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Particle Physics – Exercise Sheet 3 – WS 2011/12

3.1 Cross section (30P)

Given that the total reaction cross section of the reaction e−e+ → µ−µ+ is described to good accuracy
by the first order QED cross section,
a) how many muons do you expect to be produced at a e+e− - collider with luminosity L=1030 cm−2s−1

within a run time of a day at a beam energy of 10 GeV?
b) How many muon pairs can be detected with a typical collider detector that features full azimuthal
coverage and a polar angle acceptance of 300 < θ < 1500. Assume a detection efficiency of ε = 90% for
muons with momenta above 3 GeV.

3.2 Helicity in e− + e+ → µ−µ+ (40P)

Consider e+e− → µ+µ− QED scattering in the high energy limit (me = 0 = mµ):

a) Which helicity combinations are allowed for the initial and final state particles?

b) The probability amplitude for spin orientations after scattering through an angle θ is given by elements
of the Wigner d-matrix (called ‘d-functions’ by Perkins).

For example: if the initial configuration has Sz = +1 along the z axis then the probability amplitude to
find Sz′ = −1 with respect to a z′ axis that is tilted by an angle θ is given by
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What is the scattering angle dependence of the cross section for e+Le
−
R → µ+

Lµ
−
R? What is the physical

reason for this dependence?

c) Calculate the scattering angle dependence of the cross section for unpolarised scattering by averaging
over the initial state spin configurations and summing over the final state spin configurations.

3.3 Elastic scattering (30P)

A cosmic ray muon with an energy of 150 MeV hits an electron in the water tank of a large scale Čerenkov
detector like Kamiokande or SNO.
a) What is the maximum energy that can be transferred to the electron?
b) How does the process look to the detector registering the Čerenkov - light of charged particles passing
through ? (Qualitative answer is sufficient.)


