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СОНУШЙТЯОЕ АДРОРСЩШИЕ ЖГГСОВСКОП) БОЗОНА

н 0 и fstl<4n ) - состояния тяжшюго КВАРКОШЯ

Изучается иоляое сечеште совместкого адрсровдшягя стан-

дартного ХКГГСОЕОТСОГО бозона Н
о
 ш.

 1
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0
(q

a
) - состояния тяхв-

лого кварконкя ^0.(^-^6,1; • ) . Анализируются вклада в се-

ченай совместного порождения ot так называемых QH и & G H

диа1
1
рамм. Показано, что при увелячении масок хиг«еозекого бо~

зола жмеет место "эффект усиления GG-И вклада".
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1 * Introduction

The possibility for the search for Higgs bosons of the

model [1-3] in the modem elementary particle physics led

to appearance in recent years of a number of works devoted to

the study of different mechanisms of the H boson production

and to teohniqu.es of their identification.

The H boson production mechanisms considered in litera-

ture are the inclusive and exclusive ones in e
+
e~ annihila-

tions, hadron-hadron collisions and decays of heavy quarkonium

(for more details see ref.[4])«

The most important of the inclusive production mechanisms

is [4] the direct hadroproduction of H
o
 boson due tc "gluon"

production of К [5]. But the gluon mechanism of H hadro-

production at relatively email masses K
H
/< 2M

w
 «* 160 QeV/

poorly tdentifias H becauee of largs Srell-Y&ng background

(e.g. »• эее ref,[4J3, ana. possible backgrounds from oth»r ece.-

lar- particles»

Howsvsr
e
 tbeoretieeliy, it is apparently possible to iso-

late Higga signals from'the above mentioned backgrounds

oensi&ejriius differential speotrs ct0/'iQ^ of 1;h«» И

.In SOBS Torks [S
;
9*J they hold that fcixs c-'uservation of

H boson xa exc-lusivo ргосэсзез la preferable to chat in



inclusive ones, even when the & inclusive production cross

••otien is essentially larger»

Among the most interacting processes of the H exclusive

production are thoae of associated px'oduction of the H and

gauge bosons Z
Q
, W~ in e*e~ annihilations [10,11J and in

PP (PP) collisions [12], also in processes of associated had-

roproduction of the H
Q
 and heavy quark pairs [13.14J.

In г«*8. [15,16] the exclusive H production is considered

in association with heavy vector quarkoniura V(V =

in the reaction e
+
e~ -*• H

Q
 + V .

Below we ahall discuss the hadroproduction of.H in asso-

ciation with the S state (later on with other C-even

*P 1 л -states and C-oddS
J}
P^ -states) of the heavy quarko-

xdxm QQ (Q«c,b,t,...), though from a practical point of view

one is better study, first of all, the process of the associ-

ated production of H and vector quarkonium* The coproduc-

tion of the H boson, and S quarkonium ( f]
Q
 -meaon) is

interesting due to the fact, that in the lowest order of PT it

looks like the hadroproduction of the H with a pair of

heavy quarks Q, Q » That ia why, all the effects not connected

with the paase volume must manifest themselves similarly in

both processes (in the first case we deal with a two-particle

phase volume, in the second - with a three-particle one).

It will be further clear that in case of hadroproduotion

of the H boson and S state of quarkonium there comes

forth the so-called "effect of GGH contribution increase"

with growing M
H
 .
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section (and also to other differential characteristics) are

depressed by of
4
 aa compared ffith the contributions of the

зо-called QH diagrams (2a) for all Q=»c,b,t,...

But, it is not always so, because the vertex H
Q
-*-2G is

very cleverly constructed. Roughly saying, it is proportional

to the invariant mass of gluon pairs or to the square of the

H boson mass. This leads to the fact that the smaliness in

Q -. over af
s
 /51 will be compensated for a large value

if Mr, in th'3 diagrams 2b and 2c (and also in the remaining

JGH diagrams in figs 1 and 3) when the production of the H
Q

aoson is considered (Мд > 20 GeV). Hence, the former ignoring

of diagrams with gluon emission of the H boson at % ( % P

£> MIJ ) large enough, is, apparently, not acceptable (e.g.,

in case of the associated production of HQ and t[ ).

Calculations confirming this hypothesis will be given in

the following paragraphs.

3. Nonrelativistic Approach to Description of

Amplitudes of Transitions G+G --*- S and

It is seen from fig.2 that to evaluate both the total

cross section and partial contributions of individual diagrams

to the total cross section, one must have explicit expressions
1 1

for the amplitudes of transitions. G + G -*- SQ + H (or - S -*•
2G

Here i

point

+H0), G

ve shall

vertex

+ G

use

H o ~

the

>~2G

Os -
о
 ч

 оfollowing

f 2G) and G +

explicit form

G-

of the

(H
o
— 2G).

effective



where oL and <? are »-eetor isvUcee, a iiiad b are colour

indices! ox gluona with aomsnla q. and qr Ous fig* 4) 5 Nu 13
! «£ X l

the number от' differezit Kinds uf heavy quark-a with m >0.2 K,
T
,

U" « 246 GeV,

Ihij approaola Ъасой on the ffiinimal З.моа1 effective Lagr&n-

gi&ri does not pay for itsalf whan uescrlDing multiparticle

decays of heavy quarkonia [18]. So, to describe the amplitudes

-1 1

of transitions S
o
 —** 2G and S -*- 2G + ti. , we shall use a

rionrelativistic approach whioh repela It36lf from tha aotioB

of "S -state &s i'rora a aystera of weakly bound aoni-elativistic

quarks Q and Q . At such aa approach the fimplitude of

"S ~*"2G is determined by the stua of diagrams shown in fig* 5

as:

where c^ and в , a and Ъ are the veator axtd colour in-

dices of gluons with momenta q̂  and q 2 ,

[19], 2p « Q i s the ful l four-momentum of the 1 S Q ~state ( f]Q

meson). But the saplifcude of 'S.-*-2G + H iff determined

by the suit or a iz diagraiais shown in fig» 6 as*

Р О)



where 1/2 comes from the identity of gluons, the operation

"cycle" means a procedure of transitions C| -"*• Q,
2
~~" ̂ "*" *$•;

oC —- 53 --*- i --*- oC

Making definite transformations in (2) arid (3), we shall

obtain the following simple expressions fox- the amplitudes of

1
S

o
— 2 G and

 1
D

Q
 -*- 2QH

Q

where M,,,. is the n -meoon mass, Qig'^fe,^
 +
 ft-)(«3.

9
.A * Q^) i ,

4. The Effect of the GQK Contribution Increase

Here it will be shown that it is 'итесерЬаЪхе to ignore

the diagrams with the gluon production of H (diagraiis 2b

and 2c) when the associated hadroproduotion of! relatively

h«avy H boson (M
H
 ^ 20 GeV) with the 'S -states of cc and

ЪЪ (in the six-quark scheme) quarkonia is considered already

at energies of existing and planned accelerators of PP and

PP beams.

Before analyzing the obtained results, note that when

the number of quarks is limited by the t-quark, the mass of

which, according to data of the group UI t20], is in the

range of 30 GeV -б пц. •€ 50 GeV, then the condition пь, > 0.2. M
H

8



of application of the effective point vertex (1) yields the

followingvalues for N
H
 s

% = 2 at 10 GeV < M
H
 < 22.5 GeV (m

b
 = 4.5 GeV)

Г 1?0 QeV, tn
t
 = 30 GeV

N
H
 s 1 at 22.5 GeV < Mg < J 200 GeV, m

t
 = 40 GeV (m

b
 = 4.5GeV:

! 250 GeV, m
t
 = 50 GeV

N
H
 = 0 at M

H
 > 250 GeV.

If assumed that there exist also other heavy quarks (hea-

vier than the t-quark), then the N
H
 is to be increased by

the number of quarks, the condition If„ - 0 being already

met at M™ > 5 • the mass of the heaviest qxiaric.

Below we shall analyze the results obtained by us in the

framework of the six-quark scheme.

The complete set of Peynman diagrams which determine the

cross .' tion of the process h*h
o
 -•" G + G-*-Н„ + 3„ is

shown in fig.7 .

The cross section of this process is expressed as:

iM,a
;
...

;
s) (7)

where x- and x« are the portions of momenta of, corres-

pondingly, h^ and h
0
 hadz*ons taken away by gluons? D (x)

ia the gluou structure function; €4 is the cross section

corresponding to the i-th diagram in fig.7 .

Let us first consider the relation (6 "+6 )/6 '

f б and 5and 5 are the partial contributions of diagrams

7.1 , 7«2 and 7.3 to the total cross section



Using the sxpxicic icrms of the amplitudes M,, -*•• 2U

-*• 23 'ami Ste '~~" 2бЯ
л
 fi*om O ) , (4) and (5), we

obtain:

j
о

i ( s )

'ee-^hadron3) 72
s)jfi^Me x

5?

Г-: /-: /to'-6 cos
rt v

»г.- (9)

)-*^!

4 W ' / 6 ' : i ) fc.r various X§" &• P <'::,4cticB cf

ad i.a . f igcSs, БЪ and 8c f x^^peoti^e.lj?,

i s i s seen frora fig-Sa, at tfcw a.jeocietaa Ladroprod.yot.ion

»ff the E., and 'S s t a t s of CZ -quafkoixium ( s|.-meson) at

? гя 540 QeV the r e l a t i o n \ б ( ^ °'~ 1 near Mp.

10



« 36 GaV, but at M
R
 > 37 C-&V (6

u ;
+ 6

(3)
) :

Thus, the ignoring of GGH-type diagrams (e.g.
f
 7.2, 7.3)

Iead3 to the H and П „ hadroprorluction total cross sec-

tion
1
 s decrease by several times in a quite wide range of

masses

150 GeV, rc
+
 <= 30 GeV,

35 GeV < M
R
< 1 200 GeV, m

t
 =» 40 GeV, | ? а 540 GeV,

k
 250 GeV, E

t
 » 50 GeV,

and

Г 150 GEV, m
+
 » 30 GeV,

I

23 GeV< M
R
< J 200 GeV, m

t
 » 40 GeV, /^=.2 TeV

[25O GeV, m
t
 > 50 GeV.

It is seen from the behaviour of the relation (&
г
'+ 6

l3
*)/Q^

at the associated hadroproduction of Я„ and П (see fje.,8b)

that the account of GGK diagrams is nacessary at high energies

v/s
1
 & 1 TeV.

In oase of associated hadroproduction of H and П
 t

Z 1 6 G U
H
 /6

( 1 J
< t at any ,/s" and Мд «с 250 GeV (see fig.

3c). And this is not accidental. Since we deal with a six-

-quark scheme, then the heaviest quark in the loop (in theamr tude Ii -^2G) can be the t-quark. And as we consider the

process h
1
h

2
-*"H

Q
 + t'L., then in the GGH diagrams will always

be depression by o£s (the growth due to the t-quark: loop is

already impossible) as compared to the QH diagrams. Thus,

at соproduction of H and П or Н„ and П ̂ in hadron

collisions, the increase of the gluon-gluon-Kiggs (GGIO con-

tribiAtios with growing IVU о crass into effect. This effect

becomes easentia-l for the energy ranges of already existing



and planned aocslei-atoru oi T?r and PF beams.

Sirsos this effect has uo tiling to do with the phase volume,

but results from the clever structure of the vertex H "**2<i,

the».
s
 we believe, it «d.11 also be essential In ease cf the

associated hadroprodviGtion of H with a pair of unbound

heavy e
;
c &ad b

?
b quarks {.i.e, in the prooess luh^-*-F +

+ о + с + ,,« and ĥ h.« -•** H + b + b + .»..« .'.
i « О

The dominance of the gluoa mechanism in the direcst н

hadroproduotion at high energies also follows froa hare»

5. i'he Total Grose Sso'cioa cf ths

Radroprodustion of H Boson, and "3 3ta%*

of Bound Heavy Quarks Q,Q (Q » c,.b,t)

It follows frcEi the analysis made in the paragraph 4-, that

bhe total оговз section of the associated hadrpproduotion of

H and S^ state of the o3-quarkon±uai is determined by a

set of Feynmami diagrams shown in fig, 7, at \(W <* 540 GeV in

the range of 30 Gev < M
}{
 < 150 GeV <m

t
 e 30 OeV)i 200 QeV

(m
+
 « 40 GeV)} 250 GeV (m

+
 * 50 GeV), if the number of quarks

is limited by tha t-quark.

The total cross section of the ргооеэя h^hg-*-^ + S
o

(bb) too is determiaed by the set of thass diagreiae at

; sfs % 1 TeV, 100 0«V < Mg < 150 QeV (m
t
 a 30 OoT)i 200 OeV

• (m
t
 • 40 3eV)| 230 OeV (m

t
 « 50 GeV) in the six-quark soheive.

Beyond tae above mentioned mass range» of Мц at

540 GeV, the total oroaa section of both prooeaces h.fcu-*-̂

-*-H
0
 +

 1
S

0
(cc) and h^h

2
-*'E

o
 +^S

0
(bb) is mainly determined



by the diagram 7.1 . Thia diagram is essasti' I for the totel

cross seotion of the process h.jh2~>-Ko -j- So(tt) (in the six-

-quark scheme) at any Js £> fHO GeV and itU*

The dependence of the total cross section of tits associated

hadropr-cduoticm of H^ and S (QQ) (Q «» c,bft) on M» et

different values of fs is shown in fig,9 *

We think, that the study of the clS/cfq^ spectrum of the

5 boaos coprodtioed with quarkonium in the hadron co?!.liaioa»

is alao interesting. It is pax*tioularly important i'or the vec-

tor quarkonia in order to оошраге it with tha behavio'ir of the

spectrum diS/d<^
1
 of the Н„ Ъозоп ooproduced with the

gauge bosons W~ , Z in hadron collisions.

As this problem ia of self-contained interest, we shall

consider it after the processes of the aeeoGiated hadroproduc-

tion of H with all the other levels of the quarkoniva

QQ (Q » 3,b,t) are studied.

6. Sununary

In the ftamework of six-quark scheme we considered the

total cross section 0 of the associated hadroproduetion of

the Higge H boson and S state of bound heavy quarks Q

and Q (Q « c,b,t)» It was showa that the giuon luoohanism was

dominatiag for that process.

At such meehanisEs of the associated production of the К

о

ООЗОЕ and the S etate of the QQ-quarkoniam ( f)g~njesoE),

to the total егояз aection can oontribute both the
wit-b. the Я production froia "direot™ quarks (frosi the quai'ko-



a i l and tii". diavrranif; ч л а tiie H gluoa production

; through tbs heavy ouark Ir-c-p, the M.j-«alied GGH diagrams).

At higfc ^uergJss 7?J J.a tba process b^iio—
!*H + n

&j:ci h.,h,, •-•*• H... •<- П >, 'S)i.e зтг.лл Gom:ributi :n ot" SGH diagraiss

in las higliey!. oro.e:r of PP. whxcb. i s due 1:0 additional, m.jlt:.--

p l i e r aiH/5i iu t:he GGII veri?sy.. i s compen&area for l^rgc?r

•/alui's --f r«v- - :--n.» ei'fso"'. of tke GrOI-T cnutr i^vtIon хпогея^е

with b.. .1:1 tfco Hi^ouiw^cd hadr-tpj-u^vjcf. • ол о с the- iin bc:.ir-n

:-v"d ft i ."• '", ; ;1(--п-;г' i..- L'-3;:aur-- .л" ' i r : iu.7-.0r;" о'' ihs и;гл^х.

^ оно to о-i-rwot.'o

in hpdrort ocMis ioos in as^octw-.t.:; on wi+b. ^ pni... oV fcotii bor;.uo

and free quarks.

The authors tha:ote л, /Ь Аи:-а1ш, T'U,L, 1)сскйЬ u\-asr, E.Stu

Bgorian, 8* G, . Grigorxan, A.G, Sedi^aician., S,S= Matinyaa end

V3A, Khoise foi' helpful d i scuss ions ,

14



ч s
•p

•He

Q
<

^ Но

Pig.1

ur

••~- с



•J,

— д

<">л'члл/<» at



i
1.

S

6.
§.

4



~ 300

h aoof-

0 10 20 30 <K) 50 60 70 80

Flg.Sa

too 150 200 250 M« (GeV)



>
m
од

о
«л
II

о
ем

О
СО

§ "*
см Рч

'о 'g

X.

«is
О

1st

о
«У

Pi



I
X
2.

8
си

о
in

i

s
о

s
8

о
CVJ

«o «>«o «> 9 P «J S * S Я ft
'SL S 'o '2 rg> 'gt 'S 'S 'S '2

20



Figure Captions

Flg.1 Dominant (in the leading order of PT) diagrams for the

associated hadroproduction of H, and S in the quark

channel (qq-*-K + S + . * . ) .

Pig,2 Dominant (in the leading order of PT) diagrams for the
•t

associated hadroproduction of H and S in the gluon

channel (GG -*-H
Q
 +

 1
S

Q
 + ...) .

Fig.3 Dominat (in the leading order of PT) diagrams for the

associated hadroproduotion of H and 8 in the quark-

- gluon channel (Gq(q)-*-H
Q
 + S + ,«.) .

Fig.4 Diagram corresponding to the amplitude of the decay

H
O
- 2 G .

Fig.5 Diagrams for the amplitude S—*-2G.

Pig,6 Diagrams for the amplitude
 s

o
"*" 2G + H .

Fig»7 Complete set of Feynmann diagrams for the cross section

of the associated production of the H boson and the

S -quarkonium in the gluon channel: 1. is tha so-called

QH diagram, 2. - 5. are the so-called SGH diagrams,

6.-9» are interference QH-GGH diagrams*

Fig. 8 Dependence of (6
<2)
t6

(3)
^/©

1
^ on M

H
 in the hadroproduc-

tion of H
Q
 with ^

c
 (а); Ц

ъ
 (Ъ); and of Т6&йц/6

0>
 on

M
H
 in the hadroproduction of H

Q
 with П. (с) (Mr» =

« 3-1 GeV; M n = 9.46 GeVj Mr) - 60 GeV) ,

lb It

Fig.Э Dependence of the total cross section of associated

hadroproduction of H and S state of quarkonium at

different values of \fs . The solid line corresponds to

21



t?ue process h.., h
o
-ч-Н„ + 'S (oc), the dashed line - to

I £ О О
1 - ™

h^h2 "**H •*• S (bb), the' dash-dotted line - to h^h
?
-*"

H + S (tt) (h^, h
2
 are protons (or antiprotona) ).
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