




QCSM (sect. 3) as fa.r as pp intera.ctions are concerned. The two approaches are compa.red OCR Output
In the present pa.per we study the effects of intrinsic charm in PFM (sect. 2) and in

[S- 1.0].
spectra of l1eavy—flavoured hadrons were considered ea.rlier (without intrinsic charm) in
tained by cutting one or several pomerons see fig. l. QCSM predictions for the inclusive
exchanges are the results of cuts between pomerons. while all inelastic processes are ob
diagrams increases with the energy. All elastic anddifl`ractive processes with multipomeron
pairs. corresponds to a one-pomeron exchange. The relai ive contribution of multipomeron
diagrams. Every cylinder, whose surface represents a net. of gluons and quark-antiqua.rk
case as proceeding via. one or several pomeron exchanges and described by cylindrical-type
inultiplicities. KNO-distributions. etc. High-energy soft interactions are considered in this
energy hadron collisions. such a.s the inclusive spectra of different seconda.ry hadrons. their
proach of QCD and describes ma.ny features of multiparticle production processes in high
(QCSM) This model is a. version of the Dual Topological Unitarization (DTU) a.p—

IC effects can also be considered in the framework of the Quark—Gluon String Model

with a. small liz proba.bility of finding a cc pair.

p > = 0 · |uud > -l— ;>' · (irurlc? > +

sumed to be:

For charm quarks the Fock—sta.te decomposition of the proton wave—function is as

the total number of components (valence plus intrinsic quarks) in a. proton.

momentum ca.rried by a. component i, viii = (m?+ <>)1(2 its transverse mass a.nd ii
where N,, is a. normalization factor. nz.], the proton mass. ri the fraction of initial proton
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ing cross—section is expressed as [2]:
which a.re freed in ha.dronic collisions via. soft interactions of light quarks. The correspond

According to the intrinsic quark hypothesis. there are heavy quark pairs in a proton

the other components, because the velocities of all quarks a.re assumed to be the sa.1ne
this case the charmed quarks would carry a. larger fraction of the proton momentum than

comes from the fact that the cc pa.ir can be a component of the proton wave—function. In

data. and model predictions a.t large rp using the intrinsic cha.rm (IC) mechanism [2-5]
to be added to PFM. The possibility to account for the difference between the experimental

about the parton structure functions. it is worth searching for other possible mechanisms

(Feynman-.r) more rapidly than the experimenta.l ones. Beside the need to learn 1]101`€

all the differential cross-sections of charmed hadrons given by PFM decrease a.t large rp

also 011 the QCD scale Q2 and coupling cn,. However a. common characteristic is that
a.nd the results have clearly shown their dependence not only on structure functions but

calculations have been ma.de rising different parton structure functions in the proton
in ha.dron-ha.dron collisions or in lepton—ha.dron deep inelastic scattering (DIS). Many

The Parton Fusion Model (PFM) fl] may be used to predict heavy quark production
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The cross—section for charmed hadron production has the form:

m(
(6)cc : (1)R 0.06.E!

where N is a normalization factor and ck. a parameter defined in [I5] as:

1 6 * fl — 3 ’
(5)DH/t—(5) I

fragmentation function (I5]:
p°H|/|p`L.| of their 1`llOl11€11tLl111. This process can be described with the help of Peterson

Charmed quarks fragment into charmed hadrons thus transferring a. fra.ction 2

charmed quarks.
[2] for the transverse masses a.re iii,] : 0.45 GeV for light quarks a.nd wir., : 1.8 GeV for
where the subscripts I to 3 refer to the proton valence quarks (·u·u.<l). The va.lues used in
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4 ( )l; lu l.· lug, ( FU ly l3( 1

(((f](·((U[(·

the inclusive cross-section for charm qua.rk production is equal to:
Let us introduce now the contribution from IC mechanism. In accordance with (I).

presented in ta.ble l.
are near to the lower boundary of the corresponding experimental measurements. a.lso
values obtained using MT (S—DIS) pa.rton structure functions [12], with Q2 : 4 GeV2.
different energies (plat : 200. 400 and 800 GeV / c) a.re presented in ta.ble 1. The PFM

The resulting tota.l cross—sectio11s for charm production in pp interactions at three

account for all possible subprocesses ab —>
the 1na.ss of the produced heavy quark mq, and the QCD scale Q2. Equation (3) should
QCD [11]. The latter depends on the parton center—of—mass energy é = (pa —i— pb)? : .zr(,;r;,s,
6·"*(.§. ·mQ, Q2) is the cross—section for the subprocess ab —> as given by standard"“’QQ
structnre functions of partons a and b inside hadrons A and B . respectively, a.11d
wl1ei·e_;1·a_0 : 4171.22/s and il`(,() : 41ng/s.r¤. Here Gu/_4(tr¤,Q2) and Gb/B(1v(,,Q2) are the

uu >

_ . , Au A . 1*¤Gi./_4(=l*(,.~Q2)1*;,Cn,/B(41*b,Q2)l 0 ‘b_'QQ(s,mQ,Q2), (3)l (f (-i`O —‘—l`b0 ·— 1 d;1·,,y 1 ctr UABTQQ I

action of hadrons A a.nd B. at a squared center—of—ma.ss energy s : (pi; + pB)2, is:
In PFM the cr0ss—section for the production of hea.vy quark pairs in the inter~

IN PFM

2. INTRINSIC CHARM CONTRIBUTION TO HADROPRODUCTION

our concluding remarks are given in sect. 6.
or quasi-real photoproduction of heavy flavours at HERA. A discussion of the results a.nd
PFM plus IC formalism to cyp interactions a.t different energies, having in mind the real
with each other and with the existing experimental da.ta in sect. 4. Then we a.pply the



small for charmed hadron production. OCR Output

account for the contributions of (llH`1`HiClLl011-(liSSO(`l3.tlO11 processes and they are negligibly
and the factors uy, a.re the probabilities of these processes. The last two terms in eq. (10)
where the functions determine the contributions of dia.grams with n cut pomerons

rz:]

(I0)P ._ . J . _ ._. l/0),,.) - do/((.1 - Z w,,q;I;(.i ) + ID 0D (.1 ) —|— ID <bD (.1 )..-(1) .(1) ·(2)(2)

diagranis. The inclusive spectrum of a secondary hadron /1 has the form [Gl:
quark distribution functions depend on the number n of cut pomerons in the considered
quark and diquark fragmentation functions into secondary hadrons G( : ). The diquark and

tions of diquark. valence and sea quark distributions u.(.r. n) in the incident particles with

produced (see fig. I). The inclusive spectra. of secondaries are determined by the convolu
to a cylindrical diagram so in the case of a pomeron cut two showers of seconclaries are

as proceeding via the exchange of one or several pomerons. Each pomeron corresponds

As previously mentioned. high—energy ha.dronic interactions are considered in QGSM

IN QGSIVI

3. INTRINSIC CHARM CONTRIBUTION TO HADROPRODUCTION

different types of pa.rton structure functions [16].

it is several times smaller than the differences between PF calculations obta.ined with

pb. This contributionof intrinsic charm to the total cross—section is not significant and
Using the value of JQQFCC at the same energy (table I). the above ratio (9) gives UIC w 0.6

Um
. ._ — pp—>cF _ 1 ' . c
O-1c`

collisions Hi`- Mat Z 200 Ge\’/c was proposed to be:
In [2] the ratio of intrinsic cha.rm cross—section to total charm c.ross—section in pp

to determine the va.h1e of J in eq. (2)).
numerica.l ca.lcula.tions it is necessary to normalize the IC contribution to the PF one (i.e.
the effects of I(i` in pp collisions should mostly appear a.t moderately high energies. For
dependence (the sa.me as 05;]), a.s compared to the corresponding PF cross—section. So

The cross-section for cha.rm production via. IC mechanism has a. very weak energy

where is the total cc production cross—section.

_ * pp—>cc D _ pp—>cF D __ pp—->cc '7(¤ rl — Kam » Ul l- Kam ~ Ul l- Um ~
2 `

and following we a.ssume:
of AC production in pp interactions a.t [1),,), : 400 GeV/c show that 0(ACD) < 0(DD)

The dominant channels for charmed ha.clron production are DD and ACD. Studies

inrinsic c or E quarks.

of the a.vera.ge momentum. as expected. Notice that the curves of fig. 2 are the same for
into charmed hadrons are presented in fig. 2. Peterson fragmentation causes a decrease

The distributions (sl) ?l.11(l (T). normalized to unity, for intrinsic c qua.rks fragmenting
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Then we consider the _f;'1(.z·+. 11) 8111Cl (.1*-. 11) contributions in eq. (11) as the sum of four

U.C(.l`,7I) : (",..1‘_(1 — .1·). ll > 1. (18)U°5‘”+1

that charm qua.rks have the same .l`·(11S1·1`11)ll1»101`1 as strange quarks:

To a.ccount for the IC contribution we assume that there are ce pairs in the sea and

(l)()j)(.1`. 7I)((.l' : 1. (17)

The fa.ctors (1 i and (Y'), in eqs. (14) and (15) are determined from the condition:

equal to 0.6 pb, as in

of s and F qua.rks. At [211,1. = 200 GeV / c the value 6{ : 0.041 leads to a.11 1C cross—section
fragineiitation of ll 3-11(1 d quarks and diquarks and only a.bout 1% via the fragmentation
at moderate energies (\/E : 20+ 30 GeV ) strange hadrons a.re mostly produced via. tl1e

The ratio 6C : 65 : 1 2 5 may be considered as unexpectedly large, however in QGSM

(16)65 : 0.2. 6, : 0.04.

quark in the sea. These are assumed to be:

where 6 : 6,+6,.. 65 and 6,. being the relative probabilities to find a strange and a. charmed

(15)'ll_,(.l'.‘II) : C'_,.1·`°‘5(1 — .r)"+1 , 11 > 1.

11U(.1·,11) : 'lLj(;1'.77) : C-';.1‘_O‘5[(1 + 6/2)(1—.1·)"+°‘5(1—.1·/3) — 6/2(1—11·)"+1] , 11 > 1.

11,;(.1·, 11) (14)

O ·5 ’11l,_(.1v,11) Cd`l`*Uil *-,~1>"+1.5C°rU___(—i1 );+0
11ud( .1‘ . 11) (1* d 1 U .1- -5 (1 _ _)'1—1_5

11l,l,,(;1·. 11) (TU ll (1¢1·¤_ ) ‘—5_

in the form [6]:
In the present ca.1cu1a.tio11s we use the qua.rk and diqumk distributions of the proton

_f:(.1·+,11) : u.q(.1·1.11)G5(.r+/;1vl)c/11*1.1 / ·
funct.io11s, e. g.

dete1·111i11ed by the convolutions of cliquark and qua.1·k c1ist1·ibutions wiizh f1·a.g111e11t21tio11

respond to the co11t1·ibutio11s of diquaxks, va1e11c<? and sea. quarks, 1‘cspcc,tivc1y. They a.1·e
wl1e1·e my is the usua.1 t1·a.11sve1·se mass of the ha,d1·011. The functions fqq, fq and fs 001*

(12)wi = %[\/4171.%/s + J2 :1; .1*],

with

‘("' `’¢Z11<-11=.f.§;,<#1‘+·11l.f§L<1‘-~11»>+.f`§<¤*+»~>.1.§i,<¤v-.11)+ 2(11—1>.ff<¤¤+.11>.f§(<r-.11). (11)

111 the case 01])].7 c01lisi011s:



tions used in PFM hard processes. OCR Output

1) Notice that the fragmentation functions in QGSM differ from the fragmentation func

e) (A)Jie _ ( r _ _ 3-(—.\+n (U) · _ _ _ l+,\+cr (0) @@+;)/2 - a.C2[~(1 N) H + 3~(1 s) R .

<]_)+ _ (D0 _ 1D0 __ ·D_ ___ * _ ~ ,\—.» (o) __ __ 2—{·—,\—¤ji G(c+F)/2 ·· (T(c·4-F)/2 · CT(c+2‘)/2 — ('(c+?)/2 —§"c0~(l ” ~) R + GNU ~) R ~

strange quarks into If mesons and A, baryon:

really unknownll so they are assumed to be similar to the fragmentation functions of
The fragnreiitation functions of charmed quarks into D mesons and A,. baryon are

UU2 : 1.

with

(22)Gtljz : aU2:2(1 — :)‘\"""`l°l.
Gilt}; = <4-¤2¤2(1 —¤)‘+’\_""‘l°l.

corresponding fragmentation functions:
which are not multiplied by _fq(r_.v2.) a.nd fq(.r+.n). These terms are derived using the
this possibility we input into eq. (11) two additional terms. _fw2(;1#+,vr) and _f`q,,2(;1·-.n).
mentation of the initia.l baryon into A, with string junction conservation. To account for
the formulae presented above. The second contribution is connected with the direct frag
hrst one corresponds to the central production of ACA,. pairs and ca.n be described by

As far as A). production is concerned. there a.re two different contributions The

with

(20)GW} ··¥)~Gy : G;.
(lg1(l —· Z)2+'\—(rk°/`(Ol,Gtr Z Gi?

a01(1 — :)6+‘\`“”‘(°l,G2; = Gi}.;

Gfi a0(1— :)"(l — z + a2:2/2),2+’\`°‘(0)

Gfii a0(1 — z)2+‘\`°"*‘(°l(1 —I- @:2),

’
(L0(1 _ :)3+,\·-0·,J,((})GRT = G{?; Z G3? Z G5? Z G5?
(L0(1 _ z)1+.\—¢1q,(O)`- "` ’°ofI G? : G? : of: G? : G§
¤r¤(1 —¤)*(1 + MS)."`°‘l°°2?G? = G

111950115 3.11(l l)H.1`yO11S R1`? tH.li€11 f1'0111 llflli
The fra.g1nenta.tion functions of noir-charined quarks and diquarks into cha.rmed

its inaxiinuin at rr = 1/7 which is close enough to the peak of distribution (4), see fig. 2.
clrarnied hadrons mainly depend on the ;1·—dist1·ibution of IC quarks. Distribution (18) has
the assurnptions about these functions. Nevertlreless the inclusive spectra of secondary
functions of the new objects (qc?) and (qqcE) are unknown, so our results will depend on
q, wlrere q and qq are the usual quark and diquark inside the proton. The {`1·a.gme1rtatio11
vve should consider new kinds of strings: betwccir (qc?) and qq, and betweeii (qqcF#) and
b<2ca.11s<e c and E quarks should 1‘a.t11e1‘ be c011side1‘€d as valemcc qua.1‘ks. However in this case

Such an a4ssumptni011 is iu some clisa.g1·eeme11t with the i11t1‘i11sic charm hypomesis
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witli PF a.nd lfl contributions are:

Taking into account eq. (S). the total differential cross—sections of charmed hadrons

(/.1* 2 . [L_2;. l :3
(ZS)1 D . :- . E Z fi /}1’,,),(.1·,,..i·;,)—Tlg (]y(/p§—(];;

the inclusive .r-dist.ributio11 of a. single charmed hadron is equal to:

MU qi ( {16 ( yy
1 , ri _ Hub : Z [.1·,,G,,(.zy,)] [.z‘;,G;(.1·i,)l + [.r.,(1y(.1·.,)l [.z·bGg(;1‘;,)l

(I6 (lr}

where:

(20
,, sg g_ _ (1~3,i3(1-*)_»i ./ za .i-,, .i—,,

r E_ E "‘ * /; I;. H,,, -¥+—%———·——%—<Y1 ,,+· ,—·—. , ( `( * '(' "1EEg (P "* "‘ P2)
E—e,L,`4 DH/4:3) DH/.(:4) 4cla s (/.r, dw], I 0

Starting from the formula. [2]:

and b are considered as massless.

the charmed hadrons obtained after the fragmentations 1 —-> 3 and 2 —> 4. The partons ci
where pl and pz are the momenta of the produced heavy quarl<s and pg and pi refer to

(26)pi : (viigcosli y.,pT;.z$2;si11l1 gi). J: 1, .... 41i

pi, = —%(.zri,.0. ——.r),).

p,, : @(.1*,,. 0. .1;,).
tion of the momenta is:

tial cross-sections at large .1* p. ln the pp center~of—1na.ss frame, a convenient pa.rametriza·
total cha.rm production cross—seCtio11. it can significaiitly modify the shape of the differen

Despite the fact that the IC mechanisin gives a. relatively small contribution to the

(S-DIS) [12], then compare the results with analogous QGSM predictions.
a. proton but using a. more "mo<lern”` sei of proton stru<rtn1·e functions, na.1nely set MT

Here we perform PFM ca.lcu1a.tio11s as in irrcludirrg the same IC compo11e11t; in

IN pp COLLISIONS

4. INCLUSIVE SPECTRA OF CHARMED HADRONS

'I`he· p1·0ba.bi1ities 0f processes with 11 cut. p0m<21·011s are also t.a.ke11 from [10].

com = 0.687 , acl : 0.26 ` ad : 0.15 , acg : 0.15. (25)

CQQE)/2 : <z_~;;;( l — :)(1 — 0.95: + .032z),
2‘\

and in the case 0f S1t1`l11g_)lll1(`f·1011 co11s<+1·va t,i<>11:



also mea.sured in pp at the same or lower energy. see fig. 4. Notice that previous QGSM OCR Output
Indeed this distribution differs from the corresponding D [13] a.nd D [13. 21] distributions,
distribution da/dirp oc (1 — .l‘F)~2. as measured in pp at = 62 GeV [17, 20]. see fig. 5.
effect corresponds to an abundant .\C. production in the high TF-1`€‘giO11, therefore to a AC

from the initial to the final sta.te: two for .\,. one for D and zero for D i11 pp collisions. The

so-called " leading effect" [18. 19] is related to the number of valence quarks propagating
for AC, whose "leading effect" is reasonably reproduced. Let us briefly recall that the

IC contribution as in PFM. (Q`ontrary to the PI’I\il case. here the best agreement is found
Thick solid curves in figs. 4 and 5 show the predictions of QGSM with the same

in agreement with

.1*]: which is still two orders of magnitude below the experimental data. These results are
However, in the case of AC production. they predict ar shoulder in the distributions a.t large

eqs. (32) give some better description of D meson production (with respect to D meson).
for via. multiplying the LO results by the l{—fa.ctors calculated i11 [16]. VVe ca.n see that
leading order (LO ~ nf) and next—to-leading order (NLO) contributions were accounted
curves for <$(; — 1) fra.gmenta.tion function. The calculations were performed at the QCD
( 32). a.re shown a.s thin solid curves for Peterson fragmenta.tion function and as dashed
results of our calculations. The predictions of PFM with IC contribution, given by eqs.
[1;.,);, : 400 GeV / c [13] and for AC at = 62 Ge\<° [17] a.re presented together with the

In fig. 4 and fig. 5 the experimental rp-distributions for D a.nd D production a.t

and (INR/d.r for each (CIO-I(" /<I.r)R distribution due to recombination. normalized to unity.
where d/\’/dr stands for each (/0;(·/dr distribution due to fragmentation (as in eqs. (29))

(II A {
32 ( )

1/0 l c/app 1 (IN l (INR _ .... . _.—. ..1 3 ir/JA, + UH (2 (/.1·A, + 2 (/;rA__
(IIE (Lrg .2 dwg 2 (lm-5

+ OIC + -l ’
do (IUPF (UV ECZJVR

¢I.1vD + —. ..— O y 3 rI.rD [C dwp
2 {Zapp (INcla

intrinsic charm recombina.tio11 for D a.nd .·\C production. eqs. (29) become:
The distributions (30) and (31). normalized to urrity. a.re presented in iig. 3. VV ith 50% of

. ————;—————<5(;1·§—— xl — ;zr;)¢L1·ld;zv2d;1r3d;1r€d;1·;. R d;z·1([41*2cl41·3rI;1‘,.cl;1·;' —i— : 1 ([41*5 .
(]U[(·[ ( U] ’·

and

—R——— : ——-—————— 5(;rA(c — .1rl — ;r2 —- JC) dm1d;1v2d;1v3(I;1·Cd_zr; d;rA,_ . (lagc{.1r2<l.1#3<l.1·C¢l.1·; c
([O'[(·(lO'](·

form:

is possible only for intriiisic cha.r1n qua.rks and the corresponding cross—sections take the
with u or cl valence quarks. In it was assumed that such recombination mechanism
D mesons as wei} as AC ba.1‘yons can be produced [2] via, recombiiiatioii of E or c quarks
:sa.111e since the f1·ag111e11ta Li011 function (eq. (5) in eqs. (7) and (28)) is the same. However

S0 fax (eqs. the sha.p<2s ofthe D, D and AC clist1‘ibuti011s are p1‘edicted to be the



da.ta. Of course. a smaller value of J2 is also possible. OCR Output
and (from eqs. (33) a.nd (34)) [H2 ~ 0.003 which does not contradict the experimental
roughly (111,]/nzc)2 ~ I/25 if we use the constituent quark masses. So we obtain 1] ~ 10`
the squared ratio of the distance between c and F over the proton diameter. This factor is
intermediate ,rF—va.lues. This probability is about 0.2 + 0.3 and it should be multiplied by
can be estimated from the difference between rr+ and wi or If and Ir'. multiplicities at

light valence quark transition into rr or [xi meson (not into baryon) ill soft. pp collisions
\tVe can try to give the simplest estimate of 1] for soft interactions. The probability for
at small distances with respect to each other. so the value of 1] should be relatively small.
suppression factor [25], coming from the need to resolve the I(.° state since IC quarks are
l00% probability. so 1] M 1. However in the case of soft collisions. there is an additional
the proton absorbs a q* at large Q2, it will fragment into a charmed hadron with
was used in [24] for IC calculations in DIS processes. Of course, if the cha.rm quark inside
of U2 from np interaction data [23] is about 0.003 and a somewhat higher value U2 : 1%
fragment into charmed hadrons in the soft interaction process. The experimental estima.te
where 62 is the probability to find a c? pair and 1] is the probability that this pair will

tmp : H}; · 1].

(see fig. 4). This probability is a product of two factors:

without co11tradicti11g tl1e experimental da.ta on D and D production in pp interactions

The IC production probability ww is very small but it ca.nnot be significantly increased

,,,, ».,.
r»I(;· : ~ Uma (frm (33)M M l0`5. cry-,·(·y]1) M 1 nb.

interactions can be obtained in the spirit of assuming the following relations:
inputs for our calculations. An estimate of the amount of intrinsic charm relea.sed in cyp

In the case of cyp interactions there are much less experimental data. available as

(S—DIS) structure functions for the proton a.nd GRV-G (HO) for the resolved photon

sections rela.tive to 7g, gg and qc] subprocesses at different energies, as obtained using MT

functions in the very small .r-region. As a.n example, in table 2 we give the partial cross

increase, which may be partly due to our lack of knowledge of the photon structure

production. However a.t very high energies (\/E > 500 GeV) these two contributions
last two contributions give no more than 20 + 30% of the total cross—section for charm
resolving a photon also gg as well as qg fusion can be taken in account (fig. 6). Usually the

In heavy flavour photoproduction the main contribution is given by cyg fusion, but by

IN PFM

5. INTRINSIC CHARM CONTRIBUTION TO PHOTOPRODUCTION

(a.nd diquarks). see sect. 3.

that the fra.gmentation functions used are actually different for sea a.nd va.lence quarks
QGSM we do not need the same recombination formalism as in PFM, the rea.son being
fragmentation functions (eqs. (22) with nw : 2). In addition it should be stressed that in
calculations without intrinsic charm [10] produced similar results using harder diquark
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tudinal momentum conservation gives:

where G(.rg, Q2) is the gluon structure function of the proton, with my 2 elm?/s. Longi

lly
(36): G(.rg. Q2)FJ`“"""`(.1·g.s. mc.wp->cc (li

The ag contribution to the charm ])ll()l'O])l`O(lll(`l~lOl] cross—section is [28]:

no contribution to pa.ir production in the incident proton direction (i.e. at negative mp).
IC effects should be more visible. I\-foreover the main 7g fusion subprocess in PFI\l gives
Intrinsic cc pairs should have a larger average .r than single charm qua.rks. Therefore their

Let us now consider the Feynman-.r distribution of cc pairs produced in yp collisions.

predicts higher cross-sections for D and D production.
5f)% probability of intrinsic clrarm recombination. At large positive .rp—vaIues, PYTHIA
spectra is significantly smaller i11 thc negative .rp—region tha.n in our ca.IcuIa.tions with

there is also a svstematic difference. In PYTHIA the difference between the D El·1l(l D

agreement of the Monte Carlo with our I(i` calculations in particular at high energies. But
parameters but a second order expression for os. In fig. IU one can see a general qualitative
we use PYTHIA 5.6 [27] (where there is no intrinsic charm component) with all default
be compared with I\”lonte Carlo predictions for D and D production. To this purpose

The results obtained so fa.r with Peterson fragmentation plus recombination can

significantly on the fragmentation function used.

as one can see in figs. 8 and 9. Notice that the shapes of all curves in figs. 7—9 depend

with valence quarks. we obtain a "shoulder" in the spectra of D and AC at .1*;: < -0.5
occur. For example, if we assume that one half of all IC quarks hadronize via recombination
section in fig. 7. However. by including the recombination mechanism, some modifications
the IC contribution does not seem to a.ffect the shape of the differential D meson cross

The ca.lcula.tions ha.ve been performed using Peterson fragmentation function and

charge.

where yl and y2 are the rapidities of tl1e produced c and ?·—quarks a.nd ec their electric

(If Slviij (I + cosl1(y] ~ y2))3
‘ V (3.))

([6.qq·—+cc Tm; p cosh(y1 — yy) +
nz?

cli §@?T+"fS1i<yi — i°°Sl‘l”1 ` wl + ‘ `
2m¢l&9””*°" wolf 8cosh(y1 — yy) — 1 g 2mfm <

dl _ 0$0sm€g» T.
c/ci‘”'“’“ 02 + P

fig. 6 we use the forinulae [2, 26]:
The qi direction is chosen to be the positive axis. To compute the processes presented in
ollmass frame when the ;1·p-dist1‘ibution of D mesons is considered at different energies.

Figure 7 shows the contributions of PF and IC processes as seen in the yp centre

alucl we will stuclv its effects iu more details.

we know tl1alt the IC c0r11po11e11t ca.11 cl1a.11ge the slrape 0f the cha.rmed l1a,dr0u clist1·ibuti0ms

T he my value (33) is very $111aeH as c0mpae1‘ed with the values 0f table 2. Nevertheless
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tion a.nd sho11ld be studied in more details. This can be done with cc pairs, ra.ther than

experiments). the parton structure of the photon becomes relevant for charm produc

Finally. in yp processes at high energies (which a.re of course interesting for HERA

is expected to a.ppear a.lso in qp interactions. in the incident proton direction.

baryon" behaviour of .‘\C: this has been experimentally observed in pp interactions and it

again. even with recoinbination the l(i` mechanism in PFl\l cannot predict the "leading
decreases too m11ch the average .1· for an I(i` effect to be visible. But, let us stress it

ha.drons. In particular, in gp processes. Peterson fragmentation without recombina.tion
the proton is a.llowed. since it leads to a. broader .z·—distribution for the produced charm

effects are enha.nced when the recombination of intrinsic quarks with valence quarks inside
Nevertheless. what should be pointed out is that., either in pp or yp interactions. I(iY

on experimental inputs as in the pp case.

depend on a given number of a.ss11mptions. or "reasoiiable guesses”`, which are not based

D and A,. production at different energies. However in this case o11r predictions critically

tions of charmed hadrons obta.ined with PFM. as it appears from OLl1` detailed study of D,
Also in 5 p interactions the l(i,` mechanism may influence the longitudina.l distribu

the same entity as in PFM) does not significantly change the results.
out invoking any intrinsic charm. The introduction of an I(` contribution in QGSM (of

reasonably describe both the D meson and .‘\, baryon experimental .rp—distributions with
On the other hand. as shown in [IO]. the Quark-Gluon String Model (QGSM) can

are the same.

produce different inclusive spectra. for cha.rmed hadrons, even if the total cross-sections

factors to account for NLO contributions) and we know that LO-{-NLO ca.lcula.tions may

obta.ined in the l{·L() approximation (where LO results are multiplied by a.ppropria.te K
Ge\’, although this contribution shows up at large rp. Notice that our PFM results are
If) contribution. is unable to reproduce the A,. baryon spectrum l`l]€H.Sll1`€’(l at = 62
adequate IC component is included. in accordance with However PFM, with the same

the experimental .rp—distributions of D mesons (especially D) at \/E = 27 GeV if an
discussed in ln fact, the PFM predictions presented herein seem to agree better with

(IC) mechanism ca.n substantially modify the inclusive spectra of charmed hadrons, a.s
ln the Parton F11sion Model (PFM) description of pp collisions, the intrinsic charm

6. CONCLUSIONS

quarks.

reta.i11 it, especially keeping in mind the possibility of charm recombination with va.lence
fragmentation gives a slightly better a.greement with the experimental da.ta.. So we may
and this effect is more important at low energy. As already seen in pp (fig. 4), <Y—function
Intrinsic. cha.rm pa.irs make the spectrum flatter at negative arp (i.e. in the proton direction)
momentum of the pair and its maximum possible va.lue a.t a given energy, respectively.
and not as ( pL),,,,.,. / ( ]1L,,,.,,,),,,,,,,.. where (pL),,.,_,-,. and (pL,,,,,;,,),,a,,. a.re the total longitudina.l
13a. at (.z·p),,.,;,. M 0.9 which is connected with our definition of (.2vF),,u,,,. as 2(pL),,.,,,./\/E
OCR Outputenergy —.= IO GeV) one can see a kinematical limit in the spectra. of figs 12a and
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500 1.082.20 0.039

1.85300 0.69 0.029

0.221.153100 0.017

1.07 0.08050 0.012

10 0.00240.19 0.0006

(GW) I Ghz: —><‘F) (ub) I ¤(yy —>¢F1(ub) I GMU —> @(110)

section for cl1a.r111 productioii in yp i11te1`a.ctio11s at different energies.
The coiitributioiis from the Pa.1·t011 Fusion Model clia.gra.ms of fig. G to the total cross

Table 2

0Q’j?;’“"` (pb) 14 + 23 [13] ( 29 + 55 [14)

2913.5agfm (pb)

38.827.4\/E (GeV) [ 19.4

800400p1¤,1» (GeV/c) ] 200

(lata. [13, `léll.
d1cti011s 0f the Pa.1‘t011 Fusion Model are co111pa.1‘ecl with the co1‘1‘espo11di11g expe1·i111e11ta,l
Total cross-s<ecLi011 for cha 1‘111 p1‘0ducti01 1 111 pp c0II1si011s at diffe1‘€11t c11e1·g1es. The pre

Table 1
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interactions at : 10 GeV (a. b). 50 GeV (c. cl). 100 GeV (e. f) and 300 GeV
predictions of PYTHIA where no IC component is included (solid points). in 7p
c. e. g) and of {ig. 8 for D mesons (b. cl. f. h). together with the l\Ionte Carlo

Fig. 10 I Showing the PF1\1+1(` predictions (thick solid curves) of fig. 7 for D mesons (a.

via fra.g1nenta.t.io11 and 50% via iccombiiraiioii with valence quarks.

FM Same as fig. 7 for .\_. baryons. assuming that l(` quarks produce 50% of the :\L.°s

via fragnrentation and 50% via recombination with valence quarks.
Fig' Same as fig. T for D mesons. assuming that IC quarks produce 50% of the D`s

sum of all coirtributioirs (thick solid curves) is also shown.

curves). gg fusion (dash-dotted curves) and IC mec11a.11ism (dotted curves). The
the various cont1‘ibutions from jig fusion (thin solid curves). gg fusion (dashed
(where the direction of the incident 3 is chosen to be the positive axis) and show
GeV (d). Peterson fragrnentation is assumed. The curves refer to the yp c.m.s.

actions at different energies: : I0 GeV (a). 50 GeV (b). 100 GeV (c) a.nd 300
pif? PFl\·l+lC predictions for the .rp—distribution of D mesons produced in yp inter

plrotoproduction. showing the various resolved photon contributions.
pif? Leading order (a) and next—to-leading order (b, c) QCD diagrams for charm

.1*;: > 0 hemisphere i11 the pp c.m.s.

and 50% via recombination with valence quarks. The distributions refer to the
for D°s. we assurne that l(.’ quarks produce 50% of the Afs via fragmentation

pi€£` Same as fig. 4 for AC lyaryorrs rneasured in pp collisions at = 62 GeV [17]. As

The distributions refer to the rp > 0 hemis Jhere in the 12 c.n1.s. l II

Thick solid curves show the QGSM predictions with the same IC contribution.

of the D°s via. fragmentation and 50% via recombination with valence quarks.
case of D mesons. the curves are obtained assumiirg that IC quarks produce 50%
Peterson f1·ag1ne11ta.tion and as dashed curves for 5·fu11ction fraigrrrentatioii. In the
at : 27 GGV [13]. Tire PFl\·l+l(` picclictioirs are shown as thin solid curves for

Fig. Tlua .rp-clist1·ibutions of D inesons ai and D inesons b 111ea,s111·<=cl in J 2 collisions I1

i‘@c0111l>i11a,ti011 of i11t1‘i11:<ic c(E)—qua.1·l<s with va,lenc<> quarks in the proton.

Fig. .r—clist.i·ib11ti011s (1101·ma.liz@cl t0 unity) for D mesons (a.) aiud AC ba.1‘y011s (b) after

D(D) (01* /\_`(/\,)) ha.d1‘011s afte1‘ Petersoii f1‘a.g111<211t21,ti011 (solid curve).

Fig. .1·—dist.1·ibuti0ns (1101‘ma.1ized to unity) for iiitrinsic c(E) quarks (dashed curve) and

(<)·

pp ci·0ss—s<a·cti0n ci<ete·i·111i11e·cl by the cut. of one pomeroii (b) and of t.l1ree· pomeroiis
elastic pp sca.tt<¤1·i11g (<‘yIi11clrica.i dia.g1·a.m) (21.) and the <i0i1t1‘ibuti011 to the iiieiastir

Fig. QGSM diaig1·a.111s i·<ep1·es<=11tzi1ig to th<» 0iie—po1nei·011 excliange coiitribution to the

FIGURE CAPTIONS
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(thick solid curves) is a.lso shown.

contribution from 1C inechanisni (dotted curves). The sum of a.ll contributions
tal PFM contribution (thin solid curves) taken from fig. 12. together with the
300 GeV (d). Delta—function fragmentation is assumed. The curves show the to

actions at different energies: : 10 GeV (a). 50 GeV (b), 100 GeV (c) a.nd

Fig. 13 PFM+l(i’ predictions {or the ;1`F—(llSt1`1l)UtiO11 of DD pairs produced in cy].: inter·

solid curves) is also shown.

curves) and q§ fusion (dash—dotted curves). The sum of a.ll contributions (thick

the various contributions from cyg fusion (thin solid curves), gg fusion (dashed

(where tl1e direction of the incident cy is chosen to be the positive axis) and show
(d). Deltaefunction fragmentation is assumed. The curves refer to the yp c.m.s.

at different energies: : 10 GeV (a). 50 GeV (b), 100 GeV (c) and 300 GeV

F12. 12 PFM predictions for the J']?-(llSt1`ll)Ll't1011 of DD pa.irs produced in cyp interactions

DD pairs after Peterson fragmentation (solid curve).
Fig. 11 .z·—distributions (normalized to unity) for intrinsic cc pairs (dashed curve) and
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