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Exercise 1: Cross section for qq̄ →QQ̄ scattering (10 Points)

Consider the process qq̄ →QQ̄ with different quarks q andQ in the initial and final state.

a) Draw all Feynman diagrams that contribute to the process to leading order.

b) Calculate the matrix element Mabcd and show that it factorizes in the following
way

Mabcd =MDiracΦabcd , (1.1)

where

|Mabcd |2 = |MDirac|2 |Φabcd |2 . (1.2)

Φabcd is the color factor of QCD, whereas MDirac contains the Dirac structure of
the matrix element. The color factor can always be factorized in this way.
Hint: For the calculation of the matrix element use the following representation
of the QCD Feynman rules:

incoming particle: qi (p) → u(p)ei

outgoing particle: qi (p) → ū(p)e†
i

incoming anti particle: q i (p) → v̄(p)e†
i

outgoing particle: q i (p) → v(p)ei

quark gluon vertex: Γµ → igsγµλA

gluon propagator in Feynman gauge: DF (q2) → −igµνδAB

q2

small latin indices are summed over the three unit vector ei of the fundamental
representations of SU (3) (3 and 3), i.e. these are the color indices of quarks. Capital
latin indices are running over the adjoint representation of SU (3) (8), which is built
by the generators λA . Greek indices are minkowski indices, as usual. The usual
sum convention holds true for all of these indices.
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c) Calculate |M |2. Average over spins and color in the initial state and sum in the
final state. For your calculation you can use the result

|MDirac|2 = g 4
s (1+cos2θ) , (1.3)

where θ is the scattering angle between the incoming quark q and the outgoing
quark Q. Explain why you can use this result and where it comes from.
Hint: Use the Feynman trace technique for the SU (3) structure . Use the identity

{λA , λB } = 1

3
δAB +dABC λC . (1.4)

The symmetric structure constants dABC are not necessary for your calculation.
Explain why!
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