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1. (a) Write down the matrix element M for muon decay in the low energy limit. Deduce M, expressing 

as far as practicable. 

it as the product to two traces. (Do not evaluate the traces.) 

Answer any five questions. 

(b) What is the helicity ofa neutrino in the Standard Model? Use the helicity argument to conclude that 
the rate of the decay TO -> vù should vanish if the neutrinos are massless. 

(b) Show that o(x) = 

(o)=(0 

3 

Ag,,+ Bk,. Find A and B, using the transverse condition and the normalization condition of the 
polarization vectors. (1+3) +(1+2)+3 

2. (a) Write down the expression for the covariant derivative in the Standard Model. Obtain the mass of 

(b) If O transforms as an SU(2) doublet, show that = it,o" also transforms as an SU(2) doublet. 

(c) In the Standard Model, explain why (k, d )up is not U1)y invariant. 

-sro+Ha) 

for a vector boson of mass M is of the form 

V2 

3. (a) Draw all the tree-level diagrams contributing to ee ’uH . Why can the Higgs mediated diagram 
be neglected? Define the forward-backward asymmetry in terms of the differential scattering cross 

section (no calculation is needed). Which diagram gives rise to the forward-backward asymmetry? 

expanding D(x) to first order in the fields. 

fully 

(1+4)+3+2 

parametrizes s deviations from (o)=0 by 
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(C) Draw the lowest order diagrams for the decay of the Higgs into two gluons and into four charged leptons. 
(d) Draw all the tree-level diagrams for gã GG. (G denotes a gluon.) 

4. The formula for the differential scattering cross-section is : 

do = 

4V(P, P,) -mËm, 

(a) Under what condition(s) can one write the initial state factor as in standard notations? 

(2n)' 2E, 

(b) Argue that the Dirac delta function appearing in the formula is Lorentz invariant. (c) Suppose a prOcess a + b’c t d, where all four particles are Dirac fermions, is mediated through the following interactions in the Lagrangian : 
int =yax +dytbX. where X, is a spin-1 particle. Draw the simplest diagram for the process, and write the expression 

for M assuming X to be very heavy compared to all other energies and masses. 5. Consider processes of the form e +p ’ v, + X, where X is arbitrary. (a) Give an example of such a process ifX consists of just one particle. 

the neutrino mass to be zero.) 

(1+1+1+1)+2+(1+l+2 

(b) If this case (i.e., only one particle in X) is considered in the rest frame of the proton, find the 
minimum kinetic energy of the electron that will be necessary for initiating the process. 

(No numberical work is necessary. Write everything in terms of masses of various particles. Assume (c) Give an example of such a process if X consists of two particles. (d) Which electroweak gauge boson will be responsible for mediating such processes? 

Maskawa matrix in terms of the above. 

6. (a) Distinguish between the quark mass and flavour bases. How are the quark mass matrices in the 
mass basis related to those in the flavour basis? Derive an expression for the 

Cabibbo-Kobayashi-
What is the strategy behind an asymmetric B-factory'? 

3+2+(2+3) 

(b) For mesons involving the b-quark there are two different neutral meson systems. ldentify them 
giving their quark structure. What is the advantage of the T(4S) in studying neulral B-mesons? 

therefrom point out the essential ingredients for a non-zero probability. 

2+5+2+1 

7. (a) For a two-neutrino system, derive the probability of neutrino oscillation to a 

different lMavour and 
mixing and the mass-square difference. What is the relevance of this eflect for 

(142+3}+(t1+2) (b) What are the interactions of neutrinos when they pass through matter and how do they aflect 
neutrino mass? For a two neutrino system - v, and v,, - derive the impact of this elleet on neutrino solar neutrinos? 

3+(2+4+) 


