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1. Trace Theorems

For the calculation of matrix elements so-called trace theorems become useful. Prove
the identity of the following relations:

(@) Tr{y"y"} = 49"
(b) Tr{y"y*~*} =0
(c) Tr{y’y#4*} =0.

2. Completeness Relation

Show that the Dirac spinors for particles and anti-particles satisfy the following ‘com-
pleteness' relations

2
Z usas = (P)ﬂupu + m) and Z ,UT,D’I‘ - (fyupu - m)

where the sums run over the two possible spin states.

3. Electron-Positron Annihilation I
Consider the annihilation of an electron-positron pair into a muon pair: efe” — u*u~.

(a) Draw the lowest-order Feynman diagram(s) of this process.
(b) By applying the Feynman rules, derive the expression for the matrix element /.

(c) Compute the expression for the spin-averaged matrix element squared (|7])? by
squaring and summing over the spins of the initial state as well as averaging over
the spins of the final state.
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