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Abstract. We study the importance of the partonic phase produced in relativistic 
heavy ion collision by comparing the parton cascade model and the hadronic cascade 
model. Hadron yield, baryon stopping and transverse momentum distribution are 
calculated with JAM and discussions are given comparing with VNI. Both of these 
models give good description of experimental data. We also discuss the strangeness 
production mechanism and the’ directed transverse flow. 

I 1:NTRODUCTION 

Hadronic transport models (also called hadronic cascade) have been used to 
investigate the many properties of hot and dense matter produced in heavy ion 
collisions. The models are extremely successful and can explain many observ- 
ables. Most hadronic cascade models such as RQMD [l], QGSM [a], UrQMD [3] 
and HSD [4] are based on string phenomenology which simulates soft interactions 
among hadrons. Partonic degrees of freedom are treated implicitly, although de- 
confinement is not included. For example, hadrons which have constituent quarks 
within a formation time can collide with additive quark cross sections. In this man- 
ner, the effect of quark-quark mteractions are also included in hadronic transport 
models. A detailed analysis of the partonic contribution in UrQMD can be found 
in Ref. [5]. 

Event generators based on perturbative QCD (pQCD) have been proposed such 
as HIJING [6] and VNI [7], in order to describe ultra-relativistic heavy ion collisions, 
especially, at collider energies (RHIC/LHC). VNI is a Monte Carlo implementation 
of parton cascade model (PCM) in which the time evolution of heavy ion collision 
is simulated by the parton cascading. Recently VNI has been applied to nuclear 
reactions at SPS energies [8] ;and it is found that parton picture well describes 
experimental data at SPS ener,gies. 
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The purpose of this work is ,to study the partonic contribution using VNI which 
is a transport model based on parton picture and hadrons from a string theory 
based model JAM [9]. 

II PARTON CASCADE V.S. HADRONIC CASCADE 

It is known that both the parton cascade model and the hadronic cascade model 
well describe the global structure of the heavy ion collisions at SPS. i.e. transverse 
energy production, rapidity and transverse distribution. Here we will explain briefly 
both the parton cascade model VNI and hadronic cascade model JAM. The Monte 
Carlo parton cascade model VNI [7] h as b een developed by Klaus Geiger for the 
purpose to explore the the spac:e-time evolution of partons in high energy collisions 
using pQCD. This model may be suitable to describe ultra-relativistic heavy ion 
collisions at collider energies, s,uch as BNL-RHIC and CERN-LHC, and it has met 
some successes in describing heavy ion collisions even at CERN-SPS energies [8]. 
The detailed description can be found in Ref. [7]. Actual simulation procedure 
of VNI is (1) Sampling partons according the experimentally measured nucleon 
structure functions. (2) Parton cascading based on pQCD including initial and 
final state radiations. (3) Hadronization according to parton-cluster formation. (4) 
Decay of parton cluster and beam cluster. 

The main features included :ih JAM are as follows. (1) At low energies, inelastic 
hadron-hadron collisions are modeled by the resonance productions based on the 
idea from RQMD and UrQMD. (2) Ab ove the resonance region, soft string excita- 
tion is implemented along the lines of the HIJING model [6]. (3) Multiple minijet 
production is also included in t Ihe same way as the HIJING model in which jet cross 
section and the number of jet is calculated using an eikonal formalism for pQCD 
and hard parton-parton scatterings with initial and final state radiation are simu- 
lated using PYTHIA [lo] program. Same parameters as HIJING are used in terms 
of soft and hard processes. (4) Rescattering of hadrons which have original con- 
stituent quarks can scatter again with other hadrons assuming the additive quark 
cross section within a formation time. (5) At around SPS energies, within our 
parameterization dominant interactions are soft string excitation. (6) rescattering 
among on-shell partons from hard scattering are not included. 

Figure 1 shows the examplle of the hadronic cascade results of the net pro- 
ton, charged particle and the transverse energy rapidity distribution from JAM 
in Pb+Pb collision at SPS energy. The experimental baryon stopping, the yield of 
produced particles and transverse energy production are well accounted for in JAM 
in nucleus-nucleus collisions al’ SPS energy. JAM predicts no baryon free region 
at midrapidity. A good description has also been obtained with VNI [8]. JAM re- 
sults are similar to RQMD and UrQMD calculations [15,3]. Both constituent quark 
scatterings [15,3] and diquark breaking [17,18] are important for the explanation 
of baryon stopping at SPS energies in hadronic cascade picture. 

In order to reproduce experirnental data of transverse energy production, rescat- 



rescattering. The rescattering effect is not visible in both net protons and produced 
negative charged particles in target rapidity region. Inclusion of rescattering among 
hadrons improve only the resul.ts at mid-rapidity region and the agreement is very 
good for both net protons and negative charged particles. 

III STRANGENESS PRODUCTION 

Strangeness enhancement in heavy ion collisions compared to pp collisions has 
been predicted as a signal of a QGP [16]. At the AGS energies, it has been found 
that rescattering can explain the strangeness enhancement (RQMD and ARC), 
while at SPS energies a different mechanism is necessary. 

Pb( 158AGeV) + Pb bc3.2 fm 
I * I ‘I ’ I “V I ‘I - 1 ’ I 

net A - JAM0.9 
-JAM (Only BB 

0 2 4 6 
rapidity y 

FIGURE 3. Rapidity distribution of net A calculated with JAM for Pb + Pb collision at 

158GeV/c. 

The sources of the strange quarks are ss creations from string fragmentation and 
rescattering among hadrons in JAM. While in the parton cascade model, strange 
quarks are produced from hard parton-parton collisions (in this work, we do not 
include soft parton-parton collision contributions and final state interaction among 
hadrons) and parton clusters a,s well as beam clusters. 

The simple string based models produce less strangeness than the experimental 
data at SPS energies. If we include final state interactions among hadrons plus 
collective effects such as string fusion [12,18], one can explain the experimental 
yield. 

In this section, we study time evolution of strange quark using VNI. In Fig 4, 
we show in the right panel the time evolution of the ratio of ss pairs to average 
light quark pairs durin the pa,rton cascade in the VNI Monte Carlo model at SPS 

Zrv(sL$ 
energies (R, = N(ua)+jv(&))’ VNI predicts that, the ratio of created strange quark 

pairs is around 10% in part0ni.c phase. This value is similar to the prediction by 
RQMD without rescattering [l]. 
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FIGURE 4. Time evolutions of produced partons from VNI for Pb + Pb collision at 158GeV/c. 

Solid line, long-dashed line, short-da!shed and dotted line correspond to gluons, d-quarks, u-quarks 

and s-quarks respectively. 

In fig 5, we show the time evolutions of produced partons at RHIC energy. It is 
seen that the yield of strange quark is much larger in comparison with SPS energy. 
However chemical equilibratiorl of parton system is not expected within the parton 
cascade model. 
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FIGURE 5. Time evolutions of produced partons from VNI for Au + Au collision at RHIC. 



IV DIRECTED TRANSVERSE FLOW AT SPS 

It has been argued that flow is sensitive to the equation of state (EoS) of strongly 
interacting matter. Recently ;a directed transverse flow at SPS energy has been 
found by the WA98 [14] co a uoration using the Plastic Ball detector. They have 11 t 
pointed out that the magnitude of the directed flow is two or three times smaller 
than RQMD [l] and VENUS /:17] model predictions. Hydrodynamical model cal- 
culations indicate that EoS which simulates QGP phase transition reduces the 
directed transverse flow [19] in compared with hadronic EoS case. 

JAM prediction as shown in Fig.6 gives similar results to RQMD calculation. 
The directed transverse flow which is defined by 

dir dPZ 
P, = 

Jl I dy 4/l, 

is plotted in Fig 7 as a function of time in JAM. The calculation which includes only 
baryon-baryon collisions shows no transverse flow in JAM. It is seen that within a 
hadronic transport model, the origin of the directed flow is hadronic rescattering. 

On the other hand, we have found that parton cascade model gives partonic ilow 
generated by parton-parton caiscading. Detailed investigation with VNI including 
hadronic rescattering is in progress. We expect that the time evolution of flow in 
the parton plus hadronic rescattering phase will be different than that of the pure 
hadron cascade code. 
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FIGURE 6. The transverse flow of nucleons 

(solid line) and pions (dotted line) fcl’r Pb + Pb 

collision at 158GeV/c with impact parameter 

8fm< b <lOfm. 
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FIGURE 7. Time evolution of the directed 

transverse flow in JAM (full line). Dash-dotted 

line corresponds to the result without hadronic 

reseat tering. 



V SUMMARY 

We have discussed the partonic contribution by comparing the predictions of both 
parton cascade model VNI ba!jed on pQCD parton picture and hadronic cascade 
model JAM based on the string picture. 

Both hadronic and partonic cascade model well describe particle spectra at SPS 
energies, however, hadronic ca,scade model JAM overpredicts the strength of the 
directed transverse flow. It ha;s been shown that in Ref. [20,21] within a hadronic 
transport model, flow depend:5 strongly on the mean filed which simulate phase 
transition at AGS energies. It is interesting to investigate the mean filed effects at 
SPS using BUU model. 

Concerning strangeness production, parton cascade model gives the similar R, 
value to that of RQMD2.3 [l] with rope formation (without rescattering). The 
result indicates that parton picture seems to explain strangeness abundance. In 
the next work, we will study t1l.e mechanism of baryon stopping and the transverse 
flow within the parton cascade model. 
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