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1. Introduction

WE and 7° bosons having been experimentally detected [1,2] . of peculiar
interest became the search for the neutral scalar particle (Ho-boson) which
1s the last lacking element of the unified theory of Glashow-Salam-Wefnbera
(GSW) electroweak interaction [3-5]. Standard GSW model predicts tﬁe exist-
ence of single Higgs boson; however the search for the H®-boson is complicated
for its mass 1s not fixed in the model. The restrictions imposed on the mas:

are rather wide [6-8] :
768V € m, € 1TeV

‘One should however mind that in the theorfes requiring the existence of
two Higgs doublets*), the Tower bound for the mass of one of them can be
rather small,

Many recent works are devoted to searching for and studying the H?-hoson
production mechanisms in various r;actions {9-23] ( pp, pp -collisions.
ete- -annihilation, véctor quarkonium decays. etc.) with selection of the

ones most advantageous as to their production cross-section maanitudes and

*) Note that supersymmetrization of standard model necessiates intrnduction

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 Hiags particle {is proportional
to the mass of the particles it comes into interaction with. Besides. the
improvement of the detection properties of a certain reaction (when, e.q.
the H®-boson 1s produced 1n association with the 2®-boson, heavy quarks.
hadronic jets, etc.) enables one to separate from the backaround ohenomena
which unfortunately take place and are large practically for any mechanisms
of the liiggs particle production.
The decays of mesons containing heavy quarks are one of the best sources

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

Mmy<am , where m {s the mass of heavy quark, For vector auarkonia
]'/tll . T ( G\a states with JPC=1"" ), their radiat-
ive decays with H®-boson production were studied in the framework of nonrela-
tivistic potential model (16 ] (Wilczek mechanism, see Fig.1). For these
decays widths there was obtained (see also [14,15] ):

F(Vag — H°Y) : Gr Ms (1_ mf.) (1)
[ (Vag —p*)  &lZ2 ad Ms /!

m,
where M, (~2m) 1s the vector quarkonium mass. At mz < 1 trom

(1) for the ratio of the quarkonium decay width by the Wilczek mechanism to
the width of decay into muon pair we obtain (for My the following values
are taken: h41»= 9.5 GeV, My = 80 GeV):

Cr—Hy) _ . o F(T—Hey) _
FOr—p'1) ’

T 0.56 ,

which already for bottonium will give a quantity quite accessible for exveri-

mental study. Note, however, that in Ref. 15 the ratio of widths for topo-
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nium was estimated without account of the Z°-boson contribution to the width

T*"rl"'y‘ which becomes noticeable for Ms = 80 Gev,

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

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

-+

H®-boson production in the decays of C-even guarkonia such as rl(J'PC=O )
(21] . 7(3 ( TP=0™, 1™ 2**). Here the hadronic mechanism of Hiaas

boson production is the most advantageous one:

n(z)—~H"+X), (2)

where .X stands for hadrons not containina heavy auarks,
At a quark-gluon level the width of decay (2) is determined by the decav
(see Fig.2):
Q@ — H°+ 29 , (3)

where two gluons give finally the jets of ordinary hadrons, and Q and G
denote heavy quarks.

The amplitude of the process shown in Fia.2 has the followina form:

S A
M= 4Tdg m(6,4Z) s g p (T 7)) En (K1) €5 (K2 H(xs)

A A A A (4)
- K - Ks +m K = Ky +m
XU('K;) {K,- Ks)z— m? v (K4-K1)"-m

2 Xpu(K“)*

+ contributions of diagrams with permutations,

a
where d, B =1,..., 8. A - are the Gell-Mann matrices of the SU{3)

a &
group; En (ki) . & (Kz) = are four-dimensional rolarizaticn
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vectors of gluons, M {Kaz) — s the H%-boson wave Tunction, olg - 15 the
{

strong interaction constant. The factor ’fg 1s connected with color

averagiag, Notations for the particle momenta are given in Fig.2,

We are working within the nonrelativistic potential mode! [247, where

g -

the heavy quark momentum P in the c.m.s. ( Ke=" Kg = P } is a
natural parameter of expansion { | P | <« M ), and since we are 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 constdered amplitude in the Coulomb cavae is as folliows:

H 2
i Lmt - m .
X4 - 2 m*nn“‘f’*’ef‘r: R
U em2{m? ~ 2meg,) - 2 VT tgx e
T i N N A AT A WL SN
”:mu Emeﬁ,} L.‘( tha 1) T AR
fe
i€y
W euling Grns_3 i % H P \,ww- e ’_.‘Q;—.
wlin.E Y~ —{n )-—-—-- X Y+ 2
\i\ )) n1:3,4-2 g \ 3&) { 2&§£]/ \f ./J
C3 [fvb» e - /-n—-— N - -
- X nqfl - {E {Na b g 2,
m(m;-eme1) \ ) ( 1 3)(1 c) ( ?.)\ 3 1) (1 )

b (~(RF)(E B) + (R B)XE ) - (aB)(TE)

(F) g Tmey ) (12

m?, - 2mé;

S .



g

_ " ‘i"‘.f‘,‘.’ﬁ'-- ,

v S @) (B8 -(TRXEE) + (R E) (RE)] +

2m?®
(5)

1 - - - - —
+'2‘,;§[(n1§)-(ﬂz§)]'[(”vez)(xfa)‘
(T X)(E By) - (P B)(XE2) + (R 7)(E )] -
- [ G E)ER) e F B) (FF)]

m€1 €2 2 g 1 2 1 % 1 )

. K

where nd='a . o =1,2,3; here € , E,~are aluon enerafes:

83- is H%-boson eneray, 54 , €5 = are auark and antiquark eneroies in

quarkonium; in the nonrelativistic limit inc.m.s. E€,=E€ 2>m

81 and ez" are the gluon polarization vectors (in the CouTomb gauage
€o(Ki)=EalKe)=0 , & (Ki) =8y, . &i(Ke)= €y
T-£
f - m

The Dirac spinors used are normalized by the condition ﬁu = 1, Here

\I'Z'x., =SpX Y J'?:i' = Sp(gx) , vhere 7(: = aj"-aj;

(L)d and Cn.)"‘s are two-component spinors of aquark and antiquark. The
terms proportional to X, correspond to spin 0 states (thev actually cor-
respond to contributions coming from n ~quarkonium to the considered
decay), while the ones proportional to x correspond to spin 1 states

(to contributions coming from three X, -states to amplitude (2)y,



Amplitude M  is written so (see formula (5)). that the terms with
Xo will descrite annihilation of n -quarkonium ( 18, -state) to
the system 23 H® (two aluons and KO-boson), whereas the terms with x -

3

ce 3 3
annihilation of X -quarkonia ( Po , Py, "Pz -states) - to the

J
system 22 H®. To calculate the decay widths of XJ -ouarkonia, one sheuld
extract contributions from these three states to amplitude M . To do this,
the most convenient way 1s as follows: we have at our disrosal six independ-
ent vectors characterizina the decay: X (soin), _f. , E ) -E.a , -r—l,

-

- — —
and Ny . From X and 5 we can construct a scalar ( X . -§. )

3 —
corresponding to P, -state of auarkonium, a vector [ % § ] corres-

poncing to 3P1 -state, and a tensor TgS = 7fg gs L gS -

- -g— (;(—}.) 595 corresponding to 3Pa -state. Together with the
four vectors E ) -E’z ’ -I'T, R Fl-z we must sort out all possible
scalar combinations which will just determine the general structure of
transition amplitude of the corresponding 7(3. ~quarkonfa into the system
of two gluons and HO-boson. As a result we have:

For Xo

Mo= N(XT)-[Re B &) + R(TE) (R ED]; (©

for 11 .

n

+Re (By B) [P ]* R (M &) [ M2 6] +
* R (M2 B[ Ay Eo] + Ra 7y B [Fr B ]

+ Ry ina6y) [Me e},



for ?(z

6 -
= NT® [Rg €1 €5 + Ry(A, )8’ +

- - 6
*Ru( By e M + Ry (W, 6 e ng +

{8)
¥ R13(nze1) ez n, + Rﬁ,(e1 Ez)m ny +

- s balial
+Rus (6 B2) MG g * Reg(Er E2)nf ) ]

ab
where the factor N =-4J2 TTdlg* M (G Ji)yz 6 - HiK 3)

is introduced into formulae (6), (7) and (8) for convenience. Everywhere

the scalar product { Mg+ N,

Ry ( L =1.2...., 16). Comparing terms proportional to X
mila (5) with the sum

} is included to the coefficients

in for-

Mo + M; +M, we shall obtain for the coeffici-

ents Ri a system of equations which being solved will readily allow us

to find

R,= '%—[Rg* Ru * Ryg* R\G(m“?-)]* Ll

em?

(ay

285 Zm 83 1+ n o )
m(mi-Zmes)[ T (1 a)]

e AL Ny e



(4m? - m&, )2

R 6mt(ms, - 2me;)°
Rj = (€1~ E2)(4mP-m})
3= 2m€1€2(ma - 2m€3) bl
Ry = B € U4mE-mh)
& = am(ma - 2m€3)a )
Rg=-Ryu= (4mP-mi)(2m(Es-€2) - mb,)

4m?(mé - 2me;)?
(9)

Rg=-Ry= RS(EZ ._—81) ,

4m*-m%) (m% - 2m (€1 +€5))
4 m2(m% - 2mées)?

R7=-Rypo=

RB,:_ R12.: R7( 61-——— 82),7

(E1+€2) (4m? - m%)
2m € €2 (M} - 2mes)

J

Rg:

- (m -2m(e+Es))(4m(m=-2) - )

Rl‘t 4m2(mi_2m83)a

Rig = Rig (€9 = €2) »
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8m2Es€z + (4m?- miy) (m (265~ &1 -€2) ~m%)
2m?(m? - 2me,)

4m? - mé-a4m(g +E)+ 2882
2€q1 €2

Thus, formulae (5), (6). (7). (8) and (9) determine entirely the amnli-
tudes of n and 7(:, -guarkonia decay into 23 H°-system. To obtain from
these the decay width [ , one should take into account that (for details
see Ref. [24]) |

rii—=¢#)={laci—gl*ae, (10)

vhere L s the quarkonium initial state, §-are the decay products,
d® - is phase volume of final system, and the amplitude A (i — f) is
related to our amplitudes M as follows:

. o d%P
A(i—=¢)=(M(P) 2(P) zay (1)

here 9([3.) is quafkonium nonrelativistic wave function. For the con-

sidered C-even quarkonium states it has the followina form:

P('So) = %o Ws (F)
(12)

11




50(3p°) = —J%—_(i- {l}p(ﬁ)) ’
?i (3P1)=J'i6‘ ECJK * 7(J (WP(E))K ’

Fo5 (Pe) = ]12=o (R (W (P)e * X6 (% (B~ 5 (XF(F)8gs) »

here ‘}g (-F’.) and WP(P) are Fourier images of ('L) =
Rs(v) = __
_J%—f— and \F (D)= l iz Rp ()~ wave functions of S
and P -quarkonia, and Rg(2) and Rp(Z) satisfy the normalization
2.2, _ h J
condition SIR('L)I 1°de=1 . The factors JF  and =5 take
into account spin-averaging of 3P1 - and 3F} -states of quarkonium,

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

dlf(n—2gH°) = 3:1t~’— (Gp J‘ds)lR(o)l *

(4m2 mu)z(4m(s,+gz)+ m2, - 4 m?)?
25 meefeg (Mg - 2mEs)? de,dez ,

- dF (X 2gH°) = 23 (G VZLZ) | Rp O (13)

x %[(1 +.(-|’T1 Hz)a)'Rf +(1- (E,Hz)z)z. Rz -
= 2(fAg)(1 = (fa na)Z) RiR.]dE dez
dF(x,~2gH°) = 3%2 (GeVZot2 )| Rp(O)[ »
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"?f"{z(ﬁﬁz)[u?, fz)*- 1}[Ry (-R3* Ry ~Rg + (i, i) Rs =

~(AiN2)Re)* Rs (Rg *+ Ry~ 2Ry +(My Ma)Re) +

* Rg"(~Rs*t Ry~ 2Rg)] +

+ 2-[ (R, A)2-1}{2RsR7 - 2RsRg + RyRg = R% -
- RE1+ [1-(Mf)*T [RE+RE+RET+

+ [3-(f,)?]" R Jde dea.

We do not present here the expressicn for the X, ouarkonium decay

as 1t is rather cumbersome.
To obtain total widths and differential distributions (e.q. versus the

energy of one of the gluons) one has to intearate the exoressions. aiven

in formulae (13), over & and €z . The range of these variables is as

follows:
2
4mP-mb m _(4m"'—m... _
—am "8 &< e am YY)
(14)
4m? - mé
O 4 81$ 4m *

Thus, integrating over &£, . we shall obtain differential distributions

in €4 for the reactions under study (see Figs 3-9). In these fioures we

present the distribution function F( X, m, My) , i.e. the decay width

13
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2 e.ms
divided by the factor 3grz (GVZol3) | Rs(0))? 3%—5’—"—" for
4mt-m}

N -quarkonium and by the factor '3—3;.' (G\fi_df-,)'R'P(O)lz' Tm

for XJ. -quarkonia, respectivelye (the distributions are given as functions
of quantity X = 81/m’(1 - —4_%) » where X 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 funct.ions fon
the H®-boson production from the n -quarkonium decay (Figs 3-6), we pre-
sent also curves (dotted line) for the production of the neutral pseudoscalar
particle P° in the n -quarkonium decays (it 1s known that the pseudoscalar
Higgs boson can take place if two Higgs doublets instead of one are intro-
duced into the usual scheme. Then one more, neutral scalar boson abpears
along with the usual scalar H%-boson, and, generally speaking, two pseudo-
scalar bosons appear, one of which 1s neutral. Relatively heavy pseudoscalar
mesons arfise also in 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 sectfon in n—- 29 P®  reaction we obtain

. 2 1 .
dT(n—=2gP°) = 373 (G2 )| RO’ erzerez (mi-ameay?

(15)
‘[mt(am(ei+E)+mi -4m?)e +

16 m4(4€,E2-bm (&+Ee) +4m? -m})? ] dedes .

1A




In the Wilczek mechanism {see Fig.1) the cross sections of HO and P°
produced from the radiative decays of vector auarkonium coincide [25.15] .
This means that to discriminate the emission of scalar particle from that of
pseudoscalar one is impossible by studyina in these decavs only the total
widths and angular distributions. Therefore the studv of the P-nreduction
in C-even quarkonia decays seems attractive. It is evident alreadv from for-
mulae (13) and (15) that the differential widths for H® and PO nroducer <rom
the n -quarkonium decays differ from each other (see also Appendix). As is
seen from Figs 3-6, the gluon enerqgy differential distributfon is stronaly
different for H® and P° production and highly sensitive to their masses. Thus.
at My= 10 GeV (see Fig.3) the production of P° pseudoscalar in the had-
ronic mechanism is suppressed more than by an order of maanitude as comnared
to the production of HO scalar, if its couplina with fermions is of the same
order as that of H®. With increasing M, all the cross sections decrease:
however the P° production cross section decreases slower than the H® one.
therefore at M, = 40 GeV (see Fig.5) these cross sections become ecual.
while for large m, the po production cross section is dominant (see
Fig.4: at My = 75 GeV the HO-boson production cross section is by two
orders suppressed). Fia.6 shows the differential distributions as functions
of heavy quark mass. One can see that with increasina the auark mass (1.e.
with increasing the quarkonium mass), these distributions arew un (this is
actually due to the increase of the phase volume). but this denendence 1s
weak (in our consideration everywhere under quarkonium system we shall imnly
toponfum (Mg = 40 + 10 GeV [26] ), which, as distinct from bottonium,
will make it possible to discriminate the hadron jets comina from aluons).

In Figs 7-9 we present the distribution functions F(x, m, my)
of X  for the decays from 7(J -quarkonia (SP. , 3P, , 3Pa - states).

15



For all m and My the values of these functions for X, -auarkonia

sitjsf y .-..,
satisfy Fxg-’ Fga > F

Tq condition., F10.8 shows that with increas-

iny M, the distributicn function for X, decreases: o similar decrease
is observed 2lso for A, and X, agearkonia, however for the 1 -
quarkontum decays this decrease is by two or three orders faster. These dis-
tributions are more sensitive to the quark mass. Thus, with increasina the
quark mass from 30 to SO GeY (see Fig.9) the distributions functions change
by a factor of two or three. It is interesting that for 7(, -quarkonia,
with increasing M  (i.e. with increasing the phase volume) a decrease of
differential cross sections takes place as distinct from what we had for

rl -quarkonium.

It 1s also interesting to investigate the differential distributions of
the considered decays from invariant mass of produced aluon pair A2 =
= { Ket K; )2 {more exact, from 2Z = Az/("‘ﬂ'la - mzu) Y. To ob-
tain ditferential distributions in 2 , 1t is sufficient to make rerlace-

rents in formulae (13) and (15):

e
] 4m2 -m
' =& t m#m —(1+2),
(16)
4m?+mé - (dm2-mi) -2
€s= 4m !
2. 2
de,de; = 4"‘4mm“ dzde ,

shere the variation wranges over 2 and €4 are as follows:

16



s y o ATy (17
O RS L -.;:.’_;1._:,:_{;_ 5
here
max -
" Ly 2 2 22 >
gmin L {i(-"‘rmz_mﬂ)(hg)i[(qm -m . (1+2)? -

Bm

Integrating further over &, , we shall obtain differential distribut
iors R(Z,m,my) as functions of Z , nresented in Figs 10-13.

The functions R (2,Mm,Mu) are again divided by factors

2
e (G JEOC;) , Rs (0) la for  n -auarkenium and
3%-2 (G\fé'oC:)lR'p (0))? for X, -quarkonia, respectively, One

can see from the figures that the distributions in 2  are characterized
by a peculiar behaviour. For example, whereas for the decay n—~ 29H'
the distribution at Z—0 tends to zero, for the decay q'——agp"
irrespective of M  and My , the distribution function at Z — @
tends to 1. Besides, the distribution function R(Z, M, Mmy)  for

the decays of both 'S -state ( N -quarkonium) and 3P, -states

o
( 7(.I -quarkonium) at 2 —= Z™%* tends to zero (see Fias 10-13). Note
that variation of these distributions with M and My 1s similar to

the one we had for differential characteristics over X

17
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3. Background Processes,

It 1s thus obvious that the considered differential distributions %
and 7:—2— (for the Higgs boson production in hadronic decays of C-even
quarkonia) have a characteristic behaviour and they are sensitive to mass
parameters variation. These very properties may play an important role in
searching for Ho-bosons on those decays and in their separation from the
background processes. Thus, for the considered masses of H%-boson
( my < th = 80 Gev), its main decay channels are H° —TT .
HO —= T, H° —= bb . For the decay process N(Xy) = H® + two jets —
—_— 'C"-C-' + two jets, 1.e. when at the end we follow a pair of heavy len-
tons and two jets of light hadrons, the main backeround comes from vector
guarkonia decays with lepton pair production via a virtual nhoton (see
Fig.14). However, the differential distribution over X for this decay
(Ore-Powell formula [27] ) arows monotimous'ly fromOat X =0 to ] at

X =1, as distinct from the distribution, say, for n ~ouarkonium decay
(see Fig.3), where in the region of large X we have a clearly nronounced
maximum, while at X = 1 the distribution function turns to zero. Note
also that this background can be easily senarated since the auarkonium initi-
al state is C-even (vector quarkonium). The backaround situation is somewhat
worse for the decays of the type of 1 (X;) —= HO + two jets —~ cC
or bb + two jets, where the main backgrounds come from decays of auarkonia
(both C-odd and c.-even) into three gluons with subseguent transition of one
gluon to a quark pair ¢C or bb (the other two oluons produce two jets).
Separation from these backgrounds is already a more complicated rroblem,

It shouid be noted that the presence of three-particle states in the final
state of ‘lnvestigated decays (HO-boson and two jets emeroing only from decays
of heavy quarkonium C-even states) gives rise to utilization of the new

i



characteristics of the differential distribution tyre, verv sensitive, as wr
have seen (see also [21] ), to the couplino of Hiacas boson to fermions.
The considered differential characteristics of auarkonfa hadronic decave
with H%-boson production contain infrared divergences. It is of interest
that we have infrared divergences in distribution functions already for de-
cays from S-states (see formula (A.1) of Appendix: when my=0, 1.e,
A =1,at x—=1 in the function f(x yA ) we have a divergence
due to the "softness" of H%-boson).
in electrodynamics, the infrared photon production amplitude is propor-
tional to the expression [28-30]:
(Ke€®)  (KsE?)
(Ka'K) — (Ks'K)

where 6’4 {s' the infrared photon polarization vector, and K~ §s its
4-momentum. In quarkonium, this factor is replaced by .ES%E_:! (2]
where @ 1s the soft photon energy. From here 1t is ohvious tha* *h <of*
photon always takes the orbital momentum away (since -P-—1s the orti*al
motion momentum). That {is infrared divergence emerages in P-wave onlv, We
had this divergence already in S-wave {i.e. already in decays of n-
quarkonium), this being due to a scalar nature of the H®-hoson-auark
coupling. However due to My # O these divergences remove in a natural wav.
As to the P-state decays ( XJ -quarkonjum), we, as well as in electrodv-
namics, have 1nfraréd d1verge‘nces due to the soft gluons (see Figqs 7-9, where
these divergences manifest themselves at £,—~ 0 and E,— 1 .
Energy cut-off flor these gluons 1is performed in a natural wayv, since in com-
puter calculations these energies do not reach a zero value. Besides, in
‘computing, the energy progressing from €, = 100 MeV.' ‘even by two order:

towards zero value caused varfation in maanitudes of distribution functions

19
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and total widths no more than 10 ¢ 20 %, the latter beina of the same order
as uncertainties introduced by inaccuracies of QCD calculations and computer

errors.
4. Total Widths

To obtafn total widths of the studied decays, one should intearate the
expressions in formulae (13) and {15) over €y and €, . It 1s interesting
to compare the obtained widths to the width of the vector ouarkonium decay

into H® Y - Thus, for the n -quarkonium decay we obtain [21]

G —»2 Ho 2
:-((Gve(:s,z_— Hg ) ) . 3;:22 .S(mF(x,m,mH))dx, (18)
ea ¥ )

where Gl$ is heavy quark charge.

The values for this ratio are listed in Table 1.

Table 1
M, » GeV 1 10 20 30 40 75
[(n—2gH°%) 4.0 1.5 0.6 0.3 0.15 | 1.2 1073

One can see that for not large masses of Hiaoes boson ( M, £ 10 GeV)
the H-boson 1s produced in hadronic decays more freauently than in guarke-
nium radiative decays. These widths are comnarablé for my in the range
10 + 30 GeV. With further increase of HO-boson mass, this ratio sharply falls
off reachino some fractions of a percent of #°-boson production widths in

radiative decays (for estimations, olg(2m,) f{s taken = 0.1).
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It 1s of interest to investigate a ratio of widths of decays into the
system 2g H® from S- and P-states. Thus. in case of S- and P-state decavs
into two gluons one can obtain [31] :

F(aPo——EQ) =g. ' R'P(O) g ) (19}
r('S.—ag) mRg (0)

this giving -~ 102 for the Coulomb potential (a number close to that
turns out to be for the Richardson potential as well [32]). In our case one

can obtain

2
(20)

F((Po—=2gH") | Rp(0)
F('So—=2gH°)~ | mRs(0)

where & is strongly dependent on the Higas boson mass. The values of

& for different my are listed in Table 2 (the quark mass fs

m = 40 Gev).
Table 2
my , Gev 1 10 20 40 75
® 16.0 | 31.6 54.6 1.7 102 1.7 10

It is seen that the P-wave relative contribution increases in the pre-

sence of HO-boson.
Thus, at  My= 40 GeV the ratio of contributions of P- and S-state

decay widths amounts to o~ 20%.
Hence one can see that the considered mechanism of Higas boson production
is. interesting as to behaviour of both the differential characterdstics

(see Figs 3-13) and the tota)l decay width (see formulae (19) and (20) and
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Tables 1 and 2). Besides, the presence of two hadron jets together with HO.
boson 1n the final state also can help with identification of the Hiaas
particles. Rote that C-even quarkonium states, that are necessary for the
19995 scalar production in the investigated decay, one can obtain either in
nadren ¢ollisions {via the gluon-aluon fusion mechanism) or in efe” - annihi-
tation, wheve one can get C-even guarkonium states from radiative decavs of
vector quarkonia (in this case decays in XJ-state proceed with larae
branching).

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

HY-boson ans F? pseucoscalar (Table 3) for different values of masses my,.

Table 3

My - Gev 1 10 29 30 40 [ £6.5 75

[(_ﬂj?gH? 3.2 |94 |46 |22 |1.2 o3 |ae-10?
F(n —29F°)

5. Abcut One Mechanism of HC-Boson Associated Production,

Let us finally discuss one more mechanism of HC-boson associated nroduct-
fon in quarkonium decays. In Fiq.15 we give a diaaram of Ho-boson nroduction
by 7°-Loson due to three-Loson couplinas (see, e.a, [11.15] ). The production
of Hicgs particle in association with cauge 7%-bosons creates conditions
suitable encugh for their identification. Note that this mechanism can pro-
ceed both from the vector quarkontum decay {due to the vector nart of inter-
action of Z%-boson with heavy quarks) and frorm the C-even rl-ouarkon‘um

Jecay (cue to the axial part of 7%-boson interaction with heavy quarks).
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Standard calculations for the widths of these decays lead to:

r(Voa"H"ff) - Gi ) Vf(\/;‘fa";c) mtmd Ty
F(Vag— H%§)  4%%4 @ (4m?-mi)?-(4m?-ma)F "7
(21,
((n—whetd) | 36 af(fraemimi o
r(v(ié —»Hex) andQ;’ 4m2_mf‘ 2(My),

here mg 1is the Z%-boson mass;  §, f - are quarks and leptons in final
state (their masses are neglected as compared to my and Mgz );
Vt s Qg V;F and O._f, are vector and axial constants of fnteraction
) 8 ...2

of Z”-buson with quarks and leptons; V, =1~ 3 Sn B w , Gy =1,
V-f: Vt ., Qg=a, for U and C quarks and Vg = -1+

~— g 2 = - : B -
+ Fsin Ow a;- 1 ford , s and B quarks; V;- 1+
+ 4 3in? ew ) Cl; = -1 for electron and muon. From (21) and Table 4
one can see that the width of the considered decay 1s suppressed as comnared
to the Wilczek mechanism.

Table 4

My - SeV 1 10 20 |my, Gev [1 10 a0

T, (my) 0.21 | 0.1 |46 107 T,(my) | 0.01{8.5 10-3q9.2 1n

Thus, for the vector quarkonium decay, this ratio for m,= 10 GeV is
~‘.0'3. This ratio cannot be improved significantly 1{f with respect to the
quarkonium mass we shall be fn the resonance region ( 2m = Mz ),
In case of q-quarkonium, this ratio is even lesser. Thus it is obvious
that the considered mechanism of associated H®-boson production via three-

boson couplings HZZ 1n quarkonium decays ts small,
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Note also that we have examined also the heavy quarkonium decay into twn
standard H%-bosons (see Fig.16 and also Ref. 23 ). Since the system 2HC is
C-even, then, with account of P-parity conservation, this system is oroduced
only through X - and xa ~-quarkonia decays.

Investigation of the mentioned decay is useful for extraction and study
of a contribution of three-boson couplings that play such an important role
in theory (HHH couplings in the give:n case),

Note that the HHH coupling contributes only to the decay proceedina from
the X, -quarkonium, Calculations for the decay Ao ™ 21° have shown
that some suppression of this decay as compared to the Wilczek mechanism is
due to the fact that the considered decay proceeds through the P-wave. So,
for the widths ratio of these decays we obtain:

[P~ 2H°) . (10-30)- | REL
e = Ag) | ||

i.e., e.g. for the Coulomb potential this ratio 1s  ~(1:3). 102 (for
My= 10 + 30 GeV and M = 40 GeV). Despite the suppression of
Xo™ 2H® decay, 1.e. difficulty of its experimental detection, the
study of this reaction undoubtedly provides an interesting and important
information on the Higgs boson self-interaction.
Note that the Xz-——'ZH' decay turned out by two orders of maanitude

more suppressed as against the X~ 2H° one.
6. Conclusion

Using the results obtained, let us estimate the number of events for the
Ho-bosdn production. Thus, in pp (pp) - collistons, for the production cross
section of the Higgs boson decaying into the channel HO + two Jets:

PP (PP)—— M, +X — HO + two jets +X, we have G(H%= 6(29" M+)
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"Bt ( Ny 29H° ), this giving for SopS -collider 6 (H®) ~
~(3+0.2) - 10737 cm® at  My= (10 + 40) GeV. For accessible luminosi-
ties of a collider ( L = 2 - 1030 cm’zsec'l), this provides production of
25 events per year for the HO-boson production with  My= 10 GeV. For Teva-
tron energies, the '1t -quarkonium production cross section is by one order
higher, so we shall obtain several HO-bosons per week. The possibility of the
investigation of the large-mass Higgs boson will necessiate a substantial
increase of luminocity on SppS -collider.

In e*e™ -annthilation for the HC-boson production cross section by the
studied mechanism (ete” — T — Xp ¥ T H°+) + two jets), taking
into account that BT ( X, ~-’F_’QH° ) ~ (0.8 +0.4) - 1072 , for
My= (10 + 40) GeV, we have G(H®)~ (0.8 + 0.4) - 10-37 cnl, This corres-

ponds to one event per week for luminocities being 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 in computing.
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APPENDIX

Integrating expressions (13) and (15) over €, , for  n -quarkonium

decays we obtatin

dr(n— 2gH°) = 57 (G VZo3)|RO) [P £ (X, W dx,

2 2 _ 2 (A.1)
dr(n — 2gP°) = 377 (GeV2dS)[R(O)|"
(1= 2)2 2= 2ax ¢ AxT) - £ (x, A dx,

where

1-x 2A-2x + X2
F Q) = Ty [ A -2x + X2

2A [ A-2x *x?
x(2-x) Env A )]’

4m?®
61 ma ) A:
m(1- 4m?

-
—

2
4m? - mj,

From (A.1) 1t is seen that the distribution functions for H® and P°
differ by factor {(1 - 2)2+ A%~ 2Ax + ax? } which 1s just respons-
ible for the essential differences in their values and behaviours mentioned

in the text (see Figs 3-6).

-
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Fig.l. Diagrams describing the vector auarkeniur rasiative decay with

HO.hnsan nrocuction.

L
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permutation:

Fig.2. Diagrams correspondinb to hadronic mechanism of HO-hoson production

in heavy quarkonium decays.
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Figs 3 and 4. Differential distribution F(x, m, my) asa functio
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production in ll-quarkonimn decays. Curves in Fia,3 are
plotted for M= 40 GeY and My= 10 GeV; in Fig. & for

M = 40 GeV and  My= 75 GeV.
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Dependence of F (X, M, My) for HO- and PC-boson nreductic
in n -quarkonium decays on the Higas particle mass. Curves av
plotted for two values: [IMy = 20 and 40 GeV (everywhere

M = 40 Gev).
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ig.6. Variation of differential distribution F{(X,m,my)

for H°- and PO-boson production in n -auarkenia decays

versus the heavy ouark mass. Curves are plotted for heavy auark
rasses M = 30 and 50 GeV (H®-boson mass 1s My = 10 Gev

everywhere).
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Fig.7. Differential distribution
F(X, m,Mu) as a function of
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Ay -ouarkonia decays. Curves

are plotted for M = 40 GeV and
My = 10 Gev,

F(x,m,my)

m=40 GeV

107t

e Mmu=40 GeV

0%

_ 0 1 2 3 4 5 & 1 & 8 1+
Fig.8. Dependence of differentfal distribution F(X, m, my)

for H%-boson production in %o -quarkonium. decay on the Higas
particle mass. Curves are plotted for m,= 10 and 40 GeV and M = an gey .
i

AL —— e

Fu i,



102

———m=30 GeVv
—m = 50 GeV

i

1 2 3 4 5 6 7 6 9 1

Fig.9. Differential distribution F(x, m,my) for H%-boson production
in XJ, -quarkonia decays as a function of heavv auark mass,

Curves are plotted for (M= 30 and 50 GeV and My = 10 GeV,
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Figs 10 and 11. Differential distrioution R(Z,m, m,) as a

function of Z = Az/(‘l» m? - mz,.) for HC and

PO-boson production in f -quarkonium decays. Curves

in Fig.10 are plotted for m= 40 GeV, M, = 10 GeV:

“In Fig.11 for M = 40 GeV and M, = 75 GeV.
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Fig.12. Differential distribution R(Z,m,my) for H-boson
production in X, -quarkonium decay as a function of _Higqs
boicn mass. Curves are plotted for my= 10 and 40 GeV
and m = 40 GeV.
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Fig.13. Differential distributfon R(Z,m my) as a function of

Z for H%-boson production 1n 7(3. -quarkonia decays.

Curves are plotted for m = 40 GeV and my = 10 GeY.
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'19.14. Diagram describing the vector quarkonium radiative decay

with two-gluon production.
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W

H® s
Ff1g.15. Diagram describing three-boson production of H%-boson

accompanied with 2%-boson in heavy quarkonium decays.

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

HO-bosons in C-even quarkonia decays.
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