
FYSH555 spring 2014
Exercise 12, return by Tue 22.4. at 9.15, discussed Tue 22.4., at 12.15 in FL140

1. Explicit and spontaneous symmetry breaking:

In the lectures, we have considered a scalar model theory with fields φ1, φ2 with a field
potential

V (φ1, φ2) =
m2

2
φiφi +

λ

4
(φiφi)

2 + aφ2

with m2 < 0, λ > 0 and the explicitly symmetry-breaking term a > 0. Assuming that
a is small, we found that the ground state of the theory (i.e. the lowest energy state)

is located at (φ1, φ2) where φ1 = 0 and φ2 = −
√
−m2

λ + a
2m2 .

(a) The physical fields will be excitations around this minimum. In order to determine
their masses, expand the potential around the above minimum and look for the
coefficients of φ1φ1 and σσ where φ2 = φ2 + σ.

(b) You should find m2
φ1

= a
√

λ
−m2 and m2

σ = −2m2 + 3a
√

λ
−m2 . Give an interpreta-

tion of this result in the light of what you know about the Higgs mechanism and
comment on the case a→ 0.

2. Physical Goldstone Boson fields and Gell-Mann matrices:

We have seen in the lectures that in the SU(3) case the Goldstone Boson fields can be
written as

φ(x) =

8∑
a=1

λaφa(x)

use the explicit form of φ(x) given in the lectures and the Gell-Mann matrices to express
the physical fields in terms of the Cartesian components, e.g.

π+(x) =
1√
2

[φ1(x)− iφ2(x)]

(note that this is similar to the SU(2) case solved in the last exercise).

3. Invariance of the chiral Lagrangean:

The explicitly chiral symmetry-breaking term in the Lagrangean of QCD can be written
as

LM = −qRMqL − qLM†qR

with M the mass matrix.

(a) Although in reality M is just a constant matrix, show that the term would be
invariant if M transformed as M → RML†.

(b) Using the transformation behaviour of the Goldstone Boson field U → RUL† and
the transformation of M as above, show that

LSB =
F 2
0B0

2
Tr(MU† + UM†)

is invariant under left and right-handed rotations as required.

(c) Using U ≡ U(t, ~x) show that Tr(MU† − UM†) has the wrong behaviour under
parity transformations φ(t, ~x)→ −φ(t,−~x), and thus the above is the only possible
lowest order term in the effective Lagrangean.


