
12. The interaction with the Z-boson can be expressed in the form

LNC =
g

cos θW
JNC
µ Zµ , (25)

where JNC
µ is named the neutral current. The original relevant Lagrangian density

of the GWS model is
L = iL̄γµD

µL+ iR̄γµD
µR , (26)

where the letters L and R stand for the left-handed dublet ψL and the right-handed
singlet ψR of one fermion generation, e.g. (νe, e

−

L) and e−R, and the operator Dµ acts
on L and R as

DµL =
(

∂µ12x2 − ig T aAaµ − ig′
Y

2
12x2B

µ
)

L ; DµR =
(

∂µ − ig′
Y

2
Bµ
)

R . (27)

Extract from the Lagrangian density Eq. (26) the part

gJ3
µA

3µ +
1

2
g′JY

µ B
µ (28)

and perform the orthogonal transformation (22). Further use

Jem
µ = J3

µ +
1

2
JY
µ (29)

and show that
JNC
µ = J3

µ − sin2 θWJem
µ . (30)

13. Given is the decay of a real W boson, W → W ∗ +H0 → e ν̄ +H0, where first a H0

is radiated off.

W−

H0 ν̄e

e−

k k′ = p+ q

l q

p

k = p+ q + l

The corresponding Lagrangians are

LHWW = gmW H0W+
µ W µ− (31)

LCC =
g√
2
JCC
µ W µ+ + h.c. (32)

with JCC
µ = 1

2 ν̄eγµ(1−γ5)e. Note that the W
+ field operator annihilates a positively

charged W boson or creates a negatively charged one. Calculate the matrix element

M =
ig2mW

2
√
2

1

(p+ q)2 −m2
W

ū(p)γµ(1− γ5)v(q) ϵ
µ . (33)

5



Furthermore, perform the summations over all spin states and the polarizations,
with which you get

|M|2 =
1

3

∑

s,λ

|M|2 =
g4m2

W

3 [(p+ q)2 −m2
W ]2

{

(p.q) +
2(p.k)(q.k)

m2
W

}

(34)

For the calculation of the decay width use the convention

(k − p)2 = t , (k − q)2 = u , (k − l)2 = s , (35)

and the formula for the three-particle phase space,

dLips =
1

128π3m2
W

∫

ds dt . (36)

Consider the kinematic limits of the integration variables based on the results of
example 15 (WS) and give the result for the differential width d2Γ

dsdt . Furthermore
make the assumption mH ≪ mW (we know, experimentally mH > mW ) and show
that in this approximation the result for dΓ/ds is

dΓ

ds
=

g4

768π3mW

(

−
1

12
+

s

12m2
W

+
s

s−m2
W

)

. (37)

14. We have the reaction e− + νµ → e− + νµ.

e−

νµ

e−

νµ

Z0, q = k − k′

p

k

p′

k′

p+ k = p′ + k′

Extract the necessary Feynman rules from the Lagrangian density

LNC =
g

cos θW
JNC
µ Zµ , (38)

where

JNC
µ =

1

2

[

gfLf̄γµ(1− γ5)f + gfRf̄γµ(1 + γ5)f
]

(39)

and

gfL = T3(fL)−Q(fL) sin
2 θW , (40)

gfR = T3(fR)−Q(fR) sin
2 θW . (41)
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