
Introduction to the Standard Model

Exercises 12

Deadline: Monday 11 July 2016 (12 am)
at Dr. Giudice’s office (KP 301) and Ms Sonja Esch (KP 310)

Topics covered: Symmetry breaking, Higgs field, Glashow-Weinberg-Salam model.

1. (2.0 P) The usual SU(2)W ×U(1)Y scalar potential for the standard model is of the form:

V (φ) = −µ2φ†φ+ λ(φ†φ)2 ,

with

φ =

(
φ+

φ0

)
=

(
φ1
φ2

)
.

(a) In principle, one can also have an SU(2)W × U(1)Y quartic invariant of the form:

V1(φ) = λ1
∑
a

(φ†τaφ)(φ†τaφ) .

Show that this quartic term can be reduced to that in V (φ).

(b) Show that another quartic term:

V2(φ) = λ2
∑
a,b

(φ†τaτbφ)(φ†τaτbφ)

is also reducible to that in V (φ).

Hint: you need to use the relation∑
a

(τa)ij(τa)kl = 2

(
δjkδil −

1

2
δijδkl

)
.

2. (1.0 P) Suppose that the fermion mass matrix in the basis of left-handed and right-handed
fields is hermitian:

L = ψ̄iLMijψ
j
R + h.c., M† = M .

In general, the eigenvalues of M obtained from unitary transformation are not always
positive:

UMU† = Md = diag(m1,m2, . . . ,mn) ,

where mi can be negative as well as positive. Show that one can choose an appropriate
biunitary transformation to diagonalise M so that all diagonal elements are non-negative.

(A biunitary transformation, of a matrix A, is given by UAV † where both U and V are
unitary).



3. (1.0 P) Explain the meaning of the upper labels of the components of the Higgs doublet:

φ =

(
φ+

φ0

)
.

4. (1.0 P) Show that an arbitrary value of the Higgs field φ of length |φ|= v/2 can be trans-
formed to

φ→ 1√
2

(
0
v

)
.

by an SU(2) transformation.

5. (5.0 P) Derive the mass term for the Higgs scalar h(x) and the gauge fields W a
µ (x) and

Zµ(x) from the Higgs Lagrangian assuming the Higgs mechanism:

L = (Dµφ)†(Dµφ) +m2φ†φ− λ(φ†φ)2 , Dµ = ∂µ − i
g

2
W a
µσ

a − i
g′

2
Bµ ,

where σa are the Pauli matrices.

Define v = m√
λ

, φ(x) = 1√
2

(
0

v + h(x)

)
, Zµ =

gW 3
µ−g

′Bµ√
g2+g′2

, Aµ =
g′W 3

µ+gBµ√
g2+g′2

.

2


