
Appendix 11 
The Feynman rules for QCD 

We present here a list of the Feynman rules for QCD that are valid in 
two classes of gauge: 

• the covariant gauges labelled by a parameter 'a' (a = 1 is the 
Feynman gauge; a= 0 the Landau gauge) in which the subsidiary 
condition, at least at the classical level, is oJ.l A~ = 0 for all values 
of the colour label c, and the gauge-fixing term in the lagrangian 
is -l "" (oJ.l Ac )2 · 

2a Lie J.l ' 
• an axial gauge, one of a family again labelled by 'a', in which 

the subsidiary condition is nJ.l A~ = 0 for all c, where nJ.l is a fixed 
space-like or null 4-vector, and where the gauge-fixing term in the 
lagrangian is 2~ 2:c(nJ.l A~)2 . 

We allow the quarks to have a mass parameter m, which should be put to 
zero when working with massless quarks. 

(a) The propagators 

lepton 
p 

i(p + m) 
p2 - m2 + ie 

- ___ ........,. ___ ~ i(p+m) 
quark j l u ·1----;o-:..::__~.:___ 

1 p2- m2 + ie p 

In the above the arrow indicates the flow of fermion number and p is 
the 4-momentum in that direction. (Note: j, 1 are quark colour labels, b, c 
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gluon and ghost colour labels.) 

gluon: b, {3 0000000000000000000 C, y 
k 

covariant gauges: 

[ -gpy + (1 -a) k~~Yi€ J 

axial gauges with a = 0: 

[ npky + nykp n2kpky l 
-gpy+ n·k -(n·k)2 

Note that in the above axial gauges the propagator is orthogonal to nP, 
and it is orthogonal to kP when k2 = 0. 

ghost: 

b --------------------------- c 
p 

(b) The vertices 

quark-gluon vertex: 

j 

triple-gluon vertex: 

c,y b, f3 

i 
bbc 2 +. p l€ 

(covariant gauges only). 

gfabc [giX/3 (p- q)Y 

+gf3Y(q _ r)IX + gYIX(q _ r)f3] 

where p, q, r are momenta, with p + q + r = 0. 

quartic gluon vertex: 

a, a 

d.~ 

-ig2 [feacfebd(giXf3gy()- giX(jgf3Y) 

+ feadfebc(g1Xf3gy()- g1XYgf3(j) 

+feabfecd(g1XYgf3(j- giX(jgf3Y)] 
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gluon-ghost vertex: 

~a, a 

r ___ j~-- q 
c------•- -- . ._ _____ b 

- gfabcqrx (covariant gauges only) 

(p + r = q) 

Note that the ghosts are scalar fields, but a factor -1 must be included 
for each closed loop, as in the case for fermions. 
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