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Importance of dynamical effects for the formation of fragments of 10.AGeV gold nuclei
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The correlations between the charges emitted in the collision o AIGEV Au nuclei on emulsion targets
are analyzed by a multistep model as followis: Glauber scattering at the first stage of the interact{on;
dynamical evolution of highly excited fragments; afiid) statistical decay of the excited residues. The com-
bined model with soft equation of state parameters describes well such correlations, without any adjustments.
A comparison between our results and the ones previously obtained by a cascade model indicates that dynam-
ics play a very important role in determining correctly both the excitation energies and source sizes of
fragments before final breakup.
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[. INTRODUCTION nucleon and heavy-ion induced nuclear reactions. However,
the previous analysis has been concentrated on the inclusive
The breakup of heavy nuclei into several pieces, i.e.particle spectra, and a fine selection of the final reaction
nuclear multifragmentatioMF), is one of the central inter- products was not performed. It is, therefore, the purpose of
ests in reaction physics because the observation of MF is #is work to carry out an analysis of heavy-ion induced re-
good tool to study the dynamics and statistics of violentactions for the production of the specific final states, i.e.,
heavy-ion collisions[1-7]. The theoretical description of fragments, with the same formula and the same set of param-
nuclear MF has traditionally been thought to be a two-stepeters as the previous work to investigate further the validity
process consisting of the formation of the excited residuabf the DQMD approach.
nuclei through a gquasielastic collision followed by a breakup In order to study the fragment production we have to
of the excited residues. Many theoretical investigations, insupplement the DQMD model with a statistical decay code.
cluding cascade models3,9], new types of microscopic Among the statistical mode[d7-19, we adopt the version
simulation theories such as Boltzmann-Uhling-Uhlenbeckof Ref.[17].
(BUU) [10], quantum molecular dynami¢®MD) [11], and In this work, we analyze the data of the collision of
relativistic QMD [12], can be used to describe the first fast 10.7A GeV gold nuclei on emulsion taken by the EMU-01
stage of the interactions. However, most of these models ar€ollaboratior{20]. The experimentally observed correlations
inapplicable at high energy=10.7A GeV). The cascade between charged particles are represented as a function of
model, as shown in Ref13], considerably overestimates the Z,3, which is the sum of the charges of fragments with
breakup of Gold nuclei interactions with emulsion nuclei atchargeZ= 3. This quantity depends on the size and also on
10.7A GeV. The relativistic QMD model, which is a straight- the excitation energy of the decaying projectile spectator sys-
forward extension of QMD to high energy, was formulatedtem and is expected to decrease with the centrality of the
in a very sophisticated way from the theoretical point ofcollision event. It was found6,7,20 that several distinct
view, but its practical application to heavy-ion collisions is charge correlations, such as the average maximum charge,
very complicated because of too much computing time.  (Z,,., the intermediate mass fragmefiF) multiplicity,
Recently, we have developed a framework of Glaubel(3=<Z=<30), the asymmetry of the largest to second largest
plus QMD model(in short, DQMD model that can be ap- charge, A;,), the asymmetry of the second to third largest
plied at high energy. The DQMD model suggests that thecharge, A,s), plotted as a function oZ,; are almost inde-
reaction process could be divided into two parts, the direchendent of the chosen target and the measured technigues.
reaction and dynamical formation of highly-excited frag- This offers the possibility of inspecting puté’Au fragmen-
ments. The direct reaction process is treated using the clagation at 10.A GeV and hence cause interest in theoretical
sical Glauber approadi4]. The dynamical aspect of colli- studies.
sions is followed by utilizing the QMD modégll5]. These An analysis involving the same ingredients was made in
two processes are assumed to be well separated in their tinRef. [20] using a cascadf21] plus statistical decaySD)
scale with energies well above sevefaGeV. It was shown model [17]. The basic difference between this combined
[16] that this framework could reproduce the measuredmodel and the present approach is that the dynamical evolu-
nucleon invariant and double differential cross sections ation of fragments after the first fast stage of the interaction is
=3A GeV. The success obtained in the previous studies hasbsent in the former model. Thus the comparison between
shown the ability of the DQMD approach for the study of thethe two models will allow us to disentangle the role of dy-
namics in MF.
This paper is organized as follows. In Sec. I, we define
*Present address: Umm Al-Qura University, Faculty of Applied the basic ingredients of DQMD plus SD model, and discuss
Science, Physics Department, P.O. Box 6924, Makkah, Saudi Arahow these two are combined. In Sec. Ill, we compare the
bia. Electronic address: KHELWAGD@FRCU.EUN.EG various fragment correlations calculated by this combined
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model with the experimental data 6’Au fragmentation on  Wherey(fy,...,Fa) is the total wave function of the nucleus
emulsion nuclei at 10AGeV. Concluding remarks and a A

summary are given in Sec. IV. In the Glauber’s approach, the cross section of inelastic
interaction of nucleu#\ on nucleusB is given by the expres-
Il. DESCRIPTION OF DQMD PLUS SD MODEL sion,

. . .. . A B
In this section, the original QMD model of Rdf15] is ) L
supplemented with a Glauber's scattering recipe. The oas= | d°b 1_i1:[l kll (1=p(b=$§+7))

Glauber approach is used to determine the primary interact-

ing or “wounded” nucleons and the location of these nucle- A . . B

ons. Glauber scattering amplitudes and cross sections are cal- x| ¢A(F1,---.FA)|2H d3r| ¢B(t1,---,ts)|2H d;,
culated using wave functions which are applied by the QMD =1 =1
model. The dynamical aspects of collisions of the wounded (5)

and spectator nucleons of the target nucleus are treated by
utilizing the QMD model. Aiming to establish a simple stan- Where
dard model, we have chosen the standard type of QMD

model. For the SD process, we choose the one adopted by p(b)=y(b)+y*(b)— ¥(b) y*(b).
several paper§20,22,23 when studying the fragmentation S ] ] .
of 197Au at different energies=600A MeV). In Eq. (5), b is the impact parameter angdis the ampli-

Initially, each nucleor{denoted by a subscripyis repre-  tude of elastic nucleon-nucle@NN) scattering in the impact

sented by a Gaussian wave packet of constant widfg ~ Parameter representations;, j=1,2,... A and 7k
fm?): =1,2,... B are projections of the coordinates of nucleons

of nucleusA andB on impact parameter plane, respectively.
Equation(5) can be rewritten in a form where each of the
. (D terms would be interpreted as a probability of some process

1 1 - i -
()= Wmexl{ —ar fi—R)?+ ;i_(ri'Pi)

- - A B P
whereR; and P; correspond to the centers of a wave packet o — | g2 2 H p(b—§+7))
in the coordinate and momentum spaces, respectively. The AB =

total wave function is assumed to be a direct product of these

wave functions. The ground state of the nucleus is generated A B
by packingR; andP; randomly in a sphere of raditR The [T IT (1-p(b—5+7))
frictional cooling method 24] is applied to find the ground k=11=1
state configurations, which allows to reproduce very well the A B L L.
experimental values of the ground state binding energies and + l p(b—si+ 7 p(b—§;+7)
root mean square radii of the nuclei. 2i=1j-1k=1 1-p(b—§+7) 1—p(b—5+7)
The Wigner transform of the wave function of nucleis ') J
has the form A B
A <IT I1 (1-p(b=§+7p)+++
=1 m=1
F(F1,Fo0e. Fa B, B2, .. Ba) = 2 (.5,
i=1 A B
1 1 ) oL i @) X|1//A(F1a---vFA)|2i:1_[1 dsri|l/fB(t1y---,tB)|2i1:[1 d3t; .
f(r_)uﬁl) (Wﬁ)SeXF{_Z(FI_RI)Z_F(p)i_Pi)Z . (6)
Integrating over all momentum space yields the singleHere the first term in braces is interpreted as a probability
particle density, that the only one inelastic collision betweith nucleon from
3 nucleusA and jth nucleon from nucleuB takes place when
(F'):J dp; £(F..5) all nucleons coordinates and impact parameter are fixed. The
Pl (2mh)? ! P second term describes a probability of inelastic collision of
the kth nucleon from nucleuB with ith andjth nucleons in
_ 1 exr{ _ i(r*-—ﬁ-)z} 3) A nucleus, etc. The nucleons involved in these collisions are
(2mL)%? 2L VY identified as “wounded,” all others are “spectators.”

. . . . , The interpretation is true, if the functign(b) is positive
The single-particle density can be used in Glauber's theoryic is satisfied at high energy. In this case, K¢ elastic
to calculate the density of the nucleus: scattering amplitude is parametrized as
1-ia

A
Fiiforn Fa)= F)=|ga(Fr,... 002 (4 o) = glot =% o—b?2B’
pa(fy,fo A) i:I—IlP( D) =|¥a(F1 8] 4 y(b)=oxN yprrl . (7
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Here o“’t is total cross section dfIN interaction,« is ratio In principle, the distributions of Eqg8) and (9) can be

of real part to imaginary part of elastic scattering amplitudeobtained using different methods. For example, one can de-
at zero momentum transfer, aBd is the slope parameter of duce them fronNN-interaction data. The Monte Carlo gen-
differential cross section of elastitNN scattering. At erators of artificial eventge.g., FRITIOF [25], relativistic
10.7A GeV, these values are taken [@0] ofoh=40mb, «  QMD [12],..) can also be applied. In this paper we restrict

=0.0, andB=12.84 (GeVt)>. ourselves to the simplest parametrization.
According to Ref.[14], the determination of wounded The spectator nucleons are assumed to have the same co-
nucleons is carried out through the following steps: ordinates and momenta as the cooled nucleus.
(1)Samp||ng of |mpact parameter accord|ng to Glauber After the first fast Stage of the interaction, the time evo-
approach; lution of the spectator and wounded nucleons of the target
(2)SampI|ng of the nucleon coordinates according tonucleus is assumed to proceed in a relatively low energy
[ a(F1,....Fa)|? and|yg(F1,....F)|? regime where nonrelativistic mean field can be applied. The

(3)Sampling of the elementary interactions: thtéh  time evolution is described by Newtonian equations and the

nucleon of the nucleus can interact withjth nucleon of ~ Stochastic two-body collision terms. The Newtonian equa-
nucleusB with probability D(B—§i +7). tions are derived on the basis of the time dependent variation

It is obvious that the primary interacting wounded nucle-prlnCIpIe as
ons accept momentum and can be escaped from the nucleus. drR  9H dP. JH
To take this into account, we ascribe to each wounded d_tjzﬁ?’ d_tJ:_&?’ (10
nucleon a transverse momentum distributed according to the i i
law where the Hamiltoniamd consists of the single particle en-

ergy including mass term and energy of the two-body inter-

o o [ Nw action. As for the effective interaction, we adopt the Skyrme-

dpP'~]1 e‘(pu’<pi>5(2 pi’l)dpi’L, (8  type, Coulomb, and momentum dependent Pauli terms. By
=1 =1 using the Gaussian function of nucled@3 we obtain

Ny

where N,, is the number of wounded nucleons afwf)

A A
—500 (MeV[c)2. H=2> Jm’+p?+ 2%02 > Pik

The additional longitudinal momentum distribution is !

chosen as A A A
B ) e
§ +———=> | X P +2—2 > E&dbi
w =1 Poi=1 i;l
1

Ny
—(p! —d)2/(p? ’ ’
NI];[:L e (pj.—d) KPQ;S(; piL)dpiL’ (9)

G A A
+ 8_LZ21 kzl ( i) Pik

whered=700 (MeV/c) and(p?)=500 (MeV/c)?. The mo- T e
mentum components of Eqie) apd (g)) are added to the 1 p2 A A 5
primary nucleon momentumP{— P;+ P/). The R space of + _VP_ZE 2 -
each wounded nucleon of the target nucleus is then modified 2 %16 mL* S 1];1 eUAQ)_q 1TSS
by R— R, + (P, /E;) 7, whereE; is its energyris defined as A A
the time necessary for the wounded nucleon to interact with 1 S 1 ‘ Fij 11
other spectator nucleon. This is a free parameter of the model e = Eer 2JL)’ 1D
and fixed(at 7=1 fm/c) from the requirement of best de- J#i
scription of the available experimental data for proton-
nucleus collisions at energy of 3.7 G¢¥6]. where

fik=Ri— Ry,

_ | +1for protons,
i~ ] —1 for neutrons,

the phase-space distan@@ = (R, —R;)>+4L%/h2(P;—P))?,
—1/4L(|ii—|ik)2_

1
and the “interaction density”ﬁik=—372(477|_) €
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FIG. 1. Evolution of the Au fragmentation at 1&GeV on FIG. 2. Evolution of the'®Au fragmentation on emulsion at

emulsion as calculated by the DQMD mod_(ea) Display; thetime  10.7AGeV as calculated by the DQMD plus SD modéd) The
e_voluuon of the average den_sﬂ{/b) The time evolution of the  gependence of the heaviest fragme(ilts,,) and the single charged
single charged fragments emitted at the fast stage of the interagragmentgz= 1) on the switching time,. (b) The same a&a), but
tions. for the light-charged fragments €7<4) and IMF's (3<Z
<30)).

The summation runs over all spectator and wounded
nucleons of the target nucleus and erf denotes the error funghan 3 fm. The excitation energy of the hot prefragments is
tion. The values of the potential parameters appearing in Eqaculated as a difference between the binding energy of the
(11) are chosen to ber=—356 MeV, g=306.1MeV, Y hot prefragments and the binding energies of these prefrag-
= 1.9, which correspond to the soft equation of si&®9 The ensemble of prefragments is characterized by excita-
with compjgessmmty K=200MeV, saturation atp=po tjon energyE*, nucleomA, and protorZ numbers. The decay
=0.168fm ~, and a binding energy of 16 MeV per nucleon ot ihe residual nuclei is described by the SD mddél. The
for infinite nuclear matter. We use another parameter set D model assumes that a hot nucleus expands to a freeze-out
the Stkyrme-tyfe_ffzrzeesgolvtlj e\jcrﬁjs 4thzi r':/larsl/ E_OZS ' T:.ers]e Polume, where it splits into primary hot prefragments and
rameters arex = 69 MeVa=r4. EV.y=2, whic nucleons in thermal equilibrium. Obviously, the volume is a
correspond to compressibiliti =380 MeV. It should be free parameter of the model. The volume is genergdly]

noted here that the ground state binding energies and rootefined ad/p= (1+K)Vo, k—2—3, andV, is the volume of

mean square radii of the nuclei in ground state are quite weﬁ I tem in th q As in R8T th
reproduced by the potential with the specified parameters. nucleons system in the ground state. As in R8], the

These values are taken from REZ4]. value ofk=2 is used. The breakup channels are constrained

The sampling of particle interactions of the wounded and®Y the total mass, charge, and energy of the system. All
spectator nucleons of the target nucleus is made at each tinRséfragmentsand nucleonsare considered as Boltzmann
step. Any two nucleons become candidates for scattering fparticles while Fermi gas approximation is used for their
their spatial distance;; is less than the interaction distance internal excitation. The probabilities of different breakup
dic. If there are such nucleons, the new momenta are deteghannels are calculated micronically, according to their sta-
mined assuming isotropic scattering. The collision is allowedistical weights. After primary breakup excited prefragments
if the new states are not already occupied by like nucleongpropagate independently under mutual Coulomb field and
Otherwise, the collision is blocked and the two nucleonsundergo secondary decay described by evaporation, Fermi
continue their movement in the effective potential. For thebreakup, or fission, depending on their mass and excitation
sake of numerical feasibility, th&IN cross section is as- energy. The simulation of the whole process is performed by
sumed to be constantr{y=40 mb). the Monte Carlo method.

It should be mentioned that the procedure described above The separation of the DQMD and SD calculations intro-
can equally be applied for the projectile nucleus in its resduces an ambiguity because the switching timg, is an
frame. arbitrary parameter. To resolve this ambiguity, we have car-

The DQMD calculation is carried out up to a time scale,ried out the DQMD calculations withoufig. 1) and with
which is referred to as the switching tintg, The position of  (Fig. 2 SD model by changing the value tf, and investi-
each nucleon is then used to calculate the distribution ofjated how the results would vary as a functiortof In the
mass and charge numbdrefereed to as “prefragment$.’  simulation, a soft EOS for 1000 events is employed. Figures
In determining the mass and charge numbers of the prefrag- and 2 display the results for Au fragmentation on emulsion
ments, the minimum spanning tree mettiad] is employed, at 10.A GeV. The first row of Fig. 1 shows the density
a prefragment is formed if the centroid distances are loweaveraged over the centroid of all nucleons:
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whereR; being the centroid position of the nucle¢n One af 1

finds that the average density attains an asymptotic value at
ts~50fm/c. The second row of Fig. 1 shows the time evo-
lution of the emitted singly charged particles after the first
fast stage of the interaction. As one can see, we have stable
singly charged emission &= 90.

However, this does not necessarily mean that these values
are also appropriate to obtain stable values for more exclu-
sive observables as the fragment production. Therefore, we
have carried out calculations by changing the valugof
and investigated how various fragment production would
vary as a function of this parameter. The result is shown in
Fig. 2 for the production of single charged fragments,
(Nz-1), light charged fragment,N,~,<4), {(Nue), and
(Zmay- This is a result of the DQMD plus SD calculation.
One notices that the heaviest fragments are formed rather
early. This gives an indication that the heaviest fragment is
formed from the spectator matter and not by coalescence, a
conclusion that is supported by the analysis of IR26]. The
single charged fragments, light charged fragments, and
IMF’s, however, need a longer tim@bout 95 fm¢) until it
can be stable. Thus, in what follows, we will define the
switching time in a unique way at=100 fm/c. L3

FIG. 3. Average multiplicity of single charged fragments
(Nz=1) (), the heaviest fragmentéZ,,,» (b), and the IMF's

We have performed a calculation of fragmentation of Au{Nmr) (¢) as a function o3, as obtained from the DQMD plus
projectiles after collisions with emulsion nuclgimulsion is ~ SD calculations with softsolid histogramsand hard(dashed his-
the composition of the following nuclei: (3.76%, togram$ EOS in comparison to the experimefdlosed circles
C(17.80%, O(4.70%, N(13.60%, Br(13.10%, and from Ref.[13].

Ag(13.10%] at a bombarding energy of 1&GeV. The

results of DQMD plus SD model are presented in Figs. 3 andor this discrepancy may be due to the fact that the single-
4 with soft (solid histogramsand hard(short dashed histo- charged fragments selected by conventional emulsion tech-
grams EOS parameters. Calculations with event number ohiques are distorted by multiparticle production at the first
10000 for each EOS have been performed. The impact pdast stage of the interaction. There is no significant difference
rameter has been calculated according to Glauber approxibetween soft and hard EOS predictions in the whole range of
mation [14]. The comparisons shown in Figs. 3 and 4 areZ,;.

based on the data reported in REZ0]. There, the data are In Fig. 3(b) the average charge distribution of the heaviest
analyzed in terms of two quantitieZ,, and Z,3, which  fragment in an event as a function &@f is presented. As
differ by the sum of fragments witd=2. It is experimen- can be seen, the DQMD plus SD calculations with the soft
tally verified that the use of; instead ofZ,, makes pos- EOS remarkably reflect the characteristics of the heaviest
sible the discriminations between the mechanisms at higfragment in an event. The average charge of the heaviest
(10.7AGeV) and intermediate (600MeV [7] and fragments forZ,;>16 obtained using the combined model
1000A MeV [6]) energies. Thus we are going to study thecalculations with the hard EOS is smaller than that of the soft
fragment correlations as a function 5. ones.

Figure 3a) shows the dependence of the single-charged Figure 3c) gives the average values of IMF as a function
multiplicity, (N,_1), onZ,3 together with the predictions of of Z,3. One learns from this figure that the average multi-
the DQMD plus SD model for soft and hard EOS. The singleplicity of the IMF increases first with the decrease &y,
charged fragments are calculated from the deexcitation of th@.e., with the decrease of impact paramgtand then starts
hot prefragments. As one can see, the combined modéb decrease after reaching a maximunZgg= 25— 35. It can
slightly underestimates the single-charged fragments as a@so be seen from the figure that the hard EOS leads to IMF
function of Z,5. As was pointed out in Ref20], the reason multiplicity values ~40% larger than the soft EOS in the

Ill. DATA VERSUS DQMD PLUS SD PREDICTIONS
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"3 N FIG. 5. The excitation energy per nucle&t as a function of
<\§ 0.4 r the prefragment chargg in the interactions of Au on emulsion at
L 10.7A GeV. The dotted line represents the DQMD calculations with
0.2 F the hard EOS, whereas the solid line represents the calculations
L with the soft EOS. Open circles display the parametrization of Ref.
L [13].
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L3 and Au(10.A GeV) fragmentation residues are close to each
FIG. 4. Same as Fig. 3, but for the first asymméity,) (@) and other in this particular region. This indicates that for very
the second as mmet@% >’ (b) as a function gtz X central collisions, the remaining 20% of the residual nuclei
y 23 b3 that survived from different interactions will fragmefet a
range 25<Z,3;<<30. Note that this leads to breaking the give_n Qxcitation energyin a manner independent of .bOth the
heavy fragments into a large number of IMF’s in peripheralexft'taﬂonIgnbergy _ar;ddthe tn;]ass ?#r?b_erlgf tge prtOJeCt'l?'
collisions[for Z,3>25, see Fig. @)]. This may imply that should be pointed out here hat, in £20], a type o
the model nuclei for the soft EOS seem to be much moré:ascade models is used to analyze the correlations presented
fragile than the ones for hard EOS in this work. This model is very similar to ours in the very
In Fig. 4, we compare the averaée asymmetry paramete@St and last stages of the interactions, where in the former
used to characterize the three heaviest fragments in the eveﬁffﬁge of the interaction they treated the prlmgry_mteractlng
The first asymmetry of fragmenss,, and the second asym- nucleons by the same Glauber approach, while in the latter

: . stage the decay of the excited residues is treated using the
metry Ags are defined, respectively, as sarge SD mode)I/. It is shown that the excitation energy ofgthe
Zinox—Zo resulting source sizes could not properly be defined from the
1257 cascade simulations. A similar conclusion is also drawn in
max =2 Refs.[28,29, when they studied the fragmentation ‘§fAu
and at 600A MeV. A correction of the excitation energy calcula-
tions has to be taken into account. In R&0], the excitation
Zy—2Z4 energy is adjusted so as to reproduce the average values of
23222T23' IMF multiplicities. In Fig. 5, the open circles represent their

parametrization. The source sizes and excitation energies ex-

where Z, and Z; are the charges of the second and thirdtracted using the DQMD model are also displayed for soft
heaviest fragment, respectively. This figure shows clearlysolid line) and harddotted ling EOS. As one can see, their
that the two asymmetry parameters decrease smoothly witharametrization is compatible with the DQMD calculations
the decrease oF,;, and can be reproduced beautifully for the hard EOS. It is found that the data are, by far, not so
(within the error barsby the combined model with the soft well described in Ref[20] as they are in the present work,
EOS. even for the hard EOS parameters. This may imply that the

From Figs. 3 and 4, it is clear that the aforementioneddynamicd propagation of nucleons through the mean field of
quantities, especiallyNe), (A1), and(A,z) as a function EQq.(11) andNN stochastic scatterirjgolay a very important
of Z,5, are sensitive to different EOS at peripheral collisionsrole in determining both the correct excitation energies and
(with the increase oF,; values. This difference is encour- fragment sizes.
aging as it can give a clue about the EOS in nuclear matter.
On the other hand, the dependencieg Nfyr), (A1), and
(A3 on Zy; for soft and hard EOS are practically in coin-
cidence atZ,;<16; although the excitation energy differ- In this work, we have studied the fragmentation'8fAu
ence between the calculation results with the two differentit 10.A GeV. The fragment correlations as a functiorzg
states in this region is maximuisee Fig. 5. It is also re- are compared by a multistep model. The combined model
ported, in Ref[27], that the data points for Kr(9@0MeV) suggests that the reaction processes proceed through three

IV. SUMMARY AND CONCLUSIONS
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stages, i.e., the direct reaction, the dynamic, and the statistiisions.

cal decay. In the direct reaction, the distribution of nucleons (iv) Collision events withiZ,;~ 30 and excitation energies
knocked out by hard collisions are calculated according taf 5.5A MeV and 6.2\ MeV for soft and hard EOS, respec-
classical Glauber approach. The dynamics, which is govtively, give rise to most of the IMF’s produced.

erned by the propagation of nucleons through the mean field (v) The Glauber plus QMD model is a useful approach for
and stochastic two body collisions, are treated using standakfle high energy £3A GeV) heavy-ion reactions and gains
QMD model. The highly excited fragments, that are formeda adyantage over the cascade model and the like that need a
(at 100 fmé£) at the end of this stage, allowed to disassemblg; ¢ adjustable parameters.

via a statistical decay code. From such comparison the fol- Thus the study of the DQMD model showed that this is a

lowing conclusions can be drawn: - s . . .
. ) . . promising direction to generalize the QMD simulations to
(i) The combined model with the soft EOS yields a betterhigh energy. The systematic calculation of the DQMD

description of the'®’/Au fragmentation at 10X GeV, than . . o
model, however, is now in a beginning stage. For example,

that with the hard EOS. A : ;
(i) The difference between soft and hard EOS is sizabl e need to take care of multiparticle production at the first
ast stage of the interactions. At high energy

at peripheral collisionglargeZ,,5 values. This suggests that ,

the fragmentation study in this region plays an important rold = 10-7A GeV) a large number of pions should be produced

in determining the nuclear EOS. in primary NN interactions, and their evolution inside the
(i) The excitation energy levels off foZ,;<16 at system may influence the distribution of excitation energy in

~6A MeV, suggesting limiting fragmentation in central col- its interior. The study in this direction is in progress.
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