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Higgs boson couplings to fermion and gauge bosons

The Higgs mechanism plays very important role in the Standard Model. The particles
acquire masses by interactions with Higgs field. If the Higgs boson is found its properties
must be measured. One of those properties are couplings to other particles.
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Higgs boson couplings to fermion and gauge bosons

The Higgs mechanism plays very important role in the Standard Model. The particles
acquire masses by interactions with Higgs field. If the Higgs boson is found its properties
must be measured. One of those properties are couplings to other particles.

The couplings to fermions and gauge bosons are proportional to masses of these
particles

gffH =
mf

v
, gV V H =

2M2
V

v
,

where v = (
√

2GF )−1/2 ≃ 246GeV.

The couplings to gauge bosons can be measured in:

• the Higgsstrahlung process (dominates at low energies):

e+e− → ZH,

• and the WW fusion process (dominates at high energies):

e+e− → W ∗W ∗ → νeνeH.
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Higgs boson couplings to fermion and gauge bosons
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Main production mechanisms of the SM Higgs boson at linear collider.
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Higgs top Yukawa coupling
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It is not so easy to measure the Yukawa couplings.

The largest one is the Higgs top Yukawa coupling gttH

g2
ttH ≃ 0.5,

it can be compared with the Higgs bottom Yukawa coupling which is equal to

g2
bbH ≃ 4 × 10−4.

If MH < 2mt then Higgs top Yukawa coupling can be best determined in the process

e+e− → tt̄H.

If MH > 2mt, the Higgs top Yukawa coupling can be measured from the H → tt̄

branching ratio.
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Process e+e− → tt̄H
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Diagrams contributing to the process e+e− → tt̄H .
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Diagrams contributing to the process e+e− → tt̄H .

Contribution from the Higgs bremsstrahlung off the Z line is small. The cross section of
e+e− → tt̄H depends mainly on gttH .
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Process e+e− → tt̄H

√
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The total cross section of e+e− → tt̄H as a function of CMS energy.
(MH = 130 GeV, mt = 174.3 GeV)
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Process e+e− → 8f .

Consider the case MH < 140 GeV, then the Higgs will decay preferably into a bb̄ quark
pair.
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Consider the case MH < 140 GeV, then the Higgs will decay preferably into a bb̄ quark
pair.

The top quark mostly decays into:

t → Wb,

W can decay into:

W → qq̄′ or W → lν.

Because of W decays, we have three possible modes:

• hadronic channel: eight jets (38 %),

• semileptonic channel: lepton and six jets (37 %),

• leptonic channel: two leptons and four jets (25 %).
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Process e+e− → 8f

Consider the process

e+e− → bud̄µ−ν̄µbbb̄.
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Process e+e− → 8f

Consider the process

e+e− → bud̄µ−ν̄µbbb̄.

• If we neglect the Higgs boson couplings to fermions lighter than b quark then total
number of the Feynman diagrams for the process is more then thirty thousand.

• Program Madgraph [T. Stelzer, F. Maltoni, W.F. Long] cannot generate the full
matrix element for process e+e− → 8f .

• K. Kolodziej is working on a program, which be able to generate the full matrix
element for processes with eight fermions in the final state.

• To see the off-shell effects in my calculation I take only the signal diagrams.

• Total cross section with the signal diagrams can be compared with the total cross
section of the process e+e− → tt̄H in the narrow width approximation.
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Process e+e− → 8f
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Signal diagrams for the process e+e− → bud̄µ−ν̄µb̄bb̄.
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Process e+e− → 8f

Currently program eetth calculates the total cross section of the process e+e− → 8f

with the signal diagrams.
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Phase space integration (20-dimensional) is performed with the Monte Carlo method.
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Process e+e− → 8f
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Total cross section of e+e− → bud̄µ−ν̄µbbb̄ and total cross section of

e+e− → tt̄H in the narrow width approximation as a function of CMS energy.
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Process e+e− → 8f

The numerical results for σ8f and σNWA wtih the corresponding relative correction.
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Process e+e− → 8f

The numerical results for σ8f and σNWA wtih the corresponding relative correction.

√
s [GeV] σ8f [at] σNWA [at] δ [%]

500 3.80(1) 3.92(1) 3.0

800 58.33(6) 60.06(2) 2.9

1000 51.79(6) 52.56(3) 1.3

1200 42.98(6) 42.96(2) 0.1

2000 21.89(11) 20.76(2) 5.0
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Process e+e− → 6f + H

Because the Higgs boson has a narrow width, we can take it on-shell
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e+(p1) e−(p2) → b(p3) u(p4) d̄(p5) µ−(p6) ν̄µ(p7) b(p8) H(p9) .

The full matrix element for the process was generated by program Madgraph(1294).

The total cross section (σall) of the process can be compared with the total cross
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Process e+e− → 6f + H

Denote

m∗

t =
q

(p3 + p4 + p5)2 m∗

t
=

q

(p6 + p7 + p8)2
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Process e+e− → 6f + H

Denote

m∗

t =
q

(p3 + p4 + p5)2 m∗

t
=

q

(p6 + p7 + p8)2

and

m∗

W+ =
q

(p4 + p5)2 m∗

W−
=

q

(p6 + p7)2.

If we impose cuts

|m∗

t − mt| ≤ 3 Γt |m∗

t
− mt| ≤ 3 Γt.

√
s [GeV] σall [ab] σsig [ab]

500 4.21(1) 4.23(1)

800 64.45(8) 64.24(8)

2000 23.99(66) 22.23(3)
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Process e+e− → 6f + H

|m∗

W+ − mW | ≤ 3 ΓW |m∗

W−
− mW | ≤ 3 ΓW ,

|m∗

t − mt| ≤ 3 Γt |m∗

t
− mt| ≤ 3 Γt.

”Off-shell effects in the associated top quark pair and Higgs boson production.” – p. 15



Process e+e− → 6f + H

|m∗

W+ − mW | ≤ 3 ΓW |m∗

W−
− mW | ≤ 3 ΓW ,

|m∗

t − mt| ≤ 3 Γt |m∗

t
− mt| ≤ 3 Γt.

√
s [GeV] σall [ab] σsig [ab]

500 3.47(1) 3.48(1)

800 53.17(8) 52.95(7)

2000 19.79(61) 18.34(3)
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Summary and outlook

• The top Higgs Yukawa coupling can be direct determined trough the total cross
section of the process e+e− → tt̄H.
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Summary and outlook

• The top Higgs Yukawa coupling can be direct determined trough the total cross
section of the process e+e− → tt̄H.

• The off-shell effects in the associated top quark pair and Higgs boson production
has been shown.

• These effects are at the level of a few percent, they can be very important for the
future experiments at linear collider.

• The full set of the Feynman diagrams for processes with eight fermions in the final
state should be also consider.
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