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1. Introduction

Ы* and Z° bosons having been experimentally detected [1.?] •
 o f

 peculiar

Interest became the search for the neutral scalar particle (H°-boson) which

1s the last lacking element of the unified theory of Glashow-Salam-Weinberq

(GSW) electroweak Interaction [3-5]. Standard GSW model predicts the exist-

ence of single Higgs boson; however the search for the H°-boson 1s complicated

for Its mass Is not fixed 1n the model. The restrictions Imposed on the mas;

are rather wide [6-8] :

7 GeV 4 m
H
 •£ 1 TeV

One should however mind that 1n the theories requiring the existence of

two Higgs doublets ', the lower bound for the mass of one of them can be

rather small.

Many recent works are devoted to searching for and studying the H°-boson

production mechanisms 1n various reactions [9-23] ( pp, pp -collisions.

e+e" -annihilation, vector quarkonium decays, etc.) with selection of the

ones most advantaqeous as to their Droduction cross-section maanftudes and

*) Note that supersymmetr1zat1on of standard model necessiates Introduction

of at least a second doublet of scalar bosons.



ways of their detection. Here the basic criterion of selecting certain me-

chanisms 1s that the Interaction constant of H1qqs particle 1s orooortional

to the mass of the particles 1t comes Into Interaction with. Besides, the

improvement of the detection properties of a certain reaction (when, e.o.

the H°-boson 1s produced in association with the Z°-boson, heavy quarks,

hadronic jets, etc.) enables one to separate from the backoround ohenomena

which unfortunately take place and are large practically for any mechanisms

of the IHggs particle production.

The decays of mesons containing heavy quarks are one of the best sources

of information on production and properties of the H1ggs bosons with mass

m
H
 < 2 m » where m is the mass of heavy quark. For vector ouarkonia

J / V • f ' T ( QJk states with 1
р с

= Г " ), their radiat-

ive decays with H°-boson production were studied 1n the framework of nonrela-

tivistic potential model [16] (Wilczek mechanism, see F1g.l). For these

decays widths there was obtained (see also [14,15] ):

/ ,. mj\ (D

rnrn H
 .

where M
v
 (~2m) 1s the vector quarkonium mass. At ~м^

 к<
 • from

(1) for the ratio of the quarkonium decay width by the WUcrek mechanism to

the width of decay into muon pair we obtain (for M y the following values

are taken: M y = 9.5 GeV, M
T
= 80 GeV):

-
8 10

which already for bottonium will give a quantity quite accessible for exneri

mental study. Note, however, that 1n Ref. 15 the ratio of widths for topo-



rilum was estimated without account of the Z°-boson contribution to the width

T-*~f**}*~" which becomes noticeable for M
T
 = 80 GeV.

2. C-Even Quarkonia Decays with H°- and P°-Boson Production

In this paper we are proceeding farther with studyina the mechanisms of

H°-boson production in the decays of C-even quarkonia such as r|(J = 0 )

[21] , X j { J
p c
 = 0

+ +
, l"

4
", 2

+ +
) . Here the hadronic mechanism of Hiaqs

boson production Is the most advantaoeous one:

where .X stands for hadrons not containina heavy auarks.

At a quark-gluon level the width of decay (2) 1s determined by the decay

(see Fig.2):

GLQ — H°+2g , (31

where two giuons give finally the jets of ordinary hadrons, and Q. and

denote heavy quarks.

The amplitude of the process shown in F1Q.2 has the following fora:

(4)

+ contributions of diagrams with permutations,

Ct
;
 6 • 1,..., 8, Л - are the Gell-Mann matrices of the Sl»(3)

group; 6p (Ki) , £tf (Kj) - are four-d1mens1onal nolarization
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vectors sf gluws. H ( K » ) - ts tiie H°-boson wave function, oC
9
 - Is the

strono Interaction constant. The factor x| 1s'connected with color

averaging, Notations for the particle momenta, are given in Ид.2.

He are working within the nonre1at1v1st1c potential model [2*1, where

the heavy quark momentum P In the c.m.s. ( K^
 =
 ~ K

s
 s p ) Is a

natural parameter of expansion { j P | « ГП ), and since we «re Interested

in decays of both S- and P-states, we have to extract from the amplitude

expansion the zero- and first-order terms over momentum P . A final ex-

pression for the considered amplitude 1n the Coulomb oauae Is as follows:

Г. 4гп
г
 - m

H
 i i



(5)

where П ^ = ~х— , оС = 1,2,3 ; here £j , б^-аге oluon eneroips:

£ 3 ~ is H°-boson eneroy, £4. , £ 5 - are nuark and antiquark eneroips in

quarkonium; in the nonrelativistic limit 1n cm.5. 6 4 s £5 - m :

61 and £g- are the giuon polarization vectors (1n the Coulomb gauoe

"Г *

The Dirac spinors used are normalized by the condition U U = 1 . He r ?

vf2"X
0
 = S p X , slIX = 5p(€fx) , where X^ = 01*05^

CO and CO are two-component spinors of Quark and antiquark. The

terms proportional to X o correspond to spin 0 states (thev actually cor-

respond to contributions coming from rj -quarkonium to the considered

decay), while the ones proportional to X correspond to SDin 1 states

(to contributions coming from three 7tj -states to amplitude



Amplitude M is written so (see formula (5)). that the terms with

X
o
 will describe annihilation of r̂  -quarkoniui" ( S

o
 -state) to

the system 2a H° (two gluons and K°-boson), whereas the terms with X

annihilation of X j -quarkonia ( P
o
 , P

1
 , P

2
 -states) - to the

system 2g M°. To calculate the decay widths of X
3
 -ouarkonia, one should

extract contributions from these three states to amplitude M . To do this,

the most convenient way is as follows: we have at our disposal six independ-

ent vectors characterizino the decay: X (soin), fc
 ;
 6, , Z

t
 , n,

and Па . From X and t we can construct a scalar ( X • t )

corresponding to P
o
 -state of ouarkonium, a vector [ * § J corres-

ponding to P, -state, and a tensor Tg© = X^ ^ + X
e
 | -

- - j - ( X fc ) Sg6 corresponding to P
2
 -state. Toqether with the

four vectors 6|
 ;
 6

г
 , П , , П

г
 we must sort out all possible

scalar combinations which will just determine the general structure of

transition amplitude of the corresponding X- -quarkonia Into the system

of two gluons and H°-boson. As a result we have:

For X o '•

M
o
= N(X|")-[R, (if, Г

г
) +

for X, :



for X

nei ) efnf + R*(F,?8)n? n?

where the factor N = ~ 4 vfT OT^s " m (Q Я )
 /<?
 • -^=r- • Н(Кз)

1s Introduced Into formulae (6), (7) and (8) for convenience. Everywhere

the scalar product ( ГЦ • П
г
 ) 1s Included to the coefficients

R*
L
 ( L = 1. 2...., 16). Comparing terms proportional to 7t 1n for-

mula (5) with the sum M
o
 + M.,

 +
 М

г
 we shall obtain for the coeffici

ents R- a system of equations which beinq solver) will readily allow us

to find

1- (гг-i п
г
)

(Q1

m (гп„ - 2me
3
)



- т г

н ) г

6т г (т г

н -2те 3 ) г '

^-2те 3 )

(е1-£г)С4тг-тг

н)
гт(т г

н-2те3) г

С4тг-тн)(2т(в3-вг)-тг

н)
=

(9)

= - R i 3 =

- (4т г-т г

м)(тн- 2т

6г).?

=

R
н - 2m (61+63)) (4m (m-gQ - mz

H )

C61
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1 6 =

where (п, ПО =

6
3
 = 2т - е, - е

г

Thus, formulae (5), (б). (7). (8) and (9) determine entirely the awnii-

tudes of n an
d
 X_ -quarkonia decay Into 2 0 H°-system. To obtain from

these the decay width Г , one should teke Into account that (for details

see Ref. [24] )

do)

where I 1s the quarkonium Initial state, f-are the decay products,

- 1s phase volume of final system, and the amplitude Л (t —*• f ) 1s

related to our amplitudes M as follows:

d
3
P

here f ( W ) 1
s
 quarkonium nonrelat1vi«;t1c wave function. For the con-

sidered C-even quarkonium states 1t has the following form:

11



( r

% *

here N^CP) and V p ( ? ) are Fourier Images of

, RsO) a n d \ f r ^ ^ = - т - | Ж " В р ( г ) - wave functions of S

and p -quarkonia, and RsC*1) and RpC^ satisfy the normalization

condition C | R ( t ) j Z Z 2 d z = t . The factors j ~ and ^ take

Into account spin-averaging of P1 - and P2 -states of quarkonlun».

Finally, for the widths of the studied decays we obtain:

«i пг)(1 ~(n, iTa^RiRe] de1 с1е



* jf {Z (пл~пг) [(Щ Пг) г-1}[«4" ( " R з + «7 " Rs + ( "i

Jde,dea.

We do not present here the expression for the 3Cg ousrltoniiiP1

as I t is rather cumbersome.

To obtain total widths and differential distributions (e.o. versus thp

energy of one of the gluons) one has to Inteorate the PxDressions, niven

1n formulae (13), over 6^ and 6g . The ranqe of these variables 1s as

follows:

г г 4т г-т г

н _ \
4 4m

. 2 г

4m

Thus, integrating over 62 - we shall obtain differential distributions

in £< for the reactions under study (see Figs 3-9). In these fioures we

present the distribution function F ( X , m , m H ) , I.e. the riecav width

13



divided by the factor S | T ( G V 2 * J ) | R S ( O ) |
2 4 m ^ m H for

4 -quarkonium and by the factor -^-g (G\/lFct|)|Rp(O)|8-

for X- -quarkonia, respectively (the distributions are given as functions
2

of quantity X = &\/m(\ " 1^. ) , where * varies from 0 to 1,

see formula (14)).

Before discussing the results obtained, let us take notice of the fact

that 1n all the figures where we have plotted the distribution functions fort

the H°-boson production from the rj-quarkonium decay (F1gs 3-6), we pre-

sent also curves (dotted line) for the production of the neutral pseudoscalar

particle P° 1n the l| -quarkonium decays (1t 1s known that the pseudoscalar

H1ggs boson can take place if two H1ggs doublets Instead of one are Intro-

duced Into the usual scheme. Then one more, neutral scalar boson aooears

along with the usual scalar H°-boson, and, generally speaking, two pseudo-

scalar bosons appear, one of which 1s neutral. Relatively heavy pseudoscalat

mesons arise also 1n the technicolor models).

We have assumed that the neutral pseudoscalar boson Interacts with the

quarks with the same coupling constant as the scalar boson does [25,15] .

For the P° production cross section 1n 1 , ^ " 2 Q P 0 reaction we obtain

(15)



In the Wilczek mechanism (see Fig.l) the cross sections of H° and P°

produced from the radiative decays of vector auarkonium coincide [2?,15] .

This means that to discriminate the emission of scalar particle from that of

pseudoscalar one 1s Impossible by studying 1n these decavs only the total

widths and angular distributions. Therefore the study of the P
p
-nrMuct1on

1n C-even quarkonia decays seems attractive. It 1s evident already from for-

mulae (13) and (15) that the differential widths for H° anri P° nroducer* *rom

the n -quarkonium decays differ from each other (see also Appendix). As 1s

seen from F1gs 3-6, the gluon energy differential distribution Is stronoly

different for H° and P° production and highly sensitive to their masses. Thus,

at ГП
Н
= 10 GeV (see F1g.3) the production of P° oseudoscalar 1n the harf-

ronic mechanism is suppressed more than by an order of magnitude as compared

to the production of H° scalar
;
 1f Its coupHna with fermions 1s of thp samp

order as that of H°. With Increasing ГП
н
а11 the cross sections ^РСГРЛ<;Р:

however the P° production cross section decreases slower than the H
p
 one.

therefore at m
H
 c£ 40 GeV (see Flo.5) these cross sections become poual.

while for large m H the P° production cross section 1s dominant fspp

Fig.4: at m H * 75 GeV the H°-boson production cross section 1s bv two

orders suppressed). Fig.6 shows the differential distributions as functions

of heavy quark mass. One can see that with increasino the auark mass (I.e.

with increasing the quarkonium mass), these distributions orow un (tMs 1s

actually due to the Increa-se of the phase volume), but this denendence is

weak (in our consideration everywhere under quarkonium system we shall 1mn1y

toponium ( m i * 40 ± 10 GeV [26] ), which, as distinct from bottoniun.

will make 1t possible to discriminate the hadron .iets coming from oluons).

In Figs 7-9 we present the distribution functions F(x, m , m H )

of X for the decays from X j -quarkonia ( 3P 0 ,
 3P, }

 3 P a - states}.

15



For all m and m * the values of these functions for X
T
 -auarkonia

satisfy F
x
 .'> F7., > F;t

t
 condition. По.8 shows rhat with irtcreas-

iny Г П
И
 the distribution, function for Xo decreases; a similar decrease

is observed also for X? and Л"» а<.»ягког1з, however for the rj -

quarkonium decays this decrease is by two or three ord*»ri faster. These dis-

tributions are more sensitive to the quark mass. Thus, with increasino the

quark mass from 30 to 50 GeV (see Fig.9) the distributions functions change

by a factor of two or three. It 1s Interesting that for X . -quarkonia,

with Increasing ГП (I.e. with Increasing the phase volume) a decrease of

differential cross sections takes place as distinct from what we had for

П -quarkonium.

It 1s also interesting to Investigate the differential distributions of

the considered decays from invariant mass of produced qluon pair Л *

s
 ( Ki + K

e
 )

Z
 {more exact, from H = Д

г
/ ( 4 - т

г
 - т

г

н
) 1. To ob-

tain differential distributions in 2 » it Is sufficient to make replace-

ments in formulae (13) and (15):

(1С)

where the variation«ranges over 2 and 6 t are as follows:

16



5 ^ =•?

her.?

ОГП

Integrating further over £ 1 , we shall obtain differential cMstrihut

1or.s R ( 2 , ГП
;
 r n

H
) as functions of 2 » presented 1n F1gs 10-П.

The functions R ( 5 , т , Г П н ) are again divided by factors

{ G J l ) | R
s
 (0) j

2
 for q -auarkonium and

for *j. -quarkonia, resoectively. Ono

can see from the figures that the distributions 1n Z are characterized

by a peculiar behaviour. For example, whereas for the decay П~*" 2 о Н *

the distribution at 2~*-0 tends to zero, for the decay П~-~2QP°

irrespective of m and ГП
Н
 , the distribution function at 2 —*- 0

tends to 1. Besides, the distribution function R ( H , П7 , m
H
) for

the decays of both S
o
 -state ( f[ -quarkonium) and

 3
P j -states

( X j -quarkonium) at 2 -*• Z
m a x

 tends to zero (see F1as 10-13). Note

that variation of these distributions with ГП and ГПн is similar to

the one we had for differential characteristics over X

17



3. Background Processes.

It is thus obvious that the considered differential distributions
 d x

and - г — (for the Higgs boson production 1n hadronic decays of C-even

quarkonia) have a characteristic behaviour and they are sensitive to mass

parameters variation. These very properties «nay play an Important role 1n
о

searching for H -bosons on those decays and in their separation from the

background processes. Thus, for the considered masses of H°-boson

( m
H
 < 2 m ^ « 8 0 GeV), Its main decay channels are H° — - t t ,

H° —- cc, H° -— bb . For the decay process t(*j) -~ H° + two jets-*

—•- t t + two jets, I.e. when at the end we follow a pair of heavy lep-

tons and two jets of light hadrons, the main background comes from vector

\ quarkonia decays with lepton pair production via a virtual photon (see

I F1g.l4). However, the differential distribution over X for this decay

[ (Ore-Powell formula [27] ) grows monotonously from Л at X * n to 7 at

I X • 1, as distinct from the distribution, say, for n -auerkonium decay

I
 L

I (see Fig.3), where 1n the region of large X we have a clearly pronounced

maximum, while at X = 1 the distribution function turns to zero. Note

also that this background can be easily separated since the auarkonium Initi-

al state 1s C-even (vector quarkonium). The background situation 1s somewhat

worse for the decays of the type of r £ ( X j ) — * - H ° + t w o jets — « - cc

or bb + two jets, where the main backgrounds come from decays of quarkonia

(both C-odd and C-even) Into three gluons with subsequent transition of one

gluon to a quark pair cc or bb (the other two gluons produce two jets).

Separation from these backgrounds 1s already a more complicated orobiem.

It should be noted that the presence of three-particle states In the final

state of Investigated decays (H°-boson and two jets emeroing only from decays

of heavy quarkonium C-even states) gives rise to utilization of the new
13



characteristics of the differential distribution tyre, verv sensitive, as

have seen (see also C2l] )> to the couplino of H1aas boson to fprmions.

The considered differential characteristics of auarkonia hadronic

with H°-boson production contain Infrared divergences. It 1s of Interest

that we have Infrared divergences 1n distribution functions already for de-

cays from S-states (see formula (A.I) of Appendix: when ni H» 0, I.e.

A * 1» at x-*-1 1n the function £ ( x ,Л ) we have a diverqence

due to the "softness" of H°-boson).

In electrodynamics, the Infrared photon production amplitude 1s propor-

tional to the expression [28-30]:

K) (K
5
'K) '

where £ ^ 1s the Infrared photon polarization vector, anH K - H Its

4-momentum. In quarkonium, this factor 1s replaced by 2tP • С / (?°J,

met

where uJ 1s the soft photon energy. From here 1t 1s obvious t*?* ••** <r
f
*

photon always takes the orbital momentum away (since P - I s the orfcW!

motion momentum). That 1s Infrared divergence emerges 1n P-wave onlv. Me

had this divergence already 1n S-wave (I.e. already 1n decays of n -

quarkonium), this being due to a scalar nature of the H°-boson-auark

coupling. However due to ПГС
Н
 f 0 these divergences remove 1n a natural wav.

As to the P-state decays ( X j -quarkonium), we., as well as 1n electrody-

namics, have Infrared divergences due to the soft gluons (see F|qs 7-9, where

these divergences manifest themselves at 6
t
~ ~ 0 and £, —• 1 ).

Energy cut-off for these gluons 1s performed 1n a natural way, since 1n com-

puter calculations these energies do not reach a zero value. Besides. 1n

computing, the energy progressing from £1 — 10" MeV even by two oHer;

towards zero value caused variation In magnitudes of distribution functions

19



and total widths no more than 10 * 20 %, the latter beina of the same order

as uncertainties Introduced by Inaccuracies of QCD calculations and comouter

errors.

4. Total Widths

To obtain total widths of the studied decays, one should Inteorate the

expressions in formulae (13) and (15) over £^ and 6 2 . It 1s 1nterest1nq

to coespare the obtained widths to the width of the vector ouarkonium decay

Into H° У . Thus, for the î  -quarkonium decay we obtain [21 j

r(v
e 5 •%

m F ( x
,

m j m H )
)

d
,

where G L 1s heavy quark charge.

The values for this ratio are listed 1n Table 1.

Table 1

mH . GeV

Г ( 1 — 2 g H ° )

r(Vtf--H7)

1

4.0

10

1.5

20

0.6

30

0.3

40

0.15

75

1.2 10"*

One can see that for not large masses of Hiogs boson ( г п
н
 ^ 10 GeV)

the H°-boson is produced in hadronic decays more freouently than 1n quarko-

nium radiative decays. These widths are comparable for гПн 1n the range

10 + 30 GeV. With further Increase of H°-boson mass, this ratio sharoly falls

off reaching some fractions of a percent of H°-boson Droduction widths 1n

radiative decays (for estimations, o (
6
( 2 m

t
) is taken cr 0.1).

20



It 1s of Interest to investigate a ratio of widths of decays Into the

system 2g H° from S- and P-states. Thus, 1n case of S- and P-state decavs

Into two gluons one can obtain [3l] :

Г (
3
Р

О
-

mR
3
(0)

this giving ~ 10 for the Coulomb potential (a number close to that

turns out to be for the Richardson potential as well p ? 3 ) . In our case one

can obtain

R'
P
(°)

 2

mR
s
(0)

where 36 is strongly dependent on the H1ggs boson mass. The values of

36 for different ГПц are listed 1n Table 2 (the quark mass 1s

ГП - 40 GeV).

Table 2

m H , GeV

SB

1

16.0

10

31.6

20

54.6

40

1.7 102

75

1.7 10*

It 1s seen that the P-wave relative contribution Increases In the pre-

sence of H°-boson.

Thus, at m
H
« 40 GeV the ratio of contributions of P- and S-state

decay widths amounts to ~ 2Q%.

Hence one can see that the considered mechanism of H1ggs boson production

Is.Interesting as to behaviour of both the differential characteristics

(see F1gs 3-13) and the total decay width (see formulae (19) and (20) and

21



Tables 1 and 2). Besides, the presence of two hadron jets together with H°-

boson In the final state also can help with Identification of the H1oos

particles. Note that C-even quarkonium states, that are necessary for the

i.ijgs scalar production 1n the Investigated decay, one can obtain either in

no-..iron collisions (via the qluon-gluon fusion mechanism) or in e e* - annihi-

lation, where one can get C-even quarkonium states from radiativ? decays of

vector quarkonia (in this case decays in X_-state proceed with larae

branching).

We present also the ratio of total widths of n -quarkonia decays into

H°-boson and P° pseucJoscalar (Table 3) for different values of masses T l
H
.

Table 3

Я.Р • 10""
3

5. About One Mechanism of H -Boson Associated Production.

Let us finally discuss one more mechanism of H°-boson associated nroduct-

o

ion in quarkonium decays. In Fig.15 we give a diacirarr of H -boson production

by Z°-^osori due to three-boson couplings (see, e.o. [ll.l5] ). The production

of Hiqrs particle in association with oauge Z°-bosons creatf.s conditions

suitable enough for their identification. Note that this mechanism can Dro-

ceed both from the vector quarkonium decay (due to the vector nart of Inter-

action of Z°-boson with heavy quarks) anc
J
 fro* the C-even r^-ouarkon^u"

1

Jecay (due to the axial part of Z°-boson Interaction with heavy quarks).

22



Standard calculation? for the widths of these decays lead to:

H°ff) V!ivf+aaf)

4ллг -mf,

2 ' '
(21)

here m £ 1s the Z°-boson mass; 4, /~ a r e Quarks and leptons 1n final

state (their masses are neglected as compared to m ^ and ГП
г
 );

' Vc
 ancl a r e

 vector and axial constants of Interaction

"" Siof Z°-boson with quarks and leptons; V t = i ~ "з" S in 0 ^ , > ^ ц а ] t

Vjr= V^ ' a | = a t f o r U a n d C quarks and V f = - 1 +

+ -j-sinZ&\# » Clf = -1 for d , S and 6 quarks; W • -1 +

+ 4 9 i n z 6 ^ > Cl# = -1 for electron and muon. From (?1) and Table 4

one can see that the width of the considered decay Is suppressed as compared

to the Wilczek mechanism.

Table 4

ГП 10 40 m
H
 , GeV 10

0.21 0.1 4.6 10-3 0.01 8.5 in-- q.2 10-

Thus, for the vector quarkonium decay, this ratio for Л П
Н

Г
 10 PeV 1s

~ : 0 . This ratio cannot be Improved significantly 1f with resnect to the

quarkonium mass we shall be 1n the resonance real on ( 2 m ct rrtj ).

In case of l| -quarkonium, this ratio 1s even lesser. Thus 1t 1s obvious

that the considered mechanism of associated H°-boson production via three-

boson couplings HZZ in quarkoniuir decays is small.
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Note also that we have examined also the heavy quarkoirfum decay into two

standard H°-bosons (see F1g.l6 and also Ref. 23 ). Since the system ?M° 1s

C-even, then, with account of P-par1ty conservation, this system 1s Droduced

only through X
o
- and X

2
-4

u a r
'

c o n
"'

a
 decays.

Investigation of the mentioned decay 1s useful for extraction and study

of a contribution of three-boson couplings that play such an Important role

1n theory (HHH couplings 1n the given case).

Note that the HHH coupling contributes only to the decay proceedino from

the X
0
-quarkon1um. Calculations for the decay Я

0
-"-2Н° have shown

that some suppression of this decay as compared to the Wilczek mechanism 1s

due to the fact that the considered decay proceeds through the P-wave. So,

for the widths ratio of these decays we obtain:

2

I.e., e.g. for the Coulomb potential this ratio 1s -(1*3)• Ю "
?
 (for

itt
H
» 10 * 30 GeV and ГП • 40GeV). Despite the suppression of

X o "*" 2 H ° decay, I.e. difficulty of Its experimental detection, the

study of this reaction undoubtedly provides an Interesting and Important

Information on the H1ggs boson self-Interaction.

Note that the X ^ - ^ 2 H
e
 decay turned out by two orders of maon1tu»Je

more suppressed as against the X
o
~*" 2 H ° one.

6. Conclusion

Using the results obtained, let us estimate the number of events for the
о
H -boson production. Thus, 1n pp (pp) - collisions, for the production cross

section of the Higgs boson decaying Into the channel H° + two jets:

pp ( p p ) - - ГЦ + x — H° + two jets + X , we have 6 ( H ° >
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' В г ( q
t
 — 2 g H ° ), this giving for SPPS -collider 6 ( H

b
) ~

~ ( 3 * 0.2) • 10"
3 7
 cm

2
 at m

H
= (10 * 40) GeV. For accessible luminosi-

ties of a collider ( L — 2 • 10
3 0
 cm'^ec"

1
), this provides Droduction of

25 events per year for the H°-boson production with ЯП
Н
= 10 GeV. For Teva-

tron energies, the i| -quarkonium production cross section 1s by one order

higher, so we shall obtain several H°-bosons per week. The possibility of the

Investigation of the large-mass H1ggs boson will necessiate a substantial

Increase of luminocity on SppS -collider.

In e
+
e' -annihilation for the H°-boson production cross section by the

studied mechanism ( e V —*" T — - Xy ^ — - H
e
 + ft + two jets), taking

Into account that Вг ( X
o
 — - 2 g H

e
 ) ~ (0.8 * 0.4) • 10"

2
 , for

m
H
= (10 • 40) GeV, we have 6(H°)~(0.8 * 0.4) • 1С"

3 7
 cm

2
. This corres-

ponds to one event per week for Ium1noc1t1es beina planned at LEP.

In conclusion, the authors express their thanks to I.G. Aznauryan for

the useful and Interesting discussions, to A.Yu. Khodjamiryan for a series

of valuable remarks, and to L.S. Dulyan for assistance 1n conmutinq.
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APPENDIX

Integrating expressions (13) and (15) over £
г
 , for /| -quarkonium

decays we obtain

2 - { А Л )

where

1 - х г ZK-Zx +X2

L

+
и - / л - 2х + х2 п
2-х) "v A /J

4 т г

From (A.I) 1t Is seen that the distribution functions for H° and P°

differ by factor { (t - А )
г
+ А

г
- 2 Л х + Л Х

г
 J which Is just respons-

ible for the essential differences 1n their values and behaviours mentioned

1n the text (see F1gs 3-6).



Vfl

н°
?1g.l. Diagrams describinq the vector ouarkon1i'ri

H°-hnsnn nrrmuction.

а

н

е с а у with

4 j
U ' 'ive diagrams

" t h

F1g.2. Diagrams corresponding to hadronic rnechanism of H°-hoson nroduction

In heavy quarkonium decays.
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Ft n,m,mM)

л л Г » о .( л -J * 5 •« .1 л л I.

F1gs 3 and 4. Differential distribution F(X, m , m H ) as a functior

of X « f i | / m ( 1 - 4 ^ ) for H°- and P°-boson

production In ц-quarkoniurn decays. Curves In F1a.3 are

plotted for m - 40 GeV and mH- in GeV; In FIQ.4 for

m . 40 6eV and mH- 75 GeV.



<•• — Ц"

кЮ' •

)•*>'

.9 С Г в J 1

T
1g.5. Dependence of F (

x
» ГП , ГПн) for H°- and P°-boson

1n l̂  -quarkonium decays on the Hiqos particle mass. Curves an

plotted for two values: ГПц * 20 anH 40 6eV (everywhere

m = 40 GeV).
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ig.6. Variation of differential distribution F ( x , ГП , Л П н )

for H°- and P°-boson production 1n n -quarkonia decays

versus the heavy ouark mass. Curves зге niotte^ for he*vy nuark

nesses ГП = 30 and 50 GeV (K°-boson mass Is m
H
= 10 PeV

everywhere).



*•»

FI9.7. Differential distribution

F ( X , r n
}
m

H
) as a function of

X for H°-boson production 1n

Xj -ouarkonia decays. Curves

are plotted for m * 40 GeV and

m
H
« 10 Rev.

.1 г .3 * .5 6 .? a .9 1

1 Ю

MO'

m«40

.6

F1g.8. Dependence of differential distribution F"(.*,
 m

for H°-boson production 1n ОС -quarkonium decay on th«> K1qas
' 0

particle mass. Curves are plotted for m
H
" 10 and *0 GeV and m « ло



to

.1 .2 3 Л -5 .6 .7 .8 .9 J.
 x

F1g.9. Differential distribution F ( X
;
m , m

H
) for H°-boson production

In X
T
 -quarkonia decays as a function of heavv auark mass.

Curves are plotted for (T\= 30 and 50 GeV and m
H
 = 10 GeV.
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0,4

о,г

\

N.
N.

.10*

0,01 0.02 0.03

F1gs 10 and 11. Differential distribution R ( £ , m , m ^ as a

function of Z = /?/{4тг ~ ГПг

н ) for H° and

P°-boson production 1n t| -quarkonium decays. Curves

1n F1g,lO are plotted for m= 40 GeV, mH * 10 6eV:

Mn F1g.ll for m • 40 GeV and mH « 75 GeV.
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Fig. 12. Differential distribution R ( Z , m , m H ) for H°-boson

production In Xo -quarkonium decay as a function of Hlggs

boson mass. Curves are plotted for m H » 10 and 40 GeV

and m - 40 GeV.
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.1 .4 3 A .S .6 .7 .6 .9 1. -

Fig.13. Differential distribution R ( Z , m } m H ) as a function of

Z for H°-boson production 1n Xj -quarkonia decays.

Curves are plotted for m * 40 GeV and m H • 10 GeV.

•e

Va

9 ¥ am 9••

1g.l4. Diagram describing the vector quarkoniuir radiative decay

with two-gluon production.



F1g.l5. Diagram describing three-boson production of H -boson

accompanied with Z°-boson In heavy quarkonium decays.

•H

.н

н

'X

Fig.16. Diagrams describing the production mechanism of two standard

H°-bosons In С-even quarkonia decays.
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