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Rest mass of W boson my = 80GeV ¢ 2

Reduced Planck constant i = 1.055x10%*Js
Speed of light ¢ = 2.998x16ms™
Electron volt, 1eV = 1.602x10*°J

SECTION A. Answer any SI X parts of this section.

1.1 Which property defines whether a particle is ahadron or alepton? State which type of particle each
of the following are: electron, proton, neutrino, pion, up-quark.
[7 marks]

1.2 Why is the range of the electromagnetic interaction infinite, whereas that of the weak interaction is
finite? Estimate the range of the weak interaction.

[7 marks]

1.3 Use an analogy with ferromagnetism to describe the phenomenon of spontaneous symmetry
breaking. How is spontaneous symmetry breaking thought to be connected with particle masses?
[7 marks]

1.4 All of the following interactions are alowed to take place. State all the forces — strong,
electromagnetic or weak — which could be responsible in each case.

(e'+e - € +e
(i) Vo +€ - V, +1
(il)p+ P -p+p
(ivye +p - Vvetn
[7 marks]

1.5 Drawone Feynman diagram for each of the interactions of question 1.4.
[7 marks]

1.6 By considering changes in appropriate quantum numbers, deteathittee conservation laws
which are violated in each of the following interactions.

i) ptn-n+p
(i) vyg+tn - p+e
(ii)= - +e+7,
[7 marks]

1.7 Describe the mechanisms by which a beam of fixed momentum negative muons can be produced in
aproton accelerator.
[7 marks]

1.8 Why was it necessary to introduce the concept of colour into the quark model? Explain why
baryons cannot be made of 2, 4 or 5 quarks.
[7 marks]

SEE NEXT PAGE



SECTION B. Answer any TWO questions from this section.

2. a) Yukawa postulated that the strong nuclear force, between protons and neutrons, was mediated by
the exchange of particles. Given that the strong nuclear force was known to have a range of about
10*°m, estimate the mass, in MeVc™?, of Yukawa’s postulated particle.

[2 marks]

b) By considering possible interactions between protons and neutrons, determine the minimum
number of charge states of Yukawa’s patrticle.

[6 marks]

c) It is now thought that the strong nuclear force is not fundamental, but it is the external
manifestation of the strong force between quarks. Explain why the interquark force is of finite
range but appears to be carried by massless exchange particles (gluons).

[5 marks]

d) Present a qualitative argument that there are eight independent gluons.
[5 marks]

e) Exchange particles are now called gauge bosons. Explain why, in Grand Unified Theories
(GUTSs), gauge bosons with masses 2G&V c? are needed. Draw a quark Feynman diagram
showing how these gauge bosons could lead to proton decay.

[7 marks]

f) Discuss the experimental evidence for proton decay and the implications for GUTSs.
[5 marks]

3. @ Define the operations of parity, P, and charge conjugation, C. Show that, if
Plw) = plw,)and C|y) =), thenp = +1 andc = +1.
[4 marks]

b) Present an argument that charged pions have negative intrinsic parity but are not eigenstates of
C.

[4 marks]

c) Present arguments that the quantum numbers associated anithP are not conserved by the
weak interaction, while those associated with the combined opeGRiomght be expected to be.
[7 marks]

d) Show that the strong interaction statésaid K are not eigenstates @P. Construct linear
combinations of these two states which are eigenstaté8 anhd determine their eigenvalues.
[5 marks]

e) Experiments with neutral kaons have shown that the weak interactiomalosmnserveCP.
Explain this statement. Briefly describe a recent result, using different particles, which appears to

confirm this observation. [You may assume t8&{ 1) = | o) and CP| o) = | ) ]
[6 marks]

f) Briefly discusstime reversal symmetry, T, and the evidence concerning the conservation of the
guantum numbers associated with the combined ope!@Rdn
[4 marks]
SEE NEXT PAGE



4. @) What is meant be the statement the group SU(3) has eight generators?

5

[2 marks]

b) From these generators, it is possible to form the step operators 1., U and V. which induce the
following changes:

|, causesAY = 0,Al, = +1

U, causesAY = +1,Al, =5},

V, causesAY = +1,Al, =+ %
where Y isthe hypercharge and I3 is the third component of isospin. Draw the fundamental triplet of

SU(3) and useit to illustrate the actions of the step operators.
[6 marks]

¢) Use the step operators to form the weight diagram of the SU(3) multiplet (4,3). From the rule
governing the occupancy of the sites of a multiplet, determine the dimensionality of (4,3).
[10 marks]

d) By using an appropriate line of constant Y from the (4,3) weight diagram, or otherwise, show
thaa504=8060402.
[6 marks]

€) Use the fundamental triplet and its conjugate to form the SU(3) multiplets representing mesons.
Hence show that (1,0) O (0,1) = (1,1) O (0,0).

[6 marks]

Write notes on two of the following:
a) The Dirac equation and its implications.

[15 marks]
b) The discovery of weak neutral currents and its significance for unified theories.

[15 marks]
¢) Supersymmetry and any implications for the “missing matter” of the Universe.

[15 marks]
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