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Exercise 1. Phase transitions in the electroweak theory

We will consider the electroweak theory a SU(2)L×U(1)Y broken by a Higgs scalar. The Lagra-
gian density of this model has the form

L ⊃ Lgauge + LHiggs + LYukawa (1)

where the gauge part consists of the usual field strength tensors:

Lgauge = −1

4
W a
µνW

aµν − 1

4
BµνB

µν , a = 1, 2, 3 (2)

with the SU(2)L W
a
µν ≡ ∂µW a

ν −∂νW a
µ −gεabcW b

µW
c
ν and U(1)Y Bµν ≡ ∂µBν−∂νBµ. The Higgs

is now an SU(2)L doublet,

H =

(
H+

H0

)
(3)

with Lagrangian density

LHiggs = (DµH)†(DµH)−m2H†H − λ(H†H)2 (4)

and covariant derivative

DµH = (∂µ + ig
σa

2
W a
µ + ig′

1

2
Bµ)H. (5)

The fermions acquire their mass through their Yukawa couplings to the Higgs field:

LYukawa = −
∑
f

yfF
T
L iσ

2HfR + h.c. (6)

where yf denotes the Yukawa coupling, FL ≡
(
uf
df

)
L

denotes the left-handed doublet, and fR

the right-handed singlet.

In the electroweak theory the symmetry is spontaneously broken, by the Higgs field acquiring a
VEV

〈H〉 =

(
0

ϕc/
√

2

)
(7)

(a) Compute the masses of the fermions as a function of ϕc.

(b) Defining the photon, Z and W± by

Aµ ≡ cos θWBµ+sin θWW
3
µ , Zµ ≡ − sin θWBµ+cos θWW

3
µ , W±µ ≡W 1

µ±iW 2
µ (8)

compute their masses as a function of ϕc.

When fermions are involved the result from the last exercise sheet needs to be adapted as follows:

V̄ T=0
1 (ϕc) = B′ϕ4

c

[
ln
ϕ2
c

v′2
− 25

6

]
, (9)

V̄ T 6=0
1 (ϕc) = −π

2T 4

90
(nS + nV +

7

8
nF ) +

T 2

24
[tS + 3tV + 2tF ]− C ′T

3
, (T � 0) (10)

where the the unprimed parameters are the same as previously.
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(c) With this result compute the 1-loop effective potential V̄ (ϕ) and show that

m2(T ) = m2 +

λ
2

+
e2(1 + 2 cos2 θW )

4 sin2 2θW
+
∑
f

y2f
12

T 2 (11)

(d) Retaining only the gauge boson contribution to the ϕ3
c-term in V̄ (ϕ) show that

C ′ ≈ 3e3(1 + 2 cos3 θW )

4π sin3 2θW
(12)

Dropping the λ2 contributions to the radiative corrections one can prove that

B′ ≈ 3

4

(
e2

4π

)2
1 + 2 cos4 θW

sin4 2θW
− 1

64π2

∑
f

y2f . (13)

(e) Find the sign of B′ with the values of the parameters in the standard model (e2/4π ≈
1/137,...). Write the numerial values and comment on which terms are essentially impor-
tant and which ones are not.
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