Phys=ics 445: Problem Set 2
Carlecs Wagner, Spring 2008
Due Friday 28 April, 2:30 p.m.

1. Consider the Standard FElectrowenl Gouge Theory, with gange group
SU(2) = U1y, (1)

and tale the commriant gauge fiving
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with £ the usual gauge Aixing parnmeter, and ¢ is the Higgs doublet with hyvpercharge 172

Compute the would-be Goldstone and ghost masses in this theorv, Based on thess re-

sults, compute the Goldstone and ghost propogators and derive the Fevnman rules for the
ghost and Goldstone couplings to the gauge felds.

Extra credit: Tor to dedve these mlations for a general theorr in which the gauge group is
a product of simple unitary groups.

2. Consider an SU7(2) gauge theory, without Higgs fields, and add to it an explicit mass

term
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Apply the usual Fadeev Popor gauge hxing method, and demonstrate that in this case, the
gauge degrees of freedom cannct be decoupled. One cbiains an effectivwe Lagrangian

L= —%_Tr[FP_..F"'"] - pu?Tr [SPL'S'“L'T — 24,9 (U7 U+ _.;FAPAF], (4)

where U7 is the criginal gauge degree of ieedam, U7 =explia T.). One can now inberpret U7
as new degress of freedom, which under a gauge transformation U7 transform as U'U. One
obtains the equiwalent of a gauge invariant thecry, where the criginal non-gauge invariant
thecry is obtained b going to the Unitary gauge U0 =T



Compare the abowve to what happens if one would introduce a scalar Higgs doublet in the
spectrum, in the limit that the quartic coupling tends to inhnity. In this cose, the Higes
Huctuations aoquire infinibe moss and therefore no phisical Higgs particls appears in the
spectrum. Such a theoor viclabtes tres-level unitantyr and it is not rencrmalizable.

3. Consider the decav of a muon by the emission of a virtual charged boson 177~ and a
neutnno. The wirbual gauge boson emits an electron and an anbi-neutino. Iinowing thak
the 11"~ acquires mass via the Higgs mechanism, compute the amplitude of the decooy and,
using the fact that the charactenstic masses and momenta in the process are much smaller
than the "~ mass, demonstrate that this process provides information about the wmeouum
expactation valus of the Higgs fisld.

Extra credit: Compute the decay width of the muon into an electron and o pair of mossless

neutnncs. Hoer 15 it related to the Higgs wmouum expeactation value and the muon mass 7



