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Abstract

The Monte Carlo Parton String Model for multiparticle production
in hadron-hadron, hadron-nucleus and nucleus—nucleus collisions at high
energies is described. In this model inelastic hadron or nuclear interac-
tions are reduced to interactions between partons. An adequate choice
of the parton parameters gives the possibility of recovering main results
of the Dual Parton Model. Both soft and hard parton interactions are
considered, leading to the excitation of longitudinal and kinky strings
respectively. By comparing the predicted quantities to the available ex-
perimental data, the applicability of the model in nucleon and nuclear
collisions is shown. Predictions for mean multiplicities, central rapidity
densities of light flavour and charmed hadrons, net baryon rapidity dis-
tributions and the temporal evolution of the meson density are presented
for massive ion collisions at CERN-SppS (19.4 AGeV) and BNL-RHIC
(200 AGeV).
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1 Introduction

The search of the Quark-Gluon Plasma (QGP) is the goal of the experimental
heavy-ion program ([1]). Nevertheless, almost all the data coming from Brookhaven
(AGS) and CERN (SppS) can be described by models ([2, 3, 4, 5, 6]) based on the
production of colour strings, which decay independently into the observed hadrons.

The existing data are limited to relatively light ions and energies in the range
Fis = 10 — 200 AGeV. It is planned to study the heaviest nucleus collisions,
when massive ion beams are available up to collider energies: E., = 100 AGeV
at Brookhaven (RHIC) and E., = 3000 AGeV at CERN (LHC). Collisions of
massive ions are expected to lead to the creation of extremely dense hadronic matter.
A change in the hadron production mechanism is also expected: at lower energies
hadrons are produced essentially in soft collisions with small transferred momenta;
at collider energies the so called semi-hard processes ([9]) will dominate. The mo-
menta transferred in such collisions are large enough to use Perturbative Quantum
Chromodynamics (PQCD) calculations.

All the succesfull string models for nuclear collisions are essentially hadron based
models, in which nuclear interactions are reduced to hadron interactions. The models
in Refs. [3, 6] are hadron cascade models, in which the interaction with the nuclear
target is reduced to successive interactions with separate nucleons. For the validity of
the cascade approach the density of the hadronic matter should be low, so that two
consecutive scatterings can be distinguished at the hadronic level. These models give
the possibility to consider evolution of the colliding system, although predictions are
limited, since they can only operate with a size scale larger than the hadronic size.
Other models ([2, 4, 5]) do not consider evolution, and treat nuclear interactions as
“simultaneous” interactions in the impact parameter plane. These models are based
on the Glauber approach, in which energy independent inelastic hadron—nucleon cross
sections are used to find the probability of several hadron interactions. For both
kind of models, quark and gluon degrees of freedom are used to compute the string
formation parameters.

In this paper the Monte Carlo Parton String Model predictions for multiparticle
production in hadronic collisions at E.,, = 19.4, 200 and 1800 GeV are presented. The
first description of this numerical model can be found in Ref. (8], where the influence
of string interaction on multiple production was studied. This approach is based on
the parton picture of strong interactions, and also on its properties following from the
Regge formalism ([10}), in which hadron and nucleus collisions are reduced to interac-
tions of partons, with given distributions in the projectile and target. We distinguish
“soft” and “hard” parton interactions. Soft parton collisions, when the transferred
momenta are neglected, lead to the creation of longitudinal strings. Additionally,
we introduce hard perturbative parton-parton collisions and parton bremsstrahlung,
whose inclusion leads to the creation of kinky strings.




2 Model description

2.1 Parton collision probability: string formation

At high energy, a fast moving hadron or nucleus can be considered as a superposition
of parton (mostly gluon) chains or cascades. A hadron or nucleus collision is assumed
to be the interaction between slow partons (chain or cascade tails) from the projectile
and target. The distribution in the number of interacting partons is directly connected
with the values of the multipomeron vertices in the reggeon theory ([10]). In the
eikonal approximation it takes a Poissonian form:

wd) = exp(—g(s))g" (s)/N! . BEGY

The mean number of the strongly interacting partons, g(s) = gos®, is a function of
the initial energy /s. We use go = 3.0 and A = 0.09. The parton-parton cross
section has been assumed energy independent, o, = 3.5 mb. Each parton is allowed
to interact only once, to exclude the contribution of planar diagrams, which dies out
at high energies.

In accordance with the Pomeron picture of strong interactions, the slow parton
distribution in impact parameter (relative to the center of the corresponding hadron)
is taken to be Gaussian:

F(by) = (47A) ™" exp(—b;/4), (2)

with the radius depending on the initial hadron energy. For a projectile or target
nucleon, A = R? 4+ o' In /s, where o = 0.01 fm? and R? = 0.15 fm?.

Parton—parton interactions destroy the coherence of the parton chains, which leads
to hadronization. As in the standard Dual Parton Model (DPM, [11, 12]), where each
cut Pomeron is substituted by two strings, we assume that hadronization goes through
the decay of strings. Each inelastic parton—parton collision creates two colour strings.
The momenta py of the partons at the ends of the strings are given by the nucleon
structure functions in z4 = pi /Py, where Py is the momentum of the nucleon to
which they belong. The nucleon structure function is assumed factorized, except for
energy—-momentum conservation:
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w(Ty, Ty, Tn) = 0(1 = > zi) [ wilzs). (3)
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For the single parton distributions u;(z), the ones obtained from the Regge theory

are used ([12]):
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Uu(x) =u,(z) =277, Uyy(T) = z'® ) (4)

except for strange sea quarks, for which u,(z) = 1/z, with a cutoff in z (z > zmin =
my/Py), is used. v, s and vv refer to valence and sea quarks and diquarks respectively.
We use a strangeness suppression parameter v = 0.3, as in the string decay (sce



below), to find a strange sea quark pair inside the nucleon. According to Eq. (2),
a Gaussian form is also taken for the p, distribution of partons sitting on the string
ends:

F(p})pedpe ~ exp(~bp})pedp: (5)
with b =4 GeV ™2,

The quality of the choice of the parton distributions and the cross section o,
is demonstrated in Fig. 1, where the inelastic NN cross sections are compared to
experimental data. Fig. 2 shows the dependence of the average number of parton
collisions < NP, > on the impact parameter b, in pp interactions at SppS, RHIC
and L HC energies. In central collisions (here and further on, a central collision means
b = 0), this value changes from 2 at 19.4 GeV to 8 at 6300 GeV'.

For nuclear collisions, the parton distributions for individual nucleons are taken
to be the same as for NNV collisions. The final nuclear parton wave function is the
convolution of these parton distributions, with the distribution of nucleons inside the
nucleus. For the latter we use the Woods—Saxon density:

p(r) = po/(1 + exp[(r —ro)/al), (6)

with
ro = 1.194Y3 +1.6147Y3 fm, a = 0.54 fm. (7)

The distribution in the number of interacting nucleons from the projectile nucleus
is presented in Fig. 3, for *OAu collisions at 200 AGeV, in comparison with the
predictions of the VENUS model ([4]). They look quite similar. The distribution in
the number of interacting partons is also shown in this figure.

The Fermi motion of nucleons is also taken into account. A Fermi momentum p
is uniformly generated for each nucleon, in the range 0 < p < pp, where pr is the
maximum Fermi nucleon momentum:

pr = (37%)2hp! (1), (8)

where h = 0.197 fmGeV/c. To determine the nucleon coordinates and momenta, an
isotropical angular distribution is assumed.

2.2 String decay

The approaches most commonly used to simulate the string decay are: the Artru-
Mennessier model ([13]), the Field-Feynman algorithm ({14]), and the most popular
one, the Lund fragmentation model ([30]). All of them treat string decay through the
creation of quark-antiquark or diquark-antidiquark pairs with transverse masses. In
all models, the parameters are extracted from the comparison to ete™ and (N data.
In this sense, they give equal results for hadron collisions.

In our case, the modelling of the decay of a string with a given mass, momentum
and quark content, is carried out by the Field~-Feynman algorithm ([14]). At cach
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string break-up the strangeness suppression parameter is v, = 0.3 and the ratio of
the diquark-antidiquark pair production to the quark-antiquark one has been set
equal to: Py ¢ Pog = vgp = 0.09. Equal probabilities of producing pseudoscalar
and vector mesons from quarks and antiquarks, and baryons with spin 1/2 and 3/2
from quarks and diquarks, are assumed. At a string break-up the ¢§ pair has zero
total transverse momentum, the momenta of the quark p, and the corresponding
antiquark —p; being distributed according to Eq. (5), with b = 8.2 (GeV/c)™2. For a
produced hadron, its transverse momentum consists of the transverse momenta of its
quarks, and the longitudinal momentum p’ and energy E* are determined through

the variable z = (E* + p?*)/(E? + p?) (E? energy and p? longitudinal momentum of
the fragmenting quark), following the distribution:

filz) ~ (1= z)>a®) 9)

At z — 1, this function coincides with the fragmentation function D?(z) of the leading
quark (antiquark) or diquark (antidiquark) into a hadron. of(p;) depends ([12]) on
the flavour of the constituent quark, and on the type of hadron it is transformed
into and its transverse momentum. The requirement that the fragmentation function
Df;(z) — 1/z, for z — 0, is ensured by iterating string break-ups. If the mass of
a string, M, is less than M. = Mg + AM, where AM = 0.35 GeV and Mg is the
mass of the resonance with the same quark composition as the string, the last break
is generated. Its kinematics is determined by the isotropy of the emission of two
hadrons. The newly produced resonances are assumed unpolarized, and hence, they
decay isotropically, for which the experimentally known branching ratios are used.

3 Comparison to experimental data

3.1 The data at E.,, = 19.4 AGeV

In Fig. 4 and Fig. 5, the model results at E., = 19.4 AGeV (CERN-SppS)
in proton-proton, proton—nucleus and nucleus—nucleus collisions are shown, together
with experimental data. As one can see from Fig. 4, the model reproduces success-
fully the experimental rapidity and multiplicity distributions for negative particles.
It also describes satisfactorily the strange hadron production in pp and pA collisions
([8]), except the shape of the rapidity distribution of A’s measured by the NA35 Col-
laboration ([7]). However, the model does not predict any low p, enhancement, which
is visible in the NA35 experiment for central SS collisions, and more pronounced for
heavier colliding systems ([16]). As it was demonstrated earlier ([8]), our model fails
to reproduce the mean number of strange baryons and their rapidity distributions in
central SS collisions (without additional mechanisms).



The proton transverse momentum distributions in nuclear collisions are very sen-
sitive to the chosen primordial quark momenta and can be fitted by changing some
parameters. Since nuclear cascading of secondaries is not taken into account, our
model is not able to reproduce positive particle (proton) rapidity distributions in the
nucleus fragmentation region. It is known ([3, 6]) that secondary cascading can im-
prove the description of the proton rapidity distributions, and also changes essentially
transverse momentum distributions, particularly, the low momentum pion distribu-
tion, as a result of creation and decay of A resonances. It can enhance the strangeness
production on nuclear targets due to resonance-nucleon interactions.

3.2 Charm production

As it was shown in Refs. {17, 18], the analytical Quark-Gluon String Model (QGSM,
[12]) gives a reasonable description of the existing data on charm production: it repro-
duces satisfactorily the cross sections and the spectra of charmed particles produced
in nucleon and nuclear collisions. Usually heavy flavour production processes are
considered in the framework of PQCD, but these calculations are very sensitive to
many factors, particularly to the low z extrapolation of the gluon structure function.
Predictions of QGSM and PQCD (with absorptive corrections taken into account)
are shown to coincide through a large energy range ([18]).

In our Monte Carlo approach the fragmentation functions shown in Eq. (9), taken
from Ref. [12], are used. The exponent a;‘(pt) is defined by the quantity ay — the
intercept of the Regge trajectory for the ¢ family, not well known. Our choice is
ay = —2.2. A suppression parameter for charmed quark pairs, as for strange quark
pairs, is used: from comparison to the experimental data ([19]), 7.z = 0.0025. Cross
sections for different charmed particles are compared with the experimental data
in Table 1, for 100000 simulated events. This statistics is too small to extract z
distributions for different particles, but enough to show the prediction of the model
for all D-mesons (Fig. 6).

3.3 The data at E.,, = 200 AGeV

In Table 2 we compare the mean numbers of produced particles to the experimental
data. The production of strange particles and anti-baryons is fully determined by the
fragmentation parameters: the strangeness and baryon-antibaryon suppression fac-
tors described above. In Fig. 7, some experimental data are plotted together with the
model predictions. With the exception of the low multiplicity event underestimation,
the model reproduces well the experimental data. The reason for this discrepancy
might be connected with the fragmentation procedure, or with the neccesity of in-
cluding some additional mechanism, like diffraction.
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4 Inclusion of hard parton scattering

So far, only soft interactions between partons have been considered: no momentum,
only colour charge, can be transferred during each parton collision. The picture of the
interaction is an even number of longitudinal colour strings, spanned between colour
triplet quarks or diquarks, moving into opposite directions in the string rest frame.
The necessity of the inclusion of hard parton scattering is demonstrated in Fig. 8.
At E.. = 200 GeV, the model is not able to describe the transverse momentum
distribution in the whole p; region, the agreement exists only for p; < 1.5 -2 GeV/c.

In PQCD ([9]) a fast moving hadron can be considered as a superposition of
parton (mostly gluon) chains or cascades, which have increasing transverse momenta
along themselves. Small z partons of chains from the projectile will interact hard
with small z partons from the target, if they are close in impact parameter. The
final states obtained in hard processes can be described in term of strings spanned
between the quarks, where gluons are treated as internal kink excitations on strings
([24]), so that hard perturbative processes will lead to kinky string states.

Up to now, a unified treatment of high energy hadronic collisions in the framework
of QCD does not exist. There are different phenomenological approaches, which try
to combine “soft” and “hard” parton interactions. In the Regge theory language, it
means the combination of exchanges of “soft” and “hard” Pomerons. The most pop-
ular is the eikonal approach ([25, 26, 27, 28]), in which the probability to have a hard
parton interaction (a “hard” cut Pomeron) is obtained from the jet production cross
section, by using an eikonal unitarization procedure. Recently, the Lund approach
([2]) has been developed, in which a smooth transition from soft to hard parton inter-
actions is provided by the so called soft gluon radiation. To simulate gluon radiation
the Lund soft dipole model ([31]) implemented in the ARIADNE code is used. In
hadron collisions hard gluons (kinks on strings) are point-like sources of the associ-
ated gluon radiation. Quarks or diquarks sitting at the ends of a string are considered
as extended sources of gluon radiation, which leads to a suppression of the gluon ra-
diation in the fragmentation regions of both ends. The momentum p; perq transferred
during hard gluon—gluon scatterings should be larger than any p¢ .,y momentum trans-
ferred during gluon radiation. This condition is used in the Lund approach ([2]) as
an effective cut—off for hard parton scattering, i. e., hard parton-parton scatterings
are accepted only if p; hard > Dtrad-

By taking into account the soft and hard processes, we have two mechanisms
for string excitation: through longitudinal quark motion, and through hard parton-
parton scattering. In the case of a hard parton—parton scattering, a kinky string is
produced, and the string energy-momentum is the sum of the energy-momenta of
the hard scattered parton, and the longitudinaly moving quarks sitting on the string
ends.

In our model, two different possibilities have been considered so far:

1. Each parton-parton collision is taken to be a hard one, and then gluon radiation
is allowed. If the Lund criteria (p;hard > pirad, as explained above) is not
fulfilled, the collision is treated as a soft one.



2. We assume that each parton—parton collision can be a hard one, with the prob-
ability w(s), which is a function of the initial hadron energy \/s.

In the simulations presented in this section, the second alternative has been used.
Only gluon-gluon (g9 — gg) hard scatterings are considered, using the PYTHIA
program ([30]). Since the parton cross sections diverge for p; — 0, a cut-off p" =
2.3 GeV/c is introduced. The EHLQ set 1 structure functions ([29]), inserted in
the PYTHIA program as a default parameter, are used in these calculations. In
the case of several n hard collisions for gluons belonging to the same hadron, the
joint structure function should be used; here, each collision is considered indepen-
dent, except for 3 i, z; ~ 1. Some comparison to experimental data can be seen
in Fig. 9. To calculate the distributions shown in this figure, we used w(s) =
1 — exp [—0.025(s — 376.4)%9%]. The associated gluon radiation was simulated by the
ARIADNE code ([31]). The Lund string fragmentation model ([30, 32]) was applied
to simulate the decay of the kinky strings. The default parameters of these programs
were used during the simulations.

It follows from our calculations that it is possible to predict the shape of the
pseudorapidity distributions and the increase of the central pseudorapidity density
with energy for both versions of the model: the pure “soft” version, in which neither
hard gluon scattering nor gluon radiation are included, and the “hard+soft” version,

with both effects included. But only the latter gives reasonable predictions for p;
distributions.

5 Model predictions for massive ion beams

In this section, some predictions for massive ion collisions at energies E.,, = 19.4
AGeV and E., = 200 AGeV are presented. So far all calculations discussed below
have been done without hard gluon scatterings and gluon radiation.

5.1 Light flavor and charmed particle production

Charged and negative particle rapidity distributions are shown in Fig. 10 for pp,
pAu, AuAu and central AuAu collisions. The values of the maximum of the charged
rapidity density are ~ 800 and ~ 1600 at SppS and RHIC energies respectively for
central AuAu collisions. It is more or less close to existing calculations ([18]).

Negative particle multiplicity distributions are presented in Fig. 11 (integrated
over the whole rapidity space). The production of about one thousand particles in
central AuAu collisions, as well as the narrowness of the central multiplicity distribu-
tions, point out the possibility to make an one-per-one event experimental analysis.

Some other event characteristics are presented in Tables 3. Our model did not
take into account nucleon elastic scattering nor diffraction dissociation nor secondary
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rescatterings of the produced hadrons in the nuclear medium. Therefore the number
of nucleons should be strongly underestimated. Two factors are essential to produce
strange hadrons, baryon-antibaryon pairs and charmed hadrons: suppresion param-
eters for the string decay, and string masses. String masses depend on the structure
functions, z cuts, initial energy and colliding system. In central AuAu collisions, at
E., = 19.4 AGeV, the initial energy is shared among about one thousand strings.
This leads to a kinematical suppression of heavy hadrons. The influence of this kine-
matical factor is much less at RHIC energy, as can be seen in Tables 3. The model
fails to reproduce the enhancement of strange baryons in central nucleus-nucleus col-
lisions, observed in the NA35 experiment ([7]). For this reason, the predictions for
strange baryon production in central massive ion collisions should be much lower than
the experimental data.

As shown above, the model gives a reasonable agreement with the existing data
on charm production in pp collision at F., = 27.4 GeV. Production of charmed
hadrons in ultra-relativistic massive ion collisions offers an opportunity to study
different aspects of nuclear reactions, such as the thermalization time ([33]), multy-
heavy charmed baryon production in the presence of QGP ([34]) etc. It seems to be
quite instructive to give a prediction on charm production on nuclear targets, although
good quantitative accuracy, especially for central AuAu collisions, is not intended. At
Een = 200 GeV the model predicts ~ 5 charmed particles in each central event, and
the central rapidity density of charmed particles can reach one. This large amount
of charmed particles can open interesting perspectives for the creation of high energy
neutrino beams ([35]), particularly for the yet unobserved v,.

It should be stressed that in our model, as in most string models, the produced
strings do not interact and decay independently. Introduction of some collective
effects, like string fusion ([8]), can change the predictions essentially, especially for
rapidity plateau heights and high multiplicity distribution tails.

5.2 Nuclear stopping power

In Tables 3 predictions for the relative position of the maxima of the rapidity net
proton distributions are presented to illustrate the so called nuclear stopping power.
The rapidity shift is determined by how the total nucleon momentum is divided
among partons sitting on the ends of the strings, i. e. by the quark and diquark
structure functions and their number. In our case the number of partons increases
with the initial energy. But the rapidity shift is weakly dependent on energy for a
given parton number, since the structure function is a product of z7%%s. With a
different sea quark structure function, say 1/z as in the DPM ([11]), the rapidity
shift decreases with energy, due to the introduced z—cut ([38]). The rapidity shift is
also dependent on the fragmentation function of a diquark to produce a proton. As
it follows from our calculations, the rapidity shift per soft parton—parton collision is
approximately ~ 0.40 — 0.45. We want to stress that these distributions are obtained
in the model with no secondary parton or hadron rescattering.



5.3 Meson density evolution

To have some information about the evolution of the colliding system we use the
simple idea of Ref. [36]. In the Lund model ([37]) the time ¢; and coordinate z; of
the hadron 7, produced in the string decay, are defined by:

=1

ti=(1/28) M, =23 p. ]+ Ei — ps (10)

i=1

i-1
2= (1/26)[My =23 Ej]+p., — Ei (11)
1=1

in the string center of mass. Here index 7 = 1,2, ... orders the string break-up points,
M is the string mass, k ~ 1 GeV/fm is the string tension, and p,, and E; are the
hadron longitudinal momentum and energy respectively. Quarks are assumed to be
massless. To find the hadron time and coordinate in the observer frame Lorentz
boosts and rotations are performed. If interactions of hadrons after their production
through string decay are neglected, the time evolution of particle and energy density
can be calculated, since the time, coordinates and momenta of the produced hadrons
are known. The predictions are very limited by the absence of information about
longitudinal coordinates and time of the string formation points. They are assumed
to be equal zero. It is not a realistic assumption, because the low momentum initial
partons, whose interaction leads to string formation, should be smeared in longitu-
dinal length; however, it gives a possibility to clearly see a finite hadron production
time, presented in Fig. 12 for mesons. In our model mesons are produced only af-
ter 0.5 — 1 fm/c. Since the hadron formation time in this Lund definition ([37]) is
proportional to the transverse hadron mass, baryons are produced later than mesons,
after ~ 2 fm/c. It is a long time as compared with the temporal evolution extracted
from models based on only hard parton scatterings. Particularly, at RHIC energy
in the hard parton collision model of Ref. [39] already after 2 fm/c an equilibrated
parton gas can be established.

To estimate local meson density as a function of time in the center of mass of
the colliding nuclei we choose a box with size: L, = 2 fm, L, = 15.0 fm and
L, = 24 fm. Space grids are also introduced: Az =2 fm, Ay = 2.5 fm, Az =1
fm. Evolution of meson particle densities is shown in Fig. 13, starting from 3 fm/c
(when the maximum density is approximately reached). At both energies the model
predicts approximatelly equal maxima: ~ 3 — 3.5 mesons per fm®, which can be
reached after time ¢, ~ 3 fm/c, but at RHIC energy the meson density decreases
much slower than at SppS energy. After reaching the maxima meson densities fall
to ~ 1 meson per fm? for ~ 3 fm/c at SppS energy and for ~ 6 fm/c at RHIC
energy respectively.

At ultra-relativistic (especially at RHIC') energies, where the produced mesons
are concentrated along the light cones, a more suitable evolution parameter is the
proper time 7 = 4/t?, — z2 | where t., and z., are the center of mass time and
longitudinal coordinate of the produced hadron. Using Bjorken’s formula ({40]) for



the meson density:
pm = 1/TAiransdN/dn, (12)

where Ajrqns is the Au transverse area, N is the number of produced mesons, and 7
is the space-time meson rapidity, we can calculate the 7 evolution of the meson (and
also energy) density by specifying the transverse mass m; = 0.5 GeV. The calculated
meson density evolution at both energies looks similar. It reaches a sharp maximum:
~ 3.7 mesons per fm® at 7 ~ 2.0 fm/c and ~ 4 mesons per fm® at 7 ~ 2.5 fm/c,
at SppS and RHIC respectively. After the maxima, the meson densities decrease
quickly, following a longitudinal (1/7) expansion.

The existence during 5 — 7 fm/c of a very dense meson matter is an interesting
phenomenon that might deserve intensive studies.

6 Conclusions

The Monte Carlo Parton String Model which intends for simulation of multiparticle
production in NN, NA and AA collisions at high energies is described. Comparison
to some available experimental data shows that the model works reasonably well and
can be useful to study massive ion collisions, as a first approximation.

To make a qualitative analysis we have calculated the mean numbers of both light
flavour and charmed hadrons produced in pp, pA, and minimum bias and central
AuAu collisions at energies F., = 19.4 and E., = 200 AGeV. At both energies
and for the mentioned colliding systems rapidity distributions for charged, negative
and charmed hadrons, negative particle multiplicity distributions, net proton rapidity
distributions and meson density evolution have been presented.

We should stress that our simplified model cannot pretend to produce detailed
quantitative predictions. First, no hadronic final state rescatterings have been in-
cluded, which should be important for a more detailed description of nuclear colli-
sions. As we have seen, the meson density can reach ten times the normal nuclear
density, so hadron interactions might be crucial for a correct hadron gas evolution,
approaching to the mechanical and/or chemical equilibrium, and change significantly
the hadron momentum distributions or the hadron content. Second, an independent
string formation and decay picture has been used as a basis for particle production.
With a number of strings growing as energy and atomic number of the colliding par-
ticles get larger, one should expect interaction between the strings and their fusion.
Some attempts to include this phenomenon has been published in Ref. [8].

An attempt to include hard perturbative parton scattering and gluon radiation has
been made. Hard parton scattering is essential to reproduce the transverse momentum
distributions for p, > 2 GeV/c, and its effect increases with energy. It could also
modify heavy flavour production, and has a time scale different from the one in
soft interactions (hard interactions could happen at an earlier stage of the reaction,
changing the evolution of the colliding system).
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In literature some studies of multiple particle production at high energies have
been published similar to our approach (a DPM Monte Carlo model ({26]), and an
analitical approach ([18])). In Ref. [26] predictions are given for the rapidity and
transverse momentum distributions and the minijet component of the hadronic energy
density for energies up to E., = 6300 AGeV. In Ref. [18] the multiplicities and the
spectra of various produced particles (including charm) are studied at E., = 200
AGeV. The main difference of our treatment is in that we consider both hadrons
and nuclei on the same footing, introducing partonic wave functions for them. In this
unified approach hadronic and nuclear interactions are treated in a similar manner,
which is a serious advantage when some sort of interaction between colour strings is
introduced (like in Ref. [8]). As for concrete results, our predictions are consistent
with those of Refs. [26, 18], except for some specific observables: e. g. we predict
5 — 7 times more charmed D/D mesons in AuAu collisions at RHIC energy than in

Ref. [18].
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Table Captions

Table 1: Model prediction for charmed meson production in pp interactions at
Eem = 27.4 GeV, compared to experimental data ([19]).

Table 2: Experimental data ([23]) and model predictions on the average number
of given particles, in pp interactions at E., = 200 GeV.

Table 3a: Number of events (N ), particle production cross sections (Gprod),
and mean multiplicities of charged particles (n.s), negative particles (nyne,), charged
pions (ng+ ), charged kaons (ng+), protons (n,), neutrons (n,), antiprotons (n;) and
lambdas (n4 ), and the difference between the initial nucleon rapidity and the position
of the maxima in rapidity net proton distributions (yo — Ymaz), in pp, pAu, AuAu and
central AuAu collisions at E., = 19.4 AGeV.

Table 3b: The same as Table 3a, at ., = 200 AGeV.

Table 4: Mean multiplicities of all charmed hadrons (ncharm), D/ D mesons
(np/p), and maximum rapidity densities of all charmed particles and D/D mesons,
in pp, pAu, AuAu and central AuAu collisions at E., = 200 AGeV. The number of
simulated events is shown in Table 3b.
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Figure Captions

Figure 1: Nucleon inelastic cross sections as a function of energy. Black circles
are the result of the calculation. Open symbols are the experimental data.

Figure 2: Predictions of the model for the mean number of parton-parton colli-
sions as a function of the impact parameter, in pp interactions, at (from the bottom
to the top) E.m = 19.4, 200, 1800 and 6300 GeV.

Figure 3: Upper figure: calculated distribution (open circles) of the number of
participating projectile nucleons, compared to the VENUS model ([4]) predictions
(black circles). Lower figure: distribution in the number of parton-parton collisions.
Both figures are for **OAu collisions at 200 AGeV.

Figure 4: Rapidity (left figure) and multiplicity (right figure) distributions of
negative particles in pp (circles), pAr (triangles) and pXe (diamonds) collisions. The
open points are data ([15]), the black ones are model predictions.

Figure 5: Rapidity (upper figures) and transverse momentum (lower figures) dis-
tributions of negative particles (left figures) and protons (right figures) in central §S
collisions. The transverse momentum distributions of negative particles and protons
are in the rapidity interval 0.8 < y < 2.0. The open points are data ([7]), the black
ones are model predictions.

Figure 6: Inclusive z spectrum of all D mesons produced in pp interactions at
E.mn = 27.4 GeV. Black circles are model predicions, triangles with errors bars are
data taken from Ref. [19].

Figure 7: Multiplicity distributions (left figure) for charged particles in different
pseudorapidity intervals (from the bottom to the top, |n| < 0.5 (x1073), |n] < 1.5
(x107%), |n] < 3.0 (¥10™*') and full phase space), and semi-inclusive pseudorapidity
distributions (right figure) for different multiplicity bins (2 < n <10, 12 < n < 20,
22 <n <30,32 <n<40,42 < n <50 and 52 < n) in non-single diffractive pp
events at E., = 200 GeV/, together with experimental data ([20, 21]). Full lines are
model predictions, black symbols are experimental data.

Figure 8: Transverse momentum distributions of charged particles in the rapidity
interval 2 < y < 4 in pp collisions at E., = 19.4 GeV (left figure). Invariant inclusive
cross sections of charged particles in the pseudorapidity region | n | < 2.5 in pp
collisions at E., = 200 GeV (right figure). Black points are model predictions, open
points are experimental data ([22]).

Figure 9: Pseudorapidity distributions (left figure) and invariant inclusive cross
sections (right figure) of charged particles in pp collisions at (from the bottom to the
top) Ecm = 200 GeV and E.,, = 1800 GeV. Black points are model predictions, open
points are data ([21, 22]). Both the calculations and experimental data ([22]) in the
invariant inclusive cross sections are obtained in the pseudorapidity region | | < 2.5
and | n | < 1 respectively.

Figure 10: Model predictions for rapidity distributions of charged (a),c)) and
negative (b),d)) particles produced in (from the bottom to the top) pp, pAu, AuAu
and central AuAu collisions at E.,, = 19.4 AGeV (a),b)) and 200 AGeV (c),d)).

Figure 11: Model predictions of negative particle multiplicity distributions in
the whole rapidity interval in pp and pAu (a),c)) collisions, and in AuAu and central




Audw collisions (0).d)), at £, = 19.4 AGeV (a),b)) and 200 AGeV (c),d)).

Figure 12: Space-time picture of meson formation in central Au-u collisions at
E., = 19.4 AGeV (left figure) and 200 AGeV (right figure).

Figure 13: Meson density evolution in central AuAu collisions. Upper figures
correspond to L., = 19.4 AGeV, and have been calculated at center of mass (of
the colliding nuclel) time t., = 3 fm/e, tem = 6 fm/c and ten = 9 fm/c. Lower
figures correspond to £, = 200 AGeV, and have been calculated at t..., =3 fm/c,
tem =6 fm/cand t.n =9 fm/c.
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Table 1

Meson | Exp. cross section (ub) | Mod. cross section (pb) | Mean multiplicity
D* 57+1.0 10.35 0.00035
D~ 6.2+1.0 12.48 0.00041
D° 10.5 £ 1.7 10.35 0.00034
De 7.9+ 1.5 19.17 0.00063

Table 2

Hadron multiplicity Exp. Model
nea(—3.5 <n < 3.5) 17.6 £0.2 | 16.95
nro(—3.5 <y < 3.5) 0.71£0.08 | 0.78
ngz(—3.5 <n < 3.3) 1.15+0.13 | 1.50
Nnta(—0.5 <y < 0.5) 0.07+0.03 | 0.12
np+s(—3.5 < n < 3.5) 0.6+£0.3 0.55

Ny ierosso(—2.0 <y <2.0)026+0.08| 0.25
Ny aeroaro(—35 <1 <3.5) 1 031+£0.09 | 0.29
ngz s+(—3.5 <n <3.5) 0.16 = 0.06 | 0.096
nz-,z-(—3.0 <y < 3.0) 0.03 £0.03 | 0.028
nz-,=-(—3.5 <n < 3.5) 0.03 £ 0.03 | 0.024
n.x(—3.5 <y < 3.5) 15.9+0.4 | 15.27




Table 3a

Reaction pp pAu | AuAu | AuAu,
Neyt 40000 | 14000 | 2000 200
Oprod( mb) | 28.58 | 1642.7 | 6573.2
Neh 8.75 | 17.35 | 535.66 | 2263.3
Nneg 3.26 7.84 252.2 | 1066.4
Nps 6.67 | 14.34 | 454.1 | 1923.1
N+ 0.63 1.16 39.02 | 168.35
Ny 1.26 1.67 38.50 | 156.46
Ny 0.69 1.68 45.74 | 180.02
ns 0.058 | 0.084 | 1.740 | 6.860
na 0.157 | 0.247 | 5.544 | 21.64
Yo — Ymaz | 0.92 2.32 1.74
Table 3b
Reaction PP pAu | AuAu | AuAu,
Neyt 20000 | 7000 1000 100
Tprod( mb) | 43.56 | 1776.8 | 6810.9
Nk 19.62 | 33.11 | 1719.7 | 7575.7
Tneg 8.83 | 25.66 | 843.40 | 3717.3
Nt 15.65 | 44.82 | 1470.7 | 6492.5
Np+ 2.00 4.61 | 153.83 | 678.834
Np 1.54 2.45 58.99 | 247.25
nn 0.93 2.62 66.57 | 271.38
np 0.331 | 0.691 | 20.99 | 91.840
na 0.340 | 0.714 | 18.21 | 74.89
Yo — Ymaz | 1.18 2.78 2.08




Table 4

Reaction pp pAu | AuAu | AuAdu,
Neharm 0.0231 | 0.0503 | 1.379 5.92
dncparm [dy | 0.0042 | 0.0097 | 0.33 1.12
np/D 0.0072 | 0.0167 | 0.502 2.06
dnp,p/dy | 0.0011 | 0.0037 | 0.11 0.41
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