
 

Feynman rules

we now want to derive the Feynman rules for
QCD Before doing so it is worth revisiting

the derivation for a scalar theory
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Feynman rules are a graphical way of representing
Wick's theorem freepropagator
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Convention for Teyumen rules

A Vertex Feynman rule is i but

we count the number of connections

B J Teyumer rule is it but we need to

BE
go.es insert a symmetry factor if not all8
0 contractions arise
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Most of the times one works with Teyumen

rules in momentum space To obtain then

one Fourier transforms the Lagrangian
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At tree level all momentum integrations can be

performed trivially Doing so leads to
momentum

conservation of each vertex puts an overall

momentum conservation d functions At higher

orders integrate over the loop moneute remain

let us how go through the procedure in QCD

The free Lagrangian is

L Egli0 m 4g forAi QAi



4 OnAi J q ay

using integration ty part these quadratic

parts of the action can be brought into the

form Dij Rj where Dj is a differential

operator The inverse is most easily teter in

fairer space remembering that if km

In this way one finds
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Usually the quark color and spin indeces are kept
implicit For the gluon propagator in Fourier spee

color diagonal
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The only new element compared to QED is the

ghost propagator
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The ghost field is denoted by a dotted line

We put an arrow to indicate particle flow

Note that the ghost field has a bosonic
propagator

but anti commutes This is unphysical but ok

since the role of the ghosts is to cancel unphyded

contributions from the gun field

Next lets derive the vertices
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The first term yields the quarkgluon Mex
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Dirac

The second term is a three gluon interaction

since we went to separate the external fields

we firm rewrite
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we follow the convention B and the Feynman

rule is the snus over all 3 permutations

of the external gluon fields
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Similarly the gluon term is obtained

as

a
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permutations

In this case we have 4 permutations of

which always 4 are equivalent This gives

i g gabefade f ga g r g ar Spo

i g facefbde gap goes godSpo

is fadefke gapgoer gagger
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Finally we heed the ghost gluon vertex
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a 6 we have integratedbypart
to move the derivative to the

outgoing ghost line and
use an outgoingmomentum


