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| Answer THREE questions | Time allowed: TWO hours |

Q.1 (@) Define the following terms: hadrons, leptons, baryons, and mesons.
(b) For the pion (m) list the following:
(i) Whether it is a hadron, baryon, or meson.
(i) The charge varieties it comes in and their quark contents. Check that the total charge
of the constituent quarks is correct.
(c) The first accurate measurement of the n* lifetime was made in 1950. The pions were
created in the interaction: y + p —

n* 4+ n. The pions decayed and the 1000 ' T '
decay products were detected.
] 554 events

1. What is the decay sequence of the 100r- ]
pion? Show that the relevant _
lepton conservation laws are %,’! _
satisfied. (events 10+ . . * .

lgef i e f .

2. How were the chargéd particles ) L
detected and what was the r _ 1
signature for a w decay ?

3. The graph opposite shows the g 013 = 100 Teo 500
results of the 1950 experiment. ¢ .(ns)

dN/dt is the number of pion decay |
events per 18 ns. From the graph estimate the lifetime of the pion. Show your reasoning.

Q.2 In a particle accelerator, a particle of rest mass m, and total energy E, collides with a
particle of mass m, at rest in a fixed target. New particles are produced in the collision.
Beginning with the formula

El =mlc*+mic*+2E m,c?
(where E,, is the total energy in the centre-of-mass system), show that K,,, the threshold
kinetic energy in the laboratory frame (of the particle fired at the target) required for
particle production, is
. Continued....
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K,=—0 total mass of all particles involved in the interaction
* 2xm,

where Q is the Q-value for the interaction.

If a beam of antiprotons () is fired at a stationary proton target, calculate the minimum
total energy of the antiprotons needed for the reaction

P+PoOp+P+Q+Q
What antiproton energy would be required if instead the antiproton beam has a head-on
collision with a beam of protons of equal energy in a collider?

No_té: Rest mass-energy of Q = 1670 MeV, rest mass-energy of proton = 938 MeV.

_Answer all parts of this question

Discuss the processes occurring in a typical main sequence star (such as the Sun) which

‘generates energy by thermonuclear fusion of hydrogen.

Describe how it is possible to probe these processes by experiments on the Earth.
The Solar Constant is approximately 1.5 kW m at the Earth. Calculate the rate of fusion

reactions in the Sun (take the total energy released in the 4p—> *He reaction to be
26 MeV).

Take 1 AU, = 149.6 x 10° m
Answer all parts of this question

Discuss what we mean by the mass-to-light ratio (M/L).
Discuss, in as much mathematlcal detail as possible, how M/L in measured in galaxies and
clusters of galaxies? ==

Explain carefully what the measured values of M/L for stars, galaxies and clusters of
galaxies tell us.

‘Write short notes on two of the following:

‘Deep-inelastic scattering experiments to probe the structure of the proton.

Proportional counters
Olbers' Paradox

The fundamental constants in cosmology



