PHYS 772 - The Standard Model of Particle Physics Spring 2024

Feynman Rules - Quantum Chromodynamics

The Lagrangian density for Quantum Chromodynamics (QCD) is given by
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where the gauge covariant derivative is D, = 19, + igsA, and the field strength tensor is G, = 9, A, —
0,A,. Here m is the mass of the charged fermion. We use indices «, 3 for spinor space, while p, v for Lorentz
space. Also, j, k indicate the color indices in the 3 representation of SU(3)., and a, b are the indices in the 8
of SU(3).. Therefore, the components of the fermion field are ()¢, for the gluon field (A,);x = A (Tw);x
where T, = A\,/2, and for the ghost field c,.

Feynman Rules
Here we give the Feynman rules for the scattering amplitude M,

iM = sum of all connected, amputated diagrams,
where the diagrams are evaluated according to the following rules:

Draw all topologically distinct diagrams at a given order;

For each internal gluon line, attach a propagator
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For each internal quark line, attach a propagator
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For each internal ghost line, attach a propagator
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For each quark-gluon vertex, assign
B,k
K, a = —igs(v") ga(Ta) ji ;
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. For each three-gluon vertex, assign

s a q = —igs(—ifabe) l(k —p)’g" +(p—q)"g"" + (¢ — k)" g""
BN \
p

. For each four-gluon vertex, assign

1, a psc

= _igg [ fabefcde (gp,pgua - gp.crgup)
v, b o,d + facefbde (g/.wgpo - g;w'gl/p)

+ fadefbce(guvgpo - gupgua) 5

. For each ghost-gluon vertex, assign

b
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. For each external line, place the particle on the *

gluon, and attach a wavefunction factor

‘mass-shell”, p? = m? for the quark and p? = 0 for the

“incoming gluon” “QME H =eu(PA);
p,A

“outgoing gluon” .&E,b a =€, (p,\);
p,A

“incoming quark” . < @ = ua(p, 5);
p,s

“outgoing quark” . . @ = Ua(p, 5);
b,s

“incoming anti-quark” . - @ = 0a(p,5);
b,s

“outgoing anti-quark” . s @ = Va(p; 8);
b,s

. Impose momentum conservation at each vertex;

d*k
. For each internal loop momentum k not fixed by momentum conservation, integrate / (2—)4;
s

. For each fermion loop, multiply the diagram by (—1);

. For each set of diagram which are only distinguished by interchanging two external fermion lines, multiply
one of the diagrams by (—1);
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