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Particle Physics: Problem Sheet 3
A bit more on QED plus Accelerators & Detectors

1. Draw the Feynman diagram of 7= — 777 vertex. What quantities / quantum
numbers are conserved at the vertex?

Draw the vertex diagram in all the different orientations that you can. Which
processes do each of the diagram correspond to?

What is the relationship between these processes and physical processes?

2. The following processes are all due to the electromagnetic force. By considering the
quark content of the baryons where necessary, try to draw the Feynman diagrams
for these processes:
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3. The luminosity of a proton-proton collider such as the LHC can be estimated as:
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where: N, is the number of protons per bunch, n; is the number of bunches per
beam, f.., is the revolution frequency and A is the effective area of the collision.

Calculate f,e, for the LHC.

At design specifications, the LHC will collect an integrated luminosity of [ Ldt =
100 fb™'. Assuming that the LHC runs for 107 seconds per year, calculate the
instantaneous LHC luminosity.

Use this to estimate the effective area, and hence radius, of a proton.

4. The Tevatron collides protons and anti-protons with £, = £ = 1.96 TeV. Both the
proton and anti-proton beams have 36 bunches per beam. There are N, = 2.5 x 10"
and N; = 1 x 10" particles per bunch. What is the energy stored in the Tevatron
beams?

5. In a synchrotron accelerator, why do charged particles loose energy? The energy
loss per turn is:
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The LEP and LHC synchrotrons were built in the same tunnel (pLgp = prLuc =
4300 m). At LEP the energy of the electrons was E, = 45.2 GeV; at LHC the
energy of the protons will be E, = 7000 GeV. What is the ratio of the energy loss
at LEP and LHC?
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6. Write down the formula for the decay length of relativistic particle.

The closest part of the ATLAS detector is 5cm from the interaction point. What
particles live long enough to be detected in the ATLAS detector? You need only
consider leptons and hadrons.

7. Following on from the previous question.... Describe briefly how these particles
appear in a typical collider detector, such as the ATLAS detector.

8. Cosmic ray muons are produced at the top of the atmosphere. As they travel

through matter, muons loose energy to ionisation. The energy loss for muons can
be described by dE/dx ~ 2.0 MeVg~tcm?.

How much energy does a muon with three-momentum, p, = 5 GeV/c lose by
ionisation before reaching sea level?

Hint: the total energy loss, AE = dFE/dx x x, where x is the thickness of the
atmosphere in g/cm?. The mass thickness of the atmosphere can be inferred from
the pressure at sea level, P = 1 atm = 10° kgm~'s™2, by assuming the density to
be constant.



