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Abstract

The charged particle multiplicity distributiondNch/dη has been measured by the NA50 experiment in Pb–Pb collisions at
the CERN SPS. Measurements weredone at incident energies of 40 and 158 GeV per nucleon over a broad impact parameter
range. The multiplicity distributions are studied as a function of centrality using the number of participating nucleons (Npart),
or the number of binary nucleon–nucleon collisions (Ncoll). Their values at midrapidity exhibit a power law scaling behaviour
given byN1.00

part andN0.75
coll at 158 GeV. Compatible results are found for the scaling behaviour at 40 GeV. The width of the

dNch/dη distributions is larger at 158 than at 40 GeV/nucleon and decreases slightly with centrality at both energies. Our
results are compared to similar studies performed by other experiments both at the CERN SPS and at RHIC. 2002 Elsevier
Science B.V. All rights reserved.

1. Introduction

The pseudorapidity distributions of charged parti-
cles in Pb–Pb collisions at the CERN SPS have been
measured with the multiplicity detector of the NA50
experiment [1]. The charged multiplicity information
may help constrain different models of particle pro-
duction, and quantify the relative importance of soft
versus hard processes in the particle production mech-
anism at different energies. On this respect, an impor-
tant test for models of particle production in heavy
ion reactions is the study of its scaling properties with
respect both to the number of participant nucleons
(Npart) and to the number of binary collisions (Ncoll).

A scaling with Npart is expected in scenarios
dominated by soft processes, when the produced
particles undergo a strong rescattering in the final
state and the memory of the exact history of multiple
collisions is lost. Then the participant nucleons can be
assumed to contribute with the same amount of energy
to particle production, and the scaling withNpart is
approximately linear. This kind of law has already
been shown to work at the SPS energies in describing
the charged particle multiplicity inp–A [2] and in
Pb–Pb collisions [3–5], and also theET measured
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in oxygen and sulphur induced reactions [6] and in
Pb–Pb collisions [7].

On the contrary, a scaling withNcoll arises naturally
in a scenario where nuclear collisions are modeled as
a superposition of binary nucleon–nucleon collisions.
Such a scaling is expected to be observed in a regime
of nuclear reactions where hard processes dominate
over the soft particle production, as could be reached
at RHIC and LHC energies. First results from the
experiments at RHIC [8–10], showing evidence of
a large contribution of hard processes to particle
production, seem to indicate that such a regime has
already been reached at RHIC energies.

In this Letter the particle density at midrapidity
(dN/dη|max) is studied versus the centrality of the
collision using values ofNpart and ofNcoll calculated
in the framework of the Glauber model [11].

Another information relevant for constraining par-
ticle production models is provided by the study of
the scaling of charged particle multiplicity versus

√
s.

Results from the analysis presented in this Letter, at
the two beam energies corresponding to

√
s = 8.77

and 17.3 GeV, are important to enrich the pattern out-
lined by the results of other experiments at the SPS
and RHIC.

2. Experimental setup and data taking conditions

In this Letter we only refer to data collected with
heavy ion collisions. For those runs, the NA50 appa-
ratus [12] consists of a muon spectrometer, equipped
with three centrality detectors (a Zero Degree Calorime-
ter, an Electromagnetic Calorimeter and a Multiplicity
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Detector) and specific devices for beam tagging and
interaction vertex identification.

The data presented in this Letter are extracted
from special runs taken with the Minimum Bias (MB)
trigger, which requires a non-zero energy deposit in
the ZDC, at low beam intensity (about 1/10 of the
standard intensity used by the experiment).

The multiplicity and the angular distribution of
charged particles in a wide acceptance window is
measured by a silicon strip Multiplicity Detector
(MD) [13–15].

The determination of the centrality of the collision
is obtained by means of a Zero Degree Calorimeter
(ZDC) [16] which measures the energyEZDC of the
spectator nucleons travelling in the forward direction
and by an electromagnetic calorimeter (EMCAL)
which measures the neutral transverse energyET in
the pseudorapidity range 1.1< η < 2.3.

Data collected at two different energies of the
SPS Pb beam have been used: the first data sample was
taken in 1998 at 158 GeV per nucleon beam energy,

the second in 1999 at 40 GeV per nucleon energy. The
data selection is described in Section 4.1 of Ref. [1].

3. Evaluation of Npart and Ncoll

The aim of the present analysis is the study of the
scaling properties of the charged particle production in
Pb–Pb collisions as a function of centrality expressed
in terms of the number of participant nucleonsNpart
and of binary collisionsNcoll.

The NA50 apparatus allows to study thedNch/dη
distributions in Pb–Pb collisions as a function of the
centrality of the collision, estimated using two inde-
pendent observables (namely, the neutral transverse
energyET and the forward energyEZDC) as explained
in [1]. Centrality classes for the 158 GeV data sam-
ple have been defined in terms of cross-section frac-
tions using bothET andEZDC. For each cross-section
interval, the average values ofNpart andNcoll have
been estimated in the framework of the Glauber model

Fig. 1. Distributions of the forward energyEZDC and of the neutral transverse energyET in Pb–Pb collisions at 158 GeV per nucleon incident
energy. Predictions of the Glauber model are superimposed (hatched histograms).
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Table 1
Number of participant nucleons and of binary collisions calculated for the 158 GeV/nucleon data sample for the different centrality classes
defined by the two independent (EZDC andET ) centrality variables

Class % Emin
ZDC–Emax

ZDC 〈Npart〉 RMS 〈Ncoll〉 RMS
of c.s. (GeV) Npart Ncoll

1 0−5 0−9385 354 22 802 66
2 5−10 9385−13150 294 23 634 63
3 10−15 13150−16490 246 25 501 64
4 15−20 16490−19180 205 26 395 65
5 20−25 19180−21475 173 28 316 66
6 25−35 21475−24790 129 35 214 74

Class % Emin
T

–Emax
T

〈Npart〉 RMS 〈Ncoll〉 RMS
of c.s. (GeV) Npart Ncoll

1 0−5 87.2−140.0 352 25 796 73
2 5−10 71.5−87.2 294 26 632 72
3 10−15 58.7−71.5 245 23 498 61
4 15−20 48.9−58.7 203 20 392 52
5 20−25 40.9−48.9 169 19 309 44
6 25−35 29.6−40.9 127 20 213 45

Table 2
Number of participant nucleons and of binary collisions calculated for the 40 GeV/nucleon data sample for the different centrality classes

Class % Emin
T –Emax

T 〈Npart〉 RMS 〈Ncoll〉 RMS
of c.s. (GeV) Npart Ncoll

1 0−5 54.6−100.0 356 20 808 58
2 5−10 44.9−54.6 295 16 635 43
3 10−15 37.4−44.9 245 13 501 34
4 15−20 31.1−37.4 204 11 396 27
5 20−25 25.9−31.1 170 9 310 22
6 25−35 17.5−25.9 127 15 213 33

assuming thatET is proportional to the number of par-
ticipants andEZDC to the number of projectile specta-
tors. Smearing effects due to the experimental reso-
lution of the calorimeters have also been included in
our calculation. In Fig. 1 we show a comparison be-
tween theET andEZDC Minimum Bias spectra calcu-
lated with the Glauber model and the experimentally
measured ones with and without the vertex constraint
based on the geometrical correlation between the two
MD planes.7 The agreement between the data and the
model is remarkable.

In the Glauber calculations the nuclear densityρ
has been parametrized by a Woods–Saxon distribu-

7 The vertex constraint rejects the non interacting Pb ions whose
contribution dominates the spectra at highEZDC-low ET .

tion:

ρ(r)= ρ0

1+ e(r−r0)/C
with parametersr0 = 6.624 fm, C = 0.549 fm and
ρ0 = 0.16 fm−3 [17].

The results concerningNpart andNcoll at 158 GeV
are reported in Table 1 where it can be seen that the
ET andEZDC based calculations are generally in good
agreement.

For the 40 GeV data sample, due to the worse per-
formance of the ZDC at such a low beam energy, only
the analysis with theET based centrality selection has
been performed resulting in a larger uncertainty on the
centrality interval definition. TheET distribution at
40 GeV/nucleon (as it can be seen in Fig. 3 of Ref. [1])
does not exhibit a sharp knee, as it does at 158 GeV.
This can be connected to the calorimeter resolution
and to the fact that not all the data sample cleaning cuts
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Class % ηmax σgaus dNch/dη|max
of c.s.

1 0−5 3.08± 0.01 1.50± 0.03 438± 4
2 5−10 3.12± 0.01 1.56± 0.02 363± 3
3 10−15 3.09± 0.02 1.57± 0.04 298± 3
4 15−20 3.09± 0.02 1.56± 0.04 250± 3
5 20−25 3.11± 0.02 1.62± 0.04 211± 3
6 25−35 3.10± 0.02 1.62± 0.05 169± 3

Fig. 2. Pseudorapidity distributions of charged particles in 158 GeV/nucleon Pb–Pb collisions obtained usingEZDC as centrality estimator.
Gaussian fits are superimposed.

were applied. In particular, it was not possible to use
theET vs.EZDC correlation cut and the halo counter
cut. For this reason, we decided to use theNpart distri-
butions calculated without including the experimental
smearing extracted from the fit to the observedET dis-
tributions of MB events. The values of〈Npart〉 obtained
in this way turn out to be in good agreement with the
ones obtained at 158 GeV/nucleon energy where the
calorimeter resolution is taken into account. The aver-
age values ofNpart andNcoll at 40 GeV per nucleon
incident energy are reported in Table 2.

4. Data analysis

4.1. Properties of the pseudorapidity distributions

The pseudorapidity distributions of the primary
charged particles for the different centrality classes

have been calculated following the procedure ex-
plained in [1].

ThedNch/dη distributions thus obtained have been
fitted with gaussian functions, to obtain an estimate of
the charged particle pseudorapidity density at the peak
(dNch/dη|max), of the peak position (ηmax) and of
the gaussian width (σgaus). We emphasize that, thanks
to the wideη coverage (∼ 2.2 units) approximately
symmetric around the peak, we do not need to fix
the mid-rapidity pointηmax at the theoretical value.
Instead, we leave it as a free parameter of the fit.

The results of the fits for the 158 GeV data sample
with the two independent centrality selections are
shown in Fig. 2 (EZDC selection) and in Fig. 3 (ET
selection), together with tables listing the resulting fit
parameters.

The results obtained with the two independent cen-
trality estimators are in agreement within 1.5% ex-
cept for the most peripheral class where the difference
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Class % ηmax σgaus dNch/dη|max
of c.s.

1 0−5 3.12± 0.01 1.45± 0.02 441± 4
2 5−10 3.11± 0.01 1.53± 0.03 359± 4
3 10−15 3.08± 0.02 1.57± 0.04 296± 3
4 15−20 3.10± 0.02 1.60± 0.04 247± 3
5 20−25 3.10± 0.02 1.58± 0.04 208± 2
6 25−35 3.09± 0.03 1.65± 0.06 165± 3

Fig. 3. Pseudorapidity distributions of charged particles in 158 GeV/nucleon Pb–Pb collisions obtained usingET as centrality estimator.

between thedNch/dη|max values amount to
 2.5%,
confirming the results presented in [1].

The midrapidity values resulting from the gaussian
fits are compatible with the valueηmax 
 3.1 extracted
from VENUS [18].

In Fig. 4, the particle pseudorapidity distributions
obtained for the data collected at 40 GeV per nucleon
beam energy are shown, as well as the values ofηmax,
σgaus and dNch/dη|max resulting from the gaussian
fits. Theηmax value expected from VENUS is 2.47 and
is compatible with our results.

The comparison of our results ondNch/dη|max
with those of other SPS experiments is reported in
Table 3 for the 158 and for the 40 GeV/nucleon
data samples. The systematic error on our multiplicity
evaluation amounts to 8% at 158 GeV/nucleon and to
10% at 40 GeV/nucleon [1].

The width of the gaussian fit to our pseudorapidity
distribution is lower at 40 than at 158 GeV/nucleon,
reflecting the fact that the available phase-space in
rapidity increases with the center-of-mass energy. In
Fig. 5 we compare our results on the width in cen-
tral Pb–Pb collisions with existing data at SPS and
AGS energies. First, we present the evolution with√
s of the gaussian width ofdNch/dη for our most

central class (0–5%) of Pb–Pb collisions at 40 and
158 GeV per nucleon, together with the width mea-
sured in central Au–Au collisions by the E877 Col-
laboration [24] at 10.8 GeV/c per nucleon. The fit of
our results, taken together with the E877 one, to the
simple scaling lawση = a + b× ln

√
s [25,26], gives

ση = (0.58±0.09)+(0.32±0.04)× ln
√
s (solid line),

confirming the already observed fact that the width of
the pseudorapidity distribution in central ion–ion colli-
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Class % ηmax σgaus dNch/dη|max
of c.s.

1 0−5 2.43± 0.03 1.27± 0.02 211± 4
2 5−10 2.43± 0.03 1.29± 0.02 165± 3
3 10−15 2.45± 0.03 1.31± 0.02 138± 2
4 15−20 2.42± 0.03 1.35± 0.03 114± 2
5 20−25 2.45± 0.03 1.31± 0.03 96± 1
6 25−35 2.38± 0.08 1.39± 0.06 73± 1

Fig. 4. Pseudorapidity distributions of charged particles in 40 GeV/nucleon Pb–Pb collisions obtained usingET as centrality estimator.

sions at AGS–SPS energies appears to follow a simple
logarithmic scaling law independent of system size.8

It is interesting to note [32] that at 158 GeV/nucleon
the width of the rapidity distributions is about twice as
large as the one expected from a single thermal source
located at midrapidity.

8 A similar scaling law actually holds also for the width of
the pion rapidity distribution measured inp–p collisions for the
same energy range [27–30]:σy (π+)≈ 0.59× ln

√
s andσy(π−)≈

0.54× ln
√
s. The gaussian width ofdNch/dη for particles having

β > 0.85 (thus excluding slow protons) measured inp–p collisions
at 100 and 200 GeV/c beam momentum [31] is within errors
compatible withσy(π+) at the same energies, confirming a close
relationship between pseudorapidity and rapidity widths. So,p–p
collisions show a width (forπ+ and π− rapidity distributions)
which is similar to the one of central ion–ion collisions at AGS
energy, but then rises slightly faster with

√
s, reaching≈ 20%

higher values at the highest SPS energy.

We have also reported in Fig. 5 the widths of the ra-
pidity distributions of identifiedπ+, π−,K+ andK−
measured by the E802 Collaboration [33–35] in the
3–5% most central Au–Au collisions at 11.6 GeV/c
per nucleon and by the NA49 Collaboration [20,23,
36] in the 7% (respectively 5%) most central Pb–Pb
collisions at 40 (respectively 158) GeV per nucleon
(dashed lines connectσy values for the same particle
species). We note that the widths of the rapidity dis-
tributions for identified produced hadrons follow the
same scaling vs.

√
s as the width of the pseudorapid-

ity distribution, and furthermoreση ≈ σy(π
+), with

σy(π
+) > σy(π−) > σy(K+) > σy(K−).

Finally, we have reported in Fig. 5 the width of the
pseudorapidity distribution in the≈ 10% most central
O–Ag/Br collisions (between 14.6 and 200 GeV/c per
nucleon) measured by the EMU01 Collaboration [37]
(triangles and dashed-dotted line), which have the
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Table 3
Comparison of charged particle pseudorapidity density at the peak (for central events) in the laboratory system with the results of other SPS
experiments

158 GeV/nucleon

Experiment System σ/σtot (%) dNch/dη|max

NA50 Pb–Pb 0–5 439±3±35

NA45 [19] Pb–Au 0–5 385
NA49 [20] Pb–Pb 0–5 435a

WA97/NA57 [4,21] Pb–Pb ∼ 0–4 397b

WA98 [3] Pb–Pb 0–10 440

40 GeV/nucleon

Experiment System σ/σtot (%) dNch/dη|max

NA50 Pb–Pb 0–5 211±4±21

NA45 [22] Pb–Au 0.1–4.8 268c

NA49 [23] Pb–Pb 0–7 >230d

a The NA49 experiment has reporteddN/dy measurements for negative hadrons. ThedNch/dη|max value is calculated as 2.3 · 0.97 ·
(dNh−/dy)max (where 2.3 is the ratioNch/Nh− and 0.97 is the correction factor fromdNch/dy to dNch/dη, both evaluated with VENUS).

b The yield of negative hadrons (see Fig. 2 of Ref. [21]) in|y − ycm|< 0.5 was converted todNch/dη|max
 2.3 · 0.97 · (dNh−/dy)max.
c The NA45/CERES experiment has reported the value(dNh−/dy)max = 120. ThedNch/dη|max was evaluated as:dNch/dη|max 


2.3 · 0.97 · (dNh−/dy)max.
d The NA49 experiment has reported at 40 GeVdNch/dy measurements for identified pions and kaons. ThedNch/dη|max value is obtained

by summing up theπ+, π−,K+, K− and applying the factor 0.97. The contribution of protons is not included, so this is a lower limit.

same slope as our data but slightly smaller absolute
values (note that slow protons are excluded from the
EMU01 measurement).

We further observe a decrease of the widthση
of ≈ 10% at both 158 and 40 GeV/nucleon when
going from our most peripheral class to our most
central one. The narrowing of the shape of pseudo-
rapidity distributions with increasing centrality has
been observed by several other experiments, among
which NA35 [38,39], WA80 [40,41], NA34/2 [42],
HELIOS-Emulsion [43] and E802 [44].9 This narrow-
ing can be associated with the higher degree of stop-
ping reached in the interaction [19], and is mostly due
to the decreasing contribution of protons from target
and projectile fragmentation. In fact, emulsion exper-
iments, which report the distribution of shower parti-
cles(β > 0.7) excluding therefore slow protons from
the target fragmentation, usually find a weaker depen-
dence ofση on centrality (see, e.g., [45]).

9 For example, in the almost symmetric system S–Al at
200 GeV/c per nucleon WA80 measured a decrease ofση from 1.55
to 1.3 (16%) when going from peripheral to central events (see Fig. 8
in Ref. [41]).

4.2. Centrality dependence of charged particle
production

To evaluate the centrality dependence of particle
production, the scaling behaviour of thedNch/dη|max
as a function of the number of participant nucleons
Npart has been parametrized with the usual power law
behaviour:(
dNch

dη

)
max

∝Nαpart.

The fit has been performed with the technique ex-
plained in [46] to take into account also the error on
the independent variableNpart. The error on the av-
erage value of the number of participants has been
assumed to be proportional to the RMS of the distri-
bution (quoted in Tables 1 and 2), and tuned on the
basis of the deviations observed on〈Npart〉 when vary-
ing the smearing parameters in the Glauber calcula-
tions. We thus assumeδNpart = 0.2 · RMS for the
158 GeV sample andδNpart = 0.4 · RMS for the
40 GeV sample.

The value of the scaling exponent for the
158 GeV/nucleon data sample results to beα =
1.00± 0.01 with both theET and theEZDC centrality
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Fig. 5. Gaussian width of pseudorapidity or rapidity distributions as a function of center-of-mass energy for ion–ion collisions. See text for
explanation.

Fig. 6. Pseudorapidity density ofNch at midrapidity as a function of the number of participants (Npart) in 158 GeV per nucleon Pb–Pb collisions
with the two independent centrality selections. Power-law fits are superimposed.

selections, as it can be seen in Fig. 6. The systematic
error on theα exponent has been estimated by a Monte
Carlo simulation where the values of〈Npart〉 have been
varied inside their error bars independently for the 6
centrality classes. A systematic error of 0.04 on the ex-
ponent has thus been obtained. We can therefore con-
clude that both centrality selections lead to a scaling
of the charged particle production with the number of

participants characterized by an exponent:

α158= 1.00± 0.01(stat)± 0.04(syst).

This value ofα is in agreement with the Wounded Nu-
cleon Model assumption that the average multiplicity
in a collision is proportional to the number of partici-
pant (wounded) nucleons.
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It has to be stressed that the value of the exponentα

is strongly dependent on the value of〈Npart〉 and may
vary significantly as a consequence of slight varia-
tions of 〈Npart〉. Also the 〈Npart〉 definition plays an
important role [47,48]. For this reason we performed
also power law fits using different〈Npart〉 evaluations.
If the values of〈Npart〉 from VENUS 4.12 [18] are
used, we obtainα = 1.08 with theET centrality se-
lection andα = 1.05 with theEZDC selection. For
theEZDC centrality selection we performed also the
fit using a straightforward〈Npart〉 evaluation, namely,
〈Npart〉 = 2 · 208· (1−EZDC/Ebeam) for which we ob-
tainα = 1.02.

Our results for theα exponent of the power law
fit to the Npart dependence ofdNch/dη|max can be
compared with the results of the WA98 [3] and
WA97/NA57 [4] experiments at the SPS. The WA97/
NA57 experiment uses a Glauber calculation of the
number of participants and findsα = 1.05 ± 0.05,
which is compatible with our result. The WA98 result
(α = 1.08± 0.03) has been obtained using a VENUS
based estimation ofNpart and is in agreement with
what we find usingNpart extracted from VENUS.

A fit to the power lawdNch/dη|max ∝ N
β

coll has
also been performed, obtaining for the exponent the
valuesβ = 0.74 andβ = 0.76 with EZDC and ET
centrality selections, respectively. Therefore, we can
conclude thatNpart is well suited to describe the
scaling of particle production with the centrality of the
collision and that a scaling likeNcoll is not observed at
this energy.

Finally, a fit with the functiondNch/dη|max=A×
Npart+B ×Ncoll has been done, in order to verify the
possible presence of a term proportional to the number
of collisions. The results of the fits for both centrality
selections lead to values ofB compatible with zero,
indicating that the contribution from hard processes to
charged particle production is negligible at this energy.

The data sample collected at 40 GeV per nucleon
has also been fitted withNαpart, leading toα = 1.02±
0.02. The systematic uncertainty onα, coming both
from the same Monte Carlo evaluation used for the
158 GeV/nucleon data sample and from neglecting
the experimental smearing in the Glauber calculations,
is estimated to be 0.06. Therefore, the scaling expo-
nent at 40 GeV/nucleon is determined to be:

α40 = 1.02± 0.02(stat)± 0.06(syst)

compatible with the value found at 158 GeV per nu-
cleon. If the values of〈Npart〉 from VENUS 4.12 [18]
are used instead, we obtainα = 1.10, what confirms
the already known fact [48] that VENUS gives anα
value systematically∼ 0.08 higher than the analytical
Glauber calculation.

4.3. Energy dependence of charged particle
production

In order to examine the energy dependence of
charged particle production and to compare our results
with the ones obtained for other colliding systems,
we study the charged particle pseudorapidity density
at midrapidity per participant pair. The results are
plotted in Fig. 7 as a function ofNpart (evaluated
with Glauber calculations). The error bars take into
account the statistical error ondNch/dηmax as well as
the uncertainty on〈Npart〉, while the 8% (respectively
10% at 40 GeV) systematic error on the multiplicity
evaluation is not included.

In particular, at 158 GeV per nucleon for the 0–5%
centrality range we obtain:(
dNch/dη|max

0.5 · 〈Npart〉
)

= 2.49± 0.03(stat)± 0.20(syst)

which is the average of the values obtained with the
ET and EZDC centrality selections. The systematic
error accounts for the 8% systematic uncertainty on
the multiplicity evaluation.

At 40 GeV per nucleon, for the 0–5% centrality
range we obtain:(
dNch/dη|max

0.5 · 〈Npart〉
)

= 1.18± 0.03(stat)± 0.17(syst).

The large systematic error bar is due both to the
10% systematic error on the multiplicity and to the
uncertainty (≈ 10%) on the evaluation of〈Npart〉 for
the most central band.

The yield per participant pair thus obtained can be
compared to the ones measured at higher energies by
RHIC experiments PHOBOS [8,49], BRAHMS [10]
and PHENIX [9]. Since RHIC measurements are per-
formed in the center-of-mass frame, to make a quan-
titative comparison we need to convert our results,
obtained in the laboratory frame, to the center-of-
mass frame. For our data at 158 GeV, assuming pi-
ons, kaons and protons relative yields as measured by
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Fig. 7. Pseudorapidity density ofNch at midrapidity per participant pair as a function of the number of participantsNpart in 158 and
40 GeV/nucleon Pb–Pb collisions.

Fig. 8. Energy dependence of the pseudorapidity density per participant pair (in the center-of-mass frame) for the most central ion–ion collisions
at SPS and RHIC. Fits topp̄ data are superimposed.

NA49 [5,20] and using the formula:

dNch

dpT dη
=

√
1− m2

m2
T cosh2 y

dNch

dpT dy

the measured yield of 2.49 translates into 2.14± 0.17.
At 40 GeV we use the relative yields as obtained
with VENUS 4.12 since the proton fraction has not
been yet measured. We estimate that the measured

yield of 1.18 translates into 0.97± 0.14 in the center-
of-mass frame. In Fig. 8, the pseudorapidity density
per participant pair in the center-of-mass frame for
the most central ion–ion collision at SPS and RHIC
is shown together with some fits topp̄ data. It is
important to point out that the yield per participant
pair depends on theNpart calculation and therefore
the comparison of our results with other experiments,
which may use different models for the evaluation of



54 NA50 Collaboration / Physics Letters B 530 (2002) 43–55

Npart, is very delicate, even ifNpart is not strongly
model dependent for central collisions [47].

When comparing our results with the charged par-
ticle pseudorapidity density measured in nucleon–
nucleon collisions we observe that our result at
40 GeV/nucleon is in agreement with the fit to data of
inelasticpp̄ interactions obtained by the UA5 experi-
ment [50] assuming a logarithmic energy dependence,
dN/dη|max = (0.01 ± 0.14) + (0.22 ± 0.02) lns. It
is also compatible with the UA5 fit obtained assum-
ing a power law energy dependence,dN/dη|max =
(0.74 ± 0.04)s(0.105±0.006). Therefore, we can con-
clude that the charged particle yield per participant
pair at 40 GeV/nucleon is compatible with the one ob-
served in nucleon–nucleon interactions at similar ener-
gies.

On the opposite our result at 158 GeV/nucleon is
more than 50% higher than any of the mentioned fits
for the corresponding center-of-mass energy. In ad-
dition our result at 158 GeV is also∼ 20% higher
than the fit (dN/dη|max= 2.5−0.25 lns+0.023 ln2 s)
of the yield obtained by CDF [51] inpp̄ non-single
diffractive interactions for much higher energies. The
isospin effect (∼ 10% amongpp, pn and nn in-
teractions [52]) cannot account for such a discrep-
ancy as it can be argued also from the fact that our
measurement at 158 GeV/nucleon results higher than
the one obtained inpp interactions at 200 GeV [53]
(dN/dηCM ≈ 1.55± 0.04 after conversion from the
measureddN/dy). This comparison suggests a steep
increase of particle production in central ion–ion col-
lisions between 40 and 158 GeV which cannot be
described by a simple energy scaling as observed
in nucleon–nucleon collisions. Therefore, the particle
production at 158 GeV/nucleon, although it scales ap-
proximately linearly with the number of participants,
cannot be explained as an ordinary superposition of
nucleon–nucleon interactions.

5. Conclusions

The charged particle pseudorapidity distributions
dNch/dη have been studied as a function of the
number of participant nucleonsNpart and of binary
nucleon–nucleon collisionsNcoll in Pb–Pb collisions
at two different beam energies, namely, 158 GeV per

nucleon (
√
s = 17.3 GeV) and 40 GeV per nucleon

(
√
s = 8.77 GeV).
The maximum of thedNch/dη distributions has

been estimated by means of gaussian fits. The results
obtained indicate a steep increase of particle produc-
tion at SPS energies, which amounts to approximately
a factor of 2 when going from

√
s = 8.77 GeV to

17.3 GeV.
The charged particle pseudorapidity density at mid-

rapidity scales asNαpart with α = 1.00± 0.01(stat)±
0.04(syst) at 158 GeV per nucleon beam energy, in
agreement with the Wounded Nucleon Model pre-
dictions. The presence of a contribution scaling like
Ncoll is not observed, so that hard processes seem to
play a negligible role in charged particle production
at 158 GeV per nucleon. This is also supported by the
fact that the value of theα exponent is compatible with
the one obtained from the data at 40 GeV per nucleon
(α = 1.02± 0.02± 0.06) where no contribution from
hard processes is expected.

The increase of charged particle production at
midrapidity between 40 and 158 GeV/nucleon cannot
be described by the simple energy scaling observed in
nucleon–nucleon collisions at similar energies.

Acknowledgements

This work was supported in part by the Pol-
ish State Committee for Scientific Research, project
Nr. 2P03B03319.

References

[1] M.C. Abreu et al., NA50 Collaboration, Phys. Lett. B 530
(2002), preceding article.

[2] J. Bächler et al., NA49 Collaboration, Z. Phys. C 51 (1991)
157.

[3] M.M. Aggarwal et al., WA98 Collaboration, Eur. Phys. J. C 18
(2001) 651.

[4] F. Antinori et al., WA97, NA57 Collaborations, Eur. Phys. J.
C 18 (2000) 57.

[5] J. Bächler et al., NA49 Collaboration, Nucl. Phys. A 661
(1999) 45c.

[6] R. Albrecht et al., WA80 Collaboration, Phys. Rev. C 44 (1998)
2736.

[7] M.M. Aggarwal et al., WA98 Collaboration, Nucl. Phys. A 610
(1996) 200c.

[8] B.B. Back et al., PHOBOS Collaboration, Phys. Rev. Lett. 85
(2000) 3100.



NA50 Collaboration / Physics Letters B 530 (2002) 43–55 55

[9] K. Adcox et al., PHENIX Collaboration, Phys. Rev. Lett. 86
(2001) 3500.

[10] I.G. Bearden et al., BRAHMS Collaboration, Phys. Lett. B 523
(2001) 227;
I.G. Bearden et al., BRAHMS Collaboration, nucl-ex/0112001,
submitted to Phys. Rev. Lett.

[11] R.J. Glauber, Lectures in Theoretical Physics, Vol. 1, Inter-
science, New York, 1959, p. 315.

[12] M.C. Abreu et al., NA50 Collaboration, Phys. Lett. B 410
(1997) 327.

[13] B. Alessandro et al., Nucl. Instrum. Methods A 360 (1995) 189.
[14] B. Alessandro et al., Nucl. Instrum. Methods A 432 (1999) 342.
[15] B. Alessandro et al., The silicon Multiplicity Detector for the

NA50 experiment at CERN, in preparation.
[16] R. Arnaldi et al., Nucl. Instrum. Methods A 411 (1998) 1.
[17] C.W. de Jager et al., At. Data Nucl. Data Tables 14 (1974) 485.
[18] K. Werner, Phys. Rep. 232 (1993) 87.
[19] F. Ceretto et al., CERES Collaboration, Nucl. Phys. A 638

(1998) 467c;
F. Ceretto, Charged hadron production in Pb–Au collisions at
158 AGeV/c, Ph.D. Thesis, Heidelberg, 1998.

[20] H. Appelshäuser et al., NA49 Collaboration, Phys. Rev.
Lett. 82 (1999) 2471.

[21] E. Andersen et al., WA97, NA57 Collaborations, Phys. Lett.
B 449 (1999) 401.

[22] H. Appelshäuser et al., CERES Collaboration, Nucl. Phys.
A 698 (2002) 253c.

[23] C. Blume et al., NA49 Collaboration, Nucl. Phys. A 698 (2002)
104c.

[24] J. Barrette et al., Phys. Rev. C 51 (1995) 3309.
[25] J. Stachel, Nucl. Phys. A 525 (1991) 23c.
[26] J. Stachel, Young, Ann. Rev. Nucl. Part. Sci. 42 (1992) 537.
[27] V. Blobel et al., Nucl. Phys. B 69 (1974) 454, report onπ+

andπ− production at 12 and 24 GeV/c.

[28] C. Bromberg et al., Nucl. Phys. B 107 (1976) 82, report on
positive and negative hadron production at 102 GeV/c.

[29] T. Kafka et al., Phys. Rev. D 16 (1977) 1261, report onπ+ and
π− production at 205 GeV/c.

[30] M. Aguilar-Benitez et al., Z. Phys. C 50 (1991) 405, report on
π+ andπ− production at 400 GeV/c.

[31] J.E. Elias et al., Phys. Rev. D 22 (1980) 13.
[32] P. Senger, H. Ströbele, J. Phys. G 25 (1999) R59.
[33] L. Ahle et al., Phys. Rev. C 57 (1998) R466.
[34] L. Ahle et al., Phys. Rev. C 58 (1998) 3523.
[35] L. Ahle et al., Phys. Rev. C 59 (1999) 2173.
[36] F. Sikler et al., Nucl. Phys. A 661 (1999) 45c;

C. Höhne et al., Nucl. Phys. A 661 (1999) 485c.
[37] M.I. Adamovich et al., Z. Phys. C 56 (1992) 509.
[38] A. Bamberger et al., Phys. Lett. B 184 (1987) 271.
[39] A. Bamberger et al., Phys. Lett. B 205 (1988) 583.
[40] R. Albrecht et al., Phys. Lett. B 202 (1988) 596.
[41] R. Albrecht et al., Z. Phys. C 55 (1992) 539.
[42] T. Akesson et al., Nucl. Phys. B 333 (1990) 48.
[43] T. Akesson et al., Nucl. Phys. B 342 (1990) 279.
[44] T. Abbott et al., Phys. Rev. C 45 (1992) 2933.
[45] M.I. Adamovich et al., Nucl. Phys. A 566 (1994) 419c.
[46] J. Orear, Am. J. Phys. 50 (1982) 912;

J. Orear, Am. J. Phys. 52 (1984) 278, Erratum.
[47] B.-H. Sa et al., nucl-th/0108003.
[48] N. Carrer, Heavy Ion Forum, CERN, Geneva, 18 June 1999.
[49] B.B. Back et al., PHOBOS Collaboration, nucl-ex/0108009.
[50] G.J. Alner et al., Z. Phys. C 33 (1986) 1.
[51] F. Abe et al., Phys. Rev. D 41 (1990) 2330.
[52] M. Gazdzicki, O. Hansen, Nucl. Phys. A 528 (1991) 754.
[53] C. De Marzo et al., Phys. Rev. D 26 (1982) 1019.


	Scaling of charged particle multiplicity in Pb-Pb collisions  at SPS energies
	Introduction
	Experimental setup and data taking conditions
	Evaluation of Npart and Ncoll
	Data analysis
	Properties of the pseudorapidity distributions
	Centrality dependence of charged particle production
	Energy dependence of charged particle production

	Conclusions
	Acknowledgements
	References


