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1. Introduction

As it was recently realized, the experimental sftuation on charmed
hadron production cannot be described in terms of models where a heavy auark
pair CE is created at small distances as a result of two gluon fusfon
(see, e.g., reviews [1,2]).

An alternative (or additional) :ﬁechanfsm is now widely discussed [2—6]
in which C or O -quark {open charm) production takes place due to the
virtual  CC -pair excitation inside one of the initial hadrons (see Fig.1).
The crucial point of this approach is to define the Cé -parten distffbut-
fon inside light hadron, e.g., inside pr-'oton'.

The total inclusive cross section of (€ -pair production in pp-
collision ¢.m, frame hés then the followin§ general form:

. 6(PP+CE+)=[/defdt C(X,t)dd-Tg W

where d&/dt is the differential cross section of ( or ( -parton
scattéring on the prajectile proton (summed over a1l constituents of pro-

jecti]é that may contribute into the scattering subprocess). Here



c(x,t):é(x,t) is the (- or  ( -quark distribution inside
proton. The dependence of this distribution bn transferred momentum A15
reflects the fact that (% -quarks inside proton are virtual and interact
with other partons. The factor 4 takes into account that the ( -ouark ex-
citation may occur inside both initial protons and in two ways: first, by

C -quark scattering itself (the so-calied "active" ( -quark) and, second,

by its if -partner scattering (the ( -quark being in this case "spect-
ator"). Experimentally, /lc -baryon and @ -meson productfon-is measur-
ed. Neglecting )Tc and hidden charm states, the cross section (1} consists

of two parts:

§(ppci+)= 6 (pp~ADr)+8(pp>29+)

In this paper we shal) try to calculate the cross section {1} and cor-
responding inclusive spectra of C -quark production at high energies
{beginntng from the FNAL region}. A definite choice of ( -quark distri-
bution that we have made is based on simple and as Seems to us natural argu-
ment of parton model applicability for heavy gquark-antiquark fluctvation
inside a fast moving proton.

The main result that will be cbtained below is the following. The -
quark excitafion mechanism is actually able to describe the experimental
situafion on charm hadroproduction if we introduce a nontrivial ( -quark
distribution evolution in the H‘:’(( M: region where QCD perturbation
theory (PT) is inapplicable. In this region C -quark excitation proceeds
due to the “normal™ strong interaction at large distances. This nonperturb-
ative (NP) excitation turns out dominating af Targe longitudinal momenta

Xt_ of produced charmed particles thoroughly solving the problem with



observed effect of "diffractive” /\c -production [1—2] :)

_In Ref, [4]a radical viewpoint has been adopted that CE ~quarks
always exist inside the proton {“intrinsic” charm) , i.e. the scatterfng with
an arbitrarﬂj small (kinematicﬂ"ly allowed} momentum transfer is able to
produce open charm. According to Ref.[4], the intrirsic charm distribution
fs fixed and does not change with £

Ir contrast with this , we suppose that Ci{x, €} distribution is ora-
dually "switched on" from ceftain minima! values of H:I up to large
H:l 's in the PT region.
1t is important to note in advance that ( -quark excitat{on mecha-
nism considered here (and in other versions in Refs. ['3-5_] ) 3 by no means
universal. Indeed, a notion of C(K) parton distribution by itself
implies that it contains only those CE ~pairs which are a part of inftfal
proton wave functim;- and are not created during the PP -interaction. A
clear distinction between these two alternatives is possible only if X
is large enough. It means that we must consider only those ¢ -partons
that are not wee { X > MC/E) Hence the inclusive cross sections
| calculated below in the franﬁework of the  -quark excitation model are
incomplete at small [»XLI values ( [x | = MVE ). Some other mecha-
nism (such. as two-gluon fusion) must be added in the central region. At
FNAL energies Mc/JTS’ is already ~~ 0.1, It means that at lower

energies the excitation mechanism is inessential since there is no room to

*} Note that in Ref. [_'TJ an essentially nonperturbative mechanism of
charm hadroproduction at large XL has been considered in terms of
multiperipheral approach dealing with intermediate hadron {and not

parton) ¢ C -states.



introduce C(x) distribution,

Further we proceed as Tollows.

in 3ec.?2 the cheice of {* -quark distribution inside proton is made.
In 3¢¢.3 that part of inclusive cross section is calculated which corres~
sunds to the C(';— -parton scattering at large momentum transfer (PT re-
gion). In Sec.4 the estimates of NP region contribution into the Cquuark
axcitation are obtained. In Sec.5 the comparison of both contributions with
the experiment is done and the obtained results are discussed.

For definiteness, we shall consider cnly FP ~collisions. As it
will become evident, the results obtatned below don‘t change for all types
of NN and NN -collisions. As for the JFN -coliisions, some fnessential
quantitative details quoted below are to be taken into account. Again for
definiteness we shall speak of c -quark excitation bearing in mind the

evident C—+C symmetry.
2, ¢ - Quark Distribution Inside Proton

The ¢ E -pairs inside proton enter the parton sea which consists
mainly of gluons and 1ight quark patrs,

If an incident distributton C (X, Qi) 1s defined, where
QE fv 1 (5«3\‘2 is the minimum momentum transfer determining the PT validity
region, then C (X,t) 1is calculable at ltlaQi from PT evolution
equations *). at the same time , within the limits of PT, nothing can be

*) We will deliberately distinct the scale (J, from the close scale
Mc » bearing in mind.also heavier quarks for which these scales

are different.






where in the \uudc'c? state C -quark and . C -quark ( the latter
together with Vight partons) carry away respectively X and i x fract-
1on of inttial momentum. We neglect tht quark masses and transverse mo-
menta as compared with Mc

Comparing rt.’cé with the mean interactfon time of the scattering

-1
with momentum transfer T Tint = ( ‘]-[»_[ ) , we cbtain a certain
condition '

(el >> ME(2e) e st 0 @

which is the parton model constraint for C E -quarks with momenta

x> Mo/ ((4-x >Me/5).

Therefore, in Eq.{1} the integration boundaries should be chosen as

Mefgsxsd-Mofs | Ielsto(n).

The ‘f.’o vatlue defined in £q.(3) Serves as 2 naturai lower boundary,
up to which the distribution C’(X.'t) .may exist., Thus the quoted. in [4]
assumption C X, 0)‘—‘(:(?(,{);& O {"intrinsic" i:harm hypotheéis} , in fact,
contradicts the parton model app‘licabi‘lity condition. ' I

At the same time, it imed1ate‘ly follows from Eq.(3) that fast
" {in X scale) C -partons can participate in a_scattering with suffici-
ently small H‘,I« Qo due to the Lorentz dilatation of their life-
time (2).

The to (X) dependence at various energies 1s shown in Fig.2. Start-
ing already with FNAL energies ( G = 20 + 25 GeY } a nonperturbative .
region H:l < Q% exists for C -quark distiribution. This region grows
 with energy involving slower and slower (in X scale) partons. In accord-

ance with that, we choose a C(x,'t) distribution in a standard form



. : ‘
-Q

~X ({-x)‘ (Qsi) . but with powers @ and B varying with

t in the region +,¢It] SQ: . 50 that a gradual “inclusion® of

C(x,£) .first, at higher, then at lower values of X 1is provided:

0 , ltist,

)= ¢ pdicer 1) g e eleq?,

o= -

(F<x(4-)Y | 5]
were n = (- )1Q5 - t,), <ed= fxe(xad)dx

The choice of C{x,t) at ]{:[;Qg‘ coincides with universal dis-
tribution of sea partons -~ '-'/x at small X 's. Along with that, follow-
ing {4, 5], we assume that (x) at large x is harder than for 1ight
quarks sea (for the latters Xw 10). Indeed, being a part of fast proton,

C and 6 -quarks, as they are heavier than other partons , carry higher

average momenta

<xe> = ch(x)o‘x/jc(x)dx

We take z‘ = 3 {close to the corresponding value for the valence
quarks) and < C> = 0.5% (the value quoted in Refs. [3, 5] ). As will be-
come evident further, these parameters are easily fixable from relevant
data and our choice is in fact in agreement with the crude expernimental in-
formation available.

The form of ( -quark distribution at H‘:l?,Qi may be, in
principle, extracted from the experiments on deep inelastic charm leptopro-
duction. For example, the EMC diia [11] on muoproduction of charmed part-

icles at \{§ = 22 Ge¥ (where the second muon is registered from the charm



decay)} aliow one to devive the differaniial ¢ oss section dé/ng‘j

over Bjorken variabie XB} . R osmary "“3;5 ‘s the ¢ -pair
muopreduction proceeds mainly through the ftusion of virtual photon and gluon.
“if;ar'tir_\g with xs:! z M?/j;; m‘: -paritons inside inftial nucleon manf-
tect themselves and at suﬂ;—';c'fenﬂ_y large xBj the cross section will be,
in fact, dominated by the (O -auark "photoexcitation” mechanism. In this
" case, dé/d x-&j is exprossed divractly via Q(X) :

déEMC ) (XQJ) . (5)
/les‘ 504 iO Cm B((.‘—w %
where B(c —r}‘v\) = 8% 1is a semfleptonic branching ratio and the kinema-
tical regions over Q?‘ and Y  are taken inte account for the given ex-
periment [11:] . The comparison of the experimental cross section dd/dxaj
with the photon-glucn fusfon model prediction presented in Ref, [lljshows
_ some excess of experimental points at large XB {see Fig.3). The precise
vaiue of- th1s excess 15 difficult to estimate since experimental errors are
large and the fusion model predictions {the dashed line in Fig.3) are
-essentially model-dependent. Assuming that fhe cross section in this region
is actua"liy determined by the inherent ( -quark distribut‘ion in nucleon
and using (5}, it 1s easy to obtain dé/d)( for various ckoices of
(Nos.I-4 solid lines in Ffig 3). It is seen that the distribution

() =18x [ L (1-x)(1+ £0x + &) = 2x (1+x) Lt ]

from[4] as well as C(x)f\.({—x) from [5] yleld a rather large cross
section as compared with the experfment in the region X B >0.3 . on
the contrary, the . -quark distribution from [3] , which as it has

been assumed there, must manifest itself up to ng- Mc » yields a

Vg
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considerabic axcess in the region ng <Qi . A somewhat better agree-
ment at large )(e,j is obtained by our choice (4) at ¥ =3, <C> =
= 0.5%. Of course, the agreement can be improved by means of parameters
fitting or complicating the very form of the ¢ -gquark distributfon.
However, as the data [11] in the region of large X'3j are too crude,
it makes not much sense to deal with this. Mevertheless our claim is that
the improvement of data on the dd/dXQj ~distribution of charm muooro-
duction in the region )(5.5 >O,5 will make ¥t possible to derfve direct-
1y € -quark distribution at large X . Unfortunately, nobody knows

so far how to measure this cross section at higher energies, where the
applicability region of parton model for ( -quarks begins at lower va-
lues of X .

After we have assumed the existence of (¢ ¢ -partons in nonperturbat-
ive region |t| s Qi » the cross section (1) of charm hadropreduction
should be divided into two parts: contribution of PT region and that of NP
region: i-Me/ Q?; déNP . déPT ©

& ( Pp+cc+...)=45dx{ jc(x.t)ﬂdkl + C(x,Qo)jﬁdltl}

Mc/,!‘g 'l‘to\ Qo

2
Since the boundary Qo is conventional, the following natural interpolat-

fon condition must hold:

"—léNPI :déPT
t

B hyge At g

Let us calculate both contributions to (6), separately.



3. Contribution of Perturbation Theory Region

At I{\?.Qi ¢ - and  ( -partons scattering takes place on
separate partons: quarks and glueans of projectile proton, The Ofdg‘)dfa-
grams of these subprocesses are shown in Fig.4. Their ca-‘lcu!at.'lon was per-
formed earlier in Refs.[3, 5] » 50 we shall repeat 1t in general featurés.
The main contribution to the cross section is given [3, 5] by the scattering
of (* -guark on gluon (Fig.4b), namely by the diagram with t ~channel
gluon exchange {the third one in Fig.4b). At sufficiently high energfes
for this diagram dé n~ 2_7‘.:15 , which corresponds to a constant cross
section of elementary pmcess:t é (gc -'30) i ‘j/Qi in subsequent approxi-
mate expressions we shall restrict ourselves to this leading contribution,
The result of numerical calculations with account of all diagrams of
Fig.4b, ¢ are presented in Figs. 5-8,

The total cross section of C -quark production in PT region can be

presented [3 . 5] in a form resembling Drell-Yan formula:

4-Me/rz L} max) . '
871 =4 | ¢, @)dx | Gy j a4 o)
Mc/@ : " Imin Qr

5
where \‘jmi“=MCG°/Sx )' ,tmx‘ lvsxa ; G(g) = 5(1—%)/‘4
is the standard giuon distribution inside proton at H:l 2 Qg- . After

integrating over t and Y (in (1) and (6) 1t is assumed that integra-
tion over g is included in d_é } we arrive at
dt ,

2z
Qo [

2 . ,q
¢P({g) = feres jolx efx, Q) {ﬂn%’-‘i ~Const - O(%Q)}

12



The integrand in (8}, generally sbeakfng,does not councide with inclusive
‘distribution of produced (O -quark d&/de . The latter should be cal-
culated directly from {7} replacing +-—» X (see, e.qg. [SJ }. Neverthe-~
less, the integrand (8) serves as a reliable approximation for Cid]QiJ¥L
at large JE by waking replacement X=X (.{"g' p) ,
where }' :(@%c)&lﬁlc/ao 611. E/Ac . Finally, the inclusive distribution
of produced € -quarks in PT region up to factors ~ fh, %‘)'(5. coincides
at sufficiently high energies (actually beginning with ISR req?on) with fni-
tial ¢  -quark distefbution in proton.
The results of numgricai integration of £q.(7) yielding inclusive cross
section dd/de at energies ,[E = 25, 60, 540 GeV are presented in

Fig.5, while dimensionless spectra

Wy, = Y% (Y%x.)

in a wider energy range (up to cosmic ray region E ~ 103 + 10% Tey
or VS =1.4:10° + 1a-10%cev) inFg6at ¥ =3, KOs,
Q2= 1 cer?, odg(@3)= 0.4 ( Agep = 150 Mev), M = 1.5 Gev. In
calculating a diagram of Fig.4c the following distribution of 1ight quarks
. . -

VX

is taken:

The inclusive spectra presented in these figures alse take into account
2 nght difference between active c-quai‘k directly scattered on gluon
and spectator c-quark produced as a result of € -quark scattering., Formally,
from the very beginning, one should consider a doubte distribution of

CC -pairs inside proton CE(X,XH;) so that
1-x 1-x'

[eT(x,x ) dx =cnt) ;ch_(x,r’,t)dX‘éE.(X:t) o

Q

13



For the correct account of spectator, it iz necessary to replace the inte-

yrand in (1j:

be(x) dé S (x t)-n?C(x) 8 (t) 2fetx, x)dé(x 0y

Ther the first term in {10} corresponds to the active C -quark, and the
second one to the spectator. We assume that CE(K,X') depends only on
the sum of momenta x+x' (in the general case there must be symmetry
CCnX)=CcE(x,x) . sothat C(x)=¢&(x) ). Then c&(x,x')
is restored unambiguously by a given c(x) from {4). In order to obtain
- total inclusive spectrum, one should make in the first term {10) & transfor-
matlion t = X, - and integrate it over X , then in the second term
immediately replace X - X, and integrate 1t over T . This modifi-
cation leads to a siight numerical change in spectra at small X . Note
that the role of a spectator mechanism in the productidn of charmed part-
_icles with Targe X,  was absolutely overestimated {n Ref.[5] . That
happened because, as it was assumed in Ref-.[s] . C -quarfk generation in
proton with momentum fractfon X  is always followed by the (% -quark
with momentum fraction i-—x . We argue tﬁat the 'C(‘? -pair has in
fact a vanishing probability to carry the whole mofentum of ‘proton.a.nd ‘
e,C -quark production with Iarge X, occurs, as will be seen below,
out of the PT-region. _ :

Note once more that our model in X, < Mr.‘/@ region is 1@:0mp‘lete
since some 2dditional mechanism besides the excitation must contribute in
this region.

The approximate integral (B) yieids the following total cross section
of C -quark production at a given energy ‘

14



ce - 2 _ r
g%(V8) = o <e>476me { 4t 2 -5.1&%6.3}

at Y =3, Q:= peev?, Moo 1s gev.

The results of eaxact integration of cross section (7) over X , g, .
and % (the separate contributions of Fig.4b, c diagrams) are presented
in Fig.8.

The origin of the asymptotic energy behaviour of the obtained cross
section is evident: the first logarithm comes from the denominator J/X
in gluon distribution and the second one - from the analogous denominator

in the distribution (). In .Refs.[3, 5] » where the cross sections 4n PT
regions were earlier calculated, quite different results have been obtained.
The cross section in [3] grows more raptdly than the energy Togar{ithm
squared , while cros:s sectfon [5] grows only as energy logarithm.

Testing the obtained energy asymptotics of charm cross section 1n terms
of our model means to verify the universal "sea" ( ~ ‘%( } behaviour of
C(x) distribution. _

Bearing in mind that our results are valid for X, > Mc/\/?

(e.g. at ISR energies for X,: > b.ozs)‘ingram 1 we present the fnteqrals
over inclusive spectra taken from certain minfmum (X,_)mhva'lues.

for contrast, Figs. 6,6, 8 show also pr'edictioris of the gluon fusion
wodel gg >CC (diagrams t;f Fig.4a). |

4, Nonperturbative Region of ( -Partons Excitation

In the region [£|€ Qz €, C -partons scattéring occurs already
not,on separate gluons and quarks of prbjectﬂe proton, but on constituents

of larger scale {such as constituent quarks). Although we have no possibili-

15



ty to calculate this scattering in detail, it is natural to suppose that
this process, just as any other "normal" strong interaction, has a periphe-

ral character:

de'"_ ¢,(s0 -bHt o
d Q

where 60 weak‘ly. {1ogarithmically) depends on energy.

The slope parameter 8 may be estimated in the following way: the
distribution over transverse momentum of A(‘. -baryons and %-— mesons
measured at ISR energies is [12] déé ~e P’t‘ where B ~ 1.2 Gev-?
As far as at small H:l pJ._ ~H‘.l » we shall take simply £= 1 GeVE.
0f course, such subtle details as variation of slope with energy cannot be
determined within the accuracy of this model. '

Normaltzation of cross sectfon {I1) on the corresponding value at the

PT region boundary {the 1nterpolation condition) yields

g (sx) = 2.2mb [{n S5 - 2.4]

at - € =1 eV, Q§=1aev2, ¥ =3 dS(Q§)=O.4.
Substituting (11) to the first term of (6) together with the distribu-
tion (4) and integrating over t ,we arrive at the following expression

for thé contribution of nonperturbative region fnto  -quark production

cross section 1-Mc/fs
"(s) = (M)@J S (5x) h Qt"(x)
Ml ° (12)
el (@] - X (1B (@) tn u N,

[8(Q3-to) - {072

16



The representation in the form of integral over - X  1is convenient since
the integrand 'Emnediaf;eu gives the inclusive spectrum: dd/dxl_ ~ dd/dx .
Indeed- at‘small 1: ., when C -quark scattering occﬁrs not on gluons
. with average momentum fraction 5 < Aﬁﬁjl but on constituent objects
carrying a finfte fraction of the projectile proton momentum, the approxima-
tion X ~ X, s valid within the accuracy of ~“=}/s .

) A distinctive feature of the inclusive spectrum obtained fs 1ts hardness
“at large X, (~ fn'z(i-x._) at X, >4 ) as compared with the
PT contribution yielding dé/d)(,_ ~ (i_xL)X/X . ‘

Such an unusual behaviour of the inclusive cross section is caused, as
may be readily tested, just by the nonperturbative evolution of C(X.‘t)
in the region <, (x)<lt] S Qo according to (4).

The d/dx presented in (12) vanishes at small X ~ M‘(/‘
It means that the asymptotics of nonperturbative part of total charm produc-
tion cross section is determined entirely by the cfo asymptotics, 1.e,

~ En 'r/M s as our interpolation condition dictates.

Predictions for inclusive spectra generated by C,c. ~-partons excfta»
tion in NP or large-distance region are given in Figs.5-7, whereas a cor-
tribution of this region into the total cross section S(pp+cCl+:-)
in Fig.8. .

5. Discussion

Let us now compare the obtained predictions with the available data on
charmed particle production inm hadronic collistons.

The most ‘complete meésurements of cross sections and inclusive spectra
have been carried out by the BCF group on ISR [12-14] at JE- 60 GeV, The
main results of this experiment may be form:lated as follows [1. 2] :

17



i) total inclusive cross section of -Ca-production, f.e. the sum
é {Acz—)') + & (VD) approaches ~ 1mb + 50%, where o (Ac 5)
is ~ 200 mb, 6(3.5 ~ 800 mb;
11) dinclusive distribution of Ac ~baryons is essentfally hard

~(1-x)%F

111) the inclusive spectrum for the events of 2 -meson production is
steeper:

~ (i")()ls/x

Our model is formulated for (. -quark production itself, In order
to compare our results with the measured charmed hadron yields, a well
established picture of CC -pair hadronization is needed. Nevertheless
it seems to us that we may use our results directly, taking into account the
following circumstance,

The € -quark, .being inside Ac or 3 s carries the main share
of momentun of these hadrons { ~ Mc /Mc +M , where A 4s the charac-
teristic mass of 1ight hadron constituents). Therefore, spectrum of f\c or

i) -production in a gﬁod ‘apprm.dmation reproduces that of its own (-~
quark, Besides, it 1.s natural to assume that ( -quark with large X,
turns mainly into /_\c. baryon, combini‘ng with the valence 7, d quarks
of the initial proton, whereas more slower C -guarks are to be combined
with slow $ea antiquarks forming 3) -mesons, At the same time, C -quark
turns predominantly into 5 -meson at any X‘_‘ .« Using these qualitative
-argurhents, we are able to reproduce the main experimental results quoted
above, Of particular importance 1s the fact that the observed hard , Acl -
pro&uction fiﬁiﬂst its explanation as a direct menifestation of ( -quark
nonperturbative exctitation at farge X L {see Fig.8). No less jmlportant- 1s
that the PT region contribution corresponds to the observed 3 -meson pi-o-.

18



duction inclusive spectra ~ (i -X)a/x . These spectra are softer than
those for Ac- baryons, but yfeld larger total contribution.

Fig.8 gives a comparison of the calculated d(pp=clr...) cross
section with the experimental data on charm hadroproduction taken from
review [1] as well as with the cosmic ray data on the so-catled X- part-
icles [15, 16_]. {The latters should be interprated mainly as charmed part-
icles). The agreement within the accuracy of the experiments is reasonable.
It is at least seen that the excitation model of C -quarks yields a cor-
rect order of value for the d(PP-’ CE*'"‘) cross section even at FNAL
energies and reproduces the energy dependence from FNAL to ISR and highér.

Thus, we have demonstrated that the excitation mechanism of charm hadro-
production considered here explains the main experimental chara.cteristics
of these processes at least at sufficlently large X, ( X, > Mc/\/" 3.
Of course, both the quantitative results and the values of model parameters
_ chosen above must not be taken too seriously. The main result obtained {s,
to our mind, a rather gqualitative ansﬁer to the followfng question, What
features mist have the C -quark dfstribution fnside the nucleon 1_n order
to reproduce the observed pattern of charm hadroproduction? We clatm that
there are two distinct reﬁfmes of C -quark excitatfon. Besides usual
hard scai;tering of the €C  -fluctuation on the projectile gluons and
Tight quarks which is described by QCD perturbation theory, there exists
essentially large distance effect - soft excitation of tong 1ving (€ -
partons, which {s beyond the perturbation theory. A natural question arfies,
whether it 1s possible to deduce this nonperturbative evelution of ( -
quark d‘l.strlbution using dn:v nonperturbative method (e.g. QLD sum rules),
m_aver'theless we argue that it is already possible to extract this distriby-
tion using the charm hadroprodu;:tion daﬁ. It is important also that fixing
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the C -quark distribution parameters in the acc’e'leraf_.o'r region we may
predict unambiguously.the charm crosﬁ section at higher energles since the
model formulated above yields a well defined asymptotic bahaviour.
The calculations performed aboyg may be easily adjusted also for JIN"
coliisions by changing slightly the d‘lstribution. functions of gluons and
C -quarks. {Somewhat less powers determining the hehaviour at-1§rge X
must be taken). Numerical estimates give for JTN- collisions inclusive

spectra close to those for Pp  ones and cross section
- ' o . -
d(JTN'-*CC-r) o BOAd(PP_..CQ‘*)

To estimate the cross sections for heavier g, 'f.‘ -quarks, we suppose
tat <HB>= (M?,/Mog. J<e> . <> =(M::‘/Mz)<c> . ATl other
parameters are unchanged. The results for the cross sections are shown 1n
Fig.9. Note that, in. general, the hea\r'lef is quark. the less is NP contribu-
{1on into its production cross section, In this sense C,‘CT -quarks viewed
as & part of nucleon are intermediate between "really heavy"— 65-, 'f{-
quarks and light SS_ ~quarks, For the latters the NP-mechamism is already

dominant (indeed, strange particle broduct‘!on is a pure soft process).

In conclusion we are grateful to K.G.Boreskov, S.V.Esaibegyan, A.P.Ga-
ryaka, A.A.Grigoryan, A.B.Kaidalov -for valuable discussions and comments,
and also to A.Ts.Amatuni, E.A.Mamidjanyan and S.G.Matinyan fur stimulating

interest in the work.
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Table
k4

The cross see'tjbn fdé/de (PP +~CC - ) dxl.
timin - /
of charm production tn pp-collisions integrated from

certain (XL)min at different energfes (in jib).

The PT re.gfon contribution is given in parentheses,

N5 | 60 cev 540 GeV 1.4-10% cev | 1.4 10" gev
(XL)MM '

0.15 120 (60) 310 (150) 430 {150} 710 (310)

0.10 160(90) 440 (220) 600 (290) 1000 (460)

0.05 260(140) { 770 (370) 1000 {490) 1600 (790)
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FIGURE. CAPTIONS
Fig.l. Excttation of CE' -partons inside the nucleon,

'Fig.2. The dependence of minimum momentum transfer tm;u on
C -quark-parton momentum fraction X at different

' 2
energfes. Above (below) the dashed 1ine @), = 1 gev?

js the PT (NP) region of ( -quark excitatfon.

“Fig.3. The dé/dxs(ﬂ/: +ﬂ+crau‘-/;tcross section
)

taken from Ref. [11] . Dotted 1ine is the photon-gluon
fusion contribution [11] - So1id 1ines 1,3, 4 are
the CC -parton "excitation" contributions at
Qg > 1 6e¥? in models [3] . [4_] , [5] , respectively.
Solid line 2 is our prediction obtained for C -quark
distribution {4).

Fig.a, O(O(;) diagrams of C -quark production in QCD
perturbation theory: (a) - fusion ( 33 »>CC ),
{b), (c) - excftation (36-:—3(:, q_c -p-cic)

Fig.5. The inclusive cross sections of C -quark production in
‘pp-collisions at energfes az) ,[g = 25 Ge¥, b) 60 GevV,
¢) 8 = 520 GeV. The solid {dash-dotted) line is
gc +3c (c;c - 9c) . scatter‘lng contribution in
the PT region (Figs. 4b,c). The dashed line is the
‘NP region contribution into the CC  -parton excitation.
The .dotted Tine is the gluon-fusion contribution (Fig.4a).



Fig.6.

Fig.7.

Fig.8.

Fig.9.

Inclusive spectra dN/de = 4/6 (déé/)(‘)of

C -quark production in pp-collisions. Dashed (dash-
dotted) line is the PT (NP} region contribution.

Total inclusive cross sectfon 6(pP-»c€+---)
(Crossed line). Solid {dash-dotted) line is the
gc—+ge (gc-e-gc) scattering contribution in the
PT region, Dashed 1ine is the NP region contribution
into the (CC -parton excitation, Dotted line is the
gluon-fusion contribution. The comparison is made with
experimenfa! data on A¢ (® ) and b ( o) produc-
tion taken from Ref.[1] and on X -particle data in
cosmic rays from Refs. [15, 16] .

The inclusive cross section d‘f/dx,_ (pp>cc+)
at V S = 50 GeV as compared with the experimental
data [13] on /\c—baryon production at ISR. Dash-dotted
(dashed} tine s the NP (PT) region contribution.

6(PP+£§+) , O’(PP‘*t‘E-"') cross
sections of open E and {: flavor production in
pp-collisions ( an_= 30 GeV). Dash-dotted (dashed) line
is the NP (PT) region contribution.
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