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I a) Slow that (',O)1 ,O', where 0 

0-0J-) 
,"Oi;". If 0 '(l- ). show that 

(2+l marks) 



2. 

b) In the Standard Model., 70 cannot decav into v~. but the Z bosOn can: explain why. 

c) The equation for the massive spin-one boson is ,F + M1A" = J. Find t 

(3 marks) propagator. 

a) Use dimensional analysis to show that the decay rate of the muon goes like m, in 
the Fermi theory if the masses of the decay products are neglected. (2 marks) 

b) ' is a fermion of charge Q, , has eigenvalue T; under SU(2)A. and y'R 
singlet. Show that the interaction of with the Z boson is given by 

Lint = 

dard Model. 

Cos Ow 

c) Let denote the complex scalar doublet in the Standard Model. Find out whether 
a term i¢ + oB is allowed by looking at its SU(2), and U(1)y transformations. 

(2 marks) 

-u(T;L - Q sin² w)Z 

d) In the SU(2) L X U(1)y theory, consider an SU(2) triplet of scalar fields having 
charges 0, 1 and 2, denoted by H°, Ht and Ht+. Which ficld is the uppermost 
member of the triplet? What is the lhypercharge of this triplet? (1+1 mnarks) 

dg = 

3. a) Write down, with justification, the baryon number of the Higgs boson in the Stan 
(2 marks) 

1 

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

(4 marks) 

b) Draw the gluon fusion diagram for ligs boson production at the LIiC. Which 
fermion in the loop gives the maximum contribution and why? Why cannot be 
there a charged lepton in the loop? (1+1+1+1 marks) 

4/(mPa)? - mimj 

c) Draw all the tree-level Feynman diagrams for the following processes in the Stan 
dard Model: (i) WtW- + Z2, (ii) qg ’ GG (with G denoting the gluon). 

(2+2 marks) 

II 

0S an SU(2), 

(4 marks) 

(2r )92 E, 

a) What do the synbols p1 and p stand for in this forniula? 

2 

x (2m)'s(p, P:-EP,)NM. 

(1 mark) 

b) If the final state contains N particles, what is the mass dimension of M. 
(3 marks) 

c) At energies much larger than the masses of all participating particles. how will the 
total cross-section depend on the total energy in the initial state? (2 marks) 



) For 2 particles in the hnal state of scattering, thrce Mandelstam variables can be 
defincd. Write them down, explaining vour notation. The total cross-section Can 
depend only on one of them. Identify which onc, and argue why the other oneS 
cannot appear 1l11 this expression. l(2+2 marks) 

K a) Usually only the photon exchange diagram is cousidered while analyzing electron 
proton scattering at the trec level. Which other particles of the Standard Model can 

mediate the same proceSs at the tree level? Why arc thcse other ones disregarded 
in the discussion? (2+1 marks) 

b) Suppose you have an inelastic electron-proton scattering, but the final state still has 

two particles. Can you think of a process like this? Which particles of the Standard 

Model can mediate such a process? (2+2 marks) 

c) In the rest frame of the proton, what would be the minimum kinetic energy of the 

electron necessary for this process to happen? (No numerical value is needed. Only 
(3 marks) 

give an algebraic expression.) 

6. a) Explain the origin of the unitarity triangles. How do you interpret the area of a 
(2+2 marks) 

unitarity triangle? 

b) Assuming that (CP) is conserved, construct the Hamiltonian of the K)-|K) sys 

tem. Identify the eigenstates of this Hamiltonian and determne their (CP) proper 
(2+1 marks) 

ties. 

c) A beam of neutral kaons of energy 10 GeV travel a distance of 10n. Estimate the 

ratio (No. of Ks))/(No. of KL)) given that the approximate restframe lifetines 

of Ks) and KL) are 5 x 10-s and 10-l's respectively. What is meant by the 
(1+2 marks) 

phenomenon of regeneration for the neutral Kaon system? 

7. a) Which gauge bosOns of the Standard Model couple to the neutrinos? Draw exauple 

diagrans indicating how they mnediate interactions of electrons with muon neutrinos 

(1+1 marks) 

at the tree level. 

b) Explain the origin of atmospheric neutrinos and estimate therefron the expected 

ratio of the number of (V, + D) to (u, t D). How can the observed zenitlh an 

gle dependence of atmospheric neutrinos be explained in terms of ncutrino oscil 

(2+1+2 marks) 
lations? From this, nalke a rough estimate of tle relevant 

mass-square-splitting. 

(3 marks) 

C) "The SNO Neutral Current experinent had a eritical role in establishing the oscilla 

tion of solar neutrinos. Explain. 


