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Exercise 1 Electroweak charges and currents

Define the left handed SU(2) isospin doublet χL =

(
νL

eL

)
.

The weak current may then be expressed as jµi = χ̄Lγ
µτiχL where the τi shall denote Pauli

matrices.

i) Show that the current is conserved, i.e. ∂µj
µ
i = 0.

Hint: You may just assume a globally invariant free massless SU(2) doublet χL which

satisfies Diracs equation 6∂χL = 0.

ii) Show that the conserved charge related to this current is given by

Qi =

∫
d3xχ†Lτiχ.

iii) Further show that these charges satisfy

[Qi, Qj ] = iεijkQk

and that they are therefore generators of SU(2).

Hint: Use the equal time anti-commutation relations of χL,

{χ†L(x, t)l, χL(y, t)k} = δlkδ
3(x−y), {χL(x, t)l, χL(y, t)k} = 0 = {χ†L(x, t)l, χ

†
L(y, t)k}.

iv) Compute the conserved charges corresponding to

jµ± = χ̄Lγ
µτ±χL, jµ3 = χ̄Lγ

µτ3χL.

where τ± = τ1 ± iτ2. Do their charges also generate SU(2)?

Exercise 2 Higgs couplings in the standard model

The Higgs part of the Standard model Lagrange density may be written as

L = (Dµφ)+(Dµφ)− V (φ)

where

Dµ = ∂µ − igT aW a
µ − ig′

Y

2
Bµ, V (φ) = µ2φ2 − λ

4
φ4.



The electroweak symmetry is broken by expanding the Higgs field around its vacuum expec-

tation value v, i.e. let

φ =
1√
2

(
0

υ + h(x)

)
.

In what follows You will explicitely work out the gauge boson mass terms and the

hWW ,hhWW , hZZ and hhZZ interaction terms.

i) You may start by substituting Y = 1, T a = 1
2τ

a and the explicit pauli matrices into the

kinetic term.

ii) Diagonalise the quadratic terms by introducing the physical fields

W+
µ =

1√
2

(
W 1
µ − iW 2

µ

)
= (W−µ )† (1)

Zµ =
gW 3

µ − g′Bµ√
g2 + g′2

(2)

Aµ =
g′W 3

µ + gBµ√
g2 + g′2

. (3)

iii) Identify the coefficients of mass and interaction terms in the following expansion

(Dµφ)†(Dµφ) = (∂µh)2 +M2
WW

+
µ W

−µ +
1

2
M2
ZZµZ

µ − iVhWWhW
+
µ W

−µ

−iVhhWWhhW
+
µ W

−µ − iVhZZhZµZµ − iVhhZZhhZµZµ.

and “derive“ the corresponding Feynman rules.


