1 One Loop Quark-Quark-Gluon Vertex Corrections

This is a detailed calculation of the one-loop vertex corrections to incoming quark anti-quark collisions.

These expressions will save time in the furture when they are needed.
p p p
k -k
L @“a‘;
G6EGEG606660™ o k@ 606GEG066660> o kf Sg‘g)’mmwwwm o
k-q 9q+k
q q q
a b c

Figure 1: a) This is the standard 99g vertex. b) The first correction due to a gluon passing between the two
incoming quarks. ¢) The second correction due to another quark passing between the two incoming quarks.

The expression (a?) for the partial diagram in Fig. 1a is

tay = —ig, T4 u(q)y" u(p). 1
If we define ay0 = —9gs%(q)v u(p), then we can write this as
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The partial amplitude in Fig. 1b is a little more involved. We can write this expression (I7) as
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The numerator can be simplified using ) = 205, [V, v, = 0, and Y By = 2(e ~ 1) $ (we have let
d=4 - 2) as
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We also know that for massless fermions, the Dirac equation tells us @(q) f = 0 and pu(p) = 0. This allows
for the simplification of our vertex correction to be
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With repeated use of the Dirac equation we simplify the following:
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Many cancellations give
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Break ¥ = v,k% and we have
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And we are left to evaluate the integrals J A Ip, I, IS B, dg7.
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So finally, if we let 4p - q = 2s then we can simplify the result (remembering that Iz = I3 =0)
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The final expression in the large curley brackets when expanded with the prefactor (—1)¢ simplifies to
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Giving our final result for the first vertex correction
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The partial amplitude in Fig. 1c is the second kind of vertex correction. We can write this expression (7y)
with the help of the QCD three-gluon vertex 1 #ve (P1,p2,p3) as
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So finally we have for our two vertex corrections the following
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