
Physics 542 (Standard Model of Elementary Particle Physics) Spring 2013

Problem set 2

Due Feb. 14, 2013

1. Do the SSB calculation for the Weinberg-Salam theory, as I did it in class, but orient
the VEV of the Higgs doublet so that it is in the real part of the φ+ field. Determine the
unbroken symmetry, the massless gauge field, and find a formula for the charges of particles
associated with fields in terms of T3 and Y . Given a doublet and singlet of fermion fields,
determine the appropriate labeling for which are the charged and which are the neutral fields.
Do the physical results agree with what is obtained with the standard choice of the direction
of the Higgs VEV in field space.

Mental health/sanity warning: Some formulas may change from the standard ones. The
labeling given in class for the fields, e.g., as left-handed neutrino or left-handed electron, is
likely to be totally misleading as to their physical interpretation! That is, you will need to
find a suitable reinterpretation of the names of the fields. Do not be surprised if certain
conventions have to be changed.

2. Consider the top quark, with a mass of mt ' 174 GeV. Like all the other quarks, its
left-handed field is part of an SU(2) doublet, and its partner is the bottom quark, and the
right-handed field is in a singlet. (For the purposes of this problem, ignore mixing between
the different quarks.)

Even though quarks are bound into hadrons, it turns out that for the top quark it is
legitimate to treat the top quark in this problem as a free particle. The reason is that when
a top quark is produced, it decays before it has had time to form into a bound state.

• What is the lowest order graph that gives a decay of the top quark, and what is
the corresponding decay mode? (N.B. Pay attention to the masses of the particles
involved!) Don’t worry about the fact that some of these particles are themselves
unstable and will decay.

• Which mass(es) is it appropriate to neglect in the calculation of the decay rate?

• Find a compact expression for the square of the matrix element summing over the
final-state spin or helicity states and averaging over the initial top-quark spin state.

• Compute the rest-frame decay rate Γt of the top quark. (This quantity is equal to
what is called the width of the quark, as I will explain in class.) Give this decay rate
numerically both in GeV units and in units of seconds.

• Compare the result with the measured width—which is to be found, for example, on
the Particle Data Group website.


