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1• Introduction

After W
4
 and H

o
 bosons were discovered [1-4] the experim-

ental search of Higge scalar bosons, predicted by the model of

Glashow-Weinberg- Salea (GWS) electroweak interaction [5-7] ,

became one of the top-priority problems of modern eleaentary-

-particle physics.

Despite the fact that the detection and identification of

scalar neutral Biggs H
o
 bosons of GWS minimal scheme is rathei

a complicated problem (due to their highly insignificant bond

with ordinary quarks and leptons and also to their specific

decay, leading to many-particle final states) it is presumed

to continue the investigation of Higgs spectrum on now developing

accelerators of superhigh energies of the next generation with

e
+
e" and pp(pp) colliding beams [в].

The velocity spectrum of standard Ho boson produced at pp

collisions had been studied in Ref. [9] where it was suggested

that standard Higgs bosons might be produced due to cuark-anti-

quark or gluon pair annihilation ( Ho boson-gluon interaction

occurring at one-loop level [10], see also [9] and [11])» It

was mentioned there that the gluonic mechanism essentially con-

tributed into the cross-section of diri'ect PPC PP) production

of Ho boaon (the contribution of the quar-k channel being minute

due to small mass of It . ci
 5
 S current quarks).



In Kef.f8j it was mentioned that the gluonic production of

Higgs bosons with mass MH£•180GoV is quite perspective in

colliding pp or pp beams.

The characteristics of spectra over the transverse moment

of standard Higgs Ho bosons born at hadron-hadron collisions,

are discussed below. It will be shown that all three channels

of production ( ̂ ~*"Ho+g ),(9^)-Ho+^))and(gg-^Ho*g ) are

essential for ̂ 6/с(^ spectra of Ho bosons. The d6/d<£x spectra

of Ho bosons in different channels of production ( ffl , g<£ ify

and g£ ) at pp and pp collisions will be calculated.

2. The Influence of the Highest Corrections of

Perturbation Theory on the Spectra of Heavy

Higgs Bosons (Qluon form factor)

Unlike the masses of fermions and gauge bosons, the mass of

H g boson is not fixed and is the only free parameter in GWS

model of slectroweak interaction. In this model M H is uniquely

bound with Higgs-field interaction constant Л ; ( A/f6) H
o

= (M^/8)(G-
F
.»/^jHo { G

F
 is tbe Fermi constant}« This permits

to obtain theoretical restrictions imposed on Ho boson mass in

terras of possible values of л . Such limitations to Мц „ coming

from requirements of stability of physical vacuum at j<ff = M
H
/(AJl)

•' 4' ;з vhe K.lg.js doublet field) and frou the possibility of

P'-irtivrbarion theory' application i;o Higgs bosqn
f
 are as follows:

:->,50R^-^ IVI
H
 < ITe" \̂ 5.~"U j

 4
see also Refs [6] and Г'ПЗ),

•:лехй ar-» &J.S^ olher tb^ore'Uicai limitationa on ,vj
4
 from

'••''•.', У/ 2ЬОШе~-~" f /.. D; ••astable vacuum, "''' . >> ~~i
 :
,2GcV — with

" г//; rd to coa?vo



also [8] ) Though, in future, we shall consider Higgs bosons

with M
H
 :MOGeV ( « ^ S ^ H ) / ^ <K "* *•

 L e t u s n a m e s u c h Н 1
вв

3

bosons as "heavy" ones.

ifrom the QCD point of view the heavy Higgs bosons hadropro-

duction is a hard process. Here the application of perturbation

theory is guaranteed by small conversion time T of protons

into heavy Ho bosons.. But, as mentioned in paragraphs 1 and

3, the Ho boson production due to quark-antiquark annihilation

is overwhelmed by that due to gluon fusion gQ -*• H© (because

of email mass of current quarks). And the latter process (see

Fig.1c,d) being analogous to that of C-even states of heavy

quarkonium G.Q. (i.e. of X meson) due to the fusion of two

gluons (see Fig.1c,d). In Ref. [15] it was shown that the full

cross-section of X -meson production process is mainly collec-

ted from a wide range of transverse momenta C
x̂
« <J (*M*) where

de/do^co 6 TF . This results from the lowest order of pertur-

bation theory for % -meson production, when a of X -meson

is compensated by one parton (e.g. by a quark, as shown in Fig.

1c or by a gluon, as shown in Fig.1d). The logarithmic nature

of spectrum is due to parton "quasi-reality" K(JK2|~e£« cf) .

It means that the real measure of hardness of process at regis-

tration of (J is ^ and not the full mass of [15,16].

Two parametrrically different scales of characteristic dis-

tances 1/a « I/a arise in this problem. In consequence, at taking

the highest orders of perturbation theory into account, the

differential cross-section of X -meaon production obtains a

factor:*effective, double-logarithmic gluon form factor raised

to the second power [15]



where TQ, (о^ cj _) has the

Consequently, the same is true for H
o
 boson production. This

is quite useful, as ••a m d e distribution over Cĵ  (resulting

г гг
from ls(^

X
) ̂  ) aay alleviate the background conditions for

Ho boson identification in future experiments on Ho boson

search at hadronic reactions.

It should be noted that the only difference now is that

2 2. i 2

a = M
H o
 enters Eq.(2) instead of ̂  = M

x
 in the case of X

production»

The aforesaid Reveals a unique possibility for unambiguous

identification of Ho boson beyond the range of masses /C
Q
g

(M
H
=^M^ -, <3. = e

J
t
>
...̂  over the enlarged spectrum d6/«a at Ho

production in hadrcn-hadron collisions.

It should be also noted that there might exist a qualitative

difference between dS/do . spsctra of H
e
 bosons and X. -mes-

ons bora at hadron-hadron collisions, due to non-relativistic

nature of X -mesons» Shis- would permit an unambiguous identi-

fication of He bosons(though both, Ho and X
c
 are 0

+
 partic-

i«3.
v
 ev*m in ths; range of гааззез X

Q
Q (i.e. at M

H
 = I

>J. -• 6, t. ... ).,

.. «• Ths ;:i3.rk C!hannel oi* Heavy H
c
 Boson Production

•'£<? icveetigation of Ho boson pi'oduction quark channel



«^•"•"He+g is ел interesting task in itself, for at any colli-

sion energy \/i5 it determines the difference of cross-sections

[d6(a6 —H
e
+.-)-ct6(ae-- He + •••)] , where a and §

are colliding huclrons (for instance, ct and § protons)»

The d6/dc> cross-section of
 t
^~*"Ho

 +
 9 process is determined

by a set of Feynman diagrams shown in Fig.2. As the vertex <jty Ho

(in the diagrams 2a-h) is proportional to small current masse? of

quarks (it refers to both, valence quarks U ,d , and sea quarks

U , d , S , while the content of heavy quarks с
 t
 & •• is very small

in the sea) and the vertex H
o
"** 2p (in the diagram 21), rough!у

speaking, is proportional to the- mass of two gluons, though it

contains a small factor of. (М^|)/ЗГ (see appendix 1 ), then the

diagram 2i will dominate in,the cross-section de/Ida^ of the

process ^ -*• He + 9 .

The differential cross-section of Ho production with fast

Lj and with transverse moment Q
yL
 -, corresponding to the

diagram 2i, has the form

г г

where М„^.
2й
 Cj,»<у

г
) -

s
 the amplitude of H

e
 boson decay into two

gluons with о and Q momenta ( ot and 0 are the corres-

ponding vector indices, aee Pig.3). Substituting the sxplicit

fora of the amplitude И
о
~*- 2g in (app«.1.13) into Sq«(3) and

relying on the fact that 6
A
' М ^ ( - А

;
е ) - ?Д M j

e
^

8 g
 (d, -С) = О „

and a3.so on relations A = K*+ К
г
 =• сг + 6 j K, = X,P

?
 ; K

2



^2РлРг ; one obtains

where J-M^i)/S ,

N
H
 is the number of aromas of quarks with m ^ > Мц/2 ,

N is the SU(N) group dimension.,

Then, at ^^O , without concretization of the forms of distribu-

tion functions, we obtain the following form.for the Ho boson

production spectrum

(
W * (1-2)

it is seen from (5) that at Ч
х
~*" 0 ( M

H
 is fixed)

-- c-o const (6)

Sucb behaviour of H
o
 boson spectrum cie/dc^^ at 4x~*"^

sharply .liffers from that of X
c
 -meson which formally has a

pole at e^-*0 : а б / d ^ oo £̂ '2 [15].

Such 0. qaalitative difference in ^v^^o. spectra cf H o

bos-on and >,0 -гаезоп at Q,L~~ 0 ,dus to non-relativistic nature

of /C
o
-meson (both of litiem are 0

+
 particles), will

t
 apparently,

unambiguously Identify Ho ooson in the whole range of masses

of л
е
 -meson (i.e. M

H

 s
 6

8



4. Quark-Gluon Channel of Heavy Ho Production

Dominating diagrams for the cross-section d6'/cio,
x
 of the

process 9^ ($)"*" H
O

+
<J(^) are the ones shown in Fig.4.

Ho boson production differential cross-section

shown in diagram 4a has the form

where Xj and Xg are portions of hadron momenta taken away by

a gluon or a quark, respectively (i.e. К1=Х,Р, , К
г
=ХгРг );

is the tensor perpendicular to collision plane ( gj^, = get- ~

"(PtePer+PtcPtej/Pify); M^ag
 аай

 ^иХг
9

 a r e t h e
 amplitudes

of H
o
 boson two-gluon decay. Substituting the explicit form

of the amplitude of Ho~**?o in (app.1.13) into Eq.(7) and re-

lying on the relations Kf*к|«0 (Р?«Р
г

г
«О ); К ? ^ =0;

(Kj.)
2
=~^, one obtains the following form for spectrum

of the process i2-*-g^(^) -*- Ho +

And then
s
 at 4,"*"0 » without specifying the forms of distribu-

tion functions, the form of the spectrumd̂ /d<j.
x
 of Ho boson

production in. this channel will be:



!!

It is interesting that this spectrum is like the one .for

X0-ioeson in the same channel of production: d£ x^/сЦ ±
 «>o <

Â

(see Ref. 17 )* It is due to the fact that in this channel the

relativieiic nature of X
o
 -assson can not manifest itself, as

none of the gluona coupled with X
c
 can be a soft one.

5» Gluon Channel of Heavy Ho Production

I'h.e T.i.j..l. г?:-% of Fejixaaeori diagrams for dS/do^dij cross-section

of t,h« process "35 -*-Ha-
;
-^ is presented in Pig. 5. The form of

d±?t&ronr±bl croa«-??:-tton dto/d.q,.dy .which is the sum of ali

1. . ,.
aa
-.



(10с)

(10g)

Г(



(10J)

~К
;
-6, К

г
) <}

е€Г, £}tr,

') (1Ok)

In all relations (10) Qpy is a simple three-gluon vertex.

Substituting the expressions for amplitudes He~*"2o and

Ho~*"3cj in (app.2.4) into Eq.(iO) and then substituting (10)

into (9) and doing simple transformations with account of all

relations indicated in paragraphs 3 and 4, one will obtain the

following expression for clS/clc»^ in the gluon channel of

production:

(ID

3}
It sliould Ъ& ncted that, as it is seen from (11), .the H

o
 boson

O,Q , also has •+ formal pole at 0 -*» 0 : d6/eip oo

c-_- of" , the explanation, of which is just the same as in the

оезв o£ quark-gluon channel of Н<э boson products.on (see para-

'ph 4),

12
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Appendix 1. The Amplitude of ^vo-Gluon Decay of

Standard He Boscn

The most general form of the amplitude of standard Higgs

boson two-gluon decay» satisfying the conditions of Lorents-in-

•variaace and C-invarisnee, is

where eC
 s
 ф are the vector indices of gluons with mcmenta q

and Ĉ  ^rcapectivsly; SaS shows that over colour indices a ,

S of two giuona the amplitude cf two-gluon decay of H
P

bcscn is a singletч

Jt follows Ггога. the law of conservation of current that

B

4? ;" r-; (gj.uons witb physical pclari»at'j.on)



I t follows from (арр*1*4) ana 'app.i* 5 ?) t h a t С »п

Д Я,. «̂, }. Taking 8 - ~ A ( t o я^ке Л dimenaicriies^ we

devide i t Ъу Мн ) we s h a l l obta in tbs fol lowing form for tho

amplitude He~** 2fi :

Such r e p r e s e n t a t i o n of the amplitude of H o Ьоаод t,Ko

."leciijs i n f a c t , i s equiva lent t c Hc boson decay intc- eluo^b

i n file iTrsinev?oi*i of l o c a l e f f s u t i v e Lttgrangitua (see з.^*., L-"

' therefore, us lug the width ГСНе"*' 2fl?) - c a l c u l a t e d vviva th-"-

iiylp of quark loops (see .Fig«3)* oae may f ind the c o e f f i c i s u t

io. U5pP'"-»b} express ing A i n ?srms of HP Ъовоп two-

the галшЫг of d i f f e r e n t s o r t s of heavy

t ne< ewrzas •'• La t .̂v^as of Г(



(The coefficient 1/2 prior to the integral comes from the iden-

tity of gluons).

Substituting М
Нв
^.

г
„ (Цп) %г ) i

n
 (app.1.6) into (app.1»8)

we have

where N is the number of colours, and Q
 s
 %

 +
Уг *

Substituting d\ = \^
1
\
Z
dl^\dcf

1
 dSl into (app«1.9) and

passing into the system of centre of mass (i.e. %i~ ~ %z »

Q = <̂
2
 = -j-

 =
 "2" ) one obtains

A
2
M

H

2
(N

2
-1) '

' (app.1.10)

Applying (app.1.7) to r(Ho"^2g) one obtains

Prom (app.1.11) we get the following form for Л :

Substituting (app.1«12) into (app.1.6) one will obtain the

following form for the amplitude of two-gluon aecay of •



Appendix 2, !Ehe Amplitude of Three-Gluon Decay of

Standard Ho Boson

The form of three-gluon vertex of Ho boson decay can be

obtained from the lav? of conservation of current for the sum of

diagrams shown in Fig.7
9
 using the form of vertex of H

5
 tvro-

-gluon decay in (арр."ЫЗ).

The law of conservation of current for the sum of diagrams

shown in Fig»7 has the form

p£,§d ,

(app.2.1)

^

Using the explicit form of the vertex, of Ho boson two-giuon

decay in (app»1.13 5 and bearing 5.n mind that the two-gluon

vertex Ho"*^^ , is a singlet over colour (i.e. substitute d

xr (app.,2,1) Ъу о
 5

 Ct . С in the second, the third and

th-e fourth terms, correspondingly) and also substituting the

fa:;:.iiiar expressions of standard three-gluon vertices Г

i YRS '•: faiiiS one will obtain thv form o
r
 tbr <>г.»-

i*'o ooson three-glace decay

17



|V|Ho-Mn U.i 'o 'W'-jaeG M r t 1«де V«fo ,i* W (app.2.2)

where П с ^ i s a standard three--£Luon vertex having the

foira

(арр.2.3)

It should be noted that (app.2.2) has been obtained with regard

to the fact that gluons are "real" (
 e

f 9 « *
e
* W

0
 )and

z ?
have no mass ( fy

%
- £̂ j +=0). Substituting the expression for

A in (app.1.12) into (app.2.2) one obtains

(app.2.4)

Here (in .the text too? lTs(&F/e')^*(2^S)'
f. jL-iK

the structure constants of the group SUCN

18
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3?ig,3 A diagram for the amplitude of Но Ъозоп two-gluon

defcay.

t L К, К,

К'

к к,«

K,

K'

Pig»4 Dominating diagrams for oroes-section

process g ̂  ( ̂,) — He + Я-( % j .

20



К,

I к. I
г К'

< <
s
 K

 $

-(5

S

?iy., 5 .^ll е.чй of Реухшап diagrams for --roas-section

of process Q^ —«* Ho + §



Но

Fig,6 A diagram for determination of the width f(Ho •*•

Ho He

Q

Но
eC.ct

*, f

7 Siagrttms p r o v i d i a g t.b.s c onssr(ration of oc:rren> .-
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