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In this paper the dynamical string model is applied to the numerical simulation of the ultrarelativistic
heavy-ion collision®’S(200 GeV/nucleon) %?S. The results are in qualitative agreement with experimental
data.

PACS numbds): 25.75—q, 24.85:+p

[. INTRODUCTION cesses in a vacuum and the more involved hadronization
processes at finite densities, such as those including nuclei,
The purpose of the present paper is to show that the dye.g., VNI [18]. VNI gives a full space-time picture of ul-
namical string model offers an alternative approach to detrarelativistic heavy-ion collisions, combining the space-time
scribe ultrarelativistic heavy-ion collisions at bombardingevolution of the parton shower in its early stage with the later
energies of a few hundreds GeV/nucleon in terms of exhadronic cascade. The space-time picture of the parton cas-
tended objects, the so-called hadronic strings. cade has also been used in the parton-hadron conversion,
The existing event generators for high-energy hadronizabased on the ideas introduced[R]. There are no strings in
tion processes can be classified as follows. this model, the hadrons are considered point particles with
(1) Event generators for a high-precision description offinite interaction ranges, as usual.
elementary hadronization process@scluding only lepton The dynamical string model presented here belongs to the
and proton beamsn a vacuum: PYTHIA 1], HERWIG[2], third class of models providing a full space-time description.
ARIADNE [3], LEPTO [4], and ISAJET[5]. These event It can be applied to elementary hadronization processes in a
generators combine the parton-shower evolution in perturbaracuum and to hadronization processes at finite densities in-
tive QCD terms with a nonperturbative hadronization pre-volving nuclei as well. It is the basic feature of the dynami-
scription to convert final partonic distributions into hadronic cal string model that during the whole space-time evolution
ones. For the latter, the LUND string fragmentation model isof an event all the hadrons are consistently considered ex-
commonly used6], with the exception of HERWIG, which tended, stringlike objects satisfying the particular laws of
uses other considerations for coalescing colored partons &tring dynamics. Contrary to other models on the market, the
color-neutral clusters and fragmenting those into hadronsstring picture is not merely used as a fragmentation model of
The common feature of this class of models is the lack oexcited hadrons. It is taken here as the model for hadron
space-time evolution. Therefore, these models cannot be dadynamics, according to which the laws of motion, decay, and
rectly applied for describing hadronization at finite densitiescollision of hadrons are determined.
e.g., for that of high-energy hadronization processes involv- Contrary to the models, including a parton shower, for the
ing also nuclei. early stage of the evolution, the dynamical string model con-
(2) Event generators for the description of hadronizationsiders the stringlike collective excitations of the hadrons to
at finite densities, e.g., high-energy heavy-ion collisions:ibe decisive for the evolution of the ultrarelativistic heavy-ion
FRITIOF [7], PCM [8], DPM [9], VENUS [10], QGSM caollision, neglecting completely the underlying partonic pro-
[11], ROMD[12], UrQMD [13], HSD[14], HIJET[15], and  cesses. The good qualitative description of ultrarelativistic
HIJING [16]; two-phase simulation of ultrarelativistic heavy-ion collisions for CERN Super Proton Synchrotron
nuclear collisiong17]. (SPS energies of a few hundreds GeV/nucleon obtained in
These models provide a space-time descripfiexcept the present paper indicates that the overall qualitative fea-
HIJING) of the hadronization process considered. In a few oftures of the fragment distributions and multiplicities may not
them [8,9,17,18, the partonic degrees of freedom are in- be sufficient to clarify the interplay of the stringlike collec-
cluded also in the early stage of the collision in some formtive degrees of freedom and that of the partonic ones.
Hadrons are generally treated as point particles with interac- In the dynamical string model all kinds of broken line
tion ranges prescribed on the base of the constituent valencstring excitations are taken into account whereas, in other
quark picture. As a rule, string excitation is includesdth existing models, stringlike excitations are basically longitu-
the exception of17]) in various forms and the LUND string dinal and yo-yo-like, as long as no gluon jét& minijets
fragmentation mode[6] is used. Generally, stringlike ex- are included. The dynamical string model has a rather few
cited hadronic states do not propagate and collide with othemumber of parameters as compared to other existing models.
hadrons in their surroundings. Strings are rather a clever todfhat is an advantage but, on the other hand, one cannot
of bookkeeping how highly excited hadrons fragment intoexpect that the model in this form can provide more than an
hadrons of the discrete mass spectrum. overall qualitative description of ultrarelativistic heavy-ion
(3) Models which intend to provide a space-time descrip-collisions.
tion for both the high-energy elementary hadronization pro- In Sec. Il we give a description of the dynamical string
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model, and in Sec. Il the model is applied to the ultrarela-leading Regge trajectorig¢f0]. It holds 2V = k= for their
tivistic heavy-ion collision®’S(200 GeV/nucleony 32S. lengthsl and rest massel leading, e.g., td~0.7 fm for
the nucleon, anti~0.1 fm for the pion. Particles containing
strange valence quarks are completely neglected.
Il. DYNAMICAL STRING MODEL The string endpoints carry the appropriate baryonic
A. Motivation charges, and baryon number conservation is satisfied. Spin of
the hadronic strings, electric charges, and flavors of the
string endpoints have not been introduced. On the other
nd, the degeneracies of the discrete resonance states due to
eir spin and isospin are taken into account.

The underlying idea of the dynamical string moftd] is
that hadrons can be represented by classical one-dimensio
objects, the oriented relativistic open bosonic strings as sugg,
gested by Artr20] and Remlef21]. There is experimental
evidence that hadrons have stringlike collective degrees of
freedom:(i) the well-known, almost linear Regge-trajectories
[22] corresponding to the string tension ©&0.9 GeV/fm, Any string configuration can be encoded in the trajectory
(i) the nearly exponential mass spectrum of the resolvedf one of the endpoints of the string, in the so-called directrix
hadron resonance®3], (ii) the existence of a preferred [20], and boosted to any requested velocity as described in
(longitudina) direction in elementary fragmentation pro- [19] in detail. The directrix determines the string configura-
cesses(iv) the emission of linearly polarized gluons by the tion at a given time and also its free evolution according to
excited hadronic system occurring in high-enemgycolli-  the Nambu-Goto action. Any influence of the assumed trans-
sions[24]. Theoretical indications and successful applica-verse size of the hadronic strings on their free motion is
tions of the string model for hadronic physics are overviewecheglected. During the evolution of the investigated system,
in [25]. For our work, the success of the string fragmentationeach hadronic string is assumed to move freely between the
models developed by Artru and Mennesgi28], and by the subsequent elementary interaction evediscays and colli-
Lund group[6] was particularly encouraging. The oriented siong of its life.
relativistic open string is thought of as the idealization of the In the numerical code the directrix is stored in less than
chromoelectric flux tube with quark and antiquddiquark 200 points, with typically 0.1 GeV rest mass for every linear
ends for mesongbaryons. The endpoints are assumed to segment of the broken line string. Whenever it is needed for
have vanishing rest masses. The original idea is then mod#escribing single decay and collision events, the string can
fied; the infinitesimally thin strings have been replaced withbe constructed from its directrix unambiguouf?p,19. The
more realistic thick ones, i.e., with strings exhibiting a finite string endpoints generally carry a finite amount of momen-
tranverse size, more precisely a radi@s The hadronic tum, and are described by two string points at the same spa-
strings introduced in this manner are treated afterwards in #al position, but corresponding to different values of the
fully dynamical way in our model. They propagate, collide, string parametef19].
and decay according to the particular laws deduced from the In order to simulate any individual elementary string in-
string picture and from the analogy of hadronic strings withteraction event, the participating strings are reconstructed nu-
chromoelectric flux tubes, as described below. merically from their directrices. After carrying out a single

Energy and momentum conservations are strictly satisfiedecay or collision event the final state strings must be con-
in any elementary decay and collision event, and in the evoverted back in their directrices. Generally, the conversion
lution of the whole hadronic system as well. No spin is in-directrix — string — directrix leads to a doubling of the
troduced and the angular momentum conservation is not comirectrix points with many redundant ones that have to be
sidered. removed by a reduction algorithm. If the endpoints of two

neighboring directrix segments are almost on a straight line

B. Mass spectrum (i.e., the common point of both segments is rather close to

. S . ._one of the endpoints, or to the straight line connecting the
Our starting point is the classical Nambu-Goto St”ngendpoint$, the segments are replaced by a single linear di-

[2.7'2@' Thg classical mechanical string picture prowdes_ YSectrix segment under the constraint that energy and momen-
with a continuous mass spectrum. All kinds of broken I|netum must be conserved

string configurations can arise during the evolution of any
system of hadronic strings due to inelastic string collisions.
Furthermore, it has also been shown that those broken line
string configurations with an arbitrary number of kinks are  In the dynamical string model the collision is introduced
unavoidable to obtain a realistic exponential mass spectruras a binary interaction of strings. In order to obtain realistic
of hadronic string$29]. A finite amount of momenturtand  total cross sections for the string-string collisions, a finite
energy can be carried by the kinks and by the string end-transverse size or radil® has to be prescribed to the had-
points as well. ronic strings as already established[itB]. This radius is

In order to be more realistic, below the mass thresholds ofhosen to be identical for all hadronic strings and it is also
1.5 GeV for baryons and 1.0 GeV for mesons strings, onlyassumed not to be Lorentz contracf8d]. Strings coming in
those with discrete rest masses taken f{@®] are allowed touch, and remaining after a critical collision timg, still
in the model. Strings in the rotating rod mode are associatedloser than their interaction rangeR2 interact. The total
with the discrete hadronic states, which correspond to theross section is assumed to have a purely geometrical origin.

C. Free motion

D. String collision
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10 thendeg is taken for the distance of the string pair. Other-
* experimental elastic cross section for pp collision . . . .
O experimental total cross section for pp collision wise, the real distancd is computed. If once the real dis-
O si i ] isi . . .
2 Siondated st ron sooton ot pp o0 tanced is calculated for a string pair and turns out to be

5 . larger than the interaction rang#> 2R, it is not checked up
H-H’T“T b § gepitaiEa. oyt 2 2ix-#--2 % tothe timet=(d—2R)/2c with c as the speed of light.
After the strings came in touch, i.e., their distance became
d(ty)<2R at timet,, they can interact. The decisions on the
1 5 interaction and on the interaction chanfi¢lany) are taken
after a critical timer; elapsed. There is no interaction if the
distance of the stringd(ty+ 7;) >2R, while an elastic col-
I ] lision or an inelastic collision takes place iR2-d(ty+ 7;)
]HLLI.&, 2 % gt % o >2R’ or d(ty+ 7.) <2R’, respectively.
%ﬂ[ { Ry 7 It was concluded that the elastic and inelastic cross sec-
s tions shown in Fig. 1 are in qualitative agreement with ex-
perimental data for the interaction rangRs=0.6 fm and
R’'=0.7R~0.4 fm, and the interaction time,=0.4 fm/c.
The ratio of the simulated elastic and total cross sections, and
FIG. 1. Simulated total and elastic cross sectionpiprcollision  the energy dependence of the elastic cross section are rather
at different beam momenta. sensitive to the rati®R’/R and to7.. The simulated results
are consistent with the following order of magnitude esti-
Elastic and inelastic string-string collisions are distinguishedmates valid for large values of the projectile momentum:
based also on geometrical concepts. An inelastic interactio[}tot_,4R2W~45 mb and oe—4(R—R')2m~5 mb.
rangeR’ <R is defined. Strings that are closer thaR'2after  These estimates do not take into account the orientations of
the timer; elapsed, since they came in touch, suffer inelastighe strings. There is a difference of the results obtained here
collision, whereas the peripheral collisions are considered 05, =45 mbforR=0.6 fm) and in[19] (the samer,, for
be elastic ones. If the strings came in touch, but after the timg - 45 fm). It is the consequence of introducing the inter-
7. they are at a distance larger thaR,2hey do not interact.  ction timer,. Strings overlapping only at their ends for a
The differentiation between elastic and inelastic processegnort time may leave their interaction range during the time
described above was _tgsted_by a numerical simulation o;c after having come in touch.
proton-proton pp) collisions in the energy range/s=3 In the dynamical string model the distance of any pair of
—30 GeV(see Fig. 1 For determining the total and elastic strings must be determined in every time step with the algo-
pp cross sections, fOcollision events were numerically rithm described above. A great amount of computational
simulated by shooting a projectile protolN(=1) onto a time can be spared in the simulation of heavy-ion collisions
target proton {;=1) at rest with an impact parametetp. by determining the estimaig,, and not calculating the ac-
That is to say, the center of the target proton was positionega| distance ford,qs>2R. Once, in the simulation of a
on the beam axis; the centers of the projectiles were uniheayy-ion collision event, a string pair came in touch and the
formly distributed on a disk of radius~1 fm centered on time 7, is over, the channel of the collisiginelastic, elastic,
the beam axis in the transverse plane. The initial states of thgr no interactionis decided as described above and the ap-
protons were represented by rotating rod modes. The orietpropriate final state in the actual collision channel is gener-
tations of the projectile and the target protons were uniqteqd.
formly distributed in the entire solid angle. Projectile protons |n the simulations presented here, the elastic channel is
were produced at a longitudinal distance 3 fm from the tarintroduced only to reduce the inelastic fraction of the total
get. The simulations were performed by using the time stepgross section, but the strings that suffered an elastic collision
At=0.02 fmfc. The numbersN,, and N, of events with  \vere let to move further as if nothing had happened.
interaction and with elastic collision, respectively, were The inelastic collisions are considered rearrangements
counted and converted to the corresponding total and elastjeQ]. The rearrangement of infinitely thin colliding strings is
cross  sections, oy =p°mNyo/(NiNpvp)  and o a simple cut followed by the reconnection of the string arms
=a’N /(N{Npv,) with the projectile velocity, . at the point of intersection. The order of the reconnection is
It is more involved(and also more time consumingd  always unique, as the strings are oriented objects. In the nu-
calculate the distance of two strings than to determine thenerical code the rearrangement is carried out in the time step
distance of two point particles. The distartef two collid-  when the interaction time; after the strings came in touch is
ing strings is defined as the minimal distance of the points opyer, and the criteriund<2R’ is fulfilled. Then the points
a projectile stringa and those of the target striny The  of the minimal distance define the points where the strings
distanced is monitored for each string pas&randb in every  are disjoined and reconnected once again. The reconnection
time step as follows. is performed by displacing the appropriate string pieces. En-
The distance between stringsandb can be estimated as ergy and momentum are conserved automatically, and the
des=|Xa—Xp|— 3(1a+1p), Where x,, are the centers of center of energy of the string pair is conserved by displacing
mass and, , are the lengths of the stringsandb, respec- the string pair as a whole appropriately. Owing to the inter-
tively. If dqg; is larger than the string interaction rangR,2  action timer,, the new strings generally can move away, so

Cross section [mb]

2 s 10 2 5 10 2 5
Laboratory beam momenta [GeV/c]
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that any undesired infinite sequence of interactions isweighboring pair closes the angle 120° in the rest frame of
avoided. the mother. The direction of one of the three momenta are
According to the above prescription of rearrangement forchosen isotropically in the plane. The magnitudes of the mo-
a string with continuous mass spectrum, it may happen thanenta determined under these assumptions from energy con-
one or both of the final state strings would have rest masseservation are in agreement with the average momenta indi-
below the mass thresholds. Similar final states could alséated in [30]. Finally, the daughter resonances are
arise as a result of decay. Their treatment shall be discusségpresented by the appropriate rotating rods, displaced out of
later in detail. A collision of discrete resonances or that of atheir interaction range in the directions of their momenta.
discrete resonance with a string of the continuous mass spec-
trum are treated according to the same rules as the collisions F. Final states with discrete resonances

of the strings of the continuous mass spectrum, as the reso- goth the rearrangement and decay of strings, belonging to
nances are represented by strings in the rotating rod modethe continuous mass spectrum, can result in two-particle final
states with one or both strings below the mass threshold.

E. Decay These cases are treated in the model in different ways.

(1) The case with two rest masses below the threshold is
considered a final state with two discrete resonances. The
ie pair of resonances is chosen randomly according to the de-
generacies of the resonances, under the restriction that the
sum of the rest masses of the resonance pair must not exceed

The decay law for relativistic strings belonging to the
continuous mass spectrum is givendw= — AdA, i.e., the
probability dw that the string piece having swept the invar
ant aread A breaks is proportional to that area, with the de-

cay constani\ [26]. Making use of the analogy of the had- . . L . .
ronic string with the chromoelectric flux tube, the decay isthe invariant mass of the colliding string p&ef the mother

considered the result of the production of a quark-antiquarl?mng)' Then the momenta of the resonances are chosen ran-

pair via the tunneling effect in the strong chromoelectric fielddor.nly .W'th Isotropic arientation in the rest ffa!’“e of_the paur,
of the flux tube [32]. Then the decay constant satisfying energy and momentum conservation. Finally, the

—R27w(R) can be expressed in terms of the quark_resonances are represented by rotating rods with the appro-

antiquark pair production rat®(R) depending on the radius priate rest masses and momenta, _ar_1d are _dlsplaced in the
of the flux tube[34,33. The created quark and antiquark dlregtlon of their momenta out of their interaction range con-
acquire oppositely directed transverse momenta witP€™YI"g the cente_r of energy of the pair. :

an  approximately  Gaussian _distribution dP(pq) (2) The case with one rest mass below the threshold is

N 22 N considered a final state with one discrete resonance and a
exp( plepTO)dp% (Pro~1.43R), deduced from the anal- string belonging to the continuous part of the mass spectrum.

°9yTrV]V'tz flux tufbets[_35]. ith rest b the thresh The resonance is chosen randomly taking the degeneracies
" eI ?ng 0 fs lrllngs Vﬁ res nlgsses a ;)vde € thres 0Eto account, under the restriction that the sum of the rest
IS simulated as follows. FFor any string created, an invanang, ,oqeg of the final state particles must not exceed the invari-

irea éc/)\ is Tﬁhqsen aC(t:orfdtirr:g . to . thte distributiol;l ant mass of the initial string®f the mother string Further
EXp(. AO)' € increment of the invariant areéa SWept by o, - gne has to proceed differently for rearrangement and for
the string is calculated in every time step as the sum of are ecay

elements of the linear string segments. In the time step when
the invariant area swept by the string exceeds the vajje 1. For rearrangement

the string is broken up without any time delay. The decay is o ) ) )
performed in the segment for which the probability of decay ©On€ has to distinguish the cases with a mesonic or bary-
has a maximum for that time step. The transverse momenf@Dic String occurring below the corresponding mass thresh-

of the new string ends are chosen with the distribution°|d-_
dP(p), and with uniform distribution in the plane trans- () Meson below the mass threshold. If the rest mass
verse to the decaying string piece in its rest frame. A piece op€low the mesonic thresholdl turned out to be smaller
the string is removed around the breaking point that is rethan the pion massn,<m, the colliding strings are con-
quired to satisfy energy and momentum conservation. sidered to fuse in a single one.rti,<m; <My, the reso-
The decay of discrete resonances is not considered like ANce with rest massl, <m;, but closest tan,, is chosen
string decay. Their lifetimes and decay channels are takewith the same momentur, , which is what the string with
from [30]. According to the exponential decay law of point rest massm, would have had. The other string is slightly
particles, a timeT, is chosen for every resonance created,modified by chopping off its wedge at the point of reconnec-
and having that elapsed, its decay is performed. tion and inserting a linear segment of vanishing momentum
The decay of discrete resonances can result in two owith rest massn,—M, .
three daughters. For decay into two daughters the magni- (ii) Baryon below the mass threshold. Then the possibility
tudes of their momenta are well defined, and the direction obf the fusion of both colliding strings is excluded in order to
the momenta is chosen isotropically in the rest frame of thevoid exotic many quark states. Therefore, evemjf is
mother resonance. For decay into three daughters it is asmaller than the nucleon mass,<my, the proton is cho-
sumed that the momenta of the daughters lie in a plane afen for the discrete state. The construction of the final state is
randomly chosen orientation in the rest frame of the motheperformed similarly to that for a discrete meson and a string.
resonance, the momenta are of equal magnitude, and eadlhe mass differenceny—m,, however, is now taken away
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TABLE I. Parameter sets used for the simulations of heavy-ion  According to the analogy of the hadronic strings with the

collision events. chromoelectric flux tubes, the decay constAnof the string
is determined by the parametetsR, andv [35]. In Table |
Parameter  « R R Ot A T we list the parameter sets used for the simulation of heavy-
set  (GeV/im) (fm) (fm) v (mb) (fm™®) (fm/c)  jon collision events, also including the corresponding total
@ 0.9 06 042 20 45 1.95 0.8  Proton-proton cross sgcti_ons at high ener_gies and the decay
(b) 0.9 05 035 15 31 0.14 2o  constants and mean lifetime3,§ of the strings. The mean

lifetimes are determined for the so-called yo-yo m¢aé]
according to the exponential decay laWy= /(In 2)/A.

from the other string by chopping off its wedge and displac- The dynamical string model with the parameter sets given
ing its arms to bring them in connection at their new end-in Table | has been tested by simulating elementary hadroni-
points. Otherwise, formy<m,<Mjg (with the baryonic zation processes: two-jet eventséhie —hadronsat c.m.
thresholdM ), the final state is constructed in the same wayenergies of 20-50 Ge}35,36] and hadronization in proton-

as for a discrete meson state and a string. proton collisions at 29 and 200 GeV bombarding energies
[37,38. The parameter sdig) is consistent with the total
2. For decay proton-proton cross sections. It provides a decay constant for

The smallest possible piece at the end of the continuou¥hich the simulated results on the Bose-Einstein correlation
string is chopped off that is required to satisfy energy ancPf like-sign pions and on the average charged particle mul-
momentum conservation for the final state, when the resdliPlicity are in good agreement with experimental data for
nance and the new string endpoint acquire the transverse € —hadrons[36,39. Simulated results for the single-
momentaﬁT and _5T respectively. The transverse mo- particle distributions for the same procd&6] and for the

menta are chosen randomly according to the distributior?romn'pmton.C°|“Sion$37'3a aré also in good qualitative
dP(pt), and oriented isotropically in the plane perpendicularagreemem V\."th the po_rr_esp_ondmg data, but th.e. average
to the string at its endpoint. Finally, the discrete resonance ighargeq particle mult|pI|C|t3g in_proton-proton collisions is
represented by the corresponding rotating rod and positione%v?rrﬁsumated by nezta)rlymok/;). found th imal .
so that the centers of energy of the initial and final state?h € parameter sdb) has been foun the opt!ma one in
must be identical. e simulation for reprod_ucmg the smgle-pqrt!cle data on
e"e” —hadrons[35], but it leads to an unrealistically small
value of the string decay constant and practically no Bose-
Einstein correlation of like-sign pions occurs in the simula-
There are relatively few parameters in our model. Thetion [36] using this set. Furthermore, the total proton-proton
dynamical string model has two basic parameters: the stringross section for high energies is underestimated by the pa-
tensionk~0.9 GeV/fm fitted to the slopes of the leading rameter setb) as seen in Table I. Single-particle data on
Regge trajectories, and the string radRis 0.6 fm, fitted to  proton-proton collisions can be described with a quality
the total proton-proton cross section. The ambiguity in thesimilar to that of the corresponding results for parameter set
analogy of strings with chromoelectric flux tubes results in a(a), with a similar overestimate of the average charged par-
factor of =2 uncertainty in the relation between the stringticle multiplicity. It should be mentioned that according to
tensionk and the product of the color chargef the quark  the calculations if35] the parameters of the s&) are not
and the field strengtld, vk=e& with ve[1,2] [35]. Two  optimal but still in the range which is acceptable for describ-
more parameters are the ratio of the inelastic reaRgéo the  ing the single-particle distributions i®"e”—hadrons
full radius R of the string:R’/R~0.7 and the collision time Thus, the parameter sé&) is preferred on the basis of com-
7.=0.4 fm/c fitted to the total and elastic proton-proton paring the simulated results with experimental data on the
cross sections. Furthermore, the masses, degeneracies, @lementary hadronization processes considered above.
lifetimes taken from[30] have been used for the discrete  The mean lifetime 0.8 fnv/ of strings for parameter set
resonances below the mass thresholds, and the mesonic af@lis close to the value of 1:20.1 fm/c determined irf40].
baryonic mass thresholdd,,=1.0 GeV andMz=1.5 GeV  On the other hand, the string radiRs=-0.6 fm of parameter
have been chosen. set (a) is also consistent with the range of its value (0.5

G. Parameters

TABLE Il. Average multiplicities(h™) of negatively charged hadrons and the average multiplicities per
total baryon numbeB for various colliding systems. The simulated data are presented for both parameter sets
(a) and(b). Here the same number of net bary@B$ is assumed as was measured in the experimer8.S
The experimental data are taken fr¢A2)].

System(lab. energy/nuclegn (h™) (h™)/B
Experiment S+ S (200 GeV/nucleon 95+5 1.8+0.2
Experiment S+ Ag (200 GeV/nucleohn 160=8 1.8+0.2
Simulation(a) 35N+ 35N (200 GeV/nucleon 126+9 2.4+0.3
Simulation(b) 35N+ 35N (200 GeV/nucleon 128+11 2.4-0.3
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e ) FIG. 3. Transverse momentum distributions of negatively
FIG. 2. Rapidity distributions of negatively charged hadrons forcharged hadrons for parameter sigtsand (b).
parameter set&) and (b).

) . ) of the nuclei was chosen according to a uniform distribution
+0.1) fm, which was established on the basis of the experiiy the transverse plane, within a circle of radius of 2 fm

mentally observed strangeness fraction in proton-proton coly,ound the projection of the center of the other nucleus to

lision [34]. that plane. Constructing the hypothetical nuclei in a cubic

configuration gives an extra periodic structure of the nucleus

IIl. SIMULATION OF ULTRARELATIVISTIC instead of the fluidlike random one. On the other hand the
HEAVY-ION COLLISIONS possible effect of this periodicity is completely neutralized

The dynamical string model described above has beelY choosing different impact parameters for the individual
applied to the simulation of ultrarelativistic heavy-ion colli- collision events randomly. In the numerical simulation no
sion events. For both parameter sets 250 collision evengjde effects originating from the periodic configuration were
were simulated. Hypothetical nuclei of mass numBer35  seen.
shooted on one another in the c.m.s. were constructed in the The simulations were performed with the same time steps
following way. The centers of the nucleonic stringstating  of At=0.02 fm/c as used to fit the total and inelastic radii
rods of length 0.7 fmwere positioned at the nodes and the of the strings and to perform the test simulations. It is rather
centers of the cells of a cubicaf Battice with lattice spacing important to take into account the elastic string-string colli-
2.1 fm drawn in a sphere of the nuclear radRg=r,AY®  sions, since the secondary collisions in ultrarelativistic
=3.6 fm (ro=1.1 fm). The Fermi motion of the nucleons heavy-ion collisions play a distinguished role.
has been neglected; their orientations were chosen randomly The simulations were performed with both parameter sets
according to a uniform distribution in the entire solid angle.(a) and (b). The simulated results were transformed back to
Two such “cubes” with parallel edges were boosted to thethe laboratory system and compared with experimental data
appropriate c.m.s. momenta. Central collisions with impacbn 2S+32S central collisions at the bombarding energy of
parameters less than 2 fm were considered. The center of 0200 GeV/nucleon in the NA35 experiment at CERNL,42.
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In order to take into account the difference between the mass IV. CONCLUSIONS
numbers of the nuclei in the simulation and the experiment,

X L . ) The dynamical string model has been generalized in order
the simulated distributions were systematically renormahzeq0 y g g

simulate ultrarelativistic heavy-ion collisions at current
by the factor (32/352)'_ L _collider energies. The initialization of the incoming nuclei
The average multiplicities of the produced hadrons withyng the discrimination of the elastic and inelastic scattering
negative chargé¢supposed to ber in the experimentare o strings are now included. An effective optimization of the
compared to the simulated results in Table II. Since the dyzgllision algorithm has been performed in the numerical
namical string model does not account for electric chargessode. In this way, the model is able to simulate nucleus-
one third of the produced mesons is assumed to be negativicleus collisions at beam energies of a few hundreds of
based on isospin arguments. The simulated average muli@eV/nucleon for nuclei with mass numbers up to around 40.
plicity of negatively charged particles is overestimated byThe simulated results for the reactiohS+32S at a beam
about 30% as compared to the multiplicity in the reactionenergy of 200 GeV/nucleon are in good qualitative agree-
825+ 325, This can also be seen from the data for the averment with the experimental data. Therefore, the dynamical
aged negative charged particle multiplicity per participatingstring model has a predictive power for ultrarelativistic
baryons, which varies slightly for different mass numbersheavy-ion collisions.
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