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The figures in the margin indicate full marks.
Candidates are required to give their answers in their own words
as far as practicable.

Answer any five questions.

Write down the matrix element M for muon decay in the low energy limit. Deduce | M 2 , expressing
it as the product to two traces. (Do not evaluate the traces.)

What 1s the helicity of a neutrino in the Standard Model? Use the helicity argument to conclude that
the rate of the decay Ty — vV should vanish if the neutrinos are massless.

3 -
The sum over polarizations E e,f(k)e\','*(k) for a vector boson of mass M is of the form
r=I1

Agt kav. Find 4 and B, using the transverse condition and the normalization condition of the
polarization vectors. (143)+(1+2)+3

Write down the expression for the covariant derivative in the Standard Model. Obtain the mass of
o Y

the W boson, given that (¢)=(0 EJ ;

If @ transforms as an SU(2) doublet, show that ff):jtzq)' also transforms as an SU(2) doublet.

In the Standard Model, explain why (171. EL)(D“R is not U(1)y invariant. (1+4)+3+2

—— + - +.- o : s
Draw all the tree-level diagrams contributingto e’e > p | . Why can the Higgs mediated diagram

' in terms of the differential scattering cross-
be neglected? Define the forward-backward asymmetry ; g :

. . . . < 1 Y o P hackw:- ‘i asy II‘\"_

V2,

T o AT
0 v+ f;(h_)] fully parametrizes deviations from (D)= [0 ;_1 by

Show that @(x) = L,f';a(ﬂt f'U(

expanding d(x) to first order in the fields.
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(¢) Draw the lowe
leptons.

(d) Draw all the tree-level diagrams for ¢ — GG.

4. The formula for the differential

3.
P 1 d'p.
4\(;)] . p: )" - nff.m:z & (2T[) 2E{]’

(2) Under what condition(s) can one write the initial
in standard notations?
(b) Argue that the Dirac delta function appearing i

the Lagrangian :

: . into four cha '
st order diagrams for the decay of the Higgs into two gluons and rged

scattering cross-section is :

; 2
x(2m)*s*| p+p, =Y P! [|M]

¢ + d, where all four

(G denotes a gluon.) (l+1+1+1)+2+(1+1)+2

a

2 3 9 @
state factor as \/(P! 'Pz) —mimj = E\E, [5) -,

particles are Dirac fermions, is mediated through

S. Consider processes of the form e + P —> v, + X, where X is arbitrary
(2) Give an example of such a process if X consists of just one particle
(b) If this case (i.e only one particle in X') is considered in the rest frame of the Proton, find the
minimum kinetic cnergy of the electron that will be necessary for initiating the’process
(No numberical work s necessary. Write everything in terms of masses of varjgyg Particles Assumé
the neutrino mass to be zero.)
(¢) Give an example of such a process if X consists of two particles,
(d) Which electroweak gauge boson will be responsible for mediating such Processeg? r54n |
<F5+2+
6. (a) Distinguish between the qt{ark mass and ﬂayuur ba‘scs. How are ‘lhe quark magg Alriceg ;
mass basis related to those in the flavour basis? Derive an expression for (he CabibbD‘KOb‘ 1 the
Maskawa matrix in terms of the above. ayashj-
(b) For mesons involving the b-quark there are two different neutral meson Systemg lden;:
giving their quark structure. What is the advantage of the T(4S) in studying NCutry) [l”}’ them
What is the strategy behind an asymmetric B-factory? (I-MH}-I“CSO“S‘?
7. (a) Fora two-neutrino system, derive the probability of neutrino oscillation 1o 4 dil'l'ul.ml 0
therefrom point out the essential ingredients for a non-zero probability. oy, ang
(b) What are the interactions of neutrinos when they pass through matter ang how do
y : vl e P . ive ' ac “thic aee Cy .o
neutrino mass? For a two nculn‘n‘u system — v, .dl]d v, — derive lh;: 1||n‘]!) l.j~:~?.ll I:-m effecy , 3 “”lcu[
mixing and the mass-square difference. What is the relevance o us ellect for Solgy I]ull[;llll‘]no
I]{} l.)
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