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Abstract

Cross section and background estimates are presented for the
production of single charged and neutral Higgs bosons which decay
into pairs of heavy quarks. In addition, pair production of Higgs
scalars in g collisions is estimated. 10

Single Productign of Standard Hizzs Bosons

In §IV.D of EHLQ! we have given estimates of the cross
sections for production and decay of the neutral Higgs boson of the
Weinberg-Salam model for assumed values of the top quark mass of 30
and 70 GeV/cZ. The top mass enters both in the estimate of the -3
production rate by gluon fusion via a quark loop and in the 10
computation of the tf branching fraction, as well as in the evaluation
of the QCD wackground of gg — (1. Suggestions? that the top quark
mass may lie around 45 GeV/c2 make it interesting to repeat our
analysis for this mass. 10—4

Using the expressions for Higgs production given in (4.88) — o
(4.95) of EHLQ and the decay rates given there in (4.81) — (1.83), we
compute the cross section for the reaction -5
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pp~ HO + anything
ft, { 107

with mg = 45 GeV/c2, at e.m. energies of 2, 10, 20, 40, 70, and 100

TeV. The results are shown in Fig. 1, where the rapidities of both t !

and T are restricted toJy| < 1.5. For comparisen we show in Fig. 2 the 0. 0.1 0.2 03 0.4

corresponding results for mg = 30 GeV/c2, as given in Fig. 4-51 of

EHLQ With the larger top-quark mass, the H® — tT yield is increased Moss (TeV/c’)

by about a factor of two for My = 100 GeV/c2, and by about an order

of magnitude, for Mpg = 400 GeV/cZ, Fig. 1 Cross section for the reaction pp = (H — €f) + anything as

a function of My with my = 45 CeV/e2, according to the

The expected cross sections are substantial, but the anticipated parton distributions of Set 2 at Vs = 2, 10, 20, 40, 70, and

backgrounds are significantly larger. The two-jet background, arising 100 TeV. The t and T must satisfy [y < 1.5.

from the reaction

Pp-*jet) + jetg + anything, ‘ , @ We conclude that (with three quark generations) the

. _ ‘observation of a Higgs boson with Mg < 2 Myy in the decay
i shown'in Figs. 3-21 - 3-23 of EHLQ. 1t exceeds the HO — [t signal ‘
by many orders of magnitude. f the t-quarks can be identified, the
signal-to-background is improved - but stiil discouraging. We show
in Fig 3 the cross section for tt production via the process

Ho— T, 4)

wili be problematical in p* p collisions, with my = 45 GeV/c2, just as

S @) with mg = 30 GeV/c2,

with mg = 45 GeV/e2. {The corresponding background for 30 GeV/e2
top quarks is given in Fig. 4-52 of EHLQ | Even this restricted
background is far larger than the signal.



Fig. 2

Fig. 3
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Maoss (Tev/c’)
Cross section for the reaction pp — (H — tD) + anything as
a function of My with my = 30 GeVic2, according to the
parton distributions of Set 2 at Vs = 2,10, 20, 40, 79, and
100 TeV. The t and T must sutisfy |y < 1.5
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Mass specteum of tt pairs produced in proton-proton
coliisions, according to the parton distributions of Set 2,
with mg = 45 GeVie2. The rapidity of each produced quark
is constrained to satisfy |y,| < 1.5,
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Single Production of Cnargzed Higgs Bosons

Models with a richer Higgs structure than the minimal
Weinberg-Salam model will contain charged as well as neutral Higgs
scalars.3 Although couplings of Higgs bosens to fermions are model
dependent in such cases. it is 4 reasonable guess that the strength of
the H+ — UD transition is proportional 1o the mass of the heavier
quark. In this situation, the ¢ross section for the production of a
charged Higgs boson in the reaction

th=eH* , (5

may be camputed from 14.86) and (4. 87) of EHLQ, with m; = m¢.

In the EHLQ structure functions, the t and b quarks arise only
from perturbative evolution.4 As a consequence, Lhe resulting cross
sectinns are sensitive to the assumed quark masses, and to the choice
of the scale parameter Q2. The EHLQ structure functions were
evolved using my = 30 GeVicZ. Near the threshold, these will
somewhat overestimate the top content of a proton, should the top
mass be 45 GeV/c2 In gur estimates, we have chosen the scale Q2 at
which the parton distributions are evaluated to be s. A smatler choice
would also tend to reduce the predicted signal. Where the top quark
mass appears explicitly, we have taken my = 45 GeVic2,

We show in Fig. 4 the cross sections estimated for the reactions
{summed)

pp—~ H+ + anything
b (6a}

pp—~+H~ + anything
th (6b1

&t ¢.m. energies of 2, 10, 20, 40, 70, and 100 TeV. We have included
contributions from c% and tb initial states. In a model with an
arbitrary number (> 1) of Higgs doublets the charged Higgs will
decouple from WZ. We ignore here the possibility of the decay

H* — W0, The expected cross section at 40 TeV is about 20 pb for a
100 GeV/cZ charged Higgs boson. [f the decay products cunnot be
ideatified as heavy quarks, the large QCD background shown in Figs.
3-21 -3-23 of EHLQ renders hopeless the detection of a charged Higgs
signul. [f, however, both ¢ and b can be tugged, the prospects arc
enormously improved, and the situation is far more promising than
for HO -» tt.

In this case the background is represented by the mass
spectrum of heavy guark pairs produced in the reaction

pp — tthor thor thor th) + anything , N

which proceeds by the one-gluon-exchange scattering of heavy quarks
from the sea. The background computed with Q2 = p 2 is shown in
Fig. 5. With our estimate of the b and t content of the proton, it
presents no impediment to the detection of HX, :

We shall not discuss the discovery reach for charged Higgs
bosons because it is so critically dependent on the efficient
identification of t- and b-quarks, However, it is important to
ermphasize the mode! dependence of our rate estimates, which derives
from

()  &somewhatarbitrary choice of the Htb coupling:

tiiy  the uncertain mass of the t-quark, and its effect on the th
luminosity at fixed Q2;

{iiit the choice of 2 Q2 scale at which to evaluate the parton

distributions.
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Fig. 4 Cross section for the reaction pp — HY + arything as a
function of My, accarding to the parton distributions of Set
2 at V3 = 2, 10, 20, 40, 70, and 100 TeV. Both decay
products th nr th) must satisfy |y] < 1.5.
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Fig. 5 Mass spectrum of tb plus 16 plus th plus th pairs produced in
proton-protor cotlisions, according to the parton
distributions of Set 2. ‘The rapidity of each produced quark
is constrained to satisfy |v| < 1.5.

The first of these allests anly the signal, whereas the second and third
should have similae »fTects on both signal and background. Rougnly
speaking, we expuct the uncertainties due to the parton distributions
to be at the factor-of two level, rather than the order-of magnitude
level. [t is probable that our estimates for this case tead toward
optimism

Pair Production of Higgs Bosons

Higgs bosens can alse be produced in pairs via qq annihilation
through an intermediate W, Z or photon. The coupling of a gauge
boson to Hitlj muy be written asd

1Vigh— Hi(p) + Hjlkn = ie Ajj eighlp - k), (8}

where £ is the polarization vector of the gauge hoson. For any model
with two or more Higgs doublets

A+_Y =1
A, L= cot2ow .

For charged Higgs pairs

B AN O A%
Au \:—( Ru /sin 2Bw
A+i = R+l[2 sin Bw

For neutral Higgs pairs
and for charged/neutral pairs

The quantities R are dependent upan mixing angles (ratios of vacuum
expectation values) between Higgs multiplets. Notice that RuZ =0
for all i. The cross-sections are trivial modifications of the Drell-Yan
formula used in Sec. 5 of EHLQ! to predict rates for lepton pairs and
will not be given here. For the purposes of the estimates given below
we have chosen R;iZ2 = 0 and all other R's equal to one. For any
mode! the rates can be obtained trivially from these results. Figs. 6-8
show the rates for pp — HHO, H*H~ and HOHO' as functions of the
Higgs mass (assumed equal) for set 2 of distribution functions.1 The
rates are quite smatl. For example the rate of H"H ™~ pairs is
considerably less than thut of single H* or H™ (see Fig 4). Even
given the large uncertainties in the latter estimate it appears that
single preduction is more favorable.

An alternative source of Iliggs pairs is via two gluon
annikilation into H*H™ via a heavy quark loop. An estimate of the
cross sections yields

qza,z 1 4
o - 2 %a%m (L‘) log [s/mfi) (9}
\

an [
in'a
310 S

where the H*tb coupling was taken to he gw(my2Mw) as before.
With my = 45 GeV this is smaller than the Drell-Yan cross section by
a factor of order 104, This factor cannot be compernsated by the larger
gluon-gluon luminosity (see Sec. 2 of Rel. 1). Consequently the rate
from this mechanism is not expected to be important.

The background is mare difficult to estimate in the case of pair
production. The final state consists of four heavy quarks, and the
background from QCD production of two heavy flaver pairs. '
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Cross section for the production of H* i'l" and H " HO . . . . L
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