
10. Given is the Lagrangian of the two real scalar fields φ1, φ2

L =
1

2
(∂φ1)

2 +
1

2
(∂φ2)

2 −
µ2

2

(

φ2
1 + φ2

2

)

−
λ

4

(

φ2
1 + φ2

2

)2
(15)

with continous SO(2) symmetry

(

φ′

1

φ′

2

)

=

(

cosα sinα
− sinα cosα

)(

φ1

φ2

)

. (16)

Calculate the extreme value of the potential for µ2 < 0. Does the choice of

⟨0|φ1|0⟩ = v, ⟨0|φ2|0⟩ = 0 , (17)

for the vaccum expectation value restrict the general solution unjustifiably? Cal-
culate the particle spectrum (the masses of φ1 and φ2) and derive the Feynman
rules.

Calculate the infinitesimal matrix of the field transformation for α≪ 1 with

φ′

i = φi + iαTijφj . (18)

Calculate the conserved current Jµ using

Jµ = −i
∂L

∂(∂µφi)
Tijφj (19)

and for the corresponding charge Q(t) using

Q =
∫

J0d
3x . (20)

11. Given is the Lagrangian

L =
v2

8

(

g A3
µ − g′Bµ

)2
, (21)

where A3
µ is the third component of the SU(2) gauge field and Bµ is the gauge field

of the U(1) symmetry Rewrite it into a quadratic form. Diagonalize the resulting
matrix using the orthogonal transformation

(

Zµ

Aµ

)

=

(

cos θW − sin θW
sin θW cos θW

)(

A3
µ

Bµ

)

(22)

and show that the relations

tan θW =
g′

g
, (23)

and

M2
Z =

v2

4

(

g2 + g′2
)

(24)

hold.
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