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In connection with ep-colliders being constructed and 

planned (HERA, IS; = 314 GeV; LEP+LHC, /S; = 1.4 + 1.8 TeV; 

UNK +electron linear beam, ~ = 1.1 + 4.9 TeV), a thorough 

a~alysis of the feasibility to study the new physics with 

these machines has been carrying on in the recent years (1-5) 

As known, the merits of the ep-colliders consist in larger 

as against the fixed~target experiments as well as in "purer" 

background conditions to study the new physics (as opposed to 

the pp- and pp-colliders where hadron backgrounds are very 

great). 

The ep-colli ders make it possible to create Jp-r.olliders 

on real photons pra0tically without losses for luminosities 

and ..;s;; • The creation of Jp-colliders and problems that can 

be studied with these machines are investigated in detai l in 

Ref. [6] • I n the present paper we have considered the possibi ­

lity t o search f or the Higgs bosons on the Jp-colliders . We 

have s ugges ted a mechanism of production of Higgs scalar and 

pseudos calar bosons in }p-collisi ons when H0 - and p0 -bosons 

are produced in association with a heavy quark oai ~-
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where F, F are hadrons containing heavy quarks Q, Q (a similar 

mechanism for pp- and pp-collisions was studied in Refs [7-10]). 

The mechanism under study is interesting due to the fact that 

the Higgs bosons are produced . in association with easily de­

tectable heavy quarks, which will undoubtedly help to identify 

H0 (p0 )-bosons, since the studied reaction has interesting final 

states. So, if 2 ?7f s 177,, ~ fl~ (running ahead, we note that 

the studied mechcnism is interesting and gives noticeable cross 

sections for produced H0 (P0 )-bosons of medium masses 
10 GeV 

~ '?'7?, ~ 100 GeV, i.e. for the existing restr!.ctions on a 

for t-quark mass mt ~ 50 GeV [11, 12] the best decay mode 

Higgs bosons in our case will b~ H
0

(P
0

) - bb ), and Q is 

t-quark, then in the final state of the reaction we may have, 

say, events with four c-quarks and eight charged fast leptons 

resulting from semileptonic decays of heavy quarks. Besides, in 

this mechanism the Higgs bosons are produced with large trans­

verse momenta, which will help to escape from the possible 

background processes. 
The amplitude of the studied process (1) at a quark-g:aon 

level in the lowest order of the perturbation theory is of the 

form (see Fig.1): 

jJ = m(geD)(Cli'/~(!#)~Q(~)e., (1~)· 

a. 

f. Q- ( ) [ C' . 1~ • i(~- + 7Yl ;{L - K\ ,. m ? + ( , a..,,..,) ) 
j I{; (11, ,.1<;-)'1- '/"';;, j.J (if,_ -11'3 ).z- 77?:i :!)• if;<-K~ 

+ If . I{~ - if i + m 
U • ( I{, - 1-\J':. m 1 C ){ - 03 ... m v ( j/...-1.:) 

.. :').. OJ + / + 
{I~ - H;)"-- m"- !' ~ -!{ 

(2) 

J.\" - Ki + ·m 
+ tJ ('-1.; -wd·-w:i. 

. -ir~-1'f~- + m c +-(?- t> Ji l Q ( . df {'~ +-K'sf-m:1. i1i .,,_~ j · z -1~) 1 
where jj. =/~, ,~ = 12Jt / 2_j fn (A'5//\:c~) , /5 = (1-<; t- l~yi-, 
/\ 61u:;;"" 0,2 GeV; m and Q are a mass and a charge of the heavy 

quark; i,j = 1,2,J are color indices of the quarks, a =1 ••• 8 

is gluon color index, )'....U are Gell-Mann matrices of SU(J) 

group; e; ( J.(':i.) , e,) ( 1{1) are polarization matrices for gluon 

and photon, respectively, and notations for ,momenta are given 

in Fig.1. C=1 for H0 -bosons where the relatioz;.s of minimal 

standard model are preserved, C = /I 'J'S- for pseudoscalar p0 
-

boson production (such bosons arise, e.g. in models of electro­

weak interaction with two doublets of Higgs bosons, at SUSY 

with two doublets of Higgs bosons), and J' = C.~ I 01 where 

<.f1 and CJ; are vacuum expectation values for two Higgs doublets. 

In what follows we everywhere take y=1 for numerical calcula­

tions; note, however, that the experimental restriction 

y AS 40 [1 J] points out that the cross section of pseudoscalar 

boson production may increase by a large factor, y2 • 

Af ter standard calculations we obtain expressions for the 

total (5 and differential cross sections c./c:/J.t"H and J()/dl~ 
by energy and transverse momentum of produced Higgs bosons. 
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Here a'N = ~ £11 /$., Q:i = ~ 11~ I .fS'o , and El( and ~ are energy 

and transverse momentum of H°(P0 )-boson (we do not give ex-

pressions for cross sectio ....... uu~~use the obtained results are 

cumbersome). In our calculations we used both the scaling 

function of gluon distribution X' (}(;:c):/3 {1 -X) 6 and the one 

with scale-breaking taJ;cing from Ref'. [a J (see formula (2 .14) of 

this work; here X is a fraction of' momentum carried away by 

the gluon from the proton). 

Fig.2 shows the total cross section as a function of col­

liding beams energy ./$; ( 5
0 

.. ( K, .i. P.z/ , where Jf.t and p:2. 
are momenta of' photon and proton beams, respectively, fl,_'>:. 0: P.r; 
for various values of masses of' H0 (P0 )-bosons and t-quark. One 

can see that the cross saction of' the studied reaction attains, 

say, ""J·10-36 cm2 at ·m# = 10 GeV, ·~ = 160 GeV and 

lfJ: = 4.9 TeV. This will provide from JO to JOOO events yearly 

for scalar particle production, at the planned luminosities 

';}_ ~103 1 + 1032 cm-2sec-1 • We'd like to note strong dependence 

of the obtained results on gluon distribution function. Th·<UJ, 

for ·??:;, = 10 GeV, ??J-t == 160 GeV and at /&:' = J.5 TeV the nr,n­

scaling cross section is by a !actor o! 4 larger than the 

scaling one. Fig.2 also illustrates that the H0 -boson produc­

tion cross section is essentially larger than the P0 -boson 

one, and only with increasing mlf this difference somewhat 

decreases (remind, that we took y=1 everywhere). 

Fi g. J presents the cross section as a !unction o! /)-7? -

heavy quark mass (everywhere below, under Q we imply the t-

quark, since the contribution to the cross section of reaction 

(1) from the b-quarks is small and achi .ves"' 10- 38 cm2 at the 

6 

best) at various values of ·???,,, and ./tr. For each pair o! va­

lues of 7?7# and ·v4' we have a most advantageous region o! pro­

duction of Higgs particles by t-quark mass. So, !or ~=20 GeV 

and JB; <<- ; TeV a largest cross section of H0 -boson produc­

tion is achieved in the mass range . ~ <>-160 .;. 200 GeV, beirlg 

IS"""" 7' 10-J7 cm2 • which for pl~ed luminosi.ties yields from 

70 to 700 eJ'ents yearly. In case we have Ii[' =1 .1 TeV and 

?77# =10 GeV, a cross section is ...., 5·10-37 cm2 for 1 ·77? .. 
= 80 -fo 100 GeV. At HERA energies ( /s;' = J14 GeV) the cross 

section of the studied reaction lies within ,...., 10-37 -:- 10-39cm2 

for Higgs boson production with ·m,,,~ 50 GeV. So, for m,.,.. = 

= 10 GeV and 'J7it = 40 GeV we' 11 have 100 events yearly at lumi­

nosities ;;z ~ 1032 cm-2sec-1• 

Figs. 4 and 5 present differential cross sections do-; d tl# 

verswi the energy of produced Higgs~bosona', dr'H , for various 

values of '77?11 and ~ at /.i' = 1 .1 TeV. One can see that 

when ~ »~ , we have a.-peak in differential distribution in 

the region of small ·X'H which is pronounced more distinctly 

for H0 -bosons. At ·7n1 ~ ~the peaks shift toward larger X;,, 

and differential cross sections for H£ and P0 -bosons become 

comparable. The similar picture can be observed for /8} = 2.4, 

J.5 and 4.9 TeV, so we do not present these plots. We'd like 

to emphasize weak dependence of d5" / d Xlf on gluon dis tri bu­

t ion function (Figs. 4, 5). 

We have also considered differential cross section Jo/d Xj 

with respect to Higgs boson transverse momentum X:~ • It turned 

out that in the studied mechanism H0 (P0 )-bosons are produced 

with large transverse momenta, and the differential cross 

7 



sect ion over Xj_ has an original behavior. So, as shown in 

Fig.6, the differential cross section has a sharp peak at 
·~ 

O:J. ·.'.l< 0.15 for vo0 =1.1 TeV, ·mlf =20 GeV and '.?J?- =160 GeV, 

which corresponds to l.f'.i_ ~ 75 GeV. 

As the difference between Higgs boson and heavy quark 

masses decreases, the ·peak over :x:._ is shifting to the right, 

which is indicative of produced Higgs bosons with even large 

transverse momenta. So, at ff ·=1 .1 GeV, ?71, =50 GeV and 

·771 =160 GeV we have /{'J.::!<80 GeV (cf. Figs. 6 and 8). The dif­

ferential cross section over ~ practically does not change 

its behavior with increasing ~ (see Fig.8 wherein curves 

for .jii; =4.9 TeV are presented). Figs. 6-8 show that in scalar 

and pseudoscalar bosons peak regions over a:~ practically 

coincide. 

One can see that the ~tudied mechanism of Higgs boson pro­

duction in Jp-collisions yields noticeable cross sections only 

for particles with masses ?77# :<:o ~~ , i.e. for H0 (P0 )-bosona 

the H0 (p0 ) ...- bb decay is dominant. In this case the major 

background processes for the mechanism of H0 (p0-)-boson produc­

tion suggested in this work are QCD-processes with pair pr~­

duction of b- and t-quarks: 

oJ -eT-t+t.+l (J) 

Bsti.mating these backgrounds solely on the basis of interaction 

constants, we obtain that their cross sections are of the same 

order as the signal from the Higgs particle production is 

(in pp(pp)-collisions for a similar mechanism the background 

processes are two orders high~~ than the signal [14) ). To · 

A 

sunpress the backgrounds (for instance, using the corresponding 

cutoffs over transverse momenta and invariant masses of bb • 
tt pairs) and for more reliable identification of the major 

signal, a more detailed study of process (J) is needed, this 

to be done by us elsewhere. 

In conclusion, we'd like to note once again that the con­

sidered mechanism is of interest to search for Higgs particles 

of medium masses (especially noticeable cross sections come out 

for production of particles with ?/JH -"S 80 GeV) on planned 

P-p-colliders [3] • For luminosities feasible on them 

( ;;z"' 103
1 

+ 103
2 

cm-2s-1) there are produced, say, as many as 

350 H
0

-bosons for /s: =2.4 TeV, ~ =20 GeV and ·?nt- = 80 GeV, 

or up to 200 events for ;.:~ =3. 5 TeV, 71JH =50 GeV and 717f = 

120 GeV. 

Authors are deeply thankful to S.G. Matinyan for the useful 

discussions and also to L.S. Dulyan and A.D. lllagakyan for 

assistance in computations. 
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Figure Captions 

Fig,1. Diagrams corresponding to associated mechanism of Higgs 

boson production in Ip-collisions. 

Fig,2. Total cross section of Higgs boson production versus 
,~ V5

0 
for various values of masses of H

0
(p

0
)-bosons 

and t-quark ( /VIH and ~ ) • Everywhere onward the dashed 

area refers to the region lying between curves corres-

ponding to scaling (marked by crosses) and non-scaling 

distributions of gluons in a proton, 

Fig,). Total cross sect~~n of Higgs boson production versus . __., 

tf t: at various values of masses 

Fig.4,5. Behavior of differential cross 

versus Higgs boson energy :;cH at 

various values of /'1H and /v!l 

M /' ''H and S_. , 

section R0 = Jjr: dc/d J'.',, 
/ii;= 1,1 TeV for 

Rl a J/ <r )a-/J2·l Fig.6. Behavior of differential cross section 

versus Higgs boson transverse momentum a~ at /!i;' = 

= 1,1 TeV for various values of 11H and 11t. 
~ig. 7. Behavior of differential cross section A'i = j /c d C / cfa·l 

versus Higgs boson transverse momentum .'Z~ at 

jp; = 4,9 TeV for various values of 11;, .ind !1t 

Fig,8. Behavior of differential cross section f?J. =1/c ck/cf X~ 
versus Higgs boson transverse momentum Clj at 

11
11 

= 50 G1 V, Ht = 160 GeV, for various values of /B; . 
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