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1. Introduction 

As it was recently realized, the experimental situation on charmed 

hadron production cannot be described in terms of models where a heavy ouark 

pair C C is created at small distances as a result of two gluon fusion 

(see, e.g., reviews [1, 2] ). 

An alternative (or additional) mechanism is now widely discussed [2-6] 
in which C or C ~quark (open chann} production takes place due to the 

virtual cC -pair excitation i~side one of the initial hadrons (see Fig.l). 
The crucial point of this approach is to define the cC ~parton distribut­

ion inside light hadron o e.g., inside proton. 

The total inclusive cross section of cC -pair production in pp­

collision c.m. frame has then the following general form: 

6 (pp •cc+··-) = 4 J dx felt C (x,t) Jt (I) 

whef'e d&/dt is the differential cross section of C or C -parton 
scattering on the projectile proton (sui!ITied over all constituents- of pro­

jectile that may co_ntrfbute into the scattering su~process). Here 
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is the c- or (?-quark distribution ins:de 

proton. The dependence of this distribution on transferred momentum t 
reflects the fact that C -quarks inside proton are virtual and interact 

with other partons. The factor 4 takes into account that the C -quark ex­

citation may occur inside both initial protons and in two ways: first, by 

C -quark scattering itself (the so-called "active" C -quark) and 1 second, 

by its C -partner scattering (the C -quark being in this case "spect-

a tor"). Experimentally 1 1\C -baryon and ~ -meson production. is measur-

ed. Neglecting Xc. and hidden chann states. the cross section (1) consists 

of two parts: 

6 ( pp -+CC+ .. ) e 6 ( pp-+ t\ ~+··) + 6(pp_,.lJ~+·) 

In this paper- we shall try to calculate the cross section (1} and cor­

responding inclusive spectra of C -quark production at high energies 

(beginning from the FNAL region). A definite choice of c; -quark distri­

bution that we have made is based on simple and as seems to us natural argu­

ment of parton model applicability for ~eavy quark-antfquark fluctuation 

inside a fast moving proton. 

The main result that will be obtained below is the following. The 

quark excitation mechanism is actually able to describe the experimental 

situation on charm hadroproduction if we introduce a nontrivial £; -quark 
~ 

distribution evolution in the /tl<< Me 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 at large longitudinal momenta 

x~.. of produced channed particles thoroughly solving the problem with 
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observed effect of "diffractive" 
•) 

/1 0 -production [t-2]. 

In Ref. [4] a radical viewpoint has been adopted that Cf ~quarks 

alwiiys exist inside the proton ("intrinsic" charm). i.e. the scatterinn with 

an arbitrarily small (kinematically allowed) momentum transfer is able to 

produce open charm. According to Ref. [ 4 ]. the fntrirsic cham distribution 

fs fixed and does not change with t 
Ir: contrast with this. we suppose that C (K.J t) distribution fs ora­

dually "switched on" fron certain minimal values of ltl up to larqe 

It I 's in the PT region. 

It is important to note in advance that C ~quark excitat~.on mecha­

nism considered here (and in other versions in Refs. (3-6]) is by no means 

universal. Indeed. a notion of C (X) parton df~trfbution by itself 

tmplies that tt contains onty th0$e cC -pairs which are a part of tntttal 

proton wave function and are not created during the p p -interaction. A 

clear distinction between these two alternatives fs possible only if )( 

is large enough. It means that we rriJst consider only those C1 C -partons 

that are not wee ( X. > Mej{S). Hence the inclusive cross sections 

calculated below fn the framework of the C: -quark excitation model are 

incomplete at small I.XLj values ( IXLJ!! Mr'{.S ). Some other mecha­

nism (such as two-gluon fusion) must be added in the central region. At 

.FNAL energies Me /.[5 is already 'V 0.1. .It means that at lower 

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

*} Note that in Ref. (7] an essentially nonperturbative mechanism of 

charm hadroproduction at large XL has been considered in tenns of 

multiperipheral approach deali~g with intermediate hadron (and not 

parton) C C -states. 
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introduce C (K,} distribution. 

further we proceed as follows. 

ln sec.2 the choke of C <>quark distribution inside proton is made. 

1n Si.:t:.J that part of inclusive cr~)~~s section is calculated which corres· 

~vnds to the C C -parton scattering at large momentum transfer (PT re­

gion). In 5ec.4 the estimates of NP region contribution into the Cf-quark 

excitation 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 C'nly p~ -collisions. As 1t 

will become evident, the results obtained below dOn 1 t change for all types 

of NN and NN -collisions. As for the JrN -collisions, some inessential 

quant1tative details quoted below are to be taken into account. Again for 

definiteness we shall speak of 

evident C ..... C synwnetry. 

C -quark excitation bearing in mind the 

2. c - Quark Distribution Inside Proton 

The C C -pairs inside proton enter the parton sea which consists 

mainly of gluons and light. quark pairs. 
2 

If an incident distribution C(x, Q0 ) is defined,where 

Q~ ~ 1 GeV2 1s the mfnfnum momentum transfer detenninfng the PT validity 

region, then C (x,t) is calculabie at lt\;o.Q~ fran PT evolution 

equa~fons *). At the same time, within the limits of PT. nothing can be 

*) We will deliberately distinct the scale ~0 from the close scale 

Me , bearing in mind.also heavier quarks for which these scales 

are different. 
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where in the \'L(U~CC/ state C -quark and C -quark ( the latter 

together with light partons) carry away respectively X and 1- X fract-

ion of initial momentum. We neglect light quark masses ~nd transverse mo-

Me · menta as compared with 

Comparing \;' cc 
with momentum transfer 

with the mean interaction time of the scattering 

t 1:' lnt i:! ( [iti r~ we obtain a certain 

condition 

(3) 

which is t_he parton model constraint for C C -quarks with momenta 

x> Mcj[S ( !-X > Mc/{S). 
Therefore, 11'! Eq. ( 1) the integration boundaries should be chosen as 

The to value defined in Eq.(.3) serves as a natu_ral lower boundary~· 

up to which the distribution e(x,t). may exist .. Thus the quoted. in (4] 

assumption c (x, 0)= c(x, t.) * 0 ("intrinsic" charm hypothesis). in fact, 

contradicts the parton model· applicability condition. 

At the same time, it immediately follows from Eq. (3) that fast 

(in X scale) C -partons can participate in a.scattering with suffici-
. ~ 

ently small I tl « Q0 due to the Lorentz dilatation of their life-

time (2). 

The t 0 (x) dependence at various energies ~s shown in Fig.2. Start­

ing already with FNAL energies ( rs "' 20 + 25 GeV ) a nonperturbative 

region Jtj ~ Q~ exists for C -quark distribution, This region grows 

with energy involving slower and slower (in )( scale) partons. In accord­

ance with that, we choose a C(:<,t) dis~ribution in a standard form 
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"- x-a.u-x)g (ctd). but with powers Cl and g varying with 
' t t in the region -I: a ,; It I $ Q0 , so that a gradual "inclusion" of 

C (X, t) , first, at higher, then at lower values of X is provided: 

0 It\$ to 

c(x, t) = ( 4) 

where l].dltl-lto/Y(Q~-t0 ), <c>=Jxc(x,Q~)olx 
The choice of C(x,t) at /ti;,.Q; coincides with universal dis-

tribution of sea partons .-v ~/X at small X •s. Along with that, follow· 
ing (4, 5], we assume that C (x) at large X is harder than for light 
quarks sea (for the Tatters '("V 10). Indeed, being a part of fast proton. 

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

<><c)= fxc(x)oljlfc(x)dx 

We take ~ = 3 {close to the corresponding value for the valence 

quarks) and <c> • 0.5% (the value quoted in Refs. [3, s] ). 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 experimental in­
formation available. 

The form of C -quark distribution at l 'I; I~ Q~ may be, in 
principle, extracted from the experiments on deep inelastic charm leptopro· 
duct1on. For example, the,EM: d .. ~ [n] on muoproduction of charmed part­

icles_at fS = 22 GeV (where the second IOOOn is registered from the charm 
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over Bjorken varlab'ie • At ~mill/ >< Bj "s the 

muoproduct1on proceeds maln'ly throu9h the tus1on of virtual photon and gluon. 

·~tarting w1th XB.J ~ fvi'lJ~. 4.:C. -par-tons inside initial nucleon manf­

ie~t i.hemselves and at sufficiently large Xsj the cross section will be, 

in 'ft,d~ dominated by thl' C <!U<:'ldr "photoexcitation" mP.chanism. In this 

·case, d¢/oiX&· is exp•·cos•d c.i\'>,;tly via C.(x) 
,I 

<A<.j;c ~ 5.0LJ·ici"~ml B(c ... r) C(><sj) <s> 
uX~ X~ 

where B { C -tf"'\)"' 8% is a semilepton1c brauch1ng r8:tfo and the kinema­

tical regions ovc;• (;{_ '2. and )/ are taken into account for the given ex­

periment [11]. The comparison of the experimental c~·oss section dO/cJxsj 
with the photon-gluon fusion model prediction presented in Ref. [tl]shows 

some excess of experimental points at large Xsj (see Fig.3). The precise 

value of· this excess is difficult to estimate since experimental errors are 

large and the fusion model predictions (the dashed line in Fig.J) are 

essentially model-dependent. Assuming that the cross section in this region 

is actually determined by the inherent C -quark distribution in nuCleon 

and using (5), it is easy tb obtain cl6J clx
6
J for various ct.oices of 

(Nos.1 .. 4 solid lines in 'Fig.3). It is seen that the distribution 

from(4] as well as C(x)~({-x) from [s)yield a rather large cross 

section as compared with the experiment in the region X' Sj > 0. 3 . On 

the contrary. the C -quark distribution from [3] , which, as it has 
~ 

been assumed there, IIKISt marlifest itself up to X8j ""Me , yields a 

Vs 
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considet·atde excess ·in the region Xsj <Of . A somewhat better agree­

ment at large Xe:.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 ve·ry form of the C -quark distrib~tion. 

However, as the data [11] in the region of large- Xs_j are too crude. 

it makes not much sense to deal with this. Nevertheless our claim i·s that 

the improvement of data on the d6/dX&j distribution of charm rruooro­

duction in the region X&j .>0,3 will make it possible to derive direct­

ly C -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 C -quarks begins at lower va­

lues of X 

After we have assumed the existence of C C -partons in nonperturbat-
2 ive region Jt I S Q 0 • the cross section {1) of chann hadroproductfon 

should be divided into two parts: contribution of PT region and that of NP 

region: J.- Mc/(s Q~ 

6( pp-+cc+··)=4J~x{ J~lx.tl~t~~l +C(x,Q~)j~~~~tl} (6
1 

Mc/{S \to\ Q~ 

Q2.0 Since the boundary 

ion condition must hold: 

is conventional. the following natural fnterpolat-

let us calculate both contributions to (6), separately. 
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3. Contribution of Perturbation Theory Reglo~ 

C - and f -partons scattering takes place on 

separate par.tons: quarks and gluoos of projectile proton. The O(ol.l )dia­

grams of these subprocesses are shown in Fig.4. Their ca·lculation was per­

formed earlier in Refs.[3. s]. so we shall repeat it in general features. 

The main contribution to the cross section is given [3, s] by the scattering 

of C -quark on gluon (F1g.4b), namely by the diagram with it -channel 

g1uon exchange (the third one in Fig.4b). At sufficiently high energies 

for this diagram ~ """ 2trol~ , which corresponds to a constant cross 
cit t ) j; 

section of elementary process 6(~c..,.ac "'ra!· rn subsequent approxi-

mate expressions we.shall restrict ourselves to this leading contribution. 

The result of numerical calculations with account of all diagrams of 

Ffg.4b, c are presented in Figs. 5-8, 

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

presented [3. s] fn a form resembling Drell-Yan formula: 

~- "'•/.j"§; t it,., I 

6PT(~) = 4 j c (x,Q~)dx 1 G(~)d~ ~ ~:clltl 
Mc/,rs · ,:~,.:~ Qi 

(7) 

• 
where :!min =McGo/sx lt ... xl ~sx~; (3(~) =: .3(1-~)h 
is the standard gluon distribution inside proton at ll: I~ a; . After 

integrating over t and 'a (in (1) and (6) it is assumed that integra-

tion over \I is included in d6 ) we arrive at 
d dt 

6PT(.fS) "'~~t~ )c:lxe(x,Q~) f ftt ~~ -Const, 0( ~) J 
(8) 
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The integrand in (8}, generally speaking, does not councide with inclusive 

distribution of produced C -quark cl~/dxL.. . The latter should be cal­

culated directly from (7) replacing t..,. XL (see, e.g. [5] ). Neverthe­

less, the integrand {8} serves as a re11~ble approximation for d~/fiXL 

at large [S by making replacement X - Xc ( 1- f) 
where f =( Q~') fn /11,~ 0 eh. [S4Jc. Finally, the inclusive distribution 

of produced C -quarks in PT region up to factors "'"' {n. SX coincides 
Mt 

at suffiCiently high energies (actually beginning with ISR reqion) with ini-

tial C -quark distribution fn proton. 

The results of numerical integration of Eq.(7) yielding inclusive cross 

section cl6/dxL at energies .{S = 25, 60, 540 GeV are presented in 

Fig.S, while dimensionless spectra 

in a wider energy range (up to cosmic ray region E .........,. 103 f 105 TeV 

or .fs=i.4•!03 + 1.4·!04 GeV) inFig.6at '(•3, <C/=0.5%, 

Qt = I Gev2 , c15 (Q~) = 0.4 ( AQcp • !50 MeV), Me = 1.5 GeV. In 

calculating a diagram of Ffg.4c the following distribution of light quarks 

is taken: 3 

q.(x) ~· U.-x) 
fX 

The inclusive spectra presented in these figures also take into account 

a slight difference between actf.ve c-quark dirl!ctly scattered on gluon 

and spectator c-quark produced as a r~ult of C -quark scattering. Formally, 

from the very beginning, one should consider a double distribution of 

CC -pairs inside proton ~c(x,x;t) so that 
1-x J-•' 

J cc(x,x',t)dx' =C(x.t) ; Jcc(x,~',t)clx .. c(x;t.) (9) 
0 0 
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f'or the correct account of spect<J:tor, it i:: flet;essary to replace the inte-

Yl'and in (!): 

Then the first tenn in (10} corresponds to the active C -quark, and tht: 

second one to the spectator. We assume that CC(x,x') depends _only on 
the sum of momenta )( + )(

1 (in the general case there ITM.ISt be syrm~etry 
C.C(x,x')=cc(/,~) so that C(x) =C(x) ), Then cc{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) a transfor­

mation t -'~- X 1.. • and integrate it over X • then in the second term 

1111111!d1ately replace X-+ XL and integrate it over t . This modifi­

cation leads to a slight numerical change in spectra at·small XL • Note 

that the role of a spectator mechanism in the production of charmed part-

icles with large XL was absolutely overestimated in Ref.[S]. That 

happened because, as 1t was assumed in Ref.[S] , C. -quark generation fn 

proton with momentum fraction X is always followed by the C -quark 

with momentum fraction 1 ~X We argue that the C C -pair has in 

fact a, vanishing probability to carry the whole mCiftentum of proton .and· 

C, C -quark production. with large XL occurs, as wfll be seen below, 

out of the PT-region. 

Note once more that our model in XL< Mc/y:s region is incomplete 
since some additional mechanism besides the excitation must contribute in 

this region. 

The approximate integral (8) yields the following. total eross seetion 

of C -quark production at a given energy 
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at ~ • 3, M, • 1.5 GeV, 

The results of exact integration of cross section (7) over X , ~ 

and t (the separate contributions of Ffg.4b. c diagrams} are presented 

in Fig.a. 

The origin of the asymptotic energy behaviour of the obtained cross 
section is evident: the first logarithm comes from the denominator l;';c 
in gluon distribution and the second one - from the analogous denominator 

in the distribution (4). In Refs.[3, s] • where the cross sections in PT 
regions were earlier calculated, quite different results have been obtained. 
The cross section ~n (3] grows more rapidly than the energy logarithm 
squared. whfle cross section [s] grows only as energy logarithm. 

Testing the obtained energy asymptotfcs of charm cross section fn terms 
of our model means to verify the universal "sea" ( ""' 'Yx ) behaviour of 

C (x) distribution. 

Bearing fn mind that our_results are valid for x, > Mcfvs 
(e.g. at ISR energies for X'"> 0.025) in .Table 1 we present the integrals 

over fh~lusfve spectra taken from certain mfnf111.1m (X L)m:""values. 

For-contrast, Figs. 5, 6,8 show also predictions of the gluon fusion 

onodel S~ ~CC (diagrams of F1g.4a). 

4. Nonperturbatfve Region of CC -Partons Excitation 

In the region ft IS Q~ C, C -partons scattering occurs alread.v 

not. on sepa~ate gluons and quarks of prOjectile proton, but on c·onStftuents 
of larger scale (such •s constituent quarks). ·Althouqh we have no possf~flf-
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ty to calculate this scat~ering in detail, ft fs natural to suppose that 

this process, just as any other "normal" strOng interaction, has a periphe­

ral character: 

( 11) 

where 6o weakly ( 1 ogari thmically) depends on energy. 

The slope parameter & may be estimated in the following way: the 

distribution over transverse momentum of A c. -baryons and ~- mesons 

measured at !SR energies is [12]: ol6/ctp ... ~e-~P~where g~r.2 Gev·2. 

As far as at small I -b I 1 pl ~It I , we shall take simply g. 1 Ge.f-. 

Of course, such subtle details as variation of slope with energy cannot be 

determined within the accuracy of this model. 

Normalization of cross section (11) on the corresponding value at the 

PT region boundary (the interpolation condition) yields 

at · g • 1 GeV./l., 

Substituting (II) to the first term of (6) together with the distribu­

tion (4) and integrating over i; , we arrive at the following expression 

for the contribution of nonperturbative region into C: -quark production 
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The representation in the form of integral over X is convenient since 

the integrand i11111ediately gives the inclusive spectrum: cUfrtxL :>< d&/dx o 

Indeed, at sniall t _,when C -quark scattering occurs not on gluons 

with average momentum fraction ·~ -< M'1{s, but on constituent objects 

carrying a finite fraction of the projectile proton momentum, the approXima­

tion X"' XL is valid within .the accuracy of ....,..1-f;}l$ • 
A distinctive feature of the inclusive spectrum obtained is its hardness 

at large Xc ( ~fn.- 2(!-x,) at XL ... :[ ) as c001pared with the 

PT contribution yielding d<ljc/Xc ~ (i-Xc)¥/x 0 

Such an unusual behaviour of the inclusive cross section is caused, as 

may be readily tested, just by the nonperturbative evolution of 
i. 

in the region t 0 (x),;Jti,Q0 according to (4)o 

The old/dx presented in (12) vanishes at small 

c(x,t) 

It means that the asymptotics of nonperturbative part of total chann produc-

tion Cross section is determined entirely by the ~0 asymptotics. i.e. 

"" en. .rs;, t as our interpolation condition dictates. 
c. 

Predictions for inclusive spectra generated by C. C -par-tons excita-

tion in NP or large-distance region are given in Figs.5-7, whereas a con­

tribution of this region into the total cross section d{pp+ cC-+") 

in Figo8° 

5. Discussion 

let us now compare the obtained predictions wtth the available data on 

charmed particle production in hadronic collisions. 

The most ·complete measurements of cross sections and inclusive spectra 

have been carried out by the BCF group on ISR [12-14] at ~· 60 GeV. The 

main results of this experiment may be formulated as follows- [1. 2]: 

17 



i) total inclusive cro~s section of CC -production, i.e. the sum 

6 ( llc2\) + 6 (:Of;) approaches ~ I mb ± 50%, where d (1\c ~) 
Is "' 200mb, 6 (~~}~sao mb; 

11) Inclusive distribution of A c -baryons 1s essentially hard 
~ (!-x)o.s-

11i) the inclusive spectrum for the events of ~-meson production is 

steeper: 

,_ (1-x)'/x 

Our model fs formulated for ~ -quark production itself. In order 

t,o compare our results wfth the measured channed hadron yields, a well 

established picture of cC -pair hadrontzatfon is needed. Nevertheless 

it seems to us that we may use our results directly, taking fnto account the 

following cfrcumstfnce. 

The C -quark, being inside 1\c or 1J , Carries the main share 

of momentum of thes·e hadrons ( "" Me /Me +J1 , where ~ is the charac­

teristic mass of light hadron constituents). Therefore, spectrum of /\c or 

~ -production In a good approximation reproduces that of Its own C -
quark. Besides, 1t is natural to assume that C -q~ark with lirge AL 

turns mainly into /\c baryon, ccxnbining with .the valence 1.1, c/. quarks 

of the. initial proton, whereas RiDre slower C -qUarks are to be combii1ed 

with slow tea anti quarks fonning !l) -mesons. At the same time, C -quark 

turns predominantly into ~ -meson at any Xt. .• Using these qua11tat1ve 

arguftnts, we are able to reproduce the main experimental results quoted 

above. Of particular f11portance is the fact that the obServed ha.rd, A c. -

production find~ 1ts explanation as a direct manifestation of C -quark 

nonperturbatlve exc1tat1on at large XL (see F1g.8). No less ·'"""rtant Is 

ttlat the PT region contribution corresponds to the observed lJ ...,.son pro-
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ductfon inclusive spectra 

those for 1\ c.- baryons, 

3 ,_.(i-x)'jx • These spectra are softer than 

but yield larger total contribution. 

Fig.a· gives a comparison of tbe calculated d(pp-c.f ..... ) cross 
section with the experfmenta 1 dilta on charm hadroprod_uction taken from 

' review [lJ as well as w1th the cosmic ray data on the so-called X- part-
icles [15, 16]. (The latters should be interpreted 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 ~ -quarks yields~ cor­
rect order of value for tbe 6 (pp-. CCi-·) cross section even at FNAL 

energies •nd reproduces the energy dependence from FNAL to JSR and higher. 
Thus, we have demonstrated that the excitation mechanism of charm hadro­

production considered here explains the mafn experimental characteristics 
of these processes at least at sufficiently large XL ( XL> Mc/{S ). 
Of course, both the quantitative results and the values of model parameters 
chosen abo·1e nust not be taken too seriously. The mifn result obtained 1s, 
to our mind, a rather qualitative answer to the following question. What 
features must have the ~ -quark distribution inside the nucleon fn order 
to reproduce the observed pattern of charm hadroproductfon? We claim that 
there are two distinct regimes of C -quark excitation. Besides usual 
hard scattering of the C ;'; -fluctuation on the projectile gluons and 
light quarks which 1s described by QCO perturbation theory, there exists 
essentially large distance effect- soft excitation of long 11ving CC -
partons, which is beyond the perturbation theory. A natural question arQ:es, 
whether it is, possible to deduce this nonperturbatfve evolution of C: -
quark distribution using any nonperturbative method (e.g. QCD sum rules). 
Nevertbeless we argue that it is already possible to extract this distribu­
tion using the chal'll hadroproduct1on data. It 1s importont also that .fixing 
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the C -quark distribution parameters in the acc~lerator region we may 

predict unambiguously the charm cross section at higher.energies Since the 

model formulated above yields a well defined asymptotic bahaviour. 

The calculations performed above may be easily adjusted also for JfAf­
collisions by changing slightly the distribution functions of gluons and· 

C -quarks. (Somewhat less powers determining the behaviour at large X 

must be taken). Numerical estimates give for 31N- collisions inclusive 

spectra close to those for pf ones and cross section 

To estimate the cross sections for heavier C, t -quarks, we suppose 

that d>= (M;/Mi) <c) , (t)=.(M;/M~)<c>. All other 

parameters are unchanged. The results for the cross sections are shown in 

Fig.9. Note that, in, general, the heavier ts quark the less is NP contribu-
·, 

tion into its production cross section. In this sense C,·C -quarks viewed 

as a part of nucleon are intenned1ate between "really heavy" 6l J t£ · 
quarks and light SSf -quarks. For the latters the NP-mechan1sm· is already 

dominant (indeed, strange particle Production is a pure soft process). 

In conclusion we are grateful to K.G.BoreskOV 9 S.V.Esaibegyan, A.P.Ga­

ryaka 1 A.A. Grigoryan. A. B. Kafda lov -for valuable discussfons and comnents, 

and also to A·.Ts.Amatuni 1 E.A.Mamfdjanyan and S.G.Mat1nyan fur stimulating 

interest tn the work. 

20 



Table 

i 
The cross section J d6/dxL {f'p-.. CC .... ) d)(L 

(X,),.;• J 
of charm production fn pp-cpllfsfons integrated from 

certain (xL),.,;n at different energies (in fob). 

The PT region contribution is given in parentheses. 

~ 60 GeV 540 GeV 1.4 • 103 GeV !.4 • 104 GeV 
(Xc),.,n 

0.15 120 (60) 310 (150) 430 (190) 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. Excitation of Cf -partonS inside the nucleon. 

Fig.2. The dependence of minimum momentum transfer fmir& on 

C -quark-parton momentum fraction X at different 

energies. Above (below) the dashed line ~.2= 1 Gev2 

is the PT (NP} region of C: -quark excitation. 

Fig.3. 

Fig .4, 

o( r!'< 
The 6fclx6;(.Jip .... }'!.-CCt)cross section 

taken from Ref. [11] . Dotted line is the photon-gluon 

f~sion contl"'ibution [llJ . Solid 11!les 1, 3, 4 are 

the cC -parton "excitation" contributions at 

Q: > 1 GeV2 in models [3] , (4), fs] , respectively. 

Solid line 2 is our prediction obtained for C -quark 

distribution (4). 

0( cl~) diagrams of C -quark production in QCO 

perturbation theory: (a)- fusion ( 93 -.cC ), 
(b). (c)- excitation (9C-T~C 1 q.c .... 'j.C). 

F1g.5. The inclusiVe cross sections of C -quark production in 

pp-collisions at energies a) ~ = 25 GeV, b) 60 GeV, 

c) {:5 = 540 GeV. The solid (dash-dotted) line.is 

ac ->$C ( '1C -T 'fC) scattering contribution in 

the PT region (Figs. 4b, c). The dashed line is the 

NP region contribution into the cC -parton excitation. 

The dotted line is the· gluon-fusion contribution (Ffg.4a). 



Fig.6. Inclusive spectra 

C -quark production in pp-collisions. Dashed (dash­

dotted) line is the PT (NP) region contribution. 

Fig.7. Total inclusive cross section 6(pp?CC t-··) 
(Crossed line). Solid (dash-dotted) line is the 

~c-3c (~C->'jC) scattering contribution in the 

PT region. Dashed line is the NP region contribution 

into the CC: -parton excitation. Dotted line is the 

gluon-fusion contribution. The comparison is made with 

experimental data on Ac ( • ) and :l) ( 0 ) produc­

tion taken from Ref. [ 1] and on X -particle data in 

cosmic rays from Refs. [15, !6J 

Fig.8. The inclusive cross section ci6/cfJ<L (pp-+ CC-. · ·) 
at ~= 60 GeV as compared with the experimental 

data (13) on Ac.-baryon production at ISR. Dash-dotted 

(dashed) line is the NP (PT) region contribution. 

Fig.9. 6( P?- C{.- .. ) , fi( pp +it+··) cross 

sections of open C and f flavor production in 

pp-collisions ( /'Y)i: • 30 GeV). Dash-dotted (dashed) line 

is the NP (PT) region contribution. 
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