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1. Introduction

After W* and 2, bosons were discovered [1-4] the experim-
ental search of Higgs scalar bosons, predicted by the model of
Glashow-Weinberg- Salem (GWS) electroweak interactiom [5-7] ,
became one of the top-priority problems of modern elementary-
-particle physics.

Despite the fact that the detection and identification of
scalar neutral Higgs Ho bosons of GWS minimal scheme is rathez
a complicated problem (due to their highly insignificant bond
with ordinary quarks and leptons and also to their aspecific
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

ete” and PP (PP) colliding beams [8].

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-
guark or gluon pair annihilation ( He boson-gluon interactionr
occurring at one-loop level [10], see also [9] and [11]). It
wss mentioned there that the gluonic mechanism essentially con-
tributed intc the cross-section of dirvect PP( PP) production
of Hy boson {the consribution of the quark channel being minute

due to small mess of U . & , S current guarks).
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In Ref.(8] 'it was mentioned that the gluonic production of
Higgs bosons with mass M), > 180GeV is quite perspective in
colliding PP or p-ﬁ beanms. .

The characteristics of spectra over the itransverse moment '
of standard Higgs Ho bosons born at hadron-hadron collisions,
are discussed below. It will be shown that all three channels
of production ( ‘ﬁ ~"Ho*g ),(99(3) ~Ho*9(3)and (99 ~He+tg ) are
essential for dG/dl;i spectra of Ho bosona., The d6/dg’ spectra

of He bosons in different channels of production (C}‘.} ,39@)

and 99 )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 (Gluon form factor)

Unlike the masses of fermions and gauge bosons, the mass of
H, boson is not i’ized'and is the only free parameter in GWS
model of elecitroweak interaction. In this model M, 1is uniquely
bound with Higgs-field interamction constent A ; (A/16) HE
=(Mi,’8}(GF JZjHe ( G, i the Fermi constant). This permits

to obtain itheoretical restriciicons imposed on Ho boson mags in

. weyms of possible values of A . Such limitetions to My , coming

{rom requarements of stability of physical vacuum at l¢l =M../(AJZ)

he Higes deublet field) and Trou the poesibiiity of

(]

coeviorn theory eppilcaiion fto Higgs bosnon, are as follows:

T¥%%4 3 zee slae Refs (B and (311 ).

- Ypsoresieal limitetions on My, from Lelow:
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also [8] ) Though, in future, we shall consider Higgs bosons
with My, 2 10GeV ( ds(Mﬁ)/:n' <14 ). Let us name such Higgs
bosons as "heavy" ones.

FProm the QCD point of view the heavy Higgs bosons hadropro-
duction is = 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 g9 — He (because
of small mass of current quarks). And the latter proceas (see
Fig.1c,d) being analogous to thet of C-even states of heavy
quarkonium aQ (i.e. of X meson) due to the fusion of twe
gluons (see Fig:1c,d). In Ref. [jS] it was shown that the full
cross-section of X -meson production process is mainly collec-
ted from a wide range of transverse momenta a'f« QZ(=M:) where
ds/dqims g_;' . This results from the lowest order of pertur-
bation theory for <« -meson production, when 9, of X -meson
is compensated by one parton (e.g..by a quark, aé shown in Pig.
1¢c or by a gluon, a8 shown in Pig.1d). The logarithmic nature
of spectrum is due to parton "quasi-reality" K(IK!|~gZ«gq?) .
It means that the real measure of hardness of process at regis-~
tratioﬁ of qL is qi and not the full mass qa -[15,16].

Two parametrically different sceles of characteristic dis-
tances 1/qy « 1/%. arise in this problem. In consequence, at taking
the highest orders of perturbation theory into account, the
differential cross-section of X -meson production obtains a
factor:.effective, double-logarithmic gluon form factor raised

tc the second power [15]
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shere Tg (9, Qz) has the form

9 2 2 2
di? s (Ki}, [ 9 (2
T (93,97 ) =exp {-Cv Xz & Tw (e )}' )

\
[ 23

Consequently, the same is true for H, boson production. This
is quite useful; as = wide disiribution over ¢, {resulting
from Taz( qi, ﬁ;z ) may alieviate the background conditions for

He boson identification in future experiments on Ho boson
search &t hadrohic reactions. .

It should be noted that the cnly difference now is that
q,2= ME"° enters Eq.(2) instead of QVZ=M: in the case of X
producticn.

The ai‘creséid Teveals a uvmique pessibility for unambiguous
identification of Ho boson beyond the range of masses Xgg
(MH#M,‘“&, Q=8,t,..) over the enlarged Spectrum dG/dci,i at He
production ir hadron~hedron cclliazions.

It should te nlse noted that there might exist a qualitative
differsnce between ds//dq,i spectra of Hg bosons and X -mes-
ons born at hadron-hadron collisions, due to non-relativistic
nature of X -mesons. This would permit an unambiguous identi-~
fication of H, bosons(theugh ’t_:oth, He and X, are ot partic-

lgz}) evan in the range of masses X gz {(i.e. at M, = ani .

Je Pha lomvk Chanmel of Heevy H, DRoson Production

"sa ipvestigation of Mg hoson production guark channel

4
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q}i-——l—lo+8 is an interesting task in itself, for at any colli-
sion energy VS it determines the difference of cross-sections
[ds(ds“’_H,"'--,)'dS(ag-’Hg*' ...)] , where 4 eand B

are colliding hudrons (for insteunce, cd and B protons).

The dG/dcﬁ cross-section’ of q,{i,—'Ho*g process is determined
by a set of Feynman diagrams shown in Fig.2. As the vertex gj Ho
(in the diagrams Za~h) is proporiional teo small current me.sae;:' of
quarks (it refers to both, valence quarks _u »d , and sea gquerks
U,d,S, while the content of heavy quarks C , b ;is very small
iu the sea) and the vertex Hp--’ 29 (in the disgram 2i), roughly
speaking, is proportional to thé mase of two gluons, though it
contains a small factor ds(Mf)/sr (see appendix 1 )}, then the
diagram 2i will dominate in. the cross-section t:iS'/d.q,ZAL of the
process q/i - Hci-g .

The differential cross-gsection of Hpe production with fast

Y and with transverse mement @, , corresponding to the
diagram 2i, has the form ‘

(33 )
d6 _ s N2-q dx, dx. ..g 3 .
dcﬁdg T 48 2N S X, Xa b,/ (x) D, (%) &, (€3) (

3)

A4

where M:f,as (§:19,) is the amplitude of H, boson decay into two

P A A MR VA
x % {~7:"SP(K1XaKzW} Mﬂeﬂg (A’ye)M“‘:"aS (-a,8)

gluons with g, and g, nmoments ( X end B are the corres-
pording vécthr indices, see Fig.3). Substituting the sxplicit
form of the amplitude Mo~ 29 in (app.1.13) inbo Eg.{3) and
relying on the fact that Ea'?‘v?:::,ea(-alt‘}& Ea M:?"ZS {a,-8)=0
and also on relations ATK,TK=8+f  ; K;sX(P, ; Ke=XsFp ;

%’Hue“ﬂapﬂ?ﬁ D:‘:‘\" Pé‘ =0 3 Kf‘“%, H K’%J_:K?%L:o. H

]
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ys = 2RP, ; one obtains

. ad

d6 (12 =95 ~Ho*q)_ ofa N
dq? dg BCEREDE

«[DJ(+ s§u z)D (E L)Dz(f"sq?(fé))

. Zmax
. 1-
(GF_@)S dz _(_?z_)_ x
§
(4)

(4
(E 5}.(1 z))Dz *)+D' )Dz(f 55(1 z))]
wiore  {=N(MI+gD/5 . Zmex=(-ES/(915(1D)E9)

N4 is the number of aromas of quarks with Mg > My/2 ,
N is the SU(N) group dimension.
Then, at au-’O » without concretization of the forms of distridu-
tion functions, we obtain the following form . for the Ho boson

production spectrum

{469 Zg""*,u-z)
= du

& ' dqf dy z (5
| t
It is seen from (5) that at ‘h*o { My is fixed)
15069
,E‘i_.m co const (6)
CoH

2
-Such behaviour of Hco boson spectrum d5/dch at 9.~ o

sharnly Jiffers from that of X, -ﬁeson which formally has a
pele at g, ™0 dG/dcﬁ oo qﬁ:z [1s].

Such z gualitative difference in ds/dq,i spectra of Ho
segon end hg-memen &t ¢ -0 ,dus to nonerelativistic nature

of i -megon {Loth of ihem are ot particles), will, apparently,
wnambigucusly identify He voson in the whole range of masses

0i X,-meson (i.e. M'“:Mxo"é , @@= SJ{:, cee e
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4. Quark-Gluon Channel of Heavy He Production

Dominating diagrams for the cross-section d& /dq,i of the
process gq,(ti)-’Hg*?,(a,) are the ones shown in Pig.4.
He Dboson production differential cross-section ds/dgdcﬁ

shown in diagram 4a has the form

8%(9)
dé _ % 1 gg dx. dxg A% 5 (x,)D?(‘" xe) 5+(e?.). N
dg’ dy ~ 45 2N? X1

1

4
K4 A SP(sz‘) Ea”‘)} H,-'ag(Ki,K)Mnofzs (K, K)gegl

where X; and Xz are portions of hadron momenta taken away by
a gluon or e quark, respectively (i.e. Ky=X/P, , K:=XaP> );

is the tensor perpendiculer to collision plane ( 9;7: = Jec ~

~(PgPoct P Pw)/(P,P.j) H Mf‘:_..zg and M g:_p, 2 8%e the amplitudes

of H, boson two~gluon decay. Substituting the explicit form
of the amplitude of Ho"?g in (app.1.13) into Eq.(7) and re-
lying on the relations K’""Kazo (Pffe P¢~0 ); K’Qéa =03
(Kp)? =*¢h, one obtains the following form for spectrum d6/dq’
of the process 12"’3@(1)—*Ho +$(C})

d6(12+99@) - Ho*9(5)) _ 24d  NyGevE) 1 [ 5 1tU-2)
d‘;!gd‘h. T WIS NA(NE-Y) qf d2 in * @

. . i ,) %7
(g u-ep (ol s SEgnl () o (ot )]

And then, at %L*O , without specifying the forms of distribu-

$ion functiona, the form of the spectrum ds/dqi of Ho boson

production in this chamnsl will be:
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It is interesating that this spectrum is like ithe one for
Xo-meson in the same chamnnel of production: dt‘.ﬁg)/dq,iwqf
(gee Ref. 17 ). It is due to the fact that in this channel the
relativistic neture of X, -meson can not manifest itself, as

none cof the giuons coupled with X, can be a soft one.

5. Clusn Channel of Heavr Mo FProduction

;D
disgrams for d48/dgidy cruse~-section

is presented in Fig.5, The form of

(K 2 - - -
c;ib/c,q;dtg waich is the sum oi all
f -

= e s Y ox

ceee < LA Ao A X ®

. (hos
5
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(39)
¢3 = 4A"MH-~23( E)MH »ag( 4,t)

- T (10c)
x rﬁ}«‘t‘(K’a-Ai K"-) rﬂ"t" (~ K" K'!A) 86'6" gt't" '

99) i1 . &ir 6Th
¢4 = TMH.,-—Bg (KrFErKZ)MHo-—ag( K’: K,,E)g“,,a gﬂ") (104)

9 __ 1 e L
¢5 == 4K2K’z MHo"'ag(K’bK)MHu-vag(K?-: K) x
{10e)
X l;‘l’l‘('K-p-Ey Kt) EM_,-;( K', E,-K')g':_s.’ 8;2" :
<39)_ .13) (88) '
¢6 ) ¢ (KommKe, K K) = (10£)

(99 (39 6t
¢7 = ¢a = 4Aa MH _.eg(A’ E)MH -b;;( K') KZ,E)X

{10g)
. i L
* rGJu‘c (Ky, -4, KZ) 866' 91::'
(8%) (39; { v6’
CPB =dp = 4Rk Muaw-?-a "*)Mun«»a. CH, ) {i0n}
x zr_gﬂ;;; K L, KE; 9?5\\3( Kp e, ‘(} GG’E Qn—'
- (101}

R g3 o (98) {995 , — — gt
RO ¢1:'.- * (D (Ki=>Kg, K A,
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(99) (CE ) B &T7A
q>13 = ¢14 AT Ho -—23(’(1 K)MH ~3g (’Kf)"Ka,E) *
{103)
L £
X r}dh? (- K) 'E, Kz) q,ge'l qzt-l
99 _ 9P _ 49D, e (10k)
CP15 - ¢15 -q)m (Ki=Ke, K==K')

In gll relations (10) E‘P&’ is a aimple three-gluon vertex.
Substituting the expressions for amplitudes Ho"'ag and
Ho™39 1in (app.2.4) into Eq.(10) and then substituting (10)

into (9) and doing simple transformations with account of all
relations indiceted in paragraphs 3 and 4, one will obtain the

! 2
following expression for ds/ dq L in the gluon channel of

production:
d6(12=gg~Heg) olg NEN(GVZ) 1 g g
dq} oy 9@ (NZ-N)S 92 SdZD( )8 sgu 2))
5 (11)

2 2., oy i+ (+-2)2°
x{iz(c‘”M"U 2) 20-z) 2(1 z)1

+of 95 {2+ Ta(1-2)+ ME(1-2)(2+ 42 (1-2) ]
Z(1-2)(q% + M& (1-2) }

It sheuld %e ncied thet, as it is seen from (11), .the H, boson
;2

e

spsetrur A€/cq)  also hae - formal pole at g, ™0 :dG/dgim
! i

ca:qri , the explanation of which is just the same as in the

seg9e of quark-gluon channel of H, boson production (gee para-

oradh 4),
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Appendix 1. The smplitude of Two-Cluon Decay of

Standard He Boscn

The most general form of the amplitude of standard Higgs
boson two-gluon decey, satisfying the conditions of Lorentz-~in-

variance snd C-invariance, is

e.ﬁ,as

2 +nf
Ho"ag (9:,%) = [Rc +B(‘} ! :)+ (app.i.1)

+C (9797 +97 97 Sas

where e , @ are the vector indices <f gluons with mcmenta LL

- et

and qa sregpectively; Saf shows that over colour indices a .
& of %wo giuong the aaplitude of two;—gluon decay of M,
begcn i85 4w siniglet.

7t follows rom the law of conservation of current itbat

fa faaf e ato nfera vq® 1s {app.1.2}
P I~ A R L =l I ‘g? ya,q,ﬁ e iy
: 2 7

6 ooY B
- iz ot Vot e
) ‘}!‘TJ?J’%g dfwe J
’ Pt
g 7o, o 2 Ch , AR .
oo n o ve Mg S . 50”1+ i.33
‘.‘ T, Iy ‘f..!z:“ “:"qt;f B‘L%E'Efﬁ t-q'lgg].rg}q',z_} (appo [
Lo T ate® 0o ‘\rf*‘}‘;-"";..ﬂ
T A TR EVL TR R AT
v, 2 e T { L polaxization;,
SRRV F - SR

<
I3
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1‘—'( Gj‘{.ﬁ* a(%ci'a)*c‘h‘,:o {ap_t‘.‘..':;‘,;

it foliows from {app.i.4) and ‘app.1.5) thai £ =0 gud Lf=-H/
Aa.a, i Tesing £=-A {t¢ make A dimensioniess we

devide it by M:w: ) we skall obtain ths following form for ius

;
{
. o3 b A ( o *F a8 =
34 ; 7. N = == {3 Y= (‘. X - -
“‘nc*ag S, %) —6‘15 Mg N Ve R PR "52 {app.t.5)

Suck vepresaptation of the amplitude of Mg bogon iwo-gliuui

lecwy. ia fack, iz equivalent te Hg hesen decay info gluscs

IrameworkX ol local effsuiive Tagrangima {ses z2..., J11)%.

“herefors, using the width [{He™29) | calculsied with toe

it:lp of quuark loops fsee Fig.3), one mey find the coafficizat
in {app.?.0) zxpressing A in tsyms of He Dboson twa-gluom
LAy ',_J,‘iij
g ang. 7.7}
Moo D ke pumker of §3ffsrent sorts of leavy quarys

¥y
g
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x (29)5(93)(2m) 6(9z) (aar;':*

(The coefficient 1/2 prior to the integral comes from the iden-
tity of giuons). .
aff;a
Substituting MHo*eg (%,‘%a) in (app.1.6) into (app.1.8)

we have

1 2 2, . ,
2Im2 = NEIE M, (NZ-OSS.(C":J 8(@2-2%@(&_"@1 } (app.1.9)

where N is the number of colours, and q=9,*9 .
substituting d°g =13,/*d|§,]dg;d R into (app.1.9) and
pasaing into the system of centre of mass (i.e. E]T, = "“?,,’-‘ 3
o_ .0 _% . Mu
. 4,7 =2 ") one obtains
AMmEne-1)
MH’.’-(Ha*EQ)=ZImZ =g (app.1.10)

Applying (app.1.7) to r(Ho"zg) one obtains

N: (=

From {app.1.11) we get the following form for A :

z 2
o )P U’ 3 _ ATMU(NT-1) {(app.1.11)
Toqr Y '

2 . olg ez ° p :
Jizﬁfrxjﬁ?'vh’fg{'\j;‘—z:; : {app.1.12)

Substituting {epp.i-i2} intc {2pp+1.6) one will obtain the

foliowing foim for the amplitude of two~gluon Aecay of - :
ap;ab o2 5= an
{ a. V= — o =5 YO, Y
Myo*ag (9,,92) = 8a8 5~ NuUi s 19 (9,90 (amp,1.33

Ag

-q:qa 2 Qa]T
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Appendix 2, The Amplitude of Three-Gluon Decay of

Standard Ko Boson

The form of three-gluon vertex of Hes boson decey can be
obtained from the law of conservation of current for the sum of
diagrams shown in Fig.7, using the form of vertex of Ho, itwo=~
~gluon decay in {app.i-i3J).

The law of conservatior of current for the sum of diagraﬁs
shown in Fig.7 has the feorm

< P - d&'ﬁ)acg -
E, Ea BJ iMHo-’Bg (Qﬁrel r‘i’Z)+

pE,Gd . L I
+ I"!Ha»x?ﬁ(qle:q'«*e)"f‘“dGﬁa(%"e’—q"-e) A ’ )
{appe.?e'!.'

dg‘qd. N s 1

M MHo"ag (%»%"2) ‘-fcgd GP“E’%:"%'E) (aﬂ+f)z M
S)Cd

« M, ]

no~2g (&9 9e) 1 abd aps (492,79, 92) gyt | = ©

o

L)

Using ithe eupiicit form of the vertex of Ho boson two-gluon
densy in (app-i.13} and bearing in mind that the two-gluon
weriex o "”3@ - i- a ginglet over colour (i.e. subsiitute d
ir {epp,2,1) Ly © s % ., £ in the second, the third and
the fourth terms, correspondingly} and algo substituting the
Pemilier cxpressgions of standerd three-gluon vertices F.qg
.Kjg’} " rdﬁ5 one will obtain the form of +hn ampiitude of

Mo woasen bhree-gluon decay

17
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d-trﬁi
o =3g ((9 06 Ge) = Lfacg My ‘:‘Efﬁ (9’1 N7 92) {app.2.2)

where ra.gﬁ is & standerd three~-<luon vertex having the

form

;: (30,8, ‘32) gdaf\e q') 9 3 B)d*gpd {9 %)Xj (app.2.3)
it should be noted that (app.2.2) has been obtained with regard
’ 4 B
to the fact that gluons are "real"™ ( €, 9.=€:9,=0 )and
have no mass ( ‘}i’* %i +=0). Substituting the expression for
A in (app.1.12) into (app.2.2) one obtains
ozr;s ach . 2 s ( 2
My, Jag ((}1,8 Ge)=tfact 3 NH(«‘YT Uy N 7
{app.2.4)

{ 9uy (905" Gy 978 * 8 (9,7 %)v |

. W e - Ve g -1 ..
Here (in the text toc)} U ={G: J:) 72 x(248) ", chK are

the structure constenis of ihe gromp SULCH |
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Fig.3 A diagram for the amplitude of Ho boson two-gluon
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