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Abstract

The charged particle multiplicity distributiatV,j, /dn has been measured by the NA50 experiment in Pb—Pb collisions at
the CERN SPS. Measurements wdamme 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 nutiegds (
or the number of binary nucleon—nucleon collisioNg 4 ). Their values at midrapidity exhibit a power law scaling behaviour
given by N3:J? and N2.® at 158 GeV. Compatible results are found for the scaling behaviour at 40 GeV. The width of the
dN.p,/dn distributions is larger at 158 than at 40 GéWcleon 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 AR Elsevier

Science B.V. All rights reserved.

1. Introduction in oxygen and sulphur induced reactions [6] and in
Pb—Pb collisions [7].

The pseudorapidity distributions of charged parti- . O" the contrary, a scaling withicoy arises naturally
cles in Pb—Pb collisions at the CERN SPS have been N & scenario where nuclear collisions are modeled as

measured with the multiplicity detector of the NA5Q & SUP€rposition of binary nucleon-nucleon collisions.
experiment [1]. The charged multiplicity information Such @ scaling is expected to be observed in a regime

may help constrain different models of particle pro- of nuﬂear ][teacthnls wheare hard procersebs domlﬂa'ée
duction, and quantify the relative importance of soft over the soft particle production, as could be reache

versus hard processes in the particle production mech-at RHIC and LHC energies. First results from the
anism at different energies. On this respect, an impor- €XPeriments at RHIC [8-10], showing evidence of
tant test for models of particle production in heavy @ !&rge contribution of hard processes to particle
ion reactions is the study of its scaling properties with production, seem to indicate that su.ch a regime has
respect both to the number of participant nucleons 2lréady beenreached at RHIC energies.
(Npar) and to the number of binary collisions/éo). In this Let_ter the_ particle density at m!drap|d|ty
A scaling with Npart is expected in scenarios (dl\{/_dnlmax_) is studied versus the centrality of the
dominated by soft processes, when the produced,cou's'on using values olNpart and of Neoi calculated
particles undergo a strong rescattering in the final mtheframework othe Glauber model [11]', )
state and the memory of the exact history of multiple Another mformatlon re_Ievant _for constraining par-
collisions is lost. Then the participant nucleons can be ticle prqduchon models |s_prOV|deq bY the study of
assumed to contribute with the same amount of energy (e scaling of charged particle multiplicity versys.
to particle production, and the scaling witipar is Results from the ane}IyS|s presenteq in this Letter, at
approximately linear. This kind of law has already the two beam energies correspondingye = 8.77

been shown to work at the SPS energies in describing gnd 17.3 GeV, are important to enri.ch the pattern out-
the charged particle multiplicity in—A [2] and in lined by the results of other experiments at the SPS

Pb—Pb collisions [3-5], and also th&r measured and RHIC.

E-mail address: ramello@to.infn.it (L. Ramello). 2. Experimental setup and data taking conditions
1 Also at FCT, Universidade de Algarve, Faro, Portugal.

2 . . P . . .
Also at IST, Universidade Técnica de Lisboa, Lisbon, Portugal. [ ; ;
n this Letter we only refer to data collected with
3 Also at CERN, Geneva, Switzerland. y

4 Also at Faculty of Physics and Nuclear Techniques, University heavy lon CO||I§IOnS. For those runs, the NASO a.ppa-

of Mining and Metallurgy, Cracow, Poland. ratus [12] consists of a muon spectrometer, equ_ped
5 Now at UERJ, Rio de Janeiro, Brazil. with three centrality detectors (a Zero Degree Calorime-
6 On leave of absence from YerPhl, Yerevan, Armenia. ter, an Electromagnetic Calorimeter and a Multiplicity
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Detector) and specific devices for beam tagging and the second in 1999 at 40 GeV per nucleon energy. The
interaction vertex identification. data selection is described in Section 4.1 of Ref. [1].
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 3, Evaluation of Npart and Nl
the ZDC, at low beam intensity (abouy1l0 of the
standard intensity used by the experiment). The aim of the present analysis is the study of the
The multiplicity and the angular distribution of  scaling properties of the charged particle production in
charged particles in a wide acceptance window is pp—ph collisions as a function of centrality expressed
measured by a silicon strip Multiplicity Detector in terms of the number of participant nucleoNgart
(MD) [13-15]. and of binary collisionsVeo.
The determination of the centrality of the collision The NA5Q apparatus allows to study theé.;, /dn
is obtained by means of a Zero Degree Calorimeter gistributions in Pb—Pb collisions as a function of the
(ZDC) [16] which measures the enerdizpc of the  centrality of the collision, estimated using two inde-
spectator nucleons travelling in the forward direction pendent observables (namely, the neutral transverse
and by an electromagnetic calorimeter (EMCAL) energyE; and the forward energizpc) as explained
which measures the neutral transverse endfgyin in [1]. Centrality classes for the 158 GeV data sam-
the pseudorapidity rangell< n < 2.3. ple have been defined in terms of cross-section frac-
Data collected at two different energies of the tions using bothE; and Ezpc. For each cross-section
SPS Pb beam have been used: the first data sample wagterval, the average values Ofsart and Neoil have

taken in 1998 at 158 GeV per nucleon beam energy, peen estimated in the framework of the Glauber model
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Fig. 1. Distributions of the forward enerdgyzpc and of the neutral transverse eneigy 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 1@&eleon data sample for the different centrality classes
defined by the two independer¢pc and E7) centrality variables

Class % EE%%—E?S?: (Npart) RMS (Neoll) RMS
of c.s. (GeV) Npart Neoll

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 % EYmin—EYmaX (Npart) RMS (Neoll) RMS
of c.s. (GeV) Npart Neoll

1 0-5 87.2—-1400 352 25 796 73

2 5-10 715-87.2 294 26 632 72

3 10-15 587-715 245 23 498 61

4 15-20 489-58.7 203 20 392 52

5 20-25 409-48.9 169 19 309 44

6 25-35 296-409 127 20 213 45

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

Class % Emin_gmax (Npart RMS (Neoll) RMS
ofc.s. (GeV) Npart Neoll

1 0-5 546-1000 356 20 808 58

2 5-10 449-54.6 295 16 635 43

3 10-15 374-449 245 13 501 34

4 15-20 311-374 204 11 396 27

5 20-25 259-311 170 9 310 22

6 25-35 175-259 127 15 213 33

assuming thakr is proportional to the number of par-  tion:

ticipants andEzpc to the number of projectile specta- 00

tors. Smearing effects due to the experimental reso- plr)= 1+ e(r—ro)/C

lution of the calorimeters have also been included in ith parameters = 6.624 fm, C = 0.549 fm and
our calculation. In Fig. 1 we show a comparison be- po = 0.16 fm 3 [17].

tween theEr and Ezpc Minimum Bias spectra calcu- The results concerninypart and Neoil at 158 GeV
lated with the Glauber model and the experimentally 5. reported in Table 1 where it can be seen that the

based on the geometrical correlation between the two agreement.

MD planes’ The agreement between the data and the For the 40 GeV data sample, due to the worse per-
model is remarkable. _ _ formance of the ZDC at such a low beam energy, only
In the Glauber calculations the nuclear dengity  the analysis with th&; based centrality selection has
has been parametrized by a Woods—Saxon distribu-peen performed resulting in a larger uncertainty on the
centrality interval definition. TheEr 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.
7 The vertex constraint rejects the non interacting Pb ions whose 1hiS can be connected to the calorimeter resolution
contribution dominates the spectra at hijpc-low E7. and to the fact that not all the data sample cleaning cuts
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1 0-5 3.08+0.01 150+ 0.03 438+ 4
2 5-10 312+0.01 156+ 0.02 363+ 3
3 10-15 309+ 0.02 157+0.04 298+ 3
4 15-20 309+ 0.02 156+ 0.04 250+ 3
5 20-25 311+0.02 162+ 0.04 211+3
6 25-35 310+ 0.02 162+0.05 169+ 3

Fig. 2. Pseudorapidity distributions of charged particles in 158 Gew@leon Pb—Pb collisions obtained usiBgpc as centrality estimator.
Gaussian fits are superimposed.

were applied. In particular, it was not possible to use have been calculated following the procedure ex-
the Er vs. Ezpc correlation cut and the halo counter plained in [1].

cut. For this reason, we decided to use Mg distri- Thed N, /dn distributions thus obtained have been
butions calculated without including the experimental fitted with gaussian functions, to obtain an estimate of
smearing extracted from the fit to the obser¥gddis- the charged particle pseudorapidity density at the peak

tributions of MB events. The values ¥part) obtained (dNe¢n/dnlmax), of the peak positionrmax) and of
in this way turn out to be in good agreement with the the gaussian widthogaug. We emphasize that, thanks
ones obtained at 158 G¢Rucleon energy where the to the widen coverage € 2.2 units) approximately
calorimeter resolution is taken into account. The aver- symmetric around the peak, we do not need to fix
age values ofVpart and Neoii at 40 GeV per nucleon  the mid-rapidity pointymax at the theoretical value.
incident energy are reported in Table 2. 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

4. Data analysis shown in Fig. 2 £zpc selection) and in Fig. 3Kr
selection), together with tables listing the resulting fit
4.1. Properties of the pseudorapidity distributions parameters.

The results obtained with the two independent cen-
The pseudorapidity distributions of the primary trality estimators are in agreement within 1.5% ex-
charged particles for the different centrality classes cept for the most peripheral class where the difference
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3 10-15 308+0.02 157+ 0.04 296+ 3
4 15-20 310+ 0.02 160+ 0.04 247+ 3
5 20-25 310+ 0.02 158+ 0.04 208+ 2
6 25-35 309+ 0.03 165+ 0.06 165+ 3

Fig. 3. Pseudorapidity distributions of charged particles in 158 @e%leon Pb—Pb collisions obtained usifig as centrality estimator.

between thelN,,/dn|max values amount ta~ 2.5%,
confirming the results presented in [1].

The midrapidity values resulting from the gaussian
fits are compatible with the valughax =~ 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 valueggf,
ogaus and d N, /dnlmax resulting from the gaussian
fits. Thenmax value expected from VENUS is 2.47 and
is compatible with our results.

The comparison of our results a#N.j/dn|max
with those of other SPS experiments is reported in
Table 3 for the 158 and for the 40 Gg¢iMucleon
data samples. The systematic error on our multiplicity
evaluation amounts to 8% at 158 GaWicleon and to
10% at 40 Geynucleon [1].

The width of the gaussian fit to our pseudorapidity
distribution is lower at 40 than at 158 Gg¢hucleon,
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
J/s of the gaussian width of N.,/dn 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 Ge)¢ per nucleon. The fit of
our results, taken together with the E877 one, to the
simple scaling law, = a + b x In /s [25,26], gives
o, = (0.58+0.09) + (0.324+0.04) x In /s (solid line),
confirming the already observed fact that the width of
the pseudorapidity distribution in central ion—ion colli-
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Fig. 4. Pseudorapidity distributions of charged particles in 40 @ei¢leon Pb—Pb collisions obtained usifig as centrality estimator.

sions at AGS—SPS energies appears to follow a simple

logarithmic scaling law independent of system $ize.
It is interesting to note [32] that at 158 GgMucleon

We have also reported in Fig. 5 the widths of the ra-
pidity distributions of identifiedt™, 7=, K™ andK ~
measured by the E802 Collaboration [33—-35] in the

the width of the rapidity distributions is about twice as 3-5% most central Au—Au collisions at 11.6 G&V
large as the one expected from a single thermal sourceper nucleon and by the NA49 Collaboration [20,23,

located at midrapidity.

8 A similar scaling law actually holds also for the width of
the pion rapidity distribution measured jp collisions for the
same energy range [27-30}; () ~059xIn /s andoy (7 7) &~
0.54 x In /5. The gaussian width afN.;, /dn for particles having
B > 0.85 (thus excluding slow protons) measuregisp collisions
at 100 and 200 Gext beam momentum [31] is within errors
compatible withoy (z1) at the same energies, confirming a close
relationship between pseudorapidity and rapidity widths. /5
collisions show a width (forr™ and =~ rapidity distributions)
which is similar to the one of central ion—ion collisions at AGS
energy, but then rises slightly faster wityfs, reaching~ 20%
higher values at the highest SPS energy.

36] in the 7% (respectively 5%) most central Pb—Pb
collisions at 40 (respectively 158) GeV per nucleon
(dashed lines conneet, 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 furthermore,, ~ o, (7 ™), with
oy(m ) >0y(77) >0y (K1) >0y (K7).

Finally, we have reported in Fig. 5 the width of the
pseudorapidity distribution in ther 10% most central
O-Ag/Br collisions (between 14.6 and 200 Ga\per
nucleon) measured by the EMUO1 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 o /otot (%) dNep, /dnmax
NAS50 Pb-Pb 0-5 43%3+35
NA45 [19] Pb-Au 0-5 385
NA49 [20] Pb—Pb 0-5 435
WA97/NA57 [4,21] Pb—Pb ~0-4 39P
WA98 [3] Pb-Pb 0-10 440

40 GeV/nucleon
Experiment System o /otot (%) dNep, /dnlmax
NAS50 Pb—Pb 0-5 2124421
NA45 [22] Pb-Au 01-48 268
NA49 [23] Pb—Pb 0-7 >23¢¢

2 The NA49 experiment has reportedV/dy measurements for negative hadrons. T&.;, /dn|max value is calculated as.2- 0.97 -
(dNy— /dy)max (Where 2.3 is the ratidV.;, /N;,— and 0.97 is the correction factor froaiV,;, /dy to d N /dn, both evaluated with VENUS).

b The yield of negative hadrons (see Fig. 2 of Ref. [21])in- ycm| < 0.5 was converted td N, /dn|max = 2.3- 0.97- (dN},— /dy)max-

¢ The NA45/CERES experiment has reported the vali®,— /dy)max = 120. Thed N, /dn|max Was evaluated asiN,j/dnlmax >
23 . 097 (th—/dy)max.

d The NA49 experiment has reported at 40 G&V,;, /dy measurements for identified pions and kaons. @Ng, /d1|max value is obtained
by summing up thert, 7=, 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 4.2. Centrality dependence of charged particle
values (note that slow protons are excluded from the production
EMUO1 measurement).

We further observe a decrease of the width To evaluate the centrality dependence of particle
of ~ 10% at both 158 and 40 Ge¥ucleon when production, the scaling behaviour of tHé/., /dn|max
going from our most peripheral class to our most as a function of the number of participant nucleons
central one. The narrowing of the shape of pseudo- Ny, has been parametrized with the usual power law
rapidity distributions with increasing centrality has behaviour:
been observed by several other experiments, among AN
which NA35 [38,39], WASO [40,41], NA342 [42], ( Ch> o¢ N
HELIOS-Emulsion [43] and E802 [44] This narrow- N/ max
ing can be associated with the higher degree of stop- The fit has been performed with the technique ex-
ping reached in the interaction [19], and is mostly due plained in [46] to take into account also the error on
to the decreasing contribution of protons from target the independent variabl®¥pat. The error on the av-
and projectile fragmentation. In fact, emulsion exper- erage value of the number of participants has been
iments, which report the distribution of shower parti- assumed to be proportional to the RMS of the distri-
cles(B > 0.7) excluding therefore slow protons from  pution (quoted in Tables 1 and 2), and tuned on the
the target fragmentation, usually find a weaker depen- basis of the deviations observed @ar) When vary-
dence of, on centrality (see, e.g., [45]). ing the smearing parameters in the Glauber calcula-

tions. We thus assumé&Npart = 0.2 - RMS for the
158 GeV sample andNpat = 0.4 - RMS for the

T . . 40 GeV sample.

For example, in the almost symmetric system S-Al at h | f th i tf th
200 GeV/c per nucleon WA8B0 measured a decrease,dfom 1.55 The value o € Scaling exponent for ¢
to 1.3 (16%) when going from peripheral to central events (see Fig.8 198 GeV/nucleon data sample results to be=
in Ref. [41]). 1.00+ 0.01 with both theE+ and theEzpc 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.
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Fig. 6. Pseudorapidity density &f.;, at midrapidity as a function of the number of participan¥p4rt) 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 systematicparticipants characterized by an exponent:

error on thex exponent has been estimated by a Monte

Carlo simulation where the values @¥par) have been ) .o — 1,00+ 0.01(stap + 0.04(sys).

varied inside their error bars independently for the 6

centrality classes. A systematic error of 0.04 on the ex- This value ofx is in agreement with the Wounded Nu-
ponent has thus been obtained. We can therefore concleon Model assumption that the average multiplicity
clude that both centrality selections lead to a scaling in a collision is proportional to the number of patrtici-
of the charged particle production with the number of pant (wounded) nucleons.
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It has to be stressed that the value of the expoment compatible with the value found at 158 GeV per nu-
is strongly dependent on the value(@f,ar) and may cleon. If the values ofNparp from VENUS 4.12 [18]
vary significantly as a consequence of slight varia- are used instead, we obtain= 1.10, what confirms
tions of (Npar). Also the (Nparp definition plays an the already known fact [48] that VENUS gives an
important role [47,48]. For this reason we performed value systematically- 0.08 higher than the analytical
also power law fits using differenVpar) evaluations. Glauber calculation.
If the values of(Npar) from VENUS 4.12 [18] are
used, we obtaimr = 1.08 with the E7 centrality se- 4.3. Energy dependence of charged particle
lection anda = 1.05 with the Ezpc selection. For production
the Ezpc centrality selection we performed also the

fit using a straightforwardNpart) evaluation, namely, In order to examine the energy dependence of
(Npart) = 2- 208 (1 — Ezpc/ Ebeam for which we ob- charged particle production and to compare our results
taina = 1.02. with the ones obtained for other colliding systems,

Our results for thex exponent of the power law  we study the charged particle pseudorapidity density
fit to the Npart dependence off N¢j,/dn|max can be at midrapidity per participant pair. The results are
compared with the results of the WA98 [3] and plotted in Fig. 7 as a function olNpart (evaluated
WAQ7/NA57 [4] experiments at the SPS. The WAQ7  with Glauber calculations). The error bars take into
NA57 experiment uses a Glauber calculation of the account the statistical error @hV., /dnmax as well as
number of participants and finds = 1.05 + 0.05, the uncertainty o{/Npart), While the 8% (respectively
which is compatible with our result. The WA98 result 10% at 40 GeV) systematic error on the multiplicity
(¢ = 1.08+ 0.03) has been obtained using a VENUS evaluation is not included.
based estimation oiNpart and is in agreement with In particular, at 158 GeV per nucleon for the 0-5%
what we find usingVpart extracted from VENUS. centrality range we obtain:

A fit to the power Iawd]_vc_h/dmmaxoc Nfou has dNep/dn|max
also been performed, obtaining for the exponent the (W
values 8 = 0.74 andg = 0.76 with Ezpc and Er : par
centrality selections, respectively. Therefore, we can Which is the average of the values obtained with the
conclude thatNpart is well suited to describe the Er and Ezpc centrality selections. The systematic
scaling of particle production with the centrality of the ~ €rror accounts for the 8% systematic uncertainty on
collision and that a scaling lik&o is not observed at  the multiplicity evaluation.
this energy. At 40 GeV per nucleon, for the 0-5% centrality
Finally, a fit with the function/ No; /dn|max= A x range we obtain:
Npart+ B x Neoil has been done, in order to verify the /g, /dn|max
possible presence of a term proportional to the number (W
of collisions. The results of the fits for both centrality ' par
selections lead to values & compatible with zero, ~ The large systematic error bar is due both to the
indicating that the contribution from hard processes to 10% systematic error on the multiplicity and to the
charged particle production is negligible at this energy. uncertainty { 10%) on the evaluation ofNpart) for
The data sample collected at 40 GeV per nucleon the most central band.
has also been fitted witNZ,,, leading too = 1.02+ The yield per participant pair thus obtained can be
0.02. The systematic uncertainty @ coming both ~ compared to the ones measured at higher energies by
from the same Monte Carlo evaluation used for the RHIC experiments PHOBOS [8,49], BRAHMS [10]
158 GeV/nucleon data sample and from neglecting and PHENIX[9]. Since RHIC measurements are per-
the experimental smearing in the Glauber calculations, formed in the center-of-mass frame, to make a quan-

is estimated to be 0.06. Therefore, the scaling expo- titative comparison we need to convert our results,
nent at 40 GeYnucleon is determined to be: obtained in the laboratory frame, to the center-of-

mass frame. For our data at 158 GeV, assuming pi-
ag0=1.02+ 0.02(stay £ 0.06(sys) ons, kaons and protons relative yields as measured by

> =2.494 0.03(stap £ 0.20(sys)

> =1.1840.03(stay &+ 0.17(sys).
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at SPS and RHIC. Fits tpp data are superimposed.

NA49 [5,20] and using the formula: yield of 1.18 translates into.97 4+ 0.14 in the center-
of-mass frame. In Fig. 8, the pseudorapidity density
dNp, 1 m2 dN., per participant pair in the center-of-mass frame for
dordn :‘/ " 2 cosRy dprd the most central ion—ion collision at SPS and RHIC
Pran mr y apray is shown together with some fits tpp data. It is
the measured yield of 2.49 translates intb4+ 0.17. important to point out that the yield per participant

At 40 GeV we use the relative yields as obtained pair depends on thé/part calculation and therefore
with VENUS 4.12 since the proton fraction has not the comparison of our results with other experiments,
been yet measured. We estimate that the measuredvhich may use different models for the evaluation of
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Npart, is very delicate, even ifVpat is not strongly
model dependent for central collisions [47].
When comparing our results with the charged par-

NAS50 Collaboration / Physics Letters B 530 (2002) 43-55

nucleon (/s = 17.3 GeV) and 40 GeV per nucleon
(/s =877 GeV).
The maximum of thed N, /dn distributions has

ticle pseudorapidity density measured in nucleon— been estimated by means of gaussian fits. The results
nucleon collisions we observe that our result at obtained indicate a steep increase of particle produc-
40 GeV/nucleon is in agreement with the fit to data of tion at SPS energies, which amounts to approximately

inelasticp p interactions obtained by the UA5 experi-

ment [50] assuming a logarithmic energy dependence,

dN/dnlmax = (0.01+ 0.14) 4+ (0.22 £ 0.02) Ins. It

is also compatible with the UA5S fit obtained assum-
ing a power law energy dependenedy /dn|max =
(0.74 + 0.04)5(0-105£0.006  Therefore, we can con-
clude that the charged particle yield per participant
pair at 40 GeVYnucleon is compatible with the one ob-
served in nucleon—nucleoninteractions at similar ener-
gies.

On the opposite our result at 158 Gg\Mcleon 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 alse 20% higher
than the fit ( N /dn|max= 2.5—0.25 Ins +0.0231rf 5)
of the yield obtained by CDF [51] inp 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 G¢Nucleon results higher than
the one obtained ipp interactions at 200 GeV [53]
(dN/dncm ~ 1.55+ 0.04 after conversion from the
measuredi N /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 Ge¥hucleon, 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
dN¢,/dn have been studied as a function of the
number of participant nucleon§pat and of binary
nucleon—nucleon collision&¢g) in Pb—Pb collisions
at two different beam energies, namely, 158 GeV per

a factor of 2 when going from/s = 8.77 GeV to
17.3 GeV.

The charged particle pseudorapidity density at mid-
rapidity scales asVg, with « = 1.00=+ 0.01(sta) +
0.04(sys) 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 the exponentis compatible with
the one obtained from the data at 40 GeV per nucleon
(¢ =1.024+ 0.02+ 0.06) where no contribution from
hard processes is expected.

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