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a)

The differential decay rate is given by,

dΓ =
1

2E1

|M|2dΠLIPS

Assuming me− = mνµ = mνe = 0 in the muon’s rest frame we have

dΓ =
1

2m
|M|2(2π)4δ(4)(

∑
pµi −

∑
pµf )

d3~pνe
(2π)32E

d3~pνµ
(2π)32Eνµ

d3~pe−

(2π)32Ee−

=
1

16(2π)5m

|M|2

EEνµEe−
d3~pνed

3~pνµd
3~pe−δ(m− E − Eνµ − Ee−)δ(3)(~pνe + ~pνµ + ~pe−)

Integrating over d3~pνµ to get rid of the three dimensional delta function gives

dΓ =
1

16(2π)5m

|M|2

EEνµEe−
d3~pνed

3~pe−δ(m− E − Eνµ − Ee−) (1)

Where the three dimensional delta function enforces the condition

~pνµ = −(~pνe + ~pe−)

=⇒ |~pνµ | = |~pνe + ~pe− |
= Eµν

Using the law of cosines gives

E2
νµ = E2 + E2

e− + 2EEe− cos θ

Where θ is the angle between ~pνe and ~pe− . Therefore

dEνµ =
1

Eνµ
EEe−d(cos θ)
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Also in spherical coordinates

d3~pνe = E2dEd(cos θ)dφ

Also in the limit cos θ = 1, Eνµ = E + Ee− . Similarly when cos θ = −1,

Eνµ = E − Ee−. Plugging all this into (1) and integrating gives

dΓ =
|M|2

16(2π)5m
d3~pe−

∫
EdEd(cos θ)dφ

EµνEe−
δ(m− E − Eµν − Ee−)

=
|M|2

16(2π)5mE2
e−
d3~pe−dE

∫ E+Ee−

E−Ee−
dEνµδ(m− E − Eνµ − Ee−) (2)

In order for (2) to be nonzero it is required that

E − Ee− ≤ m− E − Ee− ≤ E + Ee−

=⇒ E ≤ m/2 ≤ E + Ee−

=⇒ m/2− Ee− ≤ E ≤ m/2

Therefore

dΓ =
1

16(2π)4mE2
e−
d3~pe−

∫ m/2
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=
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F

(2π)4E2
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3
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∫ m/2
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b)

Given GF = 1.166 × 10−5 GeV−2 and m = 106 MeV in natural units Γ has

units of energy. In order to convert Γ to inverse seconds we must divide by

h̄. Therefore

Γ =
G2
Fm

5

192π3h̄

=⇒ τ =
192π3h̄

G2
Fm

5

= 2.15µs

The discrepency from the observed 2.20µs is δ = 2.27%. Possible sources of

error could be the assumption that all of the decay products are massless as

well as the possibility of other decay modes that were not accounted for.


