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1 Write down the possible final states consisting of a charged kaon, a neutral

kaon and a charged pion which can be produced in antiproton-proton collisions via

the strong interactions, giving reasons for your answer. Explain why these final

states are useful for the study of CP violation. [4]
[Kt = (us), K = (8d), 7+ = (ud).]
Show that the 7*7~ final state produced in the decay of a neutral kaon is an

eigenstate of CP with eigenvalue +1. [4]
[Kaons and pions are spin zero particles.|

The strangeness eigenstates K° and K° are related to the mass eigenstates
Ks and Ky, and to the CP eigenstates K¢ (CP = +1) and K§ (CP = —1) as

KOOCKL+K5, KOOCKL—Ks,
Ks oc KY + €K Ky, o< K9 + €KY,

where € = |e|e’® is a complex constant. For a neutral kaon which is initially
produced as a K°, show that the decay rate to 77~ at a proper time ¢ > 0 is
given by

T(KY ) — 7r77) o e7150 4 |ePe 11t 4 2)e|e”USHLI2 cos(Am.t — ¢)

where I's = 1/75, I, = 1/7,, 75 and 71, are the Kg and Ky, lifetimes, and

Am = my, — mg is the difference in the K;, and Kg masses. What is the

corresponding expression for the decay rate I'(K)_, — 77 ) for an initial K°? 8]
The asymmetry A, _ in the K® and K° decay rates to 7t~ is given by

Py —»atr ) —T(K)_g—atn) _ —2|e[e’52 cos(Am.t — ¢)
I(K_y = mtr )+ DKy = wtm) 1+ |e|2efst

A_|__ =

?

where the last expression on the right-hand side (which need not be derived) uses

the approximation I, < I's. The figure overleaf shows measurements from the

CPLEAR experiment of the asymmetry A,  as a function of t/75s. By considering

the times where the asymmetry reaches a maximum and next passes through zero,

or otherwise, obtain estimates of the quantities |¢| and ¢. 8]
[Am = 3.5 x 10712 MeV, 75 = 0.9 x 1075, i = 6.58 x 10722 MeV.s ]
Explain briefly how CP violation is accommodated within the Standard

Model and outline the current experimental constraints on parameters relevant to

CP violation derived from measurements using kaons or B hadrons. [6]
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Write brief accounts of two of the following:

(a) proton and neutron elastic form factors and their measurement;
(b) colour SU(3) and colour potentials;

(c) deep-inelastic (anti)neutrino-nucleon scattering;

(

d) experimental evidence for neutrino oscillations.
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3 State what is meant by the terms helicity and chirality and explain how they
are related for highly relativistic particles and antiparticles.

The vertex factor for the interaction between a Z° boson and a fermion f is
proportional to ¢t y#(1 — %) + chy#(1 +~°). Without detailed mathematics,
explain why this restricts the possible spin states of the incoming and outgoing
particles and antiparticles in eTe™ — Z% — ff scattering in the relativistic limit.
Draw diagrams illustrating the allowed spin configurations for this process in the
centre of mass frame. For the case where the electron is right-handed and the
fermion is left-handed, explain (still without detailed mathematics) why the
differential cross section in the centre of mass frame takes the form

dO’RL

ds?

oc (ck)*(er)*(1 — cos6)?

where 6 is the angle between the electron and fermion directions. Write down
similar expressions for the other allowed spin configurations.

Find the relative total cross sections og and oy, for the production of a
right-handed or left-handed fermion in collisions of unpolarised electrons with
unpolarised positrons on the peak of the Z° resonance. Hence show that the
average helicity (average polarisation) of the final state fermion in such collisions is

py o ()= ()

(R ()

The average polarisation of the 7~ lepton in ete™ — 777~ scattering has been
measured by experiments at the LEP Collider to be P, = —0.1465. Find the value
of sin? fw corresponding to this measurement.

[cf, = —Qrsin? By, ¢ = I(,3) — Qrsin® Oy ]

Outline how the electroweak sector of the Standard Model can be accurately
tested using experimental measurements made on the Z° resonance. Explain why
such measurements provide indirect information on the W boson, top quark and
Higgs boson masses, and summarise the current status of direct and indirect
measurements of these masses. (Precise numerical values are not expected.)
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