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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 is proportional to the
quark mss M . So, there is only one n2utral HO-boson in the minimal model
of electroweak interaction [1-3] and 1ts coupling constant with the quarks
is of the order of (G, JE')yé- m , that in the case of the heavy auarko-
nia Gléi gives quite Intensive source of Higgs boson production with a
mass of My < 2M ., A restriction to the Tower limit of M, resulting
from the standard model of My » 647 Gev [4,5] should be noted (one
must bear fn mind that the supersymmetry requires the existence of at Teast
two Higgs doublets and one of the neutrql Higas bosons may have rather
small mass, of the order of some GeV). )

In [6], the radiative decays of J)/‘f' v d~ > T [(the states aa
with J’PF = 177) vector quarkonia with the production of H°-boson were
studied in the framework of non-relativistic potential medel. So, for the

width of their decays is obtained {see reviews [7,8] |
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where v and My are the masses of the vector auarkonium and H°-b050n,

2
respectively. At mi/Mv << 1 we obtain from the formula (1)

{when My M&‘= 9.5 GeV and My = 80 GeV):
F(y e 5 (T~ Hey)
S s X)- =8'10’, ( *X‘ x 0,56 ;
P ——p" ) M7 —p" )

This gives for a bottonium quite detectable value. 1t should be noted that
the estimation of the width ratio for a toponium was made without the contri-
aution of 2%boson to the width of the decay T ~™j M, which becomes
sonsiderable at . My = BO Gev.

In tinis work we have studied the mechanism of Hoiboson productior in

nadrenic Jdecays of quarkonia

Q@ —H°+ X , ()

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

ievel the width of this decay is determined by the decay:

Q8 —H°+ 29, )

where two gluons turn into quark-antiquark pairs forming ordinary (1ioht)
hadrons. Fi3.1 shows the diagrams corresponding to the nrocess we study.
The final system ( 29 H® ) is C-even, so the oroduction of H® in hadronic

decays may proceed only through C-even states of auarkonium, such as
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Q(JPB=O ), x;(J7=0 7,177, ¢ ).
The amplitude of the process shown in Fig.1 has the form:

£ jaa
~ € f }—-._}— a g
M = 48y m (GYZ) " - 8p (2" 7)€ (K1) €3 (Ka) H(K3)

. R (e
e Ka~Ks +m FARNAY | K
*UK) (i mkoyome 1 (= kprome e U

plus the contributions of diagrams with permutations, where a,s =1.2,...9

a g
A - are the Gell-Mann SU(3) matrices; Er. (K1), Ey (Kz) - are the aluon

polarization vectors; H(K3) is the wave function of the H®-boson;

OLS- is the strong interaction coupling constant. The factor ]%f is
connected with the averaging by the color.

For the differential characteristics of the decay under studv. in the
framework of non-relativistic potential model (in the rest system of marke-

num Kgq=-Kg  ,s0 Kg="Kg=0 ) we obtain:
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where @q , @, are the gluon energies; g = E‘Emf . E-is
2

the energy of the HO-boson, ‘§=m“/4m2 ; Mo = m(‘l' ?) ¥ (O)'15

the wave function of quarkenium at the ortoin; 3F — is the color factor

The range of variables @; and G 1s the following:
m -
Mo~ @y € W2 & —m=g5, (Mo ~®1),

D€ W £Mo .

It is interesting to compare (5) with the differential width of nositro-
nium decay into three photons {9] ( Ore-Powell formula, see also [1n,11] ).

The massiveness of one of the particles (namely the Ho-boson) Teads to the

fact that in (5) the role of energy is played by quantity W3 =&~ Emf ,

while M= m(J" ‘f) plays the role of the auark mass in the quarkonfum.
The scalar nature of H%-boson-quark interaction 1leads to new terms, one of
<hich (the last term in square brackets in (5)) breaks the symmetry with
respect to cyclic permutations of @, , W, , @3 at a11. The mentioned
scalar nature of interaction as well as the H%-boson massiveness gives a
cnaracteristic behaviour for the spectral distribution of the decayina

sluons (i.e. for df‘/ Ci:f:.)1 }. So, integratino (5) over Wz we have:

ol ,
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g can see from (£ ihet the snectral distritu+ticor F{ X, A} at the
S~ ; /




boundaries or the varifable X s eaual to zero (in the analogous exnressioh
for Ore-Powell formula [9,11] the spectral function monotoncuslv arows
from zero (at X = 0) to unity (at X = 1)} and rather strongly denends on
the parameter A (see Fig.2), i.,e. on the mass of the H%-boson . In Fin.2
the dependence of F (X, A)  for different values of the mass of the HO-
boson is shown. One can see that in the region of large X we have & peak
in the differential distribution and the hefght of that peak sircnaly de-
pends on the mass of the Higgs particle. So, for My = 20 feV the peak Is
approximately six times as high, and at MMy= 8 GeV 25 times as hich as
that at My = 40 GeV (al] the curves are plotted for m = 49 GevV),

It is interesting to study the distribution in the invariant mass of
the produced pair of gluons Aa=(K1+ Ka]a. The differential distribution

in Az has the form:
2

- o |
dr (88 —2gH") = SF (G B m?) o [ O R(2, ) ez,

R(z,A)= X(?_-zz‘a—z [{(1+a)2_4xz}1/a +

2AZ tvz+ {(1+2f-422}"7 ]
T Tk 1+2-{(1+2)*-42z]"% ’

Here Z = Ae/(lu»mma).
The range of variable Aa is the following:

0<4%< (2m-m, )|

hence 0€ Z < (VR - YA-1 )2,

One can see from (7) that thé function R ( Z, 3\) turns into zero



bath at Z=0 and at the upper 1imit of the variable 7 deopending on the

#O0-bosen mass  in Fig.3 the dependence of the disfributivr un the invariant

mzzs 15 shown. One can see that heres also the differential distribution 1is

zensitive o the mass of the Higgs boson (ail the curves are niotted for
- 40 Gev).

For thz tatal decay wildth of quarkonium in%o the ? g Hr‘system we have;

. §
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ey ¢ the mass of auarkonium | Mqa =2

This wicth e normalized to the guarkonium decay width inte ?S , as

T2 gecay ivte 29 takes place for the C-even state of auarkonium as well

Foto that we have aeqiected the quark momenta in viarkonium, so the discussad

aprestiens cater only to the C-even staies with oo o 2¥es” poamentyr
sauare anium),

neos saanion with orbital momentum equel to unity - X -ntates) will

se o4 Tde ol elsewhere.
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we always took the mass of the quark equel ta 40 GeV, {.e. studijed the decay
of toponium into 23 HY, which allowed one, 1r contrast to the bottonium
case, to discriminate the hadronic jets from aluons for not verv larae
n%-boson masses.

Let us comnare the width of quarkonifum decay into ?g H® with the one
into H°5‘ (it must be noted again that these decavs stem ‘rom different

C-even states of quarkenium).

@@ — 2gH® _  2dg
M(Vag—~ Hoy) 39~ 0

AF (%, A)dx
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in Table 2 the values of ratios of these widths are river,

Table ?

S e
M L o5y L1 | B 120 o3¢ [ oan o omn T
) i i i : | i
e e
£18& > 2g17) !4(\ b1 o0 !) 0.3 l ST P BT A
r‘ 7 - 9 | i i i
Yaa HY) | " :‘ i i : i
i
SRR NN SRS SN U SR DUNUSRON SR

OUne car see that for small masses of the Yiags *osnn g €10 6ot

W

“Hos produced vore “recyently e badrondc decave thon in othe radiative

decays  of quarkonium. In the rance of Tty = 1030 G2V these widths are

“iparable. The furtner increase of the HY-hoson ass leads *poa shavn ve.

widihs in the radiative decavs (for estirations. olg (&m} i tabpr

cgues te o 0 1Y

£

Gn 1L ohan been anovn. Phe oo sideres mechanics of B oboan proedactien

kS

yroothe nadroric decays of cuarkenite 15 of dnierest free the vieweetnt o

Lotion of this ratio dowr to fraciions of o e sent of B bncor eroductic

s



the behaviour of the differential characteristics (see Ffas 2 and 3) as well
as of the total width of the decay (see formulae (8), (9) and Tables 1, 2},
In the final state we have along with HC-boson two hadronic jets in this
mechanisi: . This can help one in the identificatfon of the Hiagas narticles
in the decays of heavy auarkonium. Cne should bear in mind that the oroduct-
ion of the Higas particles accompanied with two hadronic jets mayv proceed
only through C-even states of guarkonfum. That is why in ete™ annihilation,
the mechanism of the HO-boson production in the radiative decays of C-odd
states of the vector quarkonium Vea - H°+J' is more effective.

Tne situation is different when one deals with the hadron-hadron inter-
actions. It is known that the heavy quarkonium in the hadron-hadron inter-
actions is produced through the gluon-gluon fusion mechanism (the available
experimental data are well described by this mechanism for C-odd charmonium
and bottonium, see, e.g. [11] ). In such a mechanism the production of the
sonsidered C-even states must dominate [11] over the formation of the vector
guarkonia which require an emission of an additional aluon jet ( 89-’ 1 »
Xo + Xy, tut 99— Va5 g ).

It follows from the aforesaid that the Higas boson nroduction mechanism
we have considered 1s of particular interest for the study in hadron-hadron
interactions where it is more effective, as we have seen, than the mechanism
of the radiative production of the HC-boson in auarkonium decays.

It 1s worthwhile to note finally that the total cross section of the
HP-boson production in the hadronic decay éf the rlt -state which is pro-
duced in pp {pp)-collisions, is at least of the same order of maqnitude
as those of the known associated mechanisme nf Hfgas particle rroduction
in pp {pp)-collisions [7,8,13] for not very larae masses of the HO-boson
( my < 30 Gev).

The authers are indebted to 1.G.Aznaurvan for interesting and helpful
discussions.

0



o

K, Ky
Q- S (LI Ld 8’ five diaarams
A\ KE; with permutations
v
g Bl Ay

7ig.1. Diagrams referring to hadronic mechanism of the HC-hoson

..

production in the heavy auarkonium decays.

A
Frxa
1t
i /‘\
my=2"0eV
o |
\
/ |
/ =
4
oh /

. '
-
A-’/ — ~
e N
o wt [ ' ' -

The seectral erstirhution (X A1 as 1 fanctien

of X =®q/mo . Curves are niottcd 2l the heavy agavs

mass m = &40 GeV and refer o f'?'ZH- 2N oand AN e



* R{z2)

A

|

10} /

!

! /

)
i /// m.-40Gev |
/4 |
LR /{/ {
Ny | I

y |
”I/ A .“L_*ﬂ_ﬁ_,

Fig.3. Behaviour of differential distribution R (Z,A)

-~ 2
of the reaction GLG.“’ZSH" as a function of Z =A/(4mmo)
Curves are plotted for the heavy auark mass m = 40 Gev

and mH = 20 and 40 GeV,

[P



b

REFERENLES

. Glashow S.L. Par.fal Symmetries of weak Interactions. - Nuci.Phys.,

1961, v.22, No.4, p.579-589.

. Weinberg S, A Model of Leptons. - Phys.Rev.lett., 1967, v.19, No,?1,

p.1264-1266.

. Salam A. A Weak and Electromagnetic Interactions. - In: Proc. of the

Eighth Nobel Symposium, Stockholm, 1968, p.367-377.
Linde A.D. On the Vacuum Instability and the Hinas Meson ™ass. - Phys,

tett.B, 1877, v.7C, No.3, p.3n6-308.

. Weinberg S. Mass of the Higas Boson. -~ Fhys.Pev.lett.. 1°7€, v.36, Mr.E.

p.294-297,

. Wilczek F. Decays of Heavy and Vector Mesops into Hioes Particles, -

Phys.Rev teott,, 1277, v.37%, Hc. 21, r 1304-1306,

. Baitmmreitn AWM., £axapoB p.e., tiomad il.A. ZMTTCOECKME dYac-

. YOH, 1980, 7.I31, BHEm.4, ¢.537-575.

. Anceasm A.A., Ypamues H.[,, Xose B.A. XUrrCOBCEME (OB0HH.

Marepmasy XIX Spmuedr wxomw AR, 984, c.7-9C,

. Ore A., Powell J.L. Three-Photon Annihilation of an flectron-Pesitron

Parr. - Phys Rev., 1949, v.75, No.l1l. p.1696-179%,

IC.bepecremxmit B.B., Juumu E.M., Imraescrui JL.1I. Keanropas

anexkTpomMHammia. M. : Hayka, 1960, c.414-4I6.

11, Novikov V.A., Okun L.B., Shifman M.A. et al. Charmpnium and Cluons. -

1e.

13.

Phys.Rep.. 1978, v.41C, No.l. p.1-123,

Barger V., Martin A.D. Oniad Production at np Colliders. - Prerrint
MAD/PH/204, Wisconsin-Madisen. 1984, 13 n,

Glashow S.L., Nanopoulos D.V., Yildiz A. Associated Production of Hiaas

bosons and 7 Particles. - Phys.Pev.D. 1978, v.18, "a.5. n.,1724-1727,

The manuscript was received 17 May 198%

13



P.A ATAHAKIH, C.T.TPATOPAH, C.T,MATWHAH

K BQIPOCY O POXIEH XVITCOBCKOI'O BO30HA B PACHAIAX
THERIOr0 KBAPKOHMA

(ya aurTymiickom fAsure, nepeson 3.H.Aciardm)

Pemaxrop J.II.Myramn
Texrwuecruit pemaxTop A.C.AGpamsH

Nommacano B mewarsI0/IX-85r. BD-068I3 Qopmar 60x84/16
Ojcernas pmewaTs. Y9.m3m.J.I,0 Tupax 299 ox3. . IS k.
3ak.Trm. % 411 fEnerc 3624

Ornevarano B EpemancroM (W3MIECKOM MHCTATYTE
Eperar 36, Mapkapana 2

s



Hiaekc 3624

EPEBAHCKMA OU3NYECKMA NHCTUTYT



