabc(∂µA

a
ν − ∂νA

a
µ)A

µ,bAν,c −
g2

4
fabef cdeAa

µA
b
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(ii) Use Lfree to derive the gluon propagator as
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b
ν(x2)|Ω〉 =
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with
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Hints

• Write Lfree as A
a
µO

µνAa
ν , where O is a quadratic operator

• Use the following shift in Aa
µ

Aa
µ(x) −→ Aa

µ(x) +

∫

d4yDab
µν(x− y)Jν,b(y) (7)

to complete the square and rewrite the generating functional ZG
0 [J ] in eq.(6) as
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with
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. (9)



(iii) Using the purely interacting part of the QCD Lagrangian obtained in part (i) and
using ZG

0 [J ] as in eq.(8), show that the 3-gluon vertex with all three gluon momenta
k1,k2,k3 incoming (i.e, k3 = −k1 − k2), given by
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] ,
(10)

can be obtained from the three point correlation function G a1a2a3
3, µ1µ2µ3

(x1, x2, x3) for
gluons to order g, which reads
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where Ji = Jµi,a(xi) and
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(iv) Show that the 4-gluon vertex given by
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where f ij,kl denotes the following combination

f ij,kl = faiajafakala, (14)

can be obtained from the 4-point correlation function G a1a2a3a4
4, µ1µ2µ3µ4

(x1, x2, x3, x4) for
gluons to order g2, which reads
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