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Problem Set 10 Quantum Field Theory Il SS 11

Problem 10.1

Consider an SU(2) gauge theory with real scalar fields ¢% a = 1,2,3 which transform in the
adjoint representation of SU(2). The Lagrangian is given by

L= —5F5 F" + $D,¢"D'¢ — V(¢
where
V= 520" + A (6°9°) . WA> 0, Dud = 0,6 + geweAydt
a) Minimize the potential and parameterize the field space by ¢!, ¢?, ¢> = v + h(x).
b) Identify the Goldstone bosons and compute the mass of the Higgs boson.
c) Identify the broken and unbroken generators and the unbroken gauge group.

d) Compute the mass matrix of the gauge bosons.

Problem 10.2
Consider the GSW-model with gauge group SU(2) x U(1)y. A fermion ¢ transforms in the 2

representation of SU(2) and carries hypercharge y.
a) Give the covariant derivative of 1 in terms of the original gauge bosons Af. and B,,.

b) Rewrite the covariant derivative in terms of Wy, Z) and ~, and show

? - { . .
Dy = (= 50" + W) = G240 Q) ~ Q)0

c¢) Give the covariant derivative for an SU(2) singlet with hypercharge y in both cases.



Problem 10.3

The Yukawa interactions in the GSW model are given by
£Yuk = )\((ﬁZEEeR + (ﬁ*iéREi) .
a) Show that ¢'E}o?% is SU(2) invariant.

b) Introduce a new field vz which is neutral under SU(2) x U(1)y and use a) to give an

aditional SU(2) x U(1)y invariant Yukawa interaction.
c) Compute the resulting neutrino mass m,,.

d) Add a further term ALy = Mvgvg + h.c. to Lyy and determine the eigenvalues of the

resulting 2 X 2 neutrino mass matrix in the limit M > m,,.

Problem 10.4

Consider an SU(2) xU(1)y gauge theory with two Higgs doublets ¢1, ¢ (both with hypercharge

1/2).
a) Give the kinetic terms of this theory including explicitly the covariant derivatives of ¢y, ¢s.

b) Assume that both Higgs doublets have parallel vacuum expectation values, i.e. obey

i,2|min = % (032) + ..., and compute the masses of the gauge bosons.

¢) How many physical Higgs bosons, how many Goldstone bosons are in the theory and

what is the unbroken gauge group?



