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A systematic study is performed of fully integrated particle multiplicities in central Au-Au and Pb-Pb
collisions at beam momenta of A7GeV/c, 11.6A GeV/c (Au-Au), and 158 GeV/c (Pb-Ph by using a
statistical-thermal model. The close similarity of the colliding systems makes it possible to study heavy ion
collisions under definite initial conditions over a range of center-of-mass energies covering more than 1 order
of magnitude. In order to further study the behavior of strangeness production, an updated study of Si-Au
collisions at 14.8. GeV is also presented. The data analysis has been performed with two completely inde-
pendent numerical algorithms giving closely consistent results. We conclude that a thermal model description
of particle multiplicities, with additional strangeness suppression, is possible for each energy. The degree of
chemical equilibrium of strange particles and the relative production of strange quarks with regpaaotid
quarks are higher than &' e, pp, andpﬁcollisions at comparable and even at lower energies. The behavior
of strangeness production as a function of center-of-mass energy and colliding system is presented and dis-
cussed. The average energy per hadron in the comoving frame is close to 1 GeV per hadron despite the fact that
the energy increases more than tenfold.
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[. INTRODUCTION mate we have extrapolated spectra measured in a limited
rapidity window to full phase space. The use of extrapola-
After scouring results from relativistic heavy ion colli- tions is more correct than using data over limited intervals of
sions at many different energies over several ygEBfsome  rapidity, especially in the framework of a purely statistical-
common traits are starting to emerge. Indeed, statisticathermal analysis without a dynamical model. Moreover, the
thermal models have proved to be able to reproduce relativesual requirement of zero strangeneSs-Q) demands fully
particle multiplicities in a satisfactory manner by using two integrated multiplicities because strangeness does not need to
or three relevant parameters: temperature, baryon chemicaanish in a limited region of phase space.
potential, and a possible strange-quark suppression param- A point of considerable interest in heavy ion collisions is
eter ys [2]. Such an analysis has been performed by manyhe enhanced production of strange quarks yperd quark
authors for heavy ion collisions data from CERN SPS, fromwith respect to elementary collisions[7] like

Brookhaven AGS and also from GSI SIS. In this paper weg*g—, pp, pp. This could be related to properties of the
present a simultaneous analysis of data from several differelgg,stem at the parton level prior to hadronizatjarb,7,§. In
collisions, with emphasis on the similarity of the colliding order to further study strangeness production and enhance-
system in order to study the behavior of parameters as ent at low energy, we also present a new analysis of Si-Au
function of center-of-mass energy within one framework.co|lisions at 14.8. GeV (AGS) using only multiplicities ob-
Hence, we have focused our attention on central Au-Au colgined from fully integrated phase space distributions. This
lisions at beam momenta of K7GeVic (SIS [3], also allows us to cross-check results of previous analyses
11.6A GeV/c (AGS) [4], and on central Pb-Pb collisions at [9,10,13 performed using limited rapidity interval data. In
158A GeV/c (SPS [5]. As far as the choice of dat@nd, particular, we have included thempion multiplicity [11]
consequently, colliding systenmis concerned, our leading and results presented ji2]. In order to assess the consis-
rule is the availability of full phase space integrated multi-tency of the results obtained, we have performed the
plicity measurements because a pure statistical-thermatatistical-thermal model analysis by using two completely
model analysis of particle yields, without any considerationindependent numerical algorithms whose outcomes turned
of dynamical effectsmay apply only in this cas¢6]. Such  out to be in close agreement throughout.

data, however, exist only in a few cases and whenever legiti- Similar analyses have been recently made by other au-
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thors (see, e.g.[13,14)); however, both the model and the (plm*)y=1.234+0.126, 2.2

data set used differ in several important details, such as the

assumption of full or partial equilibrium for some quark fla- where the error includes both the fit error and an error stem-

vors, the number of included resonances, the treatment @hing from a 10% systematic uncertainty quoted in R&8].

resonance widths, the inclusion or not of excluded volume We have not included data on deuteron production be-

corrections, the treatment of flow, corrections due to limitedcause of the possible inclusion of fragments in the measured

rapidity windows, etc. Because of these differences, it is difyields. This is particularly dangerous at 8IS energies

ficult to trace the origin of discrepancies between differentwhere inclusion or not of deuterons modifies thermodynamic

results. We hope that the present analysis, covering a widguantities likee/n [19].

range of beam energies using a consistent treatment, will The data analysis has been performed within an ideal had-

make it easier to appreciate the energy dependence of thien gas grand-canonical framework for Pb-Pb at SPS and

various parameters such as temperature and chemical potefd-Au at AGS whereas for Au-Au at SIS and Si-Au at AGS

tial. we have required the exact conservation of strangeness in-
stead of using a strangeness chemical potefdg&d the dis-

Il. DATA SET AND MODEL DESCRIPTION cussion later in the tektin both cases we have used a

supplementary strange quark fugaciyg. In the grand-

As emphasized in the Introduction, in the present analysisanonical approach, the overall average multiplicities of had-
we use the most recent available data, concentrating on fullyons and hadronic resonances are determined by an integral
integrated particle yields and discarding data that have beeswver a statistical distribution:
obtained in limited kinematic windows. The only exceptions

to this rule are the\/A andp/K™ ratios in Si-Au collisions _ 3 1

[12,15 which were not available in full phase space. It has (m)=(23+1) BJ’ d*p =i T +1’
. . (27) Ys XA (Ei—p-q)/T]=1

been decided to keep them as they are the only available 2.3

recent measurements involving antibaryons.

We have derived integrated multiplicities ef, A, and  wheregq; is a three-dimensional vector with electric charge,
proton in Au-Au collisions at AGS by extrapolating pub- baryon number, and strangeness of hadrea components,
lished rapidity distribution$16—18 with constrained midra- gy is the vector of relevant chemical potentialsjs the spin
pidity value (yyny=1.6). For proton anch we have fitted the  of hadroni, ands; is the number of valence strange quarks in
data to Gaussian distributions, while for” we have used a it; the + sign in the denominator is relevant for fermions, the
symmetric flat distribution at midrapidity with Gaussian- — for bosons. This formula holds in the case of many dif-
shaped wings on each side; the point at which the Gaussid@rent statistical-thermal systentie., clusters or fireballs
wing and the plateau connect is a free parameter of the fihaving a common temperature apghbut different arbitrary
The fits yielded very goog?/Npg: 0.27, 1.24, and 1.00 for momenta, provided that the probability of realizing a given
", proton, andA, respectively. The integrated multiplici- distribution of quantum numbers among them follows a sta-
ties have been taken as the area under the fitted distributiaistical rule[7,20]. In this caseV must be understood as the
between the minimaf ., and maximaly . values of rapidi-  sum of all cluster volumes measured in their own rest frame.
ties for the reaction®N— 7NN, NN— AK for pions and  Furthermore, since both volume and participant nucleons
A’s, respectively; the difference between these areas and theay fluctuate on an event-by-event basis,and u (and
total area has been taken as an additional systematic errgnaybeT) in Eg.(2.3) should be considered as average quan-
The area betweey,,;, andy o @amounts to practically 100% tities [7].
of the total area for pions and about 95% fols. Reference The overall abundance of a hadron of tyip» be com-
[17] quotes an additional experimental systematic error opared with experimental data is determined by the sum of
10% on A multiplicity that we have added in quadrature. Eq. (2.3) and the contribution from decays of heavier had-
Hence we obtain rons and resonances:

+\ —

(m7)=133.7:9.93, ni=nip”mary+2 Br(j—i)n;, (2.9

J

(A)=20.34+1.361.23+2.03, (2.1

where the branching ratios Br-i) have been taken from

where the first error is the fit error, the second is the systemthe 1998 issue of the Particle Data Tapk].
atic error due to the variation of integration region, and the It must be stressed that the unstable hadrons contributing
third is the experimental systematic error. As to protons, théo the sum in Eq(2.4) may differ according to the particular
extracted rapidity interval corresponding to the reactitd  experimental definition. This is a major point in the analysis
— NN is only 79% of the total Gaussian area. The differenceprocedure because quoted experimental multiplicities may or
between the two areas is too large to be considered as anay not include contributions from weak decays of hyperons
additional error; thus, in order to reduce the uncertainty, weand Kg. We have included all weak decay products in our
have decided to take the ratp/7* extracted in the above computed multiplicities except in Pb-Pb collisions on the
rapidity interval rather than the proton multiplicity itself. basis of relevant statements in Rg#2] and about antiproton
This yields production in Refs[15,23. It must be noted that switching
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TABLE |. Summary of fit results. Free fit parameters are quoted along with resulting minjpilsnand

\¢ parameters.

Analysis A Analysis B Average
Au-Au 1.7A GeV
T (MeV) 49.6+1.0+2.2 49.71.1+2.3 49.6-2.5
ug (MeV) 810+ 15+ 12 818+ 15+12 81323
Vs 1 (fixed) 1 (fixed) 1 (fixed)
V(fm3) 1437 (fixed) 1437 (fixed) 1437 (fixed)
X?INpg 14.9/2 15.1/2
Ns 0.005Q+0.0034 0.0058 0.0036 0.0054 0.0035
Au-Au 11.6A GeV
T (MeV) 121.2+3.9+3.0 121.2-4.9
ug (MeV) 559+ 15+9 559.4+ 16
Vs 0.697+0.080+ 0.043 0.6970.091
VT3exp(—0.7 GeVIT) 2.01+0.23+0.14 2.01-0.27
X2/ Npe 2.25/2
Ns 0.43+0.10 0.43-0.10
Si-Au 14.6A GeV
T (MeV) 133.1+3.9+1.4 138.0:4.5+0.3 135.4-4.3
ug (MeV) 592+ 34+ 13 573+30+0.8 581+ 32
Vs 0.843+0.095+0.067 0.8470.061+0.069 0.845-0.101
VT3exp(=0.7 GeVr) 0.526+0.090+0.081 0.5450.079+0.12 0.534-0.130
X?INpg 14.3/4 11.6/4
Ns 0.74+0.2 0.72:0.12 0.72-0.14
Pb-Pb 158 GeV
T (MeV) 159.5+2.5+1.5 156.0-2.4+ 2.6 158.13.2
ug (MeV) 238+13+3 239+12+5 238+13
Vs 0.760+ 0.035+ 0.028 0.862-0.036+0.061 0.78%0.052
VT3exp(—0.7 GeVT) 20.9+1.5+2.0 19.71.0+2.9 21.72.6
X2/Npg 14.4/6 22.6/6
Ns 0.444+0.026 0.45@-0.024 0.4470.025

this assumption in Au-Au at SIS and AGS does not affecttial. This gives rise to slightly more complex calculations
significantly the resulting fit parameters whereas it does if24] which are necessary owing to either very small strange
Si-Au. particle productiorfAu-Au) or a relatively small system size
The overall multiplicities of hadrons depend on several(Si-Au). The difference between the strangeness-canonical
unknown parametefsee Eq(2.3)] which are determined by and pure grand-canonical calculations of multiplicitieskof
a fit to the data. The free parameters in the fitBreV, vs, and A for the final set of thermal paramete(see Table)
andug (the baryon chemical potentjabhereasus and uq, turns out to be around 2%—3% frand A in Si-Au but it is
i.e., the strangeness and electric chemical potentials, are daes large as a factor 15 in Au-Au at A7GeV/c.
termined by using the constraint of overall vanishing Owing to few available data points in SIS Au-Au colli-
strangeness and forcing the ratio between net electric chargdons, we have not fitted the volunveor the y, therein. The
and net baryon numbe&/B to be equal to the ratio between volume has been assumed to berd/3 wherer=7 fm (ap-
participant protons and nucleons. The latter is assumed to lqgoximately the radius of a Au nucleushile y¢ has been set
Z/A of the colliding nucleus in Au-Au and Pb-Pb while it to 1, the expected value for a completely equilibrated hadron
has been calculated to be 0.43 for central Si-Au collisions byas. Since we have performed a strangeness-canonical calcu-
means of a geometrical model. lation here, the yield ratios involving strange particles are not
As we have mentioned before, for SIS Au-Au and AGSindependent of the chosen volume value as in the grand-
Si-Au data we have required the exact conservation otanonical framework. Thus, in this particular cadg,is
strangeness instead of using a strangeness chemical poteneant to be the volume within which strangeness is con-
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served(i.e., vanishing and not the global volume defining puted in analysis B by fixing the values of the parameters to
overall particle multiplicities as in Eq2.3). Also, in orderto  the ones obtained in analysis A is approximately as large as
test the dependence of this assumption on our results, wia analysis A itself, thus confirming the good agreement be-
have repeated the fit by varyingby a factor of 2 and 0.5 in tween the two calculations.
turn. We have investigated in detail the lack of convergence of
The yields of resonances have been calculated by integra#nalysis B in Au-Au collisions. The main reason for the fra-
ing Eqg. (2.3 times a relativistic Breit-Wigner distribution gility of the fit is the absence of measured antibaryon yields,
over an intervallm—ém;,m+ém,], where Sm;=minfm  which are very effective in fixing the baryon-chemical po-
—Mipresholg2l' ] and Sm,=2I". The minimum massnyeshoig teNtial, in the main set of full phase space data. That shortage
is required to open all decay mod37] The relativistic  brings about a shallowness gf minima in four dimensions
Breit-Wigner distribution has been renormalized within theand, consequently, a difficult convergence in both analyses.
integration interval. The nonvanishing width of resonances\otwithstanding, in analysis A the absolute minimum turned
plays a major role especially at low energiesg., SIS; for  out to be deep enough, whereas in analysis B the conver-
instance, theA(1232) resonance creates pions more effecgence to a sufficiently nearby point was spoiled and the
tively than in the case of a vanishing width. minimum drifted toT~150 MeV with a nearly flat descent
We have not used proper volume corrections in a van defrom the minimum found in A. This indicated a possible
Waals type fashion which have been considered previouslynodel dependence of the fit outcome. In order to check our
[25]. result in analysis A and make it robust we have repeated the
A major problem in Eq(2.4) is where to stop the sum- fits in Au-Au collisions at AGS by using an additional mea-
mation over hadronic states. Indeed, as mass increases, Qdifrement ofp/p [23] ratio in the limited phase space region
knowledge of the hadronic spectrum becomes less accuratg;o<y<2.2 around midrapidity. The use of a ratio of par-
starting from~1.7 GeV many states are possibly missing;ticles measured by the same experiment under the same con-
masses and widths are not well determined and so are thfitions reduces the involved systematic errors due to slightly
branching ratios. For this reason, it is unavoidable that &ifferent centrality definitiongwith respect to the other data
cutoff on hadronic states be introduced in E8.4). If the  sef and other possible sources. However, the actual ratio in
calculations are sensitive to the value of this cutoff, then tthI” phase space m|ght be different Owing to different Shapes

reliability of the results is questionable. We have performedy¢ "o rapidity distribution and this effect has been taken
all c|>ur. callculqzons W'Ijh ;WO ﬁutoffs, on2e 4atG 1"2 Ge(lm into account by conservatively assigning a 20% additional
analysis algorithm Aand the other one at 2.4 Géin analy- systematic error. The fit results are shown in Table IlI; the
two analyses are in very good agreement and, on top of that,

) . aAlUr€he results for analysis A are in excellent agreement with
=200 MeV, making thermal models inherently unreliable . . . L — .
those in Table | obtained without usingp ratio, thus con-

above this temperature. firming the good quality of the calculation.

For each analysis an estimate of systematic errors on fit
parameters have been obtained by repeating tlig issum-
ing vanishing widths for all resonancés) varying the mass

As mentioned in the Introduction, we have performed twocutoff to 1.7 GeV in analysis A and to 1.8 GeV in analysis B,
analysegA and B) by using completely independent algo- and (iii) for Au-Au at 1.7A GeV/c, the volumeV has been
rithms. In analysis A all light-flavored resonances up to 1.8varied toV/2 and to 2/ (see discussion in Sec,)ll
GeV have been included. The production of neutral hadrons The differences between the new fit parameters and the
with a fractionf of ss content has been suppressed by amain parameters have been conservatively taken as uncorre-
factor of (1_f)+f7§_ In analysis B the mass cutoff has lated systematic errors to be added in quadrature for each

been pushed to 2.4 GeV and neutral hadrons with a fractiof@"iation (see Table )l The effect of errors on masses,

f of ss content h b dbyaf G’@ Both widths, and branching ratios of inserted hadrons has been
Of S content have been suppressed by a 1aglor Bo tudied in analysis A according to the procedure described in

algorithms use masses, widths, and branching ratios of ha ef.[7] and found to be negligible

rons taken from the 1998 issue of Particle Data T4RlH. : X

. : Finally, the results of the two analyses have been aver-
However, it must be noted that differences between the tw%ged according to a method suggested in Rag], well

analyses exist in dealing with poorly known heavy resonancg ;i for strongly correlated measurements. First, a simple

parameters, such as assumed central values of mass -correlation weighted average has been calculated as the

width, where the Particle Data Table itself gives only a ro”ghcentral value of each parameter. Second, the error on it has

estimate. l\'/loreover,. the tWO. analyses d!ff.er'by th? tre.atmer}geen estimated by conservatively assuming that the results A
of mass windows within which the relativistic Breit-Wigner and B are fully correlated, i.e., with a covariance matrix

distribution is integrated.
The results of thee? fits are shown in Tables | and Il for
both analyses A and B. The agreement is indeed very good C=
and confirms the reliability of the results obtained. Tyfe
minimization in Au-Au collisions at AGS in analysis B did
not converge to a reliable minimum; however, tfecom-  yielding an error

Ill. RESULTS

(3.9

(o] 0'10'2)
L

0102 02
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TABLE II. Comparison between fitted and measured particle multiplicities and ratios. In Au-Au colli-
sions at AGS we also quote our predictioncluding weak decay produgtalong with a measurement in a

limited kinematic range (1:0y<2.2), whose error is only statistical, which sets a lower limit fomulti-

plicity.
Reference Measurement Analysis A Analysis B

Au-Au 1.7A GeV

atlp [26] 0.052£0.013 0.05306 0.05306

Kt/ m* [26] 0.003£0.00075 0.003040 0.003030

a It [26] 2.05+0.51 2.0371 2.007

nl ° [26] 0.018£0.007 0.00109 0.000851
Au-Au 11.6A GeV

Participants [27] 363+ 10 363.0

K* [27] 23.7+2.9 20.23

K~ [27] 3.76+0.47 4.038

ot [16] 133.7£9.9 133.3

A [17] 20.34-2.74 21.54

plmt [18] 1.234+0.126 1.295

H [23] >0.0185-0.0018 0.0363
Si-Au 14.6A GeV

Participants [28] 115+ 10 99.41 94.33

ot [28] 33+3 34.79 36.92

a lat [28] 1.09+0.13 1.296 1.196

K@t [12] 0.18+0.02 0.1564 0.1590

K /a7~ [12] 0.034+0.004 0.02715 0.02767

E/K* [15] 0.018+0.0034 0.01672 0.01706

AJA [12] 0.003+0.0015 0.00217 0.00301

b [12] 0.09£0.04 0.1725 0.1345
Pb-Pb 158 GeV

(7" +m7)/2. [22] 600+ 30 581.9 568.0

K* [22] 95+10 96.42 99.05

K~ [22] 505 56.53 60.96

K2 [22] 60+12 75.39 79.34

p [22] 140+ 12 144.9 144.9

P [22] 10+1.7 8.242 7.707

& [29] 7.6-1.1 7.185 5.852

= [29] 4.42+0.31 3.895 4.110

=- [29] 0.74+0.04 0.766 0.765

AIA [22] 0.20.04 0.1033 0.098

1 1 2 In Table | we also list the values of the Wroblewski factor
T \s [31] measuring the number of newly creatadmary va-
, 7 P 05 0102 lencess pairs in comparison to the newly created nonstrange
o= 1 1\% (32 primary valence quark pairs
—_ + —_ J—
2 2 2(ss
( o7 ‘72) (59 (3.3

° (uuy+(dd)
The correlation between analyses A and B clearly arises -
from the use of the same set of hadronic data and theoreticalong with fit and systematic errors. Tks and light quark

model. pairs are computed on the basis of primary multiplicities of
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TABLE lll. Top: fit results for Au-Au collisions with the measured ral}i_nip; its systematic error has
been conservatively estimated to be 20%. Bottom: fit results for Pb-Pb collisions with the exclusion of
¢, E's, and both.

Au-Au 11.6A GeV

Analysis A Analysis B Measurement
T (MeV) 121.2+4.6+1.7 130.6-5.5+3.9
ng (MeV) 558+ 12+9 594+ 26+ 30
Vs 0.701+0.068-0.072 0.8830.124+0.207
VT3exp(—0.7 GeVIT) 2.02+0.19+0.36 1.65-0.22+0.66
X?INpg 2.70/3 1.06/3
Ns 0.44+0.11 0.72£0.30
Participants 363.0 364.1 36310
K* 20.23 21.37 237F12.9
K™ 4.038 3.950 3.760.47
ot 133.3 130.5 133%9.9
A 21.54 21.40 20.342.74
p/7* 1.295 1.237 1.2340.126
plp 2.125¢10°* 2.516x10°* (2.50+0.25+0.50)x 10" *

Pb-Pb 158 GeV - analysis A

Without ¢ Without E’s Without ¢ and E’s
T (MeV) 159.9+ 2.6 168.7+7.1 165.6-6.5
ug (MeV) 237+13 222+15 218+9
s 0.753+0.036 0.716-0.051 0.664-0.064
VT3exp(-0.7 GeVT) 22.8+1.2 23.8-1.3 24.4-1.3
X2/Npe 14.0/5 5.5/4 4.5/3
) 7.092 6.829 6.053
= 3.849 3.616 3.154
=+ 0.7637 0.9749 0.8028

Pb-Pb 158 GeV, analysis B

Without ¢ Without 2’s Without ¢ and E’s

T (MeV) 158.2+2.7 167.1+6.3 158.5-5.2
ug (MeV) 232+12 22713 208+ 14

Ys 0.806+ 0.040 0.862-0.043 0.658 0.067
VT3exp(-0.7 GeV) 20.9+1.1 20.2-1.1 22.9-1.3
X?INpg 15.9/5 14.6/4 6.3/3

) 4.784 6.293 2.328

B~ 3.867 4.397 2.661

=+ 0.7594 1.151 0.5916

all hadron species, i.e., before particle decays take place. ThgsgA GeV/c per nucleon. Furthermore, the fitted param-
behavior ofAas a function of collision type and center-of- eters show a remarkably smooth and consistent dependence
mass energy is shown in Fig. 1 including elementary angys a function of the center-of-mass energy. The fit quality is
S-S, S-Ag collisions. Values for S-S, S-Ag and generally good with the exception of Au-Au collisions at

e*e”, pp, pp collisions have been taken from RET]. 1.7A GeV/c where the largg? is due to an underestimation
of one ration/7° (see Table .
IV. DISCUSSION AND CONCLUSIONS The temperature varies considerably between the lowest

and the highest beam energy, namely, between 50 MeV at
From the results obtained, it emerges that a statisticalSIS and 160 MeV at SPS. Similarly, the baryon chemical
thermal description of multiplicities in a wide range of heavy potential changes appreciably, decreasing from about 820
ion collisions is indeed possible to a satisfactory degree oMeV at SIS to about 240 MeV at SPS. However, since the
accuracy, for beam momenta ranging fromAL.GeV/c to  changes in temperature and chemical potential are opposite,
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1 T T I T I TABLE IV. Comparison between predicted particle multiplici-
r 7LS=2<S§>/<uﬁ+da> & ties in central Pb-Pb collisions by using fittéld wg, and ys
09— . quoted in the rightmost column of Table | and those measured by
r 7 WAQ97. The normalization volume has been adjusted to minimize a
0.8~ - X% which turned out to be 28.9.
i AGS Si-Au |
0.7 N Calculated Measured
0.6~ = h 207.9 17822
. T T K2 23.66 21.92.4
04 S-Ag | A 1.543 1.8-0.2
- E =i 1.251 1501
03 . - =hi 0.2354 0.3%0.06
L € -€ 4 _
oL 1 L R T I E a+0 0.1662 0.4%0.08
ol pp P i
' P 4 brated hadron ga§.e., ys=1) cannot be ruled out in all
5 gl "'1 ! '2 L '3 examined collisions except in Pb-Pb, whergdeviates from
10 10 10 10 1 by more than &. This result does not agree with a recent
s (GeV) similar analysis of Pb-Pb dafd 3] imposing a full strange-

ness equilibrium. The main reason of this discrepancy is to
FIG. 1. Ratio of strange quark pairs to created nonstrange quarke found in the different data set used; while in Réf3]
pairs (Wroblewski factoy as a function of nucleon-nucleon center- measurements in different limited rapidity intervals have
of-mass energy. Values for S-S, S-Ag, asice™,pp,pp collisions ~ been collected, we have used only particle yields extrapo-
have been taken from Rdf7]. lated to full phase space. The temperature values that we
have found essentially agree with previous analyses in

the resulting energy per particle shows little variation and?U-AU collisions [26] and Si-Au collisions[10,13,33 and

remains practically constant at about 1 GeV per particle; thi§€stimates in Au-Au collision at 1147 GeVic [33].

is shown in Fig. 2. _ '_I'heT value in Pb-Pb is S|gn|f|c_antly affected by the mul-
The supplementaryy, factor, measuring the deviation t|p||cEy value of the heaviest par_tlcles measured, namaly,

from a completely equilibrated hadron gas, is around 0.7—0.8nd =, as they are almost entirely directly produced and

at all energies where it has been considered a free fit pararRfovide a major lever arm on the slope of production versus

eter. At the presently found level of accuracy, a fully equili- Mass function. A recent 40% lowering of the" yield mea-
sured by NA4929] with respect to a previous measurement

| : | i | : | : | ; [34] results in a decrease of estimated temperature value
from about 180 MeV to the actual 160 MeV. However, the
02— <E=DB=L.L Gel removal of these two particles from the data set yields fitted
"""" <E>/<N>=1.0 GeV parameter values which are in fair agreement with the main
K 1 fit, as shown in Table Ill. In particular, it is worth remarking
--------- ) that this exclusion does not bring significant changeyto
whose outcome is very sensitive to particles with multiple
AGS Si-Au strange quark content and this confirms again the robustness
. of the main fit.
In order to further investigate strangeness production in
— Pb-Pb we have performed a consistency test between our
fitted parameters, based on NA49 measurements, and the
i multiplicities of multistrange hadrons measured by the ex-
periment WA97 in central Pb-Pb collisions in a rapidity win-
- dow *+0.5 around midrapidityf35]. By fixing T, 7y, and
SIS Au-Au up to the averaged values in Table | and adjusting the vol-
L ] ume (i.e., an overall normalization we obtain ay?/Npg

=28.9/6. Calculated\,A multiplicities (see Table IV do
oll L | L ' L | L | L not include a residual feeding fro@ decays in the experi-
g 02 0.4 &4 0.8 1 ment, estimated to be:5%,<10%, respectively36]. The
Uy (GeV) high value of they? indicates that the statistical-thermal
analysis is not able to reproduce data in a limited phase space
FIG. 2. Fitted temperatures and baryon-chemical potentials plotregion and in full phase space at the same time without re-
ted along with curves of constant energy per hadron. sorting to a more detailed dynamical model. In particular, the
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— 1 r T T 1 °r T T T 7 Hy MeV)
i 1 60 44 31 19 9
1.1+ — 1.5 T T T T T T T T T T T
SIS Au-Au ’
1= B i
AGS Si-Au 1
09 —
>_31 L .
08~ SPS Pb-Pb} N
- SPS S-Ag e
071 $AGS Au-Au SEHISS -
i ! h'/charged
0.6 - —
osb L v 11y T =160 MeV
’ 5 10 15 20 25 30 - Tmm T=165MeV A
’\/S (GeV) ............. T = 170 MeV
H 1 1 I 1 I 1 I 1 I 1 I 1
FIG. 3. Strangeness suppression factaras a function of 0
nucleon-nucleon center-of-mass energy. Values for S-S, S-Ag, anc 04 05 0.5 0:7 B 02 1
e"e ,pp,pp collisions have been taken from RET). p/p

parameters determined by the fit to NA49 data underestimate FiG. 4. Particle-antiparticle and negative to charged hadrons

the yields of= and{) baryons. ratios as a function of thp/p ratio for different temperatures and a
~ The parametery; as a function of center-of-mass energy fixed ratio of charge over baryon numb@/B, 0.401, andy,=1.

In her?lvy 1on collls!or(lncludlng S-S and S-Ag7]) is shown The E/p variation is governed by the variation of the baryon-
in Fig. 3. Again, the values for S-S, S-Ag, and ¢nemical potential. The dependence of these ratioggnwithin
e*e”, pp, pp collisions have been taken from RET]. As  the expected range, is found to be negligible.

can be seen from Fig. 3 is fairly constant; however, given
the large error bars, it is quite difficult to exclude different
behaviors. Also the behavior of the factor (see Fig. 1as a
function of energy(provided that there is little dependence
on system size at fixeq's, as the approximate equality of
Adn S-S and S-Ag confirmsis still unclear due to large
experimental uncertainties. The line shape is either compa
ible with a monotonically increasing curve, saturatinghat
=0.45, or with a curve having a maximum around Si-Au
collisions, then decreasing and settling at an asymptotic

=0.45 value or maybe decreasing further to the characteris- ACKNOWLEDGMENTS

tic value of elementary collisions37].

Forthcoming lower-energy Pb-Pb and high-energy Au-Au  We are very grateful to N. Carrer, U. Heinz, M. Morando,
data at RHIC should allow a clarification of the behavior of and C. Ogilvie for useful suggestions and discussions about
strangeness production in heavy ion collisions. In order tdhe data. We especially thank H. Oeschler for his help with
easily compare our results with new measurements fronthe GSI SIS data and R. Stock for his help with the NA49
RHIC experiments we also show in Fig. 4 the values ofdata.

various particle-antiparticle ratios as a functionpsp ratio
for different values of the temperaturd €160, 165, and
170 MeV) and a fixed value of the charge to baryon ratio of
0.401. RHIC results, however, will only be available for very
li_mited kinematical region, while this kind of thermal model
approach is largely tied to full phase space ratiese the
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