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Proton distributions at midrapidi for 158A.GeV/c Pb + Pb 
CERN. A high degree of 

. Systematic results of single 
aons, and protons, of 200A.GeV/c 

addressed within the context of 
and transport models, freeze-out 
mean collective flow velocity ( p )  
of K-/Kf and p/p are discussed 

particle transverse momentum distributions 

thermalization. By com 
parameters such as th 
are extracted. Preli 

hese data with t 

1. INTROD 

heavy-ion collisions is to prepare nuclear 
hope to reach the new form of 

ying the decay of the system, we will gain 
nditions and shed light on the 

g to end, can be roughly divided into to three phases: 
each other and lose energy to produce secondary 

motion which is almost zero at the beginning. A 
(ii) Due to the large number of 
ical) equilibrium and collective 

ithin the framework of a thermal model, it is possible 

duce the trans 
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to describe an ensemble of such collisions with a sm 

cease. At this moment, particles become free-str 
precise boundaries between the three stages: ini 

to the finite interaction cross section amon 
from the outside toward the inside of the fi 

article distributions. In this 
t ,  we will first discuss the proton 

ssed. Then, the transverse mo- 
, and Pb+Pb collisions 

n freeze-out temperature 

rapidity distributions of the 158A. 
stopping in these truly heavy-ion c 
mentum distributions of pions, kaons, and pro 
are discussed. From this study, we will be able 
parameter Tf,. 

2. CERN EXPERIME 

The NA44 spectrometer i two-particle distributions of 
over a transverse momentum 

dentification and momentum reconstruction. scintillator hodoscopes are used for pa 

For AA collisions, cross section is ximately u~Tig/ugeom M lo%, while for 

ach high particle and energy densities. Nucleon 

collisions at a beam energy of Ebeam x 200 GeV, 

roton rapidity distributions of 100 GeV/c p+Pb collisions 
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In November 1994, 158A.GeV/c (& NN 17.5A.GeV) lead beams were delivered from 
the CERN Super Proton Synchrotron (SPS). The data presented here were taken during " 

are measured data and open circles are the same data around gmid = 2.9. 

to dN/dy, respectively. Assuming there are no c 
them in quadrature, the overall systematic u 

light ion collisions, we 
at ing that the incoming 

Proton rapidity 

2.9. Statistical errors 
n as bars and the over- 

all systematic errors are shown 
as brackets. The RQMD calcu- 
lation is shown as a solid line. 
The FRITIOF model predic- 
tion is shown its a dot-dashed 
line. 

ibutions are shown in Fig. 1 as a 
arily from A7s, have been included in the calculation. 

A 
counter, was used in the model calculation. 

jectile rapidity, and constitute about 16% of 
meter cut used in the calculation. 
[12] predicts a dip at midrapidity 
. The dot-dashed line in Fig. 1 

istribution. In addition to the spectator peaks, the 

solid line. Prot 
dN/dy would be about 38. 

about one unit away from the spectators. This is 
It for heavy-ion collisions. The model predicts such 
collisions because it assumes that the scattered (or 

additional collisions and eventually materialize outside 
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the collision zone. 
The analysis of p+Pb 

dissipated. One consequen 
rapidity shifts compared to those in p+p collisio 
provides a sufficient rapidity-shift mechanism 
data well 114-161. However 
fast nucleon or parton loses 
such high energy collisions. 

Given the rather large sy 
conclusion on the amount 
with slope parameters of pions, kaons, 
sions below), free of such systematic e 
high nuclear stopping in these Pb+P 

3.2. Coulomb Effect in Pion D 

large amount of energy can be 

In truly heavy-ion coll 
can introduce additional 
interaction between the 
particle spectra. Though it 
low p ~ ,  it is important to u 
collisions. In addition, obser 
on the collision dynamic 
the Coulomb interaction 
energy heavy-ion collisions at the CE 

ion may provide information 

Figure 2. Experimen- 
tal ratios N ( r - ) / N ( r + )  from 
(a) 158A.GeV/c Pb+Pb, (b) 
200A.GeV/c SfPb, and (c) 
200A.GeV/c S+S collisions. 
The data are arbitrarily nor- 
malized to unity at high mT. 

ratio T-/z-+ as a function of trans- 
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2 where (a) shows the 

methods were used. The centralities of the data 

the case for Pb tPb  collisions, the ratios fro 
be almost flat. A similar result was reported 

model, and includes the physics of strings 

realistic centrality selection 
ng-lived hyperons 
excess of the 7r- 

t 25% of the pions 

and spectrometer acceptance were used in the m 
( A  and E, for example) were included in the calcu 
above T+ in this calculation is mainly due to A decays, w 
from decays survive the reconstruc 
ratio has an enhancement as p~ 
Without the long-lived hyperon 

- - -  RQMD (~1 .08)  
- RQMD + Coulomb circles) compared with results 

from the RQMD (v1.08) pre- 
dictions (dashed line) where 
the hyperon decay probabili- 
ties and the spectrometer ac- 
ceptance are included in the 
model calculation and the re- 
sult (solid line) of RQMD + 
Coulomb calculations. 

iction of the RQMD plus Coulomb calculation 1201. As 
oving charge of Z e f f  = 40 was used in the calculation. 
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value of the net charge and Zeff= 40 per unit rapidit 
dN/dy at the midrapidity region. In addition, the 
are flat with respect to the trans 
observation. 

caused by the Coulomb interacti 
recent measurement and RQMD show a lar 
indicating a large amount of positive cha 
assertion that the effect observed in the T -  

plus some contributions from hyperon 
charge around the midrapidity re 
last section. 

3.3. Transverse Momentum D 

In high energy collisions, it is 
energy distribution can be represented by a simp nction: ezp( - w A T / T ) . ~  
Here T is the slope parameter. T er provides information 
on temperature (random motio tive transverse flow, and 
any deviation from the exponential distribution may signal new physics such as the low 

istent with observed proton 

We conclude that the observed enhancement a 

that a large amount of positive 

- -  
p~ enhancement, medium effect [22], etc. 

Figure 4. NA44 pre- 
liminary transverse momen- 
t u m  distributions for pions, 
kaons, and protons. 

the pion, kaon, and proton transverse kinetic energy 
and Pb+Pb collisions. These distributions were all ex- 
e beam energy of the proton beam is 450 GeV, Y N N  = 3.44; 
.GeV with Y N N  = 3.03; and for the lead beam 158A.GeV he Sulphur beam it is 

the RQMD model is a classical hadronic transport model. 
ts or chiral symmetry restoration, are not included. 

is only consistent with a thermal distribution, but is not necessarily a 
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with Y N N  = 2.91. 

distributions and the fitted slope parameters are indi 
First of all, the exponential functions fit to the d 

particle mass increases and this is independent 
this point clear, we summarize the slope para 
three collision systems: p+p [23] (& ==: 23 G 
(& = 17.3A.GeV) in Fig. 5. 

Figure 5. Slope parameter T as a on of particle mass. The p t p  
results are taken from Ref. [23]. 

A distinct differe tary p+p collision and h-avy-ion 
the slope parameters of p+p collisions 
mass, these parameters from heavy 

. Furthermore, for a given mass, the heavier 
. It is also interesting to observe that 

f 15MeV, as indicated by the shaded bars 
, i.e., all particles flow at a same collective 

11 then depend on the particle mass: 
he slope parameter is a measure of 

transverse motion. Roughly speaking, the transverse 
dom) and collective modes. The intrinsic freeze-out 

r the p+p collisions, one does not 
s the true freeze-out temperature. 
s of pions, kaons, and protons are 

h mass resonances in the pion spectra, the fit started from mT - 

ion collisions in 

ains both therma 
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vy-ion collisions, rescattering 
develops. The slope in the T vs 

amic behavior. Furthermore, 
becomes more important and collective motion gra 
mass plot indeed demonstrat s such characteristic 

0 One may empirically guess a relations 

A.GeV/c heavy-ion collisions 

is interpreted as the mean expansion vel0 
geometrical radius and mean freeze-out time, resp 

orgo and Lorstad discussed 
ic model.5 There, ( p )  

0, where RG and t o  are 

0 Using the transport c 
be evaluated. For the 
of pion, kaon, and proton 
the cascade model. The maxi 
velocity is 0 . 4 3 ~ .  This result p 
the RQMD calculation [26] of 140 
hydro approach.6 

tive velocity profile can also 
nd that the velocity profiles 

the onset of hydrodynamics in 

dron freeze-out temperature extracted from 
are in good agreement with the above purely 

posed a mechanism of ‘random walk 
e parameters extracted from heavy-ion 

congistently with a set of temperature T 

cessful in describing the space-time evolution of 
w hundred MeV per nucleon at the LBL Bevelac 
of a few tens and hundreds of GeV per nucleon 

-[37]. The experimentally measured transverse 

re of 140 MeV is true for both 200A.GeV S+S and 16OA.GeV Pb+Pb 
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Figure 6. NA44 pre 
transverse momentu 

10 

s for pions, kaons, and 
10 -' (dots) compared with 

a thermal model cal- 
10 -* 

1 

lation (open triangles). 

q - mass (Ge 

Details of the hydrodynamical model that we are going to can be found in Ref. 
MeV, we calculated 
ns for both S+S and 

rements in Fig. 6 where 
s are shown by the 
ions at the low pT 

the resonance decays are 
ximum (averaged) 
S+S and Pb+Pb 

[35] .  With a velocity profile ,B 
the transverse kinetic energy di 
Pb+Pb central collisions. The r 
the experimental data are shown 
open triangles. It is clear that 
region where the resonance decays 
included, a better fitting for pi 
collective velocities are found to be 0 . 4 1 ~  ( 
collisions, respectively. Typically the error on 

Figure 7. Freeze-out tem- 
perature parameter Tj, and 
averaged collective flow veloc- 
ity (p )  as a function of beam 
energy. Around Ebeam ~ 1 0  
GeV, both quantities seem to 
be saturated. 
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As has been discussed, the freeze-out temperature d flow velocity ( p )  can be 

e-out temperature T f ,  is 

finds that Tj, increases dramatically as the be 

a beam energy about 10 A-GeV. The sat 

goes into heat. The saturation at N 
important. As proposed in Refs. 
limiting temperature T, M 140 Me 
physics for both the hadronization 

clear at the moment. By coupling the limiting 
model calculation, Stocker e t  aE. successfully predicted [4 
freeze-out temperature. 

The saturation in the tr 
that as the bombarding ene 
Rather, the momentum spa 

3.4. Particle Ratios 

generation of mass becomes 

ing hadron gas is not 
dea to a hydrodynamic 

energy dependence in the 

will not increase any further. 

Having fixed the freeze-out temperatu 
Assuming chemical equilibrium, the 

chemical potential an be extract the measured particle ratios. The 
signs at the same p~ and y window. 

It is therefore g particle production ratios since many 
the preliminary K-/K+ and p/p ratios 

+S and Pb+Pb central collisions. Model 

estimated to be 1 tors to the rather large error bars are centrality 
. For the S+S collisions, the systematic error is 

+S. For the Pb+Pb collisions, RQMD seems to give better 
0th model always overpredict the ratios. It is clear that 



11 

1 

h a 

h l  ," IO 
n Figure 8. SA44  pre- 

liminary K- /K+ and p/p z 
ratios. Open circles are 

10 mirrored about the cen- 
t r d  rapidity of 3.0 and 

I 2.9 for S+S and PbfPb  
r: central collisions. respec- 5 
ic 

2 

+- 

I tively. RQhID (v1.08) and 
z '0 VENCS (v1.12) 

predictions are shown as 
dashed and solid lines, re- 2 

LO 

0 2 4 6 0  2 4 6 spectively. 
Laboratory Rapidity 

4. SUMMARY 

entral Pb+Pb collisions 
re observed at midrapidity, indicating a 

ith the strong Coulomb 
nd the high energy density result 

from NA49 transverse collisions. These are 
article production. In 

addition, due to th  e averaged transverse 
and Pb+Pb central 

ansverse momentum distributions of 
suggest a freeze-out temperature of Tj, M 

he measured particle 
S+S to Pb+Pb central collisions, showing 

a1 potential. However, the current results of 
(v4.12) cannot fully reproduce the observed 

the freeze-out stage. 
on the earlier stage 

gain insight into the initial condition of heavy-ion 
distributions and yields of leptons and photons and 

a characteristic 

thor wishes to express his thanks to Drs. G. Baym, 
Pratt, B. Schlei, H. 
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