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VIA ete~ — bbH H AT FUTURE ete~ COLLIDERS

C.A. Biez?, A. Gutiérrez-Rodriguez' %, M.A. Hernandez-Ruiz °, O.A. Sampayo °
@ Facultad de Fisica, Universidad Auténoma de Zacatecas
Apartado Postal C-580, 98060 Zacatecas, Zacatecas México.
Cuerpo Académico de Particulas Campos y Astrofisica.
b Facultad de Ciencias Quimicas, Universidad Autonoma de Zacatecas
Apartado Postal 585, 98060 Zacatecas, Zacatecas México.
Cuerpo Académico de Fisico-Matematicas.
¢ Departamento de Fisica, Universidad Nacional del Mar del Plata
Funes 3350, (7600) Mar del Plata, Argentina.

Received 29 November 2005, in final form 19 June 2006, accepted 7 July 2006

We examine the double Higgs production process with the reaction eTe™ — bbHH. We
evaluate the total cross-section of bbH H and calculate the total number of events considering
the complete set of Feynman diagrams at tree-level. The numerical computation is done for
the Higgs mass range 100 — 200 GeV and for the energy which is expected to be available
at a possible Next Linear e™e™ Collider with a center-of-mass energy 500, 1000 GeV and
luminosity 1000 fb~*.

PACS: PACS: 13.85.Lg, 14.80.Bn

1 Introduction

In the Standard Model (SM) [1] of particle physics, there are three types of interactions of funda-
mental particles: gauge interactions, Yukawa interactions and the Higgs boson self-interaction.
The Higgs boson [2] plays an important role in the SM; it is responsible for generating the masses
of all the elementary particles (leptons, quarks, and gauge bosons). In the future, after the Higgs
boson is discovered, one of the most important problems will be studying its self-interaction.
It is necessary to clarify the nature of the spontaneous breaking of the gauge symmetry which
provides nonzero masses of intermediate bosons and fermions. However, the Higgs-boson sector
is the least tested in the SM, in particular the Higgs boson self-interaction. In the SM, the profile
of the Higgs particle is uniquely determined once its mass M is fixed [3]; the decay width, the
branching ratios, and the production cross-sections are given by the strength of the Yukawa cou-
plings to fermions and gauge bosons, the scale of which is set by the masses of these particles.
Unfortunately, the mass of the Higgs boson is a free parameter.
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The only available information on M is the lower limit Mz > 114.1 GeV established at the
CERN eTe™ collider LEP2 [4]. The collaborations have also reported a 2.10 excess of events
beyond the expected SM backgrounds consistent with a SM like Higgs boson with a mass of
My = 1151'(1):3 GeV [4]. Furthermore, the accuracy of the electroweak data measured at LEP,
SLAC Large Detector (SLC), and the Fermilab Tevatron provides sensitivity to Mg: the Higgs
boson contributes logarithmically, o< log(%—‘;’/), to the radiative corrections to the W/Z boson

propagators. A recent analysis yields the value Mg = 81f§§ GeV corresponding to a 95% C.L.
upper limit of My < 193 GeV [5].

The trilinear Higgs self-coupling can be measured directly in pair-production of Higgs par-
ticles at hadron and high-energy ete™ linear colliders. Higgs pairs can be produced through
double Higgs-strahlung of W or Z bosons [6-9], WW or ZZ fusion [7, 10-13]; moreover,
through gluon-gluon fusion in pp collisions [14-16] and high-energy ~~ fusion [7, 10, 17] at
photon colliders. The two main processes at e*e™ colliders are double Higgs-strahlung and
WW fusion:

double Higgs-strahlung : ete™ — ZHH
WW double-Higgs fusion : ete™ — vv. HH. D

Since the electron-Z coupling is small, the Z Z fusion process of Higgs pairs is suppressed by
an order of magnitud. However, the process eTe™ — Z H H has been extensively studied [6-9].
This three-body process is important because it is sensitive to Yukawa couplings. The inclusion
of four-body processes with heavy fermions b, e*e~ — bbH H, in which the SM Higgs boson is
radiated by a b(b) quark at future e*e~ colliders [18-20] with a c.m. energy in the range of 500
to 1000 GeV, as in the case of DESY TeV Energy Superconducting Linear Accelerator (TESLA)
machine [21], is necessary in order to know its impact on the three-body mode processes and
also to search for new relations that could have a clear signature of the Higgs boson production.

The Higgs coupling with bottom quarks, one of largest couplings in the SM, is directly acces-
sible in the process where the Higgs boson is radiated off bottom quarks ete~ — bbH H. This
process depends on the Higgs boson triple self-coupling, which could lead us to obtain the first
non-trivial information on the Higgs potential. We are interested in finding regions that could
allow the observation of the process bbH H at the next generation of high energy e*e™~ linear
colliders. We consider the complete set of Feynman diagrams at tree-level (Fig.1) and use the
CALCHEP [22] packages for the evaluation of the amplitudes and of the cross-section.

This paper is organized as follows: In Sec. II we present the total cross-section for the process
eTe™ — bbH H at next generation linear e Te™ colliders. In Sec. III, we give our conclusions.

2 Cross section of the Higgs pairs production in the SM at next generation linear
positron-electron colliders

In this section we present numerical results for ete~ — bbH H with double Higgs production.
We carry out the calculations using the framework of the Standard Model at next generation
linear eTe™ colliders. We use CALCHEP [22] packages for calculations of the matrix elements
and cross-sections. These packages provide automatic computation of the cross-sections and
distributions in the SM as well as their extensions at the tree level. The process e*e~ — bbH H
is estimated and a complete set of Feynman diagrams at tree-level is included. We consider the
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Fig. 1. Feynman Diagrams at tree-level for e™e™ — bbH H.

high energy stage of a possible Next Linear e e~ Collider with /s = 500, 1000 GeV and design
luminosity 1000 fb~1.

For the SM parameters, we have adopted the following: the Weinberg angle sin® 0y =
0.232, the mass (mp = 4.5 GeV) of the bottom quark and the mass (mzo = 91.2 GeV) of the
ZY, with the mass My of the Higgs boson as input [23].

In order to illustrate our results of the production of Higgs pairs in the SM, we present a plot
for the total cross-section as a function of Higgs boson mass My for the process ete~ — bbH H
in Fig. 2. We observe in this figure that the total cross-section for the double Higgs production
of bbH H is of the order of 0.03 fb et e~ machine works with very high luminosity. The cross-
section is shown for unpolarized electrons and positrons beams. The cross-section is at the
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Fig. 2. Total cross-section of the Higgs pairs production e™e™ — bbH H as a function of the Higgs mass

My for /s = 500, 1000 GeV with m, = 4.5 GeV.

level of a fraction of femtobarn and decreases with rising energy beyond the threshold region.
However, the cross-section increases with rising self-coupling in the vicinity of the SM value.
The sensitivity to the HH H self-coupling is analyzed in Ref. [24] for /s = 800 GeV and
My = 130 GeV by varying the trilinear coupling KA i ;rr within the range x = —1 and +2.

Figure 3 shows the total cross-section as a function of the center-of-mass energy +/s for two
representative values of the Higgs mass My = 110, 130 GeV. We observe that the cross-section
is very sensitive to the Higgs boson mass and decreases when M j; increases.

As shown in Table 1, for center-of-mass energies of 500-1000 GeV and high luminosity, the
possibility of observing the process bbH H is promising. Thus, a high luminosity e*e™ linear
collider is a very high precision machine in the context of Higgs physics.

We include a contours plot for the number of events of the studied process as a function of
My and /s in Fig. 4. These contours are obtained from Table 1.

Finally, measurement of the trilinear Higgs self-coupling, which is the first non-trivial test
of the Higgs potential, could be accessible in the double Higgs production processes ete™ —
bbH H at high energies.
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Fig. 3. Total cross-section of the Higgs pairs production ete™ — bbH H as a function of the center-of-
mass energy +/s for two representative values of the Higgs mass My = 110,130 GeV with m, = 4.5

GeV.
Tab. 1. Total production of Higgs pairs in the SM for £ = 1000 fb~' and m;, = 4.5 GeV.
Total Production of Higgs Pairs ete” — bbHH
My (GeV) Vs =500 GeV | /s = 1000 GeV
100 38 18
120 27 18
140 17 18
160 8 16
180 2 15
200 13

3 Conclusions

In conclusion, we have analyzed the double Higgs production in association with b(b) quarks
(eTe™ — bbH H) at the Next Generation Linear eTe™ Colliders. The study of this process is
important in order to know its impact on the three-body process and it could be useful to probe

anomalous H H H coupling given the following conditions: very high luminosity, excellent b tag-
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Fig. 4. Contours plot for the number of events as a function of My and +/s.

ging performances, center-of-mass large energy and intermediate range Higgs boson mass. The
results appear promising but judgment regarding the usefulness of the process must be reserved
until further study has been carried out which includes background analysis and perhaps precise
detector efficiency.
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