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The nal pr-spectra measuredat RHIC at P Syn = 130and 200Gev
are tted within the Cracow single-freeze-outmodel. Then the global vari-
ableslike the transverseenergy at midrapidity, the charged particle mul-
tiplicit y at midrapidity and the total multiplicit y of charged particles are
ewvaluated. The predictions agreefairly well with the experimental data.
The certralit y independenceof the total number of charged particles per
participant pair has beenalso reproduced.

PACS numbers: 25.75. q, 25.75.Dw, 24.10.Pa, 24.10.Jv

1. The single-freeze-out model and global variable estimates

In this lecture the application of the single-freeze-outstatistical model
[1 5] to the nal data on the pr spectra of identi ed cha%;ed particles
measuredin the Relativistic Heavy lon Collider (RHIC) at " Syn = 130
and 200GeV [6 12]is reviewed. Details of this analysis can be found else-
where [13]. The foundations of the model are as follows: (a) the chem-
ical and thermal freeze-outstake place simultaneously, (b) all con rmed
resonancesup to a massof 2 GeV from the Particle Data Tables[14] are

taker&]into accour, (c) a freeze-outhypersurfaceis de ned by the equation
= t2 rZ rZ r2=const (d) the four-velocity of an elemen of the

y
freeze-outhypersurfaceis proportional to its coordilaate, u =x =, (e)the
transverse size is restricted by the condition r = rz+ r§ < max. The
rBaximum transverse- ow parameter can be expressedas ' = ( max= )=

( 1+ ( max= )?): The model hasfour parameters,namely, the two thermal
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parameters, the temperature T and the baryon number chemical potertial
B, and the two geometric parameters, and max.
With the useof the following parametrization of the hypersurface

t = cosh (cosh 5 ; ryk = sinh , cos ; D)
ry = sinh 5 sin ; ry sinh cosh - ;

the invariant distribution of the measuredpatrticles of speciesi can be ex-
pressedin the form

dN 71 X = 2
i _ 3 . . )
Fpr dy d sinh - d(sinh 2) d (p u)fi(p u); (2
0 0
where
p u= mycosh( ( y)cosh , prcos sinh 5 ; 3)

and f; is the nal momertum distribution of the particle in question. The
nal distribution meanshere that f; is the sum of primordial and simple
and sequetial deca cortributions to the particle distribution (for details
see[4,15]).

Having integrated the distribution, Eq. (2), over pr and summing over
appropriate nal particles, one can obtain transverseenergy (dEt=d jmig)
and charged particle multiplicit y (dNg=d jmiq) densities at mid-rapidity
(for details see[13]). The experimentally measuredtransverse energy is
de ned as "

Er = E, sin ;; (4)
i=1

where ; is the polar angle, E; denotesE; my (my meansthe nucleon
mass)for baryons, E; + my for antibary ons and the total energyE; for all
other particles, and the sum is taken over all L emitted particles [16,17].

In the caseof expansionsatisfying the condition d u on a freeze-
out hypersurface(as here), the total multiplicit y of particle speciesi can be
derived in the form

z w 2 Z
Ni = d?pr dy 27| = d d’pr dy (p u) fi(p u)
z d“pr dy z
= d ni(T; g)=ni(T; 8) d ; (5)

if the local thermal parametersare constart on this hypersurface. The den-
sity n; is not the primordial thermal density of particle speciesi but it
collects also cortributions from decgs of resonances.The last integral in
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Eq. (5) expresseshe hypersurfacevolume and if the rapidity of the uid
elemen | is unlimited (cf. EQ. (2)), then this volume will bein nite. Thus

k is assumedto have its maximal value . Then the volume can be
expressedas2 " 2 _« and the total multiplicit y of charged particles is
obtained:

X
New = 2 0 Za  ni(T; 8)
i2B
=2 ™ 2 na(T; B); (6)
whereB = f *; ;K*; K ;p;pg. For [ the following parametrization
is obtained (for details see[13]):
h yi
max —_ .
i (O=Y% gop 9 0

where y, is the projectile rapidity, hyi the averagerapidity lossand c is
a fractional number represeting the middle of a given certrality bin, i.e.
c= 0:.025for the 0 5% certralit y bin, etc.

2. Results

Studies of the particle ratios and pt spectra at various certralities in
the framework ?)f the single freeze-outmodel were done for the preliminary
RHIC data at " Syn = 200 Gev [18,19] in [5]. The procedure has two
stages. First, thermal parametersT and g are tted with the use of the
experimental ratios of hadron multiplicities at midrapidity. After then two
next parameters, and max, aredeterminedfrom the simultaneous t to the
transverse-mometum spectraof , K , pandp. Both ts are performed
with the help of the 2 method. Since (a) the preliminary data for the
pr spectra [18,19] dier from the nal data [8,9], (b) not all bins were
tted in [5], (¢) the data points were digitized from the plots in [5], the
t procedurefor determination of the geometric parameters of the model,

and qax, has been performed again. For completenessthe PHENIX
caseat = Syn = 130GeV hasbeenrepeated, sincethe rst published data
were for three bins only [6]. The data for the next two bins, which were
not tted in [4], Werlsja added in the later report [7]. Also the BRAHMS
spectra measuredat =~ Syn = 200 GeV [10 12] have not been tted within
this model until now. The thermal parameters for the three casesof the
maximal RHIC collision energy have beentaken from the newer studies of
the particle abundanceratios [20,21].
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The nal resultsfor the geometricparameters nax and aregatheredin
Table| together with the corresponding valuesof '@ and 2/NDF for ead
certrality classcharacterized by the number of participants Npart. All ts
are statistically signi cant besidethe most peripheral bins of the PHENIX
measuremets.

TABLE |

Valuesof the geometricparametersof the model tted to the RHIC nal data onthe
pr spectra of identi ed charged hadrons[7 12]. Valuesof the thermal parameters
are taken from the quoted references.

Collision case  Npar max [fM] [fm] max 2/NDF

PHENIX at 347.7 650 027 823 023 0.62 0.52
P SN = 130Gev: 2713 599 021 729 0:18 0.63 0.46

T = 165MeV 180.2 508 018 6:34 015 0.63 0.49

B = 41MeV 785 359 015 481 0:13 0.60 0.74
[1] 143 168 019 314 022 047 1.32

PHENIX at 3514 846 010 884 008 0.69 0.80

P Syn = 200Gev: 299.0 799 0:10 823 0:08 0.70 0.61
T = 1552MeV 2539 754 010 7:67 008 0.70 0.48
B = 26:4MeV 2153 711 010 717 007 0.70 0.48
[20] 166.6 6:45 0:.09 647 007 0.71 0.58

1142 557 0:08 563 006 0.70 0.77

74.4 468 007 485 006 0.69 1.05

455 383 007 416 005 0.68 1.13

25.7 2199 006 347 005 0.65 1.41

134 222 0:06 278 005 0.62 1.55

6.3 171 006 240 005 0.58 1.40

STAR at 352 922 018 7:13 006 0.79 0.29

P Syn = 200Gev: 299 840 017 6:83 006 0.78 0.27
T = 1600 MeV 234 757 015 633 006 0.77 0.23
g = 24:.0 MeV 166 650 0:14 586 006 0.74 0.30
[21] 115 &52 012 537 006 0.72 0.27

76 466 011 491 006 0.69 0.27

47 387 0:10 440 006 0.66 0.35

27 307 009 394 006 0.61 0.46

14 237 0:08 3:32 006 0.58 0.87

BRAHMS at 357 875 016 838 011 0.72 0.50

P Syn = 200Gev: 328 850 0:15 808 010 0.72 0.52
T = 1552MeV 239 752 013 7:28 0.09 0.72 0.46
B = 26:4MeV 140 629 012 620 009 0.71 0.36
[20] 62 442 012 495 010 0.67 0.61
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Fig. 1. Invariant yields as a function of pr for RHIC at pm = 200 GeV. The

PHOBOS data are for the 15% most certral collisionswith the error bars expressed
as the sum of the systematic and statistical uncertainties [22]. The corresponding

PHENIX data are preserted asthe averagesof the invariant yields for the 05 %,

510 % and 10 15 % certralit y bins with no errors given. Lines are the appropriate

predictions of the single-freeze-outmodel.

To chedk the accuracy of the model predictions, the invariant distri-
butions given by Eq. (2) are calculated down to the low-pt region (0.03
0.05GeV for pions, 0.09 0.13GeV for kaonsand 0. 160 .21GeV for protons
and antiprotons) of the PHOBOS measuremets at ~ Syn = 200GeV [22].
The results are depicted in Fig. 1. As one can seepredictions agreevery
well with the low-pt data.

In Fig. 2 predictions for dNg,=d _jmiq per participating pair as a func-
tion of cerrality are preserted for © Syn = 200 GeV. In the STAR case
results agreewell with the data. In the PHENIX caseresults agreewithin
errors with the data from the summing up of the integrated charged hadron
yields [8], but they are signi cantly below the straightforward PHENIX mea-
suremerts [17]. This re ects the obsenred discrepancybetweenthe directly
measureddNg,=d and dNg=d expressedas the sum of the integrated
charged hadron yields [18].

In Fig. 3 the estimatesongT =d jmig per participating pair are shovn
asa function of centrality for © Sy N = 200 GeV. The predictions agreewell
with the data, only the most certral point of the STAR caseis substartially
overestimated (  17%).
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Fig. 2. dN¢h=d per pair of participants versusNpa for RHIC at ™ Syn = 200GeV.
The original PHENIX data are from [17], whereasthe recalculated PHENIX data
are from summing up the integrated charged hadron yields deliveredin [8]. Also
the STAR data are depicted with no errors given as in the sourcepaper [9]. The
lines connectthe results and are to guide the eye.
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Fig. 3. dEv=d per pair of participants versusNpa for RHIC at P SN = 200GeV.

The PHENIX data are from [17] but the original STAR data from [16] have been
rescaledto = 0, see[13]for more explanations. The lines connectthe results and
are to guide the eye.
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The predictions for the total charged-particle multiplicit y per partici-
pating pair are preseried in Fig. 4. One can seethat estimated valuesare
roughly constart within the range of the PHOBOS measuremeht [23], i.e.
Npart 60 360. Only  10%deviation from this constancycan be obsened
in the BRAHMS case. Also the predicted (absolute) valuesagreewith the
data within ~ 10%
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Fig. 4. Ncn per pair of participants versus Npa: for RHIC at P Syn = 130and

200GeV. The PHOBOS data are from [23] and the pp=pp data point of the UA5
measuremen is from Fig. 39.5in [14]. The lines connect the results and are to
guide the eye.

3. Conclusions

Global variableslike the transverseenergy density, the charged particle
multiplicit y density and the total multiplicit y of charged particles have been
estimated in_the framework of the single-freeze-outmodel for the Au Au
collisions at P SyN = 130and 200GeV. The estimatesare basedon the ts
of the parametersof the model which are donein the rst stage. While the
thermal parameters have beentaken from independert ts to the particle
yield ratios, the geometric parametershave beendetermined from the nal
data on the pt-spectra of identi ed chargedhadrons. The consisten picture
of the freeze-outhas been obtained within the model sincethe global vari-
ablesare measuredindependerily of identied hadron spectroscoyy and their
predictions agreefairly well with the data. It should be stressedthat the
model reproducesthe certralit y independenceof the total charged-particle
multiplicit y per participating pair and the predicted values agreewith the
measuredoneswithin ~ 10% This is surprising sincegeometric parameters
have been tted to spectra measuredat midrapidity, but the total charged-
particle multiplicit y is measuredin the whole rapidity range.
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