C4:
PARTICLE PHYSICS  (DPHY, DPHP 2754)

Q1: Dirac spinor formalism. Notions of helicity and chirality.
Attempted by: 

28/46 candidates.

Mean mark:

19.14

SD of the mark:
  4.99

A popular question attempted by over 50% of the candidates. Well answered on average. 

One ambiguity identified within the question: 

It says “Applying relevant operators, determine whether ψ describes neutrinos or anti-neutrinos”. The context of the question strongly suggests student should check the chiral handness of the given Dirac spinor, however it is not explicitly stated. Some students used the time derivative (energy operator) on the state function to find the sign of the energy.  Finding positive energy they concluded the amplitude described a neutrino.

Q2: Oscillations in the neutral meson systems.
Attempted by: 

42/46 candidates.

Mean mark:

16.88

SD of the mark:
  5.04

A very popular question. 

Main difficulties: 

Many students could vaguely comment on the fact that in the oscillation formula one has (M and not (E although the question explicitly states that it is expressed as a function of the proper time. 

Also I noticed a great deal of confusion about the CP violation in the neutral kaon system. Many students attributed the observed charge asymmetry in semileptonic K decays as a function of the proper time to CP violation.

Q3: Cabbibo mechanism and the CKM matrix.
Attempted by: 

41/46 candidates.

Mean mark:

17.68

SD of the mark:
  4.16

A very popular question.

No further comments.

Q4: Angular momentum and decays of B mesons.
Attempted by: 

  7/46 candidates.

Mean mark:

10.14

SD of the mark:
  6.34

Some students failed to identify the ((4s)->BB as being an exclusive decay of the vector resonance into two pseudo-scalars, hence the angular distribution of the latter. Instead, some students considered ((4s)->bb at the quark level (i.e. into two ferminos) resulting in the different angular distribution.

The simple question about the standard deviation of the difference between two counting experiments confused almost all students. (N.B.: I’ve noticed on various occasions that even simplest statistics presents huge problem for our students.)  

Q5: Non-relativistic elastic scattering and the Born approximation.
Attempted by: 

  9/46 candidates.

Mean mark:

15.89

SD of the mark:
  6.09

The question was generally well solved although the last part asking to interpret quantitatively the results presented in the figure appeared to be difficult. 

The question was not clear on whether students were supposed to do the integral of the point-like scattering to obtain the 4(/((2+q2) expression. Some of them did but I had no grounds to deduct points if they didn’t. 

Q6: Dirac equation, golden rule and the differential cross-section.
Attempted by: 

  1/46 candidates.

Mean mark:

12.00

SD of the mark:
  n/a

Attempted by just one candidate!

An interesting but above average difficult question. 

Problems spotted:

The question should clearly state the expressions for matrix elements are given in the covariant form. 

The first part of the question suggests we are in the non-relativistic limit. It asks to show that the cross-section is proportional to ( (speed of decay products in the CM) assuming the constant matrix element. Under this assumption it is true only using the covariant definition of the phase space factor (~p/E). The non-relativistic definition is proportional to pE which has to be compensated by the non-relativistic matrix element. This might be source of potential confusion.

Second part of the question asks to show that the matrix element squared is proportional to |p|2sin2(. I gather, the question should give more direct hint on how to approach the solution especially that it involves qualitative discussion rather than straightforward calculation (always difficult for students). 

Q7: Isospin and the quark model.
Attempted by: 

 37/46 candidates.

Mean mark:

18.62

SD of the mark:
  4.92

A very popular and generally well solved question.

The concept of the centre-of-mass energy in the fixed target experiment appeared confusing to some, to my surprise.

Q8: The “rescue wheel”/essay question.
Attempted by: 

15/46 candidates.

Mean mark:

16.47

SD of the mark:
  4.27

Difficult to mark, as ever. The same subject may be approached from different angles. I generally tried to be positive. I gave credit for all bits of information provided rather than penalised the omissions. 
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