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1. Introduction

The possgibility for the search for Higgs bosons of the
G¥3S model ([1-3] in the modern elementary particle physics led
to appearance in recsnt years of a number of works devoted to
the study of different mechanisms of the HQ boson preduction
and to techniques of their identification.

The Ho boson productien mechanisms considered in liters-
ture are the inclusive and exclusive ones in e'e” annihila-
tions, hadron-hadron c¢llisions and deceys of heavy quarkonium
(for more details see ref.[4]).

The moat importent of the ;ncluaive production mechanisms
is [4] the direct hadroproduction of Ho boson due t¢ "gluon®
production of K  {5]. But the gluon mechanism of H  hsdro-
production at relatively smell masses MHf<32M' & 160 GeV /
poorly ildentifiass Ha becsuse of large Drell-Yang backgroung
{e.z2., gee ref;{ﬁ}), gnd poagible backgrounds frow other sce-~
lar particles.

However, tbeoreticelly, it is appersnily possiblse to iso-
lats Higgs aignals from the avove meationsd backgrounds when
gensidering dtfferentisl spsciras dfi;ﬁi%i of the HQ hosan
i6,7].

In zome works {£,9] they hold that tie cumervation of
B, Deson ta excluslvo préceéaes is praferablse to that in

%
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inelusive ones, even wheun the ﬁ; inglusivs prcduction crose
section is egssntially larger.

Among the most iniereating processes of the HQ excluﬂ}va
production are those of esscciated production of the Ho and
gauge bosons Z_, wt in e'e” apnihilations £10,11] end in
PP (PP) collisions {12], elso in processes of associated had-
ropreduction of the H, end heavy quark pairs [13,14].

In rofs.[15,?6} the exclusive H, production is considereé
in sssoociation with heavy vector quarkonium V (V=J/¢ Y,T)
in the resction e+e"-'Ho + V .

Below we ghall discuss the hedroproduction of.Ho in aggo-

ciation with the 'S , State (later on with other C-even

3p -states and C-0dd S, P -states) of the heavy querko-
0,1,2 1371

nium QQ {Q=c,b,t,r..), though from & practicel point of view
one ia better study, first of all, ths process of the associ-~
ated production of Ho and vactor quarkonium. The coproduc-
tion of the H, voson and 130 quarkonium { qQ.-mason) is
interesting due to the fact, that in the lowest order of PT it
looks like the nadroproduction of the 'Ho with & pair of
heavy gquarks Q, 6 ,» That is why, all the effects not connected
with the pamse volume must‘manifest themselves similarly in
both processes (in the firat case we deal with a two-pariicle
phase volume, in the second - with a three-particle one}.

It will be further clear that in case of hadroproduction
of the Ho boson and 1So state of gquarkonium there comes
forth the so-called "effect of GGH contribution increase”

with growing "H .
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gection (end also to other differential characteristics) are
depressed by C(S as compared with the couniributions of the
go-called QH diagrams {(2a) for ell Qac,b,t,ese .

But, it is not always 8o, because the vertex Ho-*-ZG is
very cleverly constructed. Roughly saying. it is proportional
to the inveriant mass of gluon pairs or to the square of the
Ho bogon mass, This leads to the fact that the smalliness in
over a%fﬁﬁ will be compensated foxr a large value

Jnea

.)f MH

iGH diagrams in figs 1 and 3) when the production of the H

in th: diagrams 2b and 2¢ (and also in the remaining

e}

Jogon is considered (MH i 20 GeV). Hence, the former ignoring

of diagrams with gluon emission of the H, boson at AMH(MH:»

> qu‘) large enough, is, apparently, not acceptable (e.g.,

in case of the associated productiocn of H0 and qc ).
Celeculations confirming this hypothesis will be given in

the following paragraphs.

3. Nonrelativistic Approech to Description of
Amplitudes of Transitions G+G —'S_ end

1
G+G —» S0 + H0

It is seen from fig.2 that to evaluate both the total
cross section and partial contributions of individual diagrams
to the totsl cross section, one musat have explicit expressions
for the amplitudes of transitiona. G + G ——180 + Hy (or~1So"'

26 +H,), G+ 615, ('s —20) end ¢+ G—B, (H;~20).
Here we shall use the following explicit form of the effective

point vertex HO-*'ZG
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veng wiill momenta . and a,.

indices of gl
thie number of different kRinds of heavy guark9 with M _>0,2 MH.
U s 246 Gev.

fhe approacn sagsed on ihes ainimal lusal affective Legren-
glan does not pey for itsel? when descriving muliiparticlis
decays of hesvy guarkonia [18], So, to desoribe the amplitudes
of transitions 1'.So - 2G¢ and ?SO**’ZG + ﬂo’ we skall use a
nonrelativigtic approach which repels itseif from the aotion
of 1So—state a8 {rom & system of weskly bound nonrelativistic
quarks ( and 2 . At such an approach the smplitude of
150'*‘26 ig determined by the sum of dlagrems shown in fig.5
ag:
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where «& eand P . & Bnd b are the vestor end colour in-
‘dices of gluons with momenta a, and G
f19}, 2p = g ie tha full four-mementum of the 1ng5tate (?Ia
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mesoa}. But  the amplitude of ‘SG~#-RG + H, is determined
by the sum of aif diagrams shown in fig, & as:
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where 1/2 comes from the identity of gluonsg, the cperation
"oycle” means a procadvre of trensitions (2_1"’ qz*”'A - ‘"-}1 s

d’—-—‘ﬁ,-—q—i-»’-d

1

Making definite transformations in (2) and (3), we zhell

chtain the rfollowing simple ezxpregsions for the mmoplitudes of
1 - 1. .
S —~ 2G and B, ™ 2(}1-10

<@, aé .. .
lv‘i\- o™ 26 (“&1.13) Sdg (4%,,, ‘%Ja H,E (3':

o{,p Gg

L
3 ,«‘t\- flhv ¢ 6
15 a..,a.-H(%ﬂQ )A> 5"8( ia ’A‘G L %aﬂﬁ,,(ﬂqa T aa‘:’())

t
where I‘.'?QQ is the g ~Meson mazs, d,a—»{Rld q.)(% Eu_»qu,}

2= {@u0 09000 9) ;G ={32478(8, %0 4]

~

4, The Hfrect of the GGE Coantribution Increase

Here it will be ghown *hat it is nracceptabie to ignore
the diagrams with the gluon production of | {disgrams 2b

and 2c¢) when the associated hadroproduction of relatively

4
4

heavy H, boson {MH 2 20 GeV) with the S, -states of ¢t and
bb (in the sixz-quark scheme) quarkonie is considered already
at ene%gies of existing and planned accelerators of PP and
PP ‘beams,
Before analyzing the obteined results, note that when
the number of quarks is limited by the t-quark, the mass of
which, according to data of the group UI [20], is in the

range of 30 GeV £ my € 50 GeV, then the condition mQ > O..T!,MH
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of application of the effective point vertex (1) yields the

followingvaiues for NH s

NH = 2 at 10 GeV < My < 22.5 GeV (mb = 4.5 GeV)

[ 150 cev, m, = 30 GeV

t

Ny =1 &t 22.5 GeV < My < 200 GeV, m 40 GeV (mb = 4,5GeV;

t

H

l 250 GeV, m, = 50 GeV

t

=0 at MH> 250 GeV.

Ny

If assumed that there exist aslso other heavy gquarks (hea-
vier than the it-quark), then the NH is to be increased by
the number of quarks, the condition NH = 0 being alrecdy
met at M > 5 e <the mass of the heaviest quark.

Below we shall analyze the results obtained by us in the
framework of the six-gquark scheme.

The complete set of Feynman diagrams which determine the
cross ¢ tion of the process h.lh2 =G+ G -'Ho + 180 is

ghown in fig.7 .

The c¢ross section of this process is expressed as:

- i)
5§=2.6 "g&dxtdan?(X:)Dg(Xa) Z6i(i=12,,8) (1)

where x, and X, are the portions of momenta of, corres-
pondingly, h1' and h2 hadrons taken sway by gluons; DG{x)
ig the gluon structure function: G ig the cross section
corresponding to the i-th diagrem in fig.7 .

Let us first consider the reslaticn (_5(3)‘* 6‘”){,-"6“3 wheme
6“), 6@ ana 6" are the pertial contributions of diagrems

7.1 , 7.2 and 7.3 to the total cress secticn 6 .
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= 36 GsV, but at M, > 37 gev (6% + 69~ 6\,

51
Thus, the ignoring of GGH-type diagrams {(e.Z., T.2, Te3)

leads to the H0 and q hedroproduetion total cross sec-

~
(S

tion's decresse by several times in e quite wide range of

nasgas
150 GeV, my = 30 GsV,

35 GeV < M, < 200 GeV, m, = 40 GeV, J[§ = 540 GeV,
250 GeV, L, = 50 GeV,

and
15C GEV, m, = 30 GeV,

23 GeV < My < 200 GeV, my = 40 GeV, [S'= 2 TeV

250 Gev, 50 GeV.

=]
of
i

It is seen from the behaviour of the relation (6(a)+ 6‘3))/6“’
at the associsted hadroproduction of Ho and qc (see f£ig.8b)
that the account of GGH diagrams is nacessary at high energies

Js 2 1 TeV.

In cage of asszociated hedroproduction of HO and qt

ZGGGH/5“)<1 at any JS5 and My < 250 GeV (see fig.
3¢c)., And this is not acaildental. Since we deal with a six-
-quark scheme, then the heavisst quark in the loop (in the
amr tude Ho—*'ZG) can be the t-gquark. And as we consider the
precess h,'hz'*'Ho + qt’ then in the GGH diagrams will always
be depression by g {the growth due to the t-quark lcop is
already impoggible) as compared te the GQH diegrams. Thus,
at coprodquction of H_ =~ and o T ar B, eand 1, in hadron
collisions,; the inarease of the gluon-gilucn-Higegs (GCE) con-
tribution with growing MH sotmes into effect. This effscet

becomes esgential for the ensrgy ranges of slready exiating



and planoed aoccalexatora of ¥ and ?F Theems.

Sinrcs tnis a?fact has uothing %o do with the phese volume,
but resulte from the nliever structure of iha vertsx EO*'EG,
then, wa balievas, it wlli alzo be ezgsntial In cuzsa of the
agsodlated hadropredoction of Hc with a pair of ocobound
Leavy ol snd b,g quarks {i.e. in the prooess hih,-= B o+
F 0+ 0+ e and hghz s H, b + D 4 see ta

The dominmance of the gluon meochanisn in the direct Ho

badroproduatica &t high sanergisa sisc Lollows Irom hare,.

5« The Totel (roae Ssotien of ths Conjoineld
. . 1
Hadropreduction of Ho Boszor and 84 State
of Found Heavy Guarks ,Q {(§ =~ ¢.b,t)

It follows Ircm the anélyais made in the paragraph 4, thet
the total oroes section of the sssoclated hadrpprodustion of
H and 130 state of the sé-quarkonium is determined by &
set of Feynmann disgrems shown in fig.7, at S = 540 GeV in
the range of 30 GeV < M, < 180 GeV (mt n 30 GeV}j; 200 GaV
{(m, = 40 GeV}; 250 QGeV (mt = 50 @GeV}, 1f the numbdsr of quarks
is lim{ted %y the k-guark.,
$he total croszs secticnm of the proéeas h1h2-$-H° + 180
(bb) too is jetermined by the set of these diagrsms at
 JE 2176V, 100 6V < iy < 150 GeV (my = 30 Ca¥)y 200 GoV
%(mt = 40 GeV)}; 25C GeV (“t « 50 Gs¥)} in the six-quark schems.
Beyond the above mentioned mess ranges of -MH at JS »
540 eV, the total oross section of both procealea. h1h2~ﬁ

~H_ + 'S,(03) end hyhy —H, + 75 (bB) 18 mainly determined

L 2

12



by the disgrsm 7.1 . Thiu disgzram 1z essanti-l for the total
crogs section cf the process hyh, —=H + 1so(t%) {in the six-
~quark scheme) at any J§"¢ 540 GeV and M.

The dependsncs of the total eross section of the assaei&teé
hadroprodustion of H, and TSG(QQ) Q@ = c,b,t) on M, et

£ J§ is shown in £i1g.9

Ye think, thaet the study of the d;s/di!i speotrum =f the
g, boson ocoproduced witk quarkonium in the hadron collisions
is also intesresting. It is partioularly imporitant fsr the vec-
tor quarkonia in order to ocompare it with the behavicur of the
spsctrum CiE$/dif1 of the H_ boson coproduced with the
Zauge bosoung Wi . Zo in hadren collisions.

As this problem is of self-countained interest., we shall
consider it efter the procesases of the azmsociated hadroproduc-

tion of Bo with all the other levels of the quarkonivm

Qq (@ = 2,b,t) are siudied.

6. Suamery

In the framework of six-quark scheme we congidered the

total croms section © of the associated hadroproduction of

the Higgs Ho boson and 130 sitate of beund heavy quarks @

and Q {Q = ¢,b,t). It was shown that the giucn mechanism wes
domineting for that process. A

v

At such mechanise of the sascoistsd producticn of the H

nosorx &and the 1

So state of the Qa«quarkonium { qumeson),
t3 the total sross section cen eomiribute both the disgramns

with *the Ho produstion from “diveor? quarks {from the guarko-

13
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Pig.t

Fig,?2

Fig.8

Pigure Captious

Dominent (in the leading order 6£,PT) diegrems for the

associated hadroproduction of HO and 180 in the quark

chennel (qﬁ-*-ﬁo + ISO + ecale

Tominant (in the leading order of PT) diagrams for the
azgociated hadroproduction cof Ho and 1So in the gluon
- 1 N

Ty bl Tr K

channel (G4 ~>H, + So F oecel) «

Dominat {ir. the leeding ordex of PT} diagrams for the
agsccianted hadreoproduction of HO and ]So in the quark-
~gluon channel (Gq{q)-*'Ho + 1Sg + oeue)
Diegram corresponding to the smplitude of the decay
]~ D1
HO 2G .«

Diagrams for the amplitude 180-*-2Gu

1

Diagrems for ths amplitude So—*'ZG + HO .

7 Complete set of Peynmann diasgrams for the cross section

(o]

¥ the associated production of the HO boson and the

-—

So~quarkonium in the gluon chennel: 1. is the so-cglled
QH diagram, 2. - 5. are the go-called GGH diagrams,

6. - 9. are interference QH-GGH dJdisgrams.

Dependence of (6(2)+6‘3))/6m on My in the badroproduc-
tion of H  with . (a)s M, (v); and of ZGGGH/GC’) on

My in the hadroproduction of Hj with f, {(c) (M qc =
= 3.1 GeV; M q = 9,46 GeV; M q = 60 GeV) .

_ b it
Dependence of the total cross section of associated

1

hedroproduction of'Ho and S° state of guarkonium at

different values of Jg‘. The so0lid line corresponds to

- 21



1
tlie process hyhy, ~H_ + ‘So(cc), the dashed iine - to

ik, ~H, + 150{‘0"6), the dash-dotted iime - to hyh, —

Ho + 1?-0(1:?,) (h1. h2 are protons {or antiprotona) ).

1

22,
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