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a)Replacing the weak vertex with,
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we get the amplitude,
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so that
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This result can be found from last weeks solution by setting ε = 0. For me = 0 and p1 = (mµ, 0, 0, 0) we
have the following expressions,

p1 · p2 = mµE2 p1 · p4 = mµE4

p2 · p3 = 1/2(m2
µ − 2mµE4) p4 · p3 = 1/2(m2
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Now,
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So with the analysis of pg 305-306 we get
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,integrating and setting E4 = E,
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=
(π
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) g4
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mµE

2[3/2mµ − 8/3E]

This is obviously different than equation 10.35. We plot both equations below for 0 < E < 1/2mµ. Note
that in the plot energy is measured in units of mµ and the spectra are normalised.
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Figure 1: Normalised spectra
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We want to calculate

Γ(K− → e− + ν̄e)
Γ(K− → µ− + ν̄µ)

=
m2

e(m
2
K −m2

e)
2

m2
µ(m2

K −m2
µ)2

= 2.57× 10−5.

This compares with the experimental value of 2.44 × 10−5. Now we are given that Γ−1 = 1.2 × 10−8s and
that Γµ = 0.64Γ and from,

Γµ =
f2

k

πh̄m3
k

(
gw

4MW

)4

m2
µ(m2

k −m2
µ)

we can determine fk = 36MeV .
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If we want to calculate, say e− + νe → e− + νe, there are two Feynman diagrams that contribute to this
process. It can be mediated by either a charged or a neutral current as opposed to only neutral currents in
the µ− + νµ → µ− + νµ process.
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Figure 2: Feynman Diagrams for e− + νe → e− + νe

Muon neutrinos are easier to experimentally produces because pions, which are copiously produced in
proton colliders, preferentially decay into muons and muon neutrinos. See the previous problem.
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The interaction Lagrangian is, Lint = αY ψ̄ψφ and the free part is Lfree = L − Lint. Looking at the Euler-
Lagrange equations for the free Lagrangian we see that ψ is a spin 1/2 particle of mass m1 and so has a
propagator of i

/p−m1c . Similarly φ is a spin-0 particle with mass m2 and has a propagator i
p2−(m2c)2 . The

vertex is drawn below and carries a factor of iαY . The solid ,arrowed lines are the fermions and the dashed
line the scalar.

Figure 3: Vertex
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a)We are given a Lagrangian

L =
∣∣∣∣
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where ~τi = ~σi. Now we expand about
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1√
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0
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.

We are only interested in the neutral part so,
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b) We define,
(
Z0

A

)
=

(
cos θw − sin θw

sin θw cos θw

) (
W 3

B

)

where we have dropped the Lorentz indicies on W 3, B etc. Looking at the Lagrangian fragment we see that
we have a mass term for a neutral boson. So from

Z0 =
1√

g2 + g′2
(−gW3 + g′B)

with mass, MZ = v/2
√
g2 + g′2, we have, cos θw = −g√

g2+g′2
and sin θw = −g′√

g2+g′2
, or tan θw = g′/g . Aµ the

boson orthogonal to Z0 is massless and proportional to (gW3 + g′B). If we had kept the charged part of the
Lagrangian we would have seen that there are two bosons of mass gv/2 hence we get that MW = cos θWMZ

as required.
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