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Norstandard neutral Higgs boson production in single quark
lecays of superheavy quarkonia ((Qa)-'QqWH) is studied. The
widths uvf these decays are compared with a width for standard
Higgs boson production (the Higgs boson from the minimal
electroweak model) in the same decay. It is shown that in some
:ages these widths are strongly different from each other,
which ailows one to discriminate between the neutral scalar
bosons as well as to receive additional information on the

structure of the Higgs sector of electroweak intersctioms.
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HECTAHJIAPTHHE CKAJIAPHHE BO30HHN
B PACHAJAX CBEPXTAREIHX KBAPKOHMEB

B padoTe HCCIENOBAHO DOXNeHME HEeCTaHIAapTHHX HefTpanbHHX XHI--
ICOBCKIMX OOB0HOB B OMHOKBADKOBOM pacnale CBeDXTAXSNHX KBapKOHMEL
(.(aa)-—qawu). [ipoemeHo CcpapHEHHEe WHPUH STHUX pACHaNCB ¢ WLKUDPH-
RHO# poxmeHMd B 9TOM paclafie CTaHIAPTHOT'O XUCTCOBCKIIO GO3CHA
3 wiHHUMaNbHO# MOmenyu aneKTpocnalHx B3aumoneidicTeuit. [lokasaHo,
4YTO B pANe CAYYaeB WMPUHH 3THUX PACHANOB CUABHO OTAWYSNTCHA, YTO
[O3BOZUT PAa3TUYUTE HeliTpanbH4e CHIIAPHHE GO30HH XpYyI' OT Apyra
K NONMYYUTH IOMOMHUTENBHYW HHPOpMAUMC O CTPYKTYDE XWII'COBCKOTO

CeKTopa 3JNeKTpocaalHx B3aumomeicTsuii.
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In the minimal standard model (Sk} of electroweak interac-
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interaction in the mentioned mechanism (Qé)—» quWH where H
is any of the Higgs neutral particles.

In order to calculate the crogs sections, we should know
the vertices of interaction of Higgs particies with quarks and
gauge hosong. These vertices are listed from the table taken

from Ref. [1] :

o o o
Hom H° h P
- i ; oS (ol +6) sin{o+0) | _
uuH Y= Lm“/tr Yo cosd | ¢ cosol Yuls tgd

v T .y sin(+0) cos(d +9)
ddH Yq="iMafV Yy Tsina |9 TSR | Ya¥sctgd

- e ;
WWH 3W=L3 U/z gwcose —gws.ns o

<

i

vhere U®= U{hué, t9d= U’z/‘u', , and U, and U, are the
+acuum expactstion values of Higgs fielid doublets; €8 is the
mixing augle of neutral scalar conmponents of the Higgs sector;
a2= LJ7MEG, . One can see from the definition that

04 AKN/2  whence "R[240€0  (see Ref. [2] ). One can see
2rom the %able that in the case of the abuence of mixing
(8=0° ) at any values of tgd the nonstandaerd H®-boson
becomes identicel to the standard iigy -boson.

Omitting the details of calculations for the decay widths

of H® and h° bosons and not presenting the inal fozmulée a8

tney ure cumbefsome, we'll discuss the oltained results shown



in Figs 2-8. The plots also present the producticn cross sec-
tions cf the pseudoscalar boson P° . The obtained results take
int> account the contribution from all diegrams given in Pig.1t,.
i.e. the contribution from the diagram where relatively light
quarks q emit scalar partlcles is also taeken into account,
(This co;ltribution becomes significant in the case of existence
of the fourth generation of quarks, when the 6’-—quark mass .cen
achieve a few tens of GeV,) ’

Figs 2-4 present the ratics Ry of the widths of the stu-
died quarkonium decays (Gé)*@qWH for H° , h° anda P° -
bosons, respectively, to the width of the weak decay (Gé)""ﬁlq’W '
depending on the mess of the heavy gquark Mg (everywhere
below the mass of the heavy quark (3 18 taken in the region
My € Mg € 240 GeV [5] , and under @ we imply either t
or the possible t' quarks) for different masses of Higgs
scalars My at Mg = 4,5 GeV and Mg a, 50 GeV as well as
for different values of %30( and mixing angle © . Actuslly,

R, is the branching ratio of the studied decays. As can be
seen from Figs 2 and 3, the ratic R, for the scalar particles
is rather large and achieves R, ~ 1072 - 10~7, and for the
pseudoscalar P° (see Fig.4) is somewhat lower: Ry~ 10™3-10m2,

Comparing the production cross section of H®° end h° -
bosons in the ‘absence of mixing (8 = 0° ), i.e, when the H®
bogon is ldenticel tc the standard H;M-boson, from Figs 2 and
3 we cen see a large difference between them. Thus, at tgd =1,
My = 20 GeV and Mg= 4.5 GeV one can see thaf the K -

boson cross section is twice as low as the H® -boson cross

section practically for the whole @& -quark mass region of
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interest, Zmphasize that with increasing tgc(, {see Fig.éa,b
and Fig.3Ja,p) there tskes place a sharp growth of the produc-
tion croas section of the nonstanderd R’ -boson {the table
cshows thst the interacticn vertex t%ho i3 proportional tec
tqe , and as known, Vhe main contribution to the Higgs beson
production cress section comes from the heagvier quarks),
whereas the tgo{ dependence is absent for H° in the absence
of mixing (see the teble). The sgimilar to h® ~boson growth of
cross sectilon with increasing tgot takes‘ place for the Pe -
bogon as well (see Pig.4). In the case of mixing; e.g. for

A= —ﬂ/ﬁ' end tgd = 1, the h° -boson production croes
section will be slready suppressed compared to the H® -boson
(Figs 2¢ and 3c¢). Such a decrease in the, ho-boson production
crese section is due to the weskening of the interaction vertex
£1h® &s tne absolute value of the angle [B| increases.
In turn, the §4°—boson in the presence of suci a mixing is
produced by & factor of 1.5 =~ 2 more intensively than the
standard Pi;w-boson is (cf. Figs 2a and 2c).

As was already mentioned, the contribution from the Pig.1d
diagram becomes noticeable only for large masses of the down
quark q (we took for calculations Mmei= 50 GeV). Note that
this dlagram contribution falls off with increasing tgd ;
however, it substantially grows up in the presence of mixing.
Thus, at tgd- 1, 6=-ﬂ/6 in the h° -boson case its con--
tribution leads to an increase in the cross section nearly by
en order of mbgnitnde as compared with the case when ﬂhg-
= 4.5 GeV (compare the solid and dotted curves in Fig.3c).

In Pigs 5 end 6 we present the differentisl characteristics
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of the studied decays (I/r)dl/dx, where ' is the width of
the studied decays, and $,=EEH/JFQ is the share of energy
carried away I;y the Higgs bosons from quarkonium. As can be
seen from the given plots, in the case of production of the
scalars H® and h® , the differential distribution has & pro-
nounced peak at low values in the admissible region over Xy ,
irregpective of the choice of ‘i:gd. , 0 as well as of My ,
Mg =and Mg . With increasing ratio Ma / Mg this peak
somewhat broadens (compare Figs 5 and 6). Note alsc that for
the h°-boson, in the case of absence of the mixing angle 8 ,
there ias no contribution from the Fig.lc disgram (the three-
boson interaction WWhH® is absent) as distinct from the H°

and Hg, boson cases; but despite this, the differential dis-

tributions for all the scalars practically coincide irrespective

of tgd , masses My , Mg and mcl . Figs 5 and 6 show that
for the P° -bogon the peak in the distribution is in the

medium part of the region over X, .
We also considered the ratio R of the width of the stu~

died qua.rkonium decay mechanism to the crcss section of the
Higgs boson production via the Wileczek mechanism [6] , depend-
ing oa Mg for different values of 1':30( » 8, My and Mg
(see Figs 7 and 8). Fig.7 presents the ratio R  for H° and
P° -boson producticn at th'»= 1 and 8=0° . Cne cen see
that the account of the light quark meas m(} does not lead %o
.a noticesble change in the value of R as compared with ovr
ecarlier regulis in Refs [3,4] . Fig.& presents the ratio R
for the h’-boson. One can see thaet in the studied mechanism

the hn-bosons are produced more intensively than they could

7



have been produced in .the Wilczek mechanism. Thus, the ratio
achieves ~ 10° for Mu= 20 GeV, Mg= 4.5 GeV alresdy at
Mg = 160 GeV. .

In conclusion we'd like to note once agaln that the study
¢f properties and the search for nonstandard scalar boson
(of H° and ho types) mey give an important additional infor-
mation on the Higgs sectuor structure, As cne can see, in the
sptudied mechanism of the Higgs scalar boson production the pro-
duction cross section of H® and h° bosons in some cases was
strongly different from the cross section of the standard H;M -

bogon production from the minimal medel of electroweak inter-

action.
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Fig.1.

Fig.2.

Fig.3.

Fig.4.

Fig.5.

Fig.6o
Fig.7.

Figure Captions

Diegrams correspondirg to the ﬂechanism of single-quark
dezay of heavy quarkonium ( (ia. ) with Higgs boson
production.
The ratio R,= f'((Gé.)"Gci!WH)/r((Qé)-’Gq'W) depending
on tke mass of heavy quark Mg for the H°-~ boson
production at different values of masses My , HTW ,
tgd. and mixing angle 6  (here and everywhere
below the solid curve refers to rngn 4,5 GeV, and
the dotted curve refers to Mg'= 50 GeV; masses on
the plots are given in GeV everywhere).
The ratio R4 versus the heavy quark mass Mg for the
h° -boson production at different values of masses

Mu mc‘!, tgo( and angle 6 . .
The ratio R, versus the heavy quark mass Mg for the
po-boson production at different values of masses

My mg , tgo( and angle O .
The dependence of the differential width (i/r)dr/d=x:
on &=2Ey /me_ (the shares of energy carried away
by the Higgs bosons from quarkonium) for H° , hW° , P°
bosons at Mg= 240 GeV, mMg= 4.5 GeV, My = 10 GeV
in the case of different values of tgd and angle 0 .
The same &8s in Fig.5 for M, = 100 GeV.
The ratio R=T(@8)~ GqWH)/ r{aea)— Hy) versus the
mase Mg 7or H® and P° bosons at different values

of masses M, , mgq for tgd= 1, 6=0° .
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#ig.8. The ratio R versus the mass Mg for h ~voson

at different values of mu.ses My , mw .

.
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