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Homework

1 Higgs Decay

1. Compute the Feynman rules for the coupling of the physical Higgs boson to pairs of
W*W~ and Z°Z° bosons.

2. Compute the Feynman rules for the coupling of the physical Higgs boson to fermion-

antifermion pairs.

3. Calculate the decay rate for the Higgs boson into W+ W ~, Z0Z° and fermion-antifermion
pairs.

Solution

1. The gauge kinetic term of Higgs is given by

L D Luiggskin. = (D, H)'(D*H), (1)
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We have 4 types of interactions between the weak bosons and Higgs boson,
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This can be easily seen from expanding Lyjggs-kin. -

2. The field H is SU(2)r, doublet. For gauge-invariance, it must couple with one SU(2)r,
doublet fermion and one SU(2)y, singlet fermion. Hence,
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where y is a dimensionless constant. This is a generalised form to choose the fermions
(leptons and quarks). Simplify the Lagrangian by multiplying the fields, then
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with a mass o
my = % (14)

Hence, the interaction term between Higgs boson and fermion-antifermion pairs is
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f
. The differential decaying rate formula is given by from Peskin & Schroeder textbook
is given by
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The problem asks to calculate the decay rate for the Higgs boson into WTW—, 2029
and fermion-antifermion pairs. We have three decays:
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The first order matrix element is
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From the face that

1
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then
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Now, the decay rate is given by!
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(22)
Since we are in the rest frame of h, then the 4-dimensional delta function can be
written as

W (my, —p—k) = 8(my, — E, — E)6®) (—p — k), (23)

Hence, integrate over the 3-dimensional delta function,
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Convert to the spherical coordinates and then change the integration variable to the
energy, then
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Chww =

and evaluate over the delta function,
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One can calculate the momentum as follows:

1 / mp 2mW 2

Finally, substituting this result gives
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1Use the rest frame of the field h.



h — 2920
The first order matrix element is
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Now, this case has the same steps as the decaying from Higgs boson to the W-weak-
boson. However, since the products are identical, then we have to multiply the answer
by a factor 1/2. Hence,
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Sum over s; and sz, and the colors (if existed),?
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where n, is the color factor, i.e.

1, for liptons,
n, — r lipton (34)
3, for quarks.
Using the rest frame of the field h,
mp = (k1 + ko)® = kT + k3 + 2k1 - ko = 2m7 + 2Ky - ko, (35)

2The trace of an odd number of gamma matrices vanishes.



which implies
m2
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The two-particle differential decay for two final states with the same masses is given

by
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Integrate both sides,

Hence,
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