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Transverse energy dependenide; /dn of O+Ag, S+Ag, and S+W collisions at 200 Ge\d are analyzed
in a parameter-free phenomenological model of cascade and clustering bageg@and p+Ag collisions.
The model uses an event generator which explicitly displays the impact parameter dependence of the colliding
hadrons and incorporates basic features of multiparticle productiprmcollisions.p+Ag data at 200 GeV/
c are first analyzed with special attention to the time ordering of the cascading many-body processes using the
space-time geometry and the impact parameter dependence of the colliding hadrons. We introduce a relaxation
time parameterr, the size of a time interval of the overlapping regions of space-time in the center-of-
momentum frame of the colliding hadrons. Withinrainterval of relaxation, impacts of all collisions are
accumulative. Only after this time has passed are pions allowed to be emitted from excited nuclear matter
according to a set of rules for cascade. A valueref0.1 fmic used forp+Ag data leads to a description of
the gross features of the transverse energy dependdficel » of O+Ag and S+Ag data of WA80 and $W
data in the forward region of HELIO$S0556-28187)00601-§

PACS numbsgs): 13.85-t, 24.10.Lx

In the past decade various models have demonstrated thmique diagnostic tools which distinguish unambiguously the
importance and usefulness of the concept of branching andifferences between an unstable QGP and a hot hadron gas.
cascading in relativistic heavy-ion collisiorid]. Broadly In order to obtain better insight into the characteristics of
speaking, one type of approach is essentially statistical ifielativistic heavy-ion collisiongRHIC’s) we would like to
nature. Very simple models of dynamics are used to elabol€€xamine some basic concepts that enter many phenomeno-
rate certain universal features of multiparticle statistics. Spelogical studies. We would like to construct a model which is
cific formulations are then suggested in phenomenoIogicﬂUbSta”tim|y s_tatistical in nature and yet §ufficiently realisf[ic
diagnostics of real experimental data. It has often been statdfl the dynamics of the system. We notice that even with
that the bulk of salient features of experimental data are dichadron collisions alone as the basic entities of internucleus

tated by statistics and are independent of the details of d processes, a sizable set of data can be interpf8le8uch a

namics[2]. Such models are, however, frequently too simplefr"’lmewc.’rk displays an e?<pI|C|t space-time evolut!on anq can
be readily coded numerically for Monte Carlo simulations.

to satisfy the deep_-rooted desire .Of a physicist to pir_lpoint thel'he need for simultaneously keeping track of many dynami-
unQe_rIylng dynamlc_s of the physical _world. Incrgasmgly So'cally interacting entities then becomes obvious. In order to
phisticated formulations have been introduced in many St onstruct any self-consistent simulation of successive

tistical models in an attempt to take on the challenge to disy a0 hing and cascades, a proper consideration of their time
tinguish the unique features of the specific dynamics fromyyering also becomes a necessity. In the following we shall
the bulk of experimental data. On the other hand, a majority,iow the language of particle and parton to focus on the
of approaches emphasizes the underlying dynamics of thgytinhadron dynamics. Energy-momentum propagation is
multihadron systems. Many such models based on quantugerefore local in naturén contrast to the stringsWe fur-
chromodynamicalQCD) motivated formulations have con- ther assume that all evolutions are the accumulation of bi-
tinuously been improved. In such a dynamically orientednary processes. It is therefore crucial to use an efficient al-
model, statistics is often treated as an unavoidable nuisanggrithm for an event generator with the basic binary
masking the underlying dynamics. Since rather lengthycollisions processes as the starting kernel of internuclear cas-
Monte Carlo algorithms have to be constructed to simulateading processes. The ability to consider a large number of
the complicated dynamics, statistical aspects are often rdsinary collisions successively enables us to study many-body
duced to the “central-limit theorem.” Features of the unique effects systematically. As we shall discuss later on, it even-
unstable system associated with each individual event in ittually leads us to evaluate quantitatively the concept of the
self may often be overlooked. Given the possible existenceampact and response of a nucleus system under collisions and
of a quark-gluon plasmé&GP to be one of the first priori- introduce our own dynamical model for the more involved
ties of current research in high-energy heavy-ion physics, ihucleus-nucleusAB) collision systems.

is important to recognize that such a system is a highly tran- In any Monte Carlo simulation of relativistic heavy-ion
sit unstable system lasting for a very brief time within eachcollisions, an event generator should always yield statistical
event. Both a statistical and a dynamical consideration mapredictions consistent with experimental data for simple sys-
be needed for a proper understanding of the nature of theems. It should also possess the space-time characteristics of
possible QCD phase transition. Yet it remains a challengéhe colliding hadrons, since the geometry of the finite spatial
both experimentally and theoretically to develop a set ofextension of the constitutional hadrons is known to play an
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important role in heavy-ion collisions. When such a model ismodels, we shall explore this issue in a simple model. We
adapted to the internuclear cascading hadronic subprocesseball keep the parametrization to a minimum by using only
it can be used to probe interesting and nontrivial multiha-on-shell cross sections phenomenologically while ignoring
dronic dynamics. For instance, it may be used to evaluate thé&e QGP structures of the strongly interacting hadronic mat-
possibility of a cluster formation. It may also provide a use-ter.
ful background calculation for the next level of subhadronic ~ We shall first review our geometrically oriented model for
interactions. a pp collision to be adapted as a part of the kernel for
In order to keep the algorithm of our numerical simulation hadron-hadrontth) collisions during a typical internuclear
simple, we have treated individual hadrons as the basic entfascading proceg$]. Given a configuration with an impact
ties for the propagation of energy and momentum and th®arametet between the center of mags.m,) of any two
binary collisions between hadrons as the kernel of interachadrons, we introduce a stopping power distribution which is
tion. Prior to any interaction, energy momentum is trans-Stronger for central collisions than for peripheral ones. To
ferred along straight line trajectories of hadrons. During anWOﬂStl’UCt this distribution, we start with the experimental to-
binary collision, hadronic interactions are responsible for anyial inelastic cross sectiom;,(hh) at a given laboratory mo-
abrupt change of momentum associated with the straight linexentumg given by[7]
trajectories, which essentially originate in a local space-time _ _
reéion. A more refined local Ztrucgt]ure would requirtfthe con- Tin(PP.Q) = 3374+ 239.0y ***-26.9

sideration of partong4,5]. Still binary collisions and the +0.2451%q— 1591, 1)

time ordering of such collisions would then be of interest if

the local interaction is a meaningful concept. oin(pm,q)=—12.4+40.49~ %%~ 11.297 157~ 0.180Irfq
We present an analysis with particular emphasis on the

space-time geometry of the internuclear hadronic distribution +5.211mg. 2

by using an impact-parameter-dependent event generator for ) .

hadron-hadron collisions. Its Monte Carlo simulation has'/€ then assume tha’t‘“(h.h) obeys geometrical scaling in

given a consistent representation of the multiparticle producté'™ms of an eikonal functiof}(R) [8,9],

tion data ofp+p collisions (pp) for the range of laboratory

momentumP<250 MeVk [6]. ain(hh,q)= f db*(1—e 2%)= f db%oi,(hh,q,b),
Without altering any of the parameters used for e

analysis, this same event generator is used for subhadronic

pp collisions during the internuclear cascade of the proton

silver (p+Ag) systems. In order to take into account nonad- atot(hh,q)zzf b2(1—e™ %),

ditive effects due to multihadronic collisions, we shall find

that it is necessary to introduce an additional parametéte  \yith a3 Gaussian approximation given by R for the total
width of a time window. Within this window of space-time, ¢ross sectionr,, and inelastic cross sections, in relation
the effects of all participating hadronic collisions are accu+ multiplicity fluctuations

mulative and the compound system is also assumed to be

momentanly “fro;en” in configuration space. Aft“er the ,(::‘I'- 1—e‘“=Ae‘(2A‘A2’2)R2, A=0.68, R=b/by(q),
lipsis of such a time window, the accumulated “stress” is (4)
then allowed to relax collectively through hadronic emis-

sions. Thus the emission processes present a clustering sce- gm(hh,q)zwbgq,

nario in space-time when the world lines of incoming par-

ticipating hadrons are very close to each other. Notice thato project out théo dependence gip andpar collisions. For
the introduction of this “time” parameter does not alter our the oy,(77) process which is not measured directly, a fac-
earlier phenomenological representationpofp collisions.  torized expression is used as an approximation so that
In p+p collisions, there are no other hadrons nedibly as

the final statepp rescattering has already been included ef- oin(mm,q) = oin(P, )/ oin(PP.Q)- 5

fectively in the phenomenologicah cross section. Once the . . . .
The above geometrical cross section stochastically dictates

value of this parameter is determined from @+Ag colli- the occurrence of anv collision. Given a collision occurin
sion, our model of accumulative impacts and clustering u y ISion. 1V ISI urring

(AIC), can be applied to other more involved RHIC pro- at a specifid, we further assume that the probability distri-

cesses where more hadrons participate in an environment gption of the energy loss of the colliding hadrons follows:

multiple collisions. We shall demonstrate that without fur- (o Ve 1\ @—24Y( oy 1 1—a
ther adjustment of any parameter, this model can display P(y)dy=(2-a)(efm—1)" el (€'~ 1) dy,
many features of the transverse energy dependence of sys-
tems at 200 Ge\.

While our model is an economic one to descripp, where
pA, andAB systems simultaneously, it also brings attention
to the need for evaluating collective responses for any spa- a=age” 1P @
tially extended colliding objects under the impact of repeated ) )
internuclear subcollisions. Since such effects have not yederey is calculated in the center-of-momentum frame of the
been fully addressed in other current phenomenologicawo colliding hadronsy .= s3In [(E+|p)/(E—|p.])] is the

()

0<Y<VYmax: (6)
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incident value of the rapidity of either incoming hadron. In fy(yw,j)=cj(2—,3)(e*yj,max_ 1)~ 2eMNx

this paper, the choice afy=1.4 anda;=0.51/fm leads to a

y distribution peaked toward the peripheral region. The re-

sult of a convolution inb is also consistent with the experi-

mental leading particle spectrufi0]. Since Eq.(5) intro-

duces the same impact parameterfor each colliding

hadron, the energy loss of the opposing hadrons are posi-

tively corlrelated_in th_eir c.m. system. CjZYj,max/ > Yimax + Ya<Yjimax » 1=imax:
Associated with thiy distribution, the value of the trans- k

verse momentunpt=|5j| follows closely the experimental ©)

distribution of the inclusive measurementspgrp— 7+ X

[3], and is given by

X (eMr—1)1"Ady,_,

with jnha=2 for hadron-hadronh(h) processes. While the
choice of a direction is dictated by the relative strengths of

a2
P(p)~e *®t  (p;=0.81 GeVk) the overall normalization factd?; , the shape of thg . dis-
tribution is controlled by the parametgrand\. A choice of
~2.5% 4%, (0.81 GeVt<p;<2.4 GeVk). B=2.1 and\=—0.325, give a rather flay, distribution.

(8)  Together with the longitudinal momentum distribution, the

associated transverse-momentum distributipnzlﬁjl is

Given the final state momentum of the colliding hadrons,given by
we now construct a statistical model for the stochastic emis-
sion of pions, ignoring the relatively smaller probability of
kion and antinucleon production. Here an emitted pion is
given a random charge assignmérithere exits, however, P(p)~e ®® (p,<0.81 GeVt)
no general theoretical guideline, on the momentum distribu-
tion of the secondary particles when the impacts of collision
originate from more than two axes. Historically, in dealing
with binary collisions, the hydrodynamical-thermodynamical ~0.532& 7> (0.81 GeVt<p,<2.4 GeVk).
approaches of Fermi and Landgld] realized that despite (10)
thermalization, secondary particles do not lose all the
memory of the initial state. The directions of the Lorentz-
contracted nuclear matter of the colliding systems also definghe above parametrization is typical of any longitudinal
the longitudinal axes of the secondary particles. In our situphase space model which does not use of light cone variables
ation the initial states may eventfully possess several collidf3]. Since the distribution of each secondary pion depends on
ing axes. It is therefore natural to allow each pion the possithe energy momentum of a single parent, our model can be
bility of carrying a rapidity value up to its kinematic limit directly generalized to a RHIC processes where later on we
Yj max @lone each of thg axis. We then assume that indi- shall allow more than two sources contributing their energy
vidually the direction specified by the indgxis randomly = momentum to a common cluster.

chosen among all possible longitudinal directigparallel to We now turn our attention tpA systems. Our task is to

the momentum transfer of the colliding hadrians construct a proper sequencing of the internuclear collisions.
The probability distributiorf(y..,j) of the rapidityy . of  Given individual entities of collision such as extended ob-

the secondary pions is given in a universal form by jects, information on their rest mass, location of its center of

mass, and effective range of interaction is not sufficient to
construct a Lorentz-covariant algorithm for the ordering of
This requirement is technically intriguing, since true randomnes<ollisions[12]. While we will address this question in detail

requires independence between the secondary particles. To ass@ea later time, it is presently sufficient to notice that ordering
the overall neutrality, we assume that all charged secondaries al@ecomes an important problem only for situations where in-
produced by neutral pairs which consist of a positive and negativéernuclear collisions occur close to each other in space-time.
pion only. Given the number of such pairs to bg, a Gaussian In such circumstances, there is already the important ques-
distribution is assumed fomn,, so that(n.) is equal to the total tion of the finiteness of the relaxation tini@sponse timeof
number of secondary particles modulated by 3. In order to avoidsuch transient multihadronic systems. In order to simplify the
such a Gaussian distribution to be either too broad or too narrowproblem, we shall further assume that the entities of colli-
we have further assumed that the variancengfis essentially —sions are at the level of hadrons, and the hadronic cross
(n¢)/3. Different choices of this variance are related to charge fluc-section for the internuclear cascade is the same as that of the
tuation among individual events. Such information is generally notempirical on-shell ones.
available phenomenologically. Our Monte Carlo simulation de- In order to accommodate the possibility of a finite relax-
pends mildly on the specific value used for this variance. The effecation time, we shall now introduce a parametgthe size of
of charge fluctuation can be compensated by adjustments of othé window in time, within which repeated impacts of collision
parameters in order to achieve a reasonable representation of ewdll accumulate. Here is defined in the initial c.m. frame of
perimental data. The bulk of our conclusions is not sensitive to théhe colliding constituent nucleon. This is the reference frame
specific choice given above. where all our bookkeeping of the dynamics is maintained at
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all times. We note that after a binary collision, a participatingdata and to obtain a strong feeling toward the underlying
hadron may soon be bombarded by another hadron. If thphysics?

time lapse is small, no substantial evolution in the space-time The AIC model presented here essentially assumes that all
configuration of the participating hadrons can occur duringhadrons travel along classical straight trajectories both before
the interval between collisions. There always exists a comand after any collision. Multihadron effects are significant
petition between the accumulation of repeated impacts an@nly within the impact windowr when the hadrons meet. In
the relaxation of an excited system to evolve in space-timedrder to treat the classical part of the space-time evolution,
The precise definition of the time of collision is also subjectour simulation first traces each hadron through its future
to an intrinsic quantum mechanical uncertainty. With thesesPace-time trajectory. All potential pairwise “instant of col-
considerations in mind, we have allowed for the possibility/iSions” are identified as the time of the minimum approach

that within this time windowr of relaxation impacts on all .

in the c.m. reference frame of the initidIN system. A com-
energy-momentum transfers of successive subcollisions ar‘rérehenswe bookkeeping is kept to sort out all possible future
accumulative. A compound cluster is first formed and the

instant of collisions,” identify the “first” collision, and
system decays collectively afterwai3, 14, record all subsequent collisions within an allowed AIC win-
Cluster formation is not a new concept for the investiga-

dow of time. Since the number of participating hadrons is
" ¢ s of the d . f ot v int i large, our simulation for each collision is computationally
lon of aspects of the dynamics of strongly Interacting SySyniangjve. In this paper, we have therefore restricted our-

tems. Bgt its dynamics has seldom been succ_essfully iNCOLaves to thep+Ag, O+Ag, S+Ag, and SFW systems.
porated in any full fledged .MonFe Carlo_algorlthm._ Inour |n 3 heavy-ion system, we assume that the incident
AIC model, the relaxation time is the window of time al- cleus takes the Woods-Saxon profile. During a RHIC col-
lowed for a cluster to absorb impacts. In the limit of & long|ision, the constituent hadrons suffer repeated collisions
relaxation time, a large amount of collisions would be accuwhich are either spacelike or timelike between each other.
mulated, leading to a large invariant mass for a cluster. Itrhe ordering of the timelike collisions in fact will depend on
would then correspond to an interacting tube scenfd®d,  the definition of the “instant of collision.” Typically the
where all the energy associated with all geometrically overtime difference between two potentially overlapping “in-
lapping tubes will be added to a huge fire ball. This limiting stants of collision” is also very short in any reference of
scenario would be clearly different from those associatedpace-time representation. In order to proceed, we have
with an ensemble of wounded nucleorig other words, adapted the following procedure to keep track of the colli-
even though clusters receive their supply of energy and masion dynamics of afN-hadron system.
mentum from the hadrons directly, they do start to decay (1) Inthe rest frame of a given hadrgsay, hadrorn), the
within a short time). The relaxation time in the AIC model is “instant of collision” t{; , with another hadro, is identified
more concerned with initial state configurations prior to had-as the time wherj reaches its minimum *“distance of ap-
ronization instead of the formation of hadrons after the initialproach” b;; . Given this impact parameté; and its associ-
state interaction. Its emphasis is therefore different from théted cross section, a stochastic decision determines whether a
familiar concept of the “formation time” of hadrons. The collision will occur att; assuming that the particleis al-
dynamics of hadronization itself is beyond the scope of outowed to reach the distand®; without the interference of
simple approach. other collisions. The corresponditgin the overallNN c.m.

For the cascade of a cluster we have adapted a statistichpme (i.e., the c.m. system between an initial target and
approach by assuming that after a cluster is formed, it reprole_ctlle constituent nuclegis reporded in a common table
members only the various impact axes of the participating’ind time ordered after the scanning of the whole ensemble of

hadrons. The cluster shall otherwise decay through the st&O!lisions. We identify the two participating hadrofsay,
chastic emission of pions. In our model, the underlying emisX andY) of the very next collision as the seeds of this step.

sion process is the same as that in the nucleon-nucleofth the pair of “seed-hadrons,” say, hadroKsY, all sub-

(NN) system except that a cluster is allowed to emit pions

lon veral longitudinal direction f rapiditfi.e.
along several longitudinal directions of rapiditji.e., 2In a typical scenario of a QCD model, a string is hadronized after

Jmax>2 in EQ.(9)]. Since the ensemble of collisions within a a period of formation time. The energy and the momentum of the

V.VI.ndOW I.S t_reated CO"eCtIYer’ the deta|led.<.)rder|ng of col- strings are associated with the end points and the kinks, and the
lisions within themselves IS no Ionger_a Cr,'t'cal ISsue t‘? bebody of the strings would not be subjected to rescattering directly.
addressed. To S|mulatfa a reql formation time of the PIONSthe energy distributed in the corresponding section of the string
one could turn off the interaction of the on-shell Secondar}’iension is not subject to collisions. In other scenarios, if strings are

pions and let them travel “collision free” for a period of o completely transparent in the region between the kinks and the
proper time. The present simulation, instead, has introduceghq points, time ordering of finitely extended objects may be rel-
a minor cutoff factor in the invariant mass and the four-eyant. To accommodate the possibility of a reduced effective cross
momentum transfer to shorten the amount of CPU timesection, we have also allowed for the reduction of the cross section
needed for a typical run. Very soft pions are therefore nofor collisions of produced pions for a period of time after the “in-
heavily involved in any individual re-scattering processesstant of collision.” Our present parametrization, however, prefers
Although our AIC Monte Carlo simulation allows this de- the use the hadronic cross section to determine the probability of
gree of freedom of pion formation time, this parameter hasion production in the space-time region when pions are created. It
not yet been extensively dialed in conjunction with otheris analogous to the situation of a small “collision-free formation
degrees of freedom to look for potential interpretations of thaime.”
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sequent collisions against and Y within the window of ST T ] .
response time are treated as follow-up secondary collisions i x P+ Ag charged |
of X and Y individually. We shall refer these hadrons as
follow-up “colliding partners” to the seed hadrons.

(2) All collisions are treated as binary collisions according
to the stopping power law of on-shell hadron-hadron
collisions® The piecewise straight line trajectories are con-
structed with the change in energy momentum assigned at
the “instant of collision” of the seed hadrons. The loss of
energy momentum of all the participating hadrons within the
time window 7 is first transferred to a common cluster. Col-
lectively, the overall energy momentum is then converted to
secondary pions. The energy-momentum assignment to the
soft pions now follows the same prescription as before for
that in theNN systems. We note, however, that there are in y(lab)
general more than two directions to choose.

(3) The newly created pions are also assumed to be uni- EIG. 1. Inclusive distributions op + AG collision for charged
formly distributed along the straight line between the centeparticles at 200 Gew/ Upper curvedng,/dy. Lower curve: nega-
of mass of the overall cluster and point of interaction of thelively charged particlesin_ /dy Datax from Ref.[25].
emitting hadron. The detailed dynamics on the formation of .
pions is not addressed. In F|g._ 1 we have plotteding,/dy anddn_/dy for p

(4) All the updating of the phase space trajectories is per-mAg collisions at 200 Ge\ for the value ofr=0.1 fmfk.
formed at a given time in th&N c.m. system. The emission ThiS choice leads to éngy =17. There is room for a some-
process repeats itself until all the energy of the cluster i¢vhat different choice of, as other parameters can always be
exhausted. At this point, the unbalanced momentum j@djusted to r.estore a reasor_lable fit to the data. But our model
evenly distributed to all the secondary particles to restor&loes have difficulty generating enough secondary particles to

conservation of total momentum. A common momentum refit the experimental data if the value efis taken to be too
scaling is finally used to restore conservation of the totafMall. Given the fitting to the data as being acceptable, the
energy alsd6). above_value ofr will be used for the more complicated
(5) With the newly scattered hadrons and the newly cre-2nalysis of the RHIC systems that follows. _
ated secondaries, stép) and stef(2) are repeated foranew [N Fig. 2 we have used the above phenomenological for-
round of internuclear cascades. All of the newly producednulation to calculate the transverse eneddy;/d» depen-
pions are allowed to scatter with other existing hadrons, exdence for G-Ag and StAg collisions at 200 Ge\d using
cept with their seeding parents and the newly created pion&'€ minimum bias criterion of the WA80 experiment. In the
themselves to avoid potential double counting in using onforward region, the agreement between theA§ data and
shell cross sections. the Monte Carlo simulation is acceptable. In the backward
A strong incentive for the need for an accumulated refegion the Monte Carlo results are roughly 15% too high.
sponse can be appreciated through the existence of a “loogiven the qualitative nature of our present phenomenological
of ordering” of the collisions. In our calculation of st¢fy), ~ Parametrization, we shall not pursue further improvement
we have identified the “instant of collision” of a particle between our Monte Carlo simulations and the experimental
X with all other hadrong=1, ... N in the rest frame of
X. This definition sometimes runs into a logical loop when 40—
many particles are present. For example, after finding a par- r
ticle Y being the next candidate to collide wi) we shift to
the rest frame o and may find a particl&, different from
X, being the next candidate to encountér This chain of
ordering will complete a cycle, when a partidleis identi-
fied which takes particlX as its next candidate for collision.
Our situation is a reflection of the infinite precision of the
classical definition of the “instant of collision” and the lack
of covariance of “rigid body” dynamics. The introduction of i
the accumulated time windowlumps all the colliding part- 10—
ners into a single window, and the resultant dynamical evo- I
lution is not very sensitive to the details of the definition of I
the “instant of collision.” ol b v o L L

n(lab)

dn/dy(lab)

P I I

L

30 —

20 —

dEy /dn(lab)

e by ey by by

3To avoid an excessive CPU time occurring near the threshold and  FIG. 2. Transverse energyE, /d7 (lab) as a function of labo-
low momentum transfer, a cutoff of 2.15 GeV in the invariant massratory rapidity 7,,,. Upper curve: S+ Ag. Lower curve: O+ Ag.
and —0.4 GeVEt for the four-momentum transfer are set for any The minimum bias criterion is the same as those used in the WA80
binary collision. data to be compared. Data for S + Ag from Ref.[26)].
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TABLE I. Peak and position of G- Ag and S+ Ag collisions  rescattering included our model would underestimate the

obtained from WA80 and Monte Carlo simulations tir/d7 at  average number of secondary particles produceplArand

200 GeVt in the central, intermediate, and peripheral regions. AR collisions. With a nonzere, the secondary pions being

produced display substantial clustering and are more abun-

Region Peak Position Peak Position dantly produced. A better agreement with the experimental
WAB80 O+Ag MC O+Ag data can be obtained. Thus, in our present model, it is nec-
essary for the response timeto be nonzero.
CEN 49.8 244 45.2 2.83 In the NN c.m. system, the average spacing between the
MID 30.0 2.57 27.8 2.64  constituent hadrons is of the order 0.05 fm for the laboratory
PER 111 2.71 14.3 2.64  momentum of 200 GeW/ 7=0.1 fmk allows two to three

constituent hadrons to compound their energy losses into a

WAS80 S+Ag MC S+Ag . .. .
central cluster before the pion emission begins. On the other
CEN 81.9 2.67 82.2 2.67 hand, a typical cluster may contain a large number of sec-
MID 55.0 2.78 53.2 2.67 ondary pions produced at an earlier time. In a typipa
PER 15.0 2.94 21.9 2.67 collision with a largeA, the dependence on the valuefofn

the projectile region is small. On the other hand, the rescat-
tering effect is very strong in the target region and the

data until further studies. Table | shows a comparison of thélépendence is obvious. Our crude Monte Carlo model con-
peak values and the locations 6E;/d7 with the O+Ag S|s.tently quds to a som.ewhat higher valueEgt Further
and S+Ag data of WA80 at 200 GeV using various criteria refinement is clearly desirable. _
introduced by WABO to label the center, middle, and periph- Theoretically the value of is not easy to estimate, as the
eral collisions. The discrepancy is alsol5%. system under consideration is a unstable QCD system.
In Fig. 3, we have calculatediSN collisions at 200 GeV/ Parton-parton interactions or string-string interactions should
c. Since the system is larger and the Monte Carlo calculatio® considered. At the hadronic level, we have tried to take
demands a longer CPU time, it is not easy to obtain statistil"t0 account rescatterlng'effects by ignoring the off-shell na-
cal information for the very rapid decreasing exponential tailtur® of the secondary pions and treating them as on-shell
of the highE, region. Again in the forward region we ob- pa_rtlcles_[17]. The secondary part_lcle_s are_crea_lted near the
served better agreement between the Monte Carlo simulatigPint of interaction along the longitudinal direction between

and the experimental data. For the backward region and thi'e center of collision and the scattered hadron within the
full region, our Monte Carlo simulation is too high by vicinity of the compound cluster. The detailed dynamics of

roughly a factor of 2. Further tuning of the parametrizationth® rearrangement of the compound cluster is therefore hid-
no doubt can improve the agreement. We shall leave it as §€n in @ black box and never addressed. Conservation of
task for the future. energy momentum is imposed at each intermediate step of

The AIC model we present here is a generalization otthe cluster cascade. in our simulation. IF should also be
earlier models where the scattering between hadrons is colfiéWed as an approximation of the underlying dynamics also
fined to geometrically determined tubjss, 16, Inside these [6]_. This is opposite to thg pther I|m|t|ng scenario in which
encountering tubes all colliding hadrons possess cross seglfings are treated as “collision free” entities before convert-
tions which depend on their impact parameters and ar#d Into pions. _ o
smaller than the corresponding on-shell value at the same Part of the merit of our model is the simplicity of the

energy. If ourr value were taken to be zer@ven with formulation. A detailed fine-tuning of the input parameters
has not been performed for the more complicated heavy-ion

systems. Considerable flexibility of our model still exists for
a more realistic parametrization in the future. For example,
. ] more detailed considerations such as charge exchange inter-
ol LAY e N action, factorization inw# cross sections, transverse mo-
g E mentump; and impact parametdr dependence, production
of the k mesons, and leading particle effects may also be
incorporated. These and other fine-tuning should further im-
prove the agreement between our model and the experimen-
tal data of the heavy-ion collision systems. The specific
i ] forms of the dependence of the rapidity and transverse mo-
107 £ Beckward ) — mentum as in Eqgs(4)—(9) are adopted for their conve-
A ] niences in numerical simulation. Since there are no intrinsic
10-3 0-"1'(16' 20'0 -3'0'(-)- e '1'(;6' '2'&6' 's'(lc'f : Ioml'cl(')' 'zjolff e advantages in these forms, other reasonable parametrizations
are clearly acceptable. None of these changes, however, will
E (GeV) alter the rationale of our kinematic and dynamical treatments
of the Monte Carlo simulation for the heavy-ion collision
FIG. 3. Transverse energyE/d 7, as a function of laboratory ~ Processes under consideration.
rapidity 77,,,. The minimum bias criterion is the same as those used In a real sense, the goal of our research is not to create an
in the HELIOS data to be compared with data ¢, andJ from ambitious model to explain all essential features of hadron-
Ref. [27]. and nucleus-induced processes at relativistic energies, such
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the LUND and DPM models being developed over decadesne unit of rapidity{ 20]. In our representation, such correla-
[4]. In order to demonstrate the central thesis of our aptions have been diluted to an overall global domain at the
proach, it is, nevertheless, necessary for us to use a comprigdividual stage of interaction. For heavy-ion collisions, cor-
hensive set of parametrizations for our Monte Carlo inputdelations between various produced hadrons also exist as a
and a reasonable representation of the system evolution EPnsequence of multilevels of internuclear cascade. Powerful
order to explore the kinematic and dynamics considerationBhenomenological formations such as a wavelet analysis
of the interacting entities. Such considerations have forced uday lead to various correlation integrals for further illustra-
to be more critical in constructing our Monte Carlo simula- ion of the strong interaction dynamics illustrated by our
tion than most other statistical models. It also provided udvionte Carlo model as we[221].

with a quantitative tool to entangle the difficult issue of “or- hle'"enl\t/l extenf5|2/he el\l;lfortts eglslt on S|mutlat|0rt1)s_of EHICI
dering” multiple scatterings in a four-dimensional geometryp ysics. Many of the hvionte L-ario generators beng devel-

of space-time. Since our Monte Carlo algorithm translates gped can describe the available dapep(pA, andAA) very

rather intuitive physical picture to its associated com ute?NeII from low up to very high energies. It is therefore inter-
pny P P .esting to compare our AIC Monte Carlo generator explicitly

simulation, it allows us to reevaluate the response of a tYPiyith current generators. First the AIC generator is a
cal localized system and introduce the concept of the accysoqronic-based generato'r which is similar to AR2], and
mulation of impacts and clustering. Thus the frequently citedg iherefore quite different from models that are QCD based
issue of clustering in RHIC’s can also be interpreted accordg,ch as FRITIOF4], DPM [5], PCM[17], RQMD [23], and
ingly [14]. _ , _ HIJING [24]. Second, the AIC generator is partially similar
The space-time evolution of the many-body dynamics;g H13ING in the use of the eikonal and stopping power
presented in this paper is essentially a classicall8¢19.  ¢ormylations. But in the AIC generator, a collision is im-
Quantum mechanical effects such as path interference are N9l teq on a whole hadron. Third, the AIC generator takes
incorporated. In this study, it is our intention to push theinis account rescattering among the produced and scattered
partonic localization concept to its limit so that better focuspaqrons with no color degrees of freedom in(%+1)-
can be achieved on various techniques of numerical simulggimensjonal space. No color rope and resonance excitations
tion in regions of densely populated hadronic matter. If the,e included. Fourth, the AIC generator considers a “relax-
classical kernel of hadronic interaction is replaced by QCDytion time” for the formation of initial clusters. This possi-
parton or strings, questions of the time ordering of succesjjity s not considered in most Monte Carlo generators. A
sive binary collisions discussed here remain an issue. OWgnarate consideration for the formation time of the second-
assumptions on cluster formation and response may also Bgily hroduced pions is given in the vicinity of the AIC clus-
considered as an alternatlve phe_:nomenologlcal_ approach t8rs. While RQMD and ARC are built for physics between
the quark-gluon dynamics not being addressed in this studyzgs and SPS energies, HIJING and PCM for higher ener-

The Monte Carlo simulations presented here could thereforgijas than that of SPS, the AIC generator has been selectively
be considered as one of the many complementary analyses Pplied for both low and high energy regions.
other models based on string dynamics.

In our phenomenological construction of the event gen- J.Y.Z. is supported by the U.S. Department of Energy
erator, several important features of high energy processamder Contract No. DE-FG05-87ER40461 with the Univer-
have been ignored. One of the factors is local correlations odity of Tennessee. We would like to thank Dr. S. Sorensen,
different kinds. Existing data indicate that the momentumDr. C. Y. Wong, Dr. W. Q. Chao, Dr. Xiao C. He, and Dr. L.
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