
Phys. 561
Problem Set 1: Due Sept. 12, 2024

1. 2.1, 2.2, 3.1, 3.2,3.3

2. Computation of rs: For d = 2 and d = 3, compute rs for a general kinetic
energy of the form cnk

n. What physical system corresponds to d = 2 and
n = 1?

3. This problem is on the Higgs mechanism for spontaneous symmetry break-
ing which we discussed in class. A mass term enters the Lagrangian in the
form m2φ2. Consider the Lagrangian

L = −1

4
F 2
µν + |Dµφ|2 − V (φ) (1)

with Fµν = ∂µAν − ∂νAµ, Dµ = ∂µ + ieAµ. You are to a) show that
this Lagrangian is invariant under the transformation φ→ eiα(x)φ(x) and
Aµ(x) → Aµ(x) − 1

e∂µα(x). b) Let V (φ) = −µ2|φ|2 + λ
2 (φ

∗φ)2. Show
that the minimum of the potential is non-zero. What does this mean? c)
Expand the potential about the minimum found in (b) by letting

φ(x) = φ0 +
1√
2
(φ1 + iφ2), (2)

and show that the potential can be written as

V (φ) = −µ
4

2λ
+

1

2
· 2µ2φ21 +O(φ3i ) · · · . (3)

In terms of what we discussed in class, what does it mean that there is no
term of the form m2φ22? d) Now consider the kinetic part and show that
it can be written as

|Dµφ|2 =
1

2
(∂µφ1)

2 +
1

2
(∂µφ2)

2 +
√
2eφ0 ·Aµ∂µφ2 + e2φ0AµA

µ + · · · (4)

What does the last term mean physically? Does the new Lagrangian
preserve the original symmetry? If not, why? Explain based on what we
discussed in class.
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