
FYSH300 fall 2011
Exercise 10, return by Mon Nov 21st at 9.00 to box in the lobby, discussed Mon Nov 21st, at

12.15 in FYS5

1. Compute the unpolarized differential cross section dσ
dΩ∗

e
(in the CMS frame) for the QED

process e− + µ− → e− + µ− starting from the Feynman rules for obtaining the invariant
amplitude M, then carefully doing the spin summations (recall: average over the intial state
spins, sum over the final state spins) to obtain |M|2, where the muon mass is kept non-zero.
The electron mass you can set to zero. Express the final result in terms of the Mandelstam
variables, the muon mass and the fine structure constant α. In the end, compare with the result
derived in the lectures. Figure out the order of magnitude for the mass correction relative to
the massless result, say, at θ∗e = 90◦ when

√
s = 10 GeV.

2. Now compute |M|2 for e−+µ− → e−+µ− in the high-energy limit mµ ≈ 0 assuming muons
would be spin-0 particles. Use the following Feynman rules for spin-0 particle:
For the γ → µ+(pc) + µ−(pd) vertex there is a factor −ie(−pc + pd)µ, and for the external
muon and antimuon legs, just use a factor 1 (i.e. no spinors for muons now – however for the
electron and the positron you must use spinors as normal). Note here that before averaging
over the spins you can use the Dirac equation to simplify M.

3. Draw the diagrams corresponding to γγ → γγ scattering in QED and, using the Feynman
rules, write down the corresponding expressions for the matrix elements.

Without explicitly calculating the process, give some rough characterization: How much su-
pression do you expect relative to e−µ− → e−µ− scattering? What momentum (s, t, u) de-
pendence would you guess for the process?

4. a) The Maxwell field strength tensor of QED is Fµν = ∂µAν−∂νAµ. In the lecture we defined
the covariant derivative as Dµ = ∂µ + ieQfAµ. Show that

Fµν = − i

eQf
[Dµ, Dν ].

b) For QCD, we defined the covariant derivative as Dµ = ∂µ13 + igAµ, where 13 is the
3×3 unit matrix and Aµ =

∑
aA

a
µt
a is the Yang-Mills gauge field, which is a 3 × 3 matrix

and expressed in terms of the generator matrices ta of the group SU(3) and the coefficient
fields Aaµ. Using the Lie algebra of SU(3), [ta, tb] = i

∑
c f

abctc, show that when we define the
non-Abelian field strength tensor as the commutator Fµν ≡ − i

gs
[Dµ, Dν ] ≡

∑
a F

a
µνt

a, we get

F aµν = ∂µA
a
ν − ∂νAaµ − gsfabcAbµAcν .

c) Show that in the SU(3) gauge transformation U , the tensor Fµν transforms as Fµν →
F ′µν = UFµνU

−1.


