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1. (10 points) see text

2. (5 points)
νee

− → νee
− and ν̄ee

− → ν̄ee
− can proceed through either charged- or neutral-current

interaction:
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For νµe− → νµe− and ν̄µe− → ν̄µe−, Lµ and Le conservation forbids the charged-current
interaction. (e.g. νµ 9 e− + W+) So, these processes can only occur through the neutral
current interaction:
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3. (10 points)
Use 4-momentum conservation.

pν + pe = p′
ν

+ p′e

p2

ν
+ 2pν · pe + p2

e = p′
ν

2
+ 2p′

ν
· p′e + p′e

2

=⇒ pν · pe = p′
ν
· p′e, since p2

ν
= p′

ν

2
= 0

p2

e = p′e
2

= m2

pν · pe = (pν + pe − p′e) · p
′

e

= pν · p
′

e + pe · p
′

e −m2

In the lab system, pν = (Eν ,pν
); pe = (m, 0); p′e = (E,p).

So we have

Eνm = EνE − |p
ν
||p| cos θ + mE −m2

≈ EνE(1− cos θ) + mE since |p| ≈ E

m2 ≈ 0

1− cos θ =
(Eν − E)m

EνE

2 sin2
θ

2
= m

(

1

E
−

1

Eν

)

sin
θ

2
≈

√

m

2E
≈

θ

2

=⇒ θ ≈

√

2m

E

sin
θ

2
max when the

second term is negligi-
ble, i.e. Eν � E (as is
generally the case).
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4. (10 points)
a) Γ ∝ m5 (Eq. (10.5));

Γ(τ → e + ν + ν̄)

Γ(µ → e + ν + ν̄)
=

(

1784

105

)5

= 1.42× 106

=⇒ Γ(τ → e + ν + ν̄) =
1.42× 106

2.2× 10−6
= 6.44× 1011s−1

=⇒ Total τ decay rate =
6.44× 1011

0.17
= 3.79× 1012s−1

=⇒ Lifetime =
1

3.79× 1012
= 2.64× 10−13s = τ0.

b) τ0 is the lifetime in the rest frame of the τ lepton. In the laboratory, the lifetime will be

τ = γτ0 (the relativistic time dilation), where γ =
Eτ

mτc2
.

Momentum pτ = βγmτc

Distance traveled d = vt = βc · γτ0 =
pττ0

mτ

=
5× 2.64× 10−13

1.784
× 3× 108m

= 2.22× 10−4m
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