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Exercise 1: Total decay rate of W+

We first compute the decay rate of W+ → f̄mfn. The relevant sector of the SM Lagrangian
is

L = ieWW
+Vnmūmγ

µ(1 + γ5)dn . (1)

This has a similar structure to the Lagrangian relevant for the decay W− → e−ν̄e we studyied
in the previous tutorial, if we set gV = gA = 1 (as we should have done there) and include
the CKM matrix Vnm.

Reproducing the steps leading to eq. (9) of tutorial8Correction.pdf, show that∣∣M (
W+ → f̄mfn

)∣∣2 = 8e2W (2ε · p ε · q − p · q) |Vmn|2Nc , (2)

where Nc = 3 is the number of quark colours. In the CM frame of the decaying W+ boson,
for unpolarized bosons and neglecting fermion masses, show that

Γ
(
W+ → f̄mfn

)
=

αMW

12 sin2 θW
Nc |Vmn|2 . (3)

This is obtained in exactly the same way as we got the unpolarised rate for W− → e−ν̄e in
tutorial 8, and we recall eW = e

2
√
2 sin θW

and α = e2

4π .

Noting Γ (W+ → e+νe) = Γ (W− → e−ν̄e), show that

Γ
(
W+ → f̄mfn

)
= Nc |Vmn|2 Γ

(
W+ → e+νe

)
.

To compute the total rate, we must sum over all possible final states. Comparing the mass
of leptons and quarks with the mass of W+, which final states are kinematically allowed?

Summing over all possible final states, show that

Γtot(W
+) = Γtot(W

−) = 9Γ
(
W+ → e+νe

)
= 2.04 GeV . (4)

Hint: Recalling that Vmn is unitary, verify
∑2

n=1

∑3
m=1 |Vmn|

2 = 2.

Compute the lifetime τ of a W± boson. Assuming it travels at the speed of light (and
neglecting relativistic effects), can it be directly measured in a detector?
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Exercise 2: Decay rate of the Higgs boson into fermions
Starting from

LH =
∑
f

mf

v
Hf̄f + 2

M2
W

v
HW+

µ W
−µ +

M2
Z

v
HZµZ

µ (5)

follow the usual procedure to show:

• M(H → ff̄) =
〈
f(p, σ)f̄(q, δ)

∣∣HH |H(k)〉 =
mf

v
ū(p, σ)v(q, δ) ;

•
∣∣M(H → ff̄)

∣∣2 = −
4m2

f

v2

(
p · q +m2

f

)
;

• in the CM frame of the decaying H boson,

Γ(H → ff̄) =
|p|

8πM2
H

∣∣M(H → ff̄)
∣∣2 ≈ MH

8π

(mf

v

)2
.

where the approximation is valid for m2
f �M2

H .
Hint: by symmetry, the energy of the final state particles must be equal to MH/2.

Given that the decaying rate is proportional to the mass squared of the fermion in the
final state, the decay rate is largest for the heaviest fermion the Higgs can decay into (recall
MH = 125 GeV). What is this fermion? Compute the numerical value of this decay rate,
and the corresponding lifetime. Assuming the Higgs boson travels at the speed of light and
neglecting relativistic effects, how far does the Higgs boson travel?

Exercise 3: Decay rate of the Higgs boson into W bosons
Starting from the relevant term of eq. (5), compute the decay rate Γ(H → W+W−) fol-

lowing the steps:

• M(H →W+W−) = 〈W+(p, σ)W−(q, δ)|HH |H(k)〉 =
2M2

W

v
ε∗µ(p, σ)ε∗µ(q, δ) ;

• using ∑
λ

ε∗µ(k, λ)ε∗ν(k, λ) = ηµν +
kµkν
M2

,

show that |M(H →W+W−)|2 =
4M2

W

v2

(
2 +

(p · q)2

M4
W

)
;

• in the CM frame of the Higgs boson show that Γ(H → W+W−) ≈
M3
H

16πv2
in the

approximation MW �MH . Unlike what happens for the decay rate into fermions, this
rate is independent of the mass of the bosons in the final state.

What would be the observed final-state particles in a detector from the decay of a Higgs
boson into W bosons? Given the measured mass of the Higgs boson, is this decay channel
allowed?
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