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Decays of hadrons containing heavy quarks are one of the best sources

of Information on the production and the nature of the Higgs bosons, the

constant of the Interaction of which with quarks 1s proportional to the

quark mass ГП . So, there 1s only one neutral H°-boson 1n the minimal model

of electroweak Interaction [ l - 3 ] and Its coupling constant with the quarks

1s of the order of (&F / I * )** • m , that 1n the case of the heavy quarko-

n1a dGL gives quite Intensive source of Higgs boson production with a

mass of ГПн < 2 m . A restr ict ion to the lower l imi t of r n H resulting

from the standard model of m H £> 6*7 GeV [4,5] should be noted (one

must bear 1n mind that the supersymmetry requires the existence of at least

two Higgs doublets and one of the neutral Higgs bosons may have rather

small mass, of the order of some GeV).

In [ 6 ] , the radiative decays of J / Y , #~ , T (the states Glu

with J = 1") vector quarkonia with the production of H°-boson were

studied 1n the framework of non-relat1v1st1c potential model. So, for the

width of their decays 1s obtained, (see reviews [7 ,8 ] ):
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where ^y and ГПН are the masses of the vector quarkonium and H°-boson,

respectively. At r n H / M y ^ 1 we obtain from the formula (1)

(when M v ; My= 9.5 GeV and M T = 80 GeV):

This gives for a bottonium quite detectable value. I t should be noted that

the estimation of the width ratio for a tooonium was made without the contri-

bution of Z°-boson to the width of the decay T ~*"^ jw , which becomes

considerable at , M T = 80 GeV.

In tills work we have studied the mechanism of H -boson production in

naorcnic decays of quarkonia

where X stands for hadrons not containino heavy auarks. On the quark-qluon

ieyel the width of this decay 1s determined by the decay:

«here two gluons turn Into quark-antiquark pairs formino ordinary (Hoht)

hadrons. F i j . l shows the diagrams corresponding to the process we study.

The f inal system ( 2o H° ) is C-even, so the production of H° in hadronir

decays may proceed only through C-even states of ouarkonium, such as
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The amplitude of the process shown 1n Fig.l has the form:

plus the contributions of diagrams with permutations, where Q.tb = 1 . 2 , . . . 3 ;

Л**- are the Gell-Mann SU(3) matrices; 6 ^ ( K i ) , £^ ( К г ) - are the oluon

polarization vectors; Н ( К з ) 1s the wave function of the H°-boson;

o 6 s - Is the strong Interaction coupling constant. The factor ; j j is

connected with the averaging by the color.

For the differential characteristics of the decay under stuHv, in the

framework of non-relat1v1st1c potential model (in the rest system of пмягко-

nium K ^ = ~ K s , so K^ = ~ K s = : O ) we obtain:

то-ь>з j£ /mo-cog \2 /mo-o) i \г_

_ (mo-u)i)(mo-uD3)

)f й ) г <^3



where u>i , ООг are the gluon energies; u>3= £ - 2 m £ , £ - i s

the energy of the H°-boson, £ = mf,/4-m2 ; ЛП0 = m ( 1 - ¥) ; У (О)" 1s
2

the wave function of quarkonium at the origin; у — is the color factor

The range of variables O1 and u)g is the following:

0 4 cOi < m o .

I t is interesting to compare (5) with the differential width of oositro-

niun; decay Into three photons [ 9 ] ( Ore-Powell formula, see also [ i n . l l ] ).

The massiveness of one of the particles (namely the H°-boson) leads to the

fact that 1n (5} the role of energy is played by quantity 0д3 = Б "

while Л7о = H1(1~]P) plays the role of the auark mass in the quarkonium.

The scalar nature of H°-boson-quark interaction leads to new terms, one of

vbich {the last term in square brackets in (5)) breaks the symmetry with

respect to cyclic permutations of COn , dig , Ci53 at a l l . The rentioned

-.caiar nature of interaction as well as the H°-boson massiveness gives a

cnaracteristic behaviour for the spectral distribution от the ^ecaylno

•jjuons ( i . e . for ctr/ciCD.) ). So, integratino (5) over Ci)g we

v +

i-r>: x - CJi / m 0 (G£ x£ i) , A - m / m 0 •

- i . t c a n S P G f r o r - ( С ) i h c 4 t , t h e s r i p c t r e " » f l i s t r i b i i ^ i r r р ( х , А ) fit



boundaries or the variable X is equal to zero (In the analogous exnresslob

for Ore-Powell formula [ 9 , l l J the spectral function monotonously orows

from zero (at X = 0) to unity (at X = 1 ) ) and rather stromjly denends on

the parameter Л (see F1g.2), i .e. on the mass o^ the H°-boson . In F1<?.2

the dependence of F C^» A ) for different values of the mass o+" the Hp-

boson 1s shown. One can see that 1n the region of larqe X we have a peak

1n the differential distribution and the height of that peak stronaly de-

pends on the mass of the H1ggs particle. So, for ГПН = ?n GeV the vesk f?

approximately six times as high, and at ГПН= 8 GeV ?5 times as Moh ?s

that at ГПН = 40 GeV (al l the curves are plotted for m = ao GeV).

I t 1s Interesting to study the distribution 1n the Invariant, mass mf

the produced pair of gluons Д = ( К 1 + К г ) . The differential distribution

1n A has the form:

глг -I
J

неге г = л г /( 4 m mo) •
The range of variable Д Is the following:

О4Аг4 ( 2 m - m H ) 2

 f

hence 0 4 Z 4 (ЛС- >/A-1 ) 2 .

One can see from (7) that the function R ( 2 , Л ) turns Into zero



both at Z=0 and at the upper l imit of the variable 2 osnendinq on the

4°-boscn mass la r i g . 3 the dependence of the d i s t r i b u t e or ;;P the invfn-isnt

mass is shown. One can see that here also the d i f f e r e n t i a l d i s t r i b u t i o n is

"•s"!ii с1;-/е U. the mass of the H1ggs boson ( a l l the curves are rfiotted for

sT - 30 GeV;.

for tin- t o t a l decay width cf quarkonium Into the ? q H° system we hr-,v&:

d -

"'here !*'1-, f" is the mass o f ouarkoriiurn ( f^q.Q, = 2 r r

vhi.s w;a'.h i c normalized to the quarkonium decay width 'nto ?q , as

me- 'jecay i t : о 2a takes place for the C--even state of auarkonium as w e l l ,

•'•ot;- that: wu have s e l e c t e d the quark momenta i " -riarbpnium, so the discussed

^ i v f s r i ! : n : : ' е г " е г o n l y t o t h p C - e v e n s t a t n ' i w ' t ? : •• •-- - v > i f t . - ' " Т О ^ Р П ^ Ч Л 1

• -OU.V '.HilUiri) .

! ' i . . i '..iatuip w i t h o r ' o i t a l nipwentum т-iue1 to ' j n i t v ' •'•'•- --r.trtps 1 w i l l

ot :\\-: JV -.vj elsewhere.

•i к/:- ! -.he values of the r a t i o s of 'widths (8) f o r d i f f e r e n t H°-hosc-r

;•!,'•_• ; o t h e " j v > о ' t l i r - 4 u - i ' O " C " ' 1 . ' : . '.'"• z v > : - % ~ -:' ••!,- •:•:'•-_.' ' c ™ ? z ' . f ~



we always took the mass of the quark equal to 40 GeV, i.e. studied the Песа\

of toponium into 2g H°, which allowed one, in contrast to the bottonium

case, to discriminate the hadronic jets frop «iiuons for nof: verv Israe

H°-boson masses.

Let us conmare the vn'dth of quarkonium decay into ?q H° with thp one

into H°/T ( i t must be noted again that these decays stern +>PP' different

C-even states of quarkonium).

. г i
Г IF(x,AWx 'Q>2gH(

In Table 2 the values of ratios of these widths чг-

Table

GeV j 3 | ^ 0 j 3 0 ! ••!.•' i

4 . 0 ! 1 . 5 i 0 . 6 n.3 u : i^"- \.?

L L I .

On?? c a r :-ee t h a t f o r s m a l l masses o f thf? *-'inos ";o?.nn ' r n : . , < 10 r,p
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.'..• f . io i i of Llii'.: r a t i o oowr- t r ^ r - ^ c t i o n s i^" n r>r-r o ^ i i t o r 1 | Г '-l-nsop r r c c l u c

w i d t h s i n t h r r a d i a t i v e d e o i v s ( f o r e s t i m a t i o n s , d. = (c?r7"i) j - ; ? W i r

c q u a ' t o ^ - • • . П .

;'i> i ; . ; ,^ г . L-etr; :,по'.л,. { h f ' c c : •; i ^ e r p ' j - c c h n m r - • r c 1 ; ' - ! r s P : г ч ч - ' ' т - t - P !
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the behaviour of the differential characteristics (see Flos 2 and 3) as well

as of the total width of the decay (see formulae (8), (9) and Tables 1, ?).

In the f inal state we have along with H°-boson tv.'o hadronic jets 1n this

mechanism . This can help one 1n the Identification of the Hiqos narticles

in the decays of heavy auarkonium. One should bear in mind that the nroduct-

1on of the Higqs particles accompanied with two hadronic jets may proceed

only through C-even states of auarkonium. That 1s why in e+e" annihilation,

the mechanism of the H°-boson production In the radiative decays of C-odd

states of the vector quarkoniun Vgg ""•" H ° + ^ 1s more effective.

Tne situation is different when one deals with the hadron-hadron inter-

actions. I t is known that the heavy quarkonium in the hadron-hadron inter-

actions is produced through the gluon-gkion fusion mechanism (the available

experimental data are well described by this mechanism for C-odd chartnonium

and bottonium, see, e.g. [ l l j ). In such a mechanism the production of the

:onsidered C-even states must dominate [ l l ] over the formation of the vector

quarkonia which require an emission of an additional aluon jet ( Q9~*" 1 >

Xo , х г , but gg-~v a 8 L 0 ).

It follows from the aforesaid that the Higgs boson production mechanism

we have considered is of particular interest for the study in hadron-hariron

interactions where it is more effective, as we have seen, than the mechanism

of the radiative production of the H°-boson 1n auarkonium decays.

It is worthwhile to note finally that the total cross section of the

H°-boson production in the hadronic decay of the IT, -state which 1s pro-

duced in pp (pp)-collisions, is at least o* the same order of itaqnituHe

as those of the known associated mechanisms of Higqs particle f-roduction

in pf) (pp)-collisions [7,8,13] for not very larae masses of the H°-boson

( m
H
 л< 30 GeV).

The authors are indebted to I.P.Aznauryan for interesting and heloful

di s_ JSS1 oiiS.
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five diaarams

with permutations

"ig.l. Diagrams referring to hadronic nechanism of the H -boson

production 1n the heavy auarkonlur decays.

1q.<:\ fho sr-ectTa! cistnhution F ( X f A ) -is 1 f .irn-.t ir

of X-Ou'i/rUQ . Curves are plotted =t the beav

ГП - йО GeV and re fer to - i n a n - 1 .10 r~o
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Fig.3. Behaviour of d i f f e r e n t i a l d i s t r i b u t i o n R ( Z , A )

of the reaction G L Q . ~ * " 2 Q H ° as a function o*" 2 = д / ( 4 т г П о )

Curves are plotted for the heavy ouark TOSS ГП = ЛП ReV

and ГПц = 20 an^ 40 GeV.
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