





1. Introduction:

The calculatlons .of . 1nclu51ve spectra of heavy flavour

partlcles produced in hadron collisions at high energies.as.-

‘the functions of:  longitudinal and transverse momenta allow
kone<to‘study.the,QCD—mechanlsm of heavy quark production.
'BeSides, these calculations are necessary -for the planning of.
4h¢w‘ experiments - (UNK,. LHC, §8C): for the search for new:
-flavour,afor»example a top—quark. Strategies in the search
for }new.flavours such as top are supposed to have better
‘'estimates of cross sections and of momentum distribufions -in
phase space not only of the new flavour, but which is perhaps -
more important, of lighter flavours which greatly contribute
to the background , ,

f,;{ Usually the observables . of heavy flavour. - particles
,produced in hadron collisions are calculated in the frame of.
perturbative_QCD‘[l—G]. However ‘these calculations result- in
‘the values of cross sections of c— and b—quark - production
which are less than the experimental values especialyiin the,
-region of small <R [7,8]. On the other hand, soft processes
are well described in the frame of the peripheral models.

g The experimental data show. that the main part of charmed
particles is produced in soft processes in the fragmentation:
regionA;of the projectile particle [9-16]. Besides, the
D-meson and A -baryon distributions have the form, which is
fanaloglcal to the spectra of the K-meson and A hyperon, that
is mainly concentrated in the region. of small transverse
?momenta | pT51 GeV/c. That points out. the analogy between
‘the production mechanisms of heavy flavour particles and
‘hadrons, containing light u— , d- and s-quarks. So in ref. 8
éthe transition of c- and b-quarks into hadrons was described
with the help of the. recombination model [l7j, taking ‘into
‘account the interaction of yielded of Q-quarks with the
‘quarks from incident hadrons. Such inclusion of interaction
‘With the valence quarks allows one to describe the production
of  leading part of charm particles. In this model a
‘recombination function R(x , x, 2) is expressed through
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interception aoa(o) of bleading Regge’ QQ-trajectory. It is
that the-.

particles could be easily explained by the nonperturbative

noted, observable distribution of the 1leading
mechanism of charm quark hadronisation.

The increase of total cross sections of D-meson produc-
tion as the functions of the energy [12,14] points out that
this behavior corresponds to the multipomeron asymptotic,
i.e. here the theory of the supercritical pomeron and also
the quark-gluon string model (QGSM) [19-21] is applicable.

Earlier the description of the energy dependence of
cross sections for production of heavy flavour and of " the
invariant inclusuve spéctra of D- and B-mesons and Ac—baryons
as the function of the  Feynman variable x was obtained in
the frame of QGSM [22-24].

- tions of the inclusive spectra of p'-

In the present paper the calcula-

,, D -, D’ and D°-
are performed in the
frame of the modified QGSM in which the dependence of guark
distributions  in -

mesons - ‘as the function of =x:and P,

hadrons and = the -quark ‘fragmentation

functions on p. is taken into account [25-27]. As was shown

in our ref. [27], the successive division of the transverse
momentum p_ between n-Pomeron showers or 2n gquark-antiquark
chains gives strong dependence ‘of <p.>, <pT>~¢ﬁ,

hadron characteristics on n.

2. Calculation of the cross sections
Consider the pfocess of the D-meson production in pp-
collision pp#DX at high energy in the frame of QGSM: but in-
cluding the transverse motion of quarks and diquarks in col-
[25-27]."
the cylinder—type diagrams cut in. the s—channel give the main

liding protons as it was made in refs. As is known,

contribution to this process [19]. The expression for the
invariant inclusive ‘hadron spectrum corresponding to these
diagrams can be written in the following form [19,26]:

and other"
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where ¢ is the cross section for production of the n—pomeron
chain (gf 2n quark—antiquark strings), decaying into hadrons,.
é (x,p ) is the x— and P —dstribution of hadrons produced in
the decay of the n-pomeron chain. 'These functions @ (x,p )

were represented in the following form:
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where x,=0.5[(x] Zix% ) %ex], X 2[(m +p. 2y/s1%; mb “is’ the

mass -of D meson, Vs is the total energy of colliding protons

in c.m.s.
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Here T means the flavour of the valence (or sea) quark or
diquark, fém(x,kT) is the quark distribution function,
depending on the longitudinal momentum .fraction x and the
transverse momentum kT in the n—Pomeron chain ;
Grn(Z,kip) = 2D, (z,k_;P.),

Drah(z'kr;pr) is the . fragmentation function of quark or
diquark of_flavour T into_the hadron h (D-meson in our case).

Thevquark functions ft(x,kT) are represented in the fac-
torized form: ft(x,kT)=ft(x)gt(kT), and the kT—distributions
of quarks are chosen in the Gauss form gt(kT)=(7/n)exp(—7k§).
Then the quark functions in the n-Pomeron chain will be
factorized too [25-27]:

Z(n, _ el (n)
£ (x, k) = £.0(x)g 5 (k) (5)

where

(n) k)

4 gtﬂh( (v, /m)exp(~7 k), 7 =7/n . (6)

The -fragmentation functions were represented in the
following form: ‘

~ ~

(z,p 09, (k)i (7)
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Thus, substituting (5)-(8) in (3), after integration over
d’k_ we have following simple expre551on for the functions

(n
F‘E :

b

‘Gauss distribution at p =0.5 Gev/c.

i+

(n) (n)
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(9)
where: functions En(z,pT) are [25,27]:
I (z,py) = (v, /mlexpl-7pl) | (10)

v, = v/(14npz”), p=7/7.

As 1is known, the differential cross section da/dpi of

-the ‘hadron production is approximatéd at high energies by the

However at P, 20.5 GeV/c

" the data about p-—dlstrlbutlon are more better approx1mated

by the function exp(—BpT) Therefore we . used, according to

ref. [25], the following expression instead of (10):

BZ
z

In(z,pT) = 211314;Bzmn) exp[_Bz(mT-mD)]' (11)

where B =B /(1+npzz), B *2m7, 2—p2+nf )
~ The fragmentatlon functions D h(z) of charmed particles

were obtained earller in. refs. [23 24]; they have the follo-

' wing form:

(0hk+ﬂ1 a (01

oo ¢(z,p ) = a, (1- z) o ’ ' o
o (12)
ud-p® (Z:P ) = a (1- z)” -a (N+A+ﬁap(m -o mn+1'
G —o(z,pT)‘= a, (1- z)‘a (m+h+map(m o mu(1+aizz)r

uu-D

Qhere )=2a5*(o)p§,ap(q)=0,5,kaN(0)=—0.5, aé- is»the slope 6f



the Regge-trajectory at t=0 (t is the sguare of the 4-momen-
tum transferred).

'Now we calculate the D-mesons distribution as a function
of the variable x. Integrating (1) over dsz, we have for the

invariant cross section:

o,
F(x) = I E 3 dp, =
: p

£o.(s) ¢,(x,p)d°p, (13)
n=0

Differential cross sections'da/dp: of the production of
D+_I ]-j—_" Do_l
formula:

D°-mesons were calculated using the following

do n
= L o <s>j — ¢,(xip)ax, (14)
de n=0
(1) ~after integration

which is obtained immediately from

over dx.
3. Results and discussions

The calculation results of differential cross sections

(13), (14) are presented in

performed using the formulae
Figs. 1, 2.
dependence of cross sections on the value of the interception
aw(o) of the Regge-trajectory. The solid curves correspond to
the case when a (0)=0 and the dashed curves correspond to

(0)——2 18; the respective values of parameterg a,r 2 ente—

into the fragmentation (12): a =0. 1 1072

a = 5 and a°=0.5-104, a, = 15. The comparison af the cal—
culations using QGSM with the experimental data was perfor-
med in ref. [24] and a better description of the invariant
xdo/dx was W(O) =0. hs seen from
“Figs. 1, 2, the better coincidance of theoret;cal calculati-
‘ons with the experimental data about the pf—dlstrlbutlon
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calculations w1th,1ntercept10n aw(o)ﬁo, dashed curves
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sections of the
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data,
with interception aw(0)=0,

‘to aw(0)=—2.18.

The | cross reactions pp-DX at
" - experimental
solid curves correspond to "the calculations

dashed curves correspond
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is at’ aw(0)=0, which corresponds to the: nonliniear Regge
¥-trajectory.

The calculations  of the' inclusive spectra of all
D-mesons - are performed at _ B =5.2 (Gev/c)_t p=3.1 and cor-
responds to the parameter ¥= 1 39 (Gev/c) {‘The better coin-
c1dence of our calculations w1th the experimental data is for
D'~ and D°-mesons. : ‘

The Dbehaviour (0of the inclusive. spectra presented in
Figs. 1, 2 can be understood if -we suggest the leading parti—
cle effect [il]. If we assume, that the proton consists of the
quark and diquark,'then, according to the idea of QGSM, a
projectile proton is the leader in the soft diquark of, the
pp-process. And after production of cc-pair from the vacuum
the colour'singlet system of charmed hadrons can be produced
as a combination of c-quark and ‘diquark of the proton or the
combination of E4quark and the valence quark of the initial
proton. ‘If the mass of the system (qgg)c is - not ‘large the
‘leadind charmed -hadron D+, p° orfAC containing c-quark can be
produced. ' '

.This qualitative explanation of soft productlon of char-
med particles is confirmed by the gquantitative calculations
presented in Figs. 1, 2, i.e. the good description of inclu-
sive spectra. Note, as mentioned above, that the value of the
interception «a (O) = 0, which indicates the nonlinier beha-

" viour of the Regge traJectory of mesons containing the heavy
c—quark . 3

In Flgs 3-6 there are the calculation results for the

cro4s sectlons of reactions pp-D'X and pp~D X at the energies

of the future colliders - UNK (Vs=75 GeV), LHC (Vs=16 TeV),

SSC‘(V§-40'TeV) These estlmated predlctlons could be useful
both at the stage. of plannlng ‘and prognosis of the experi-
ments and in performing experiments, as well as for compari-
son with predlctlons of other models

i ‘The authors would like to thank A.B.Kaidalov, K.A.Ter-
Martlrosyan, 0.I.Piskounova .and P.E.VolkOV1tzky for useful '

,discussions.
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Fig. 3. Estlmates of the cross sectlons for reactlon pp-D* X
at the future colllder energles as functlons of x.
Solid curves correspond to interception a (O) o,
dashed one - aw(0)=-2 18 at vs=75 GeV.
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Fig. 4. The same as in Fig. 3, but for reaction pp-D”X.
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