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Hadron spectra and quark-gluon plasma hadronization in Au+Au collisions
at relativistic energies
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The transverse mass spectra(®@fhyperons andp mesons measured recently by STAR Collaboration in
Au+ Au collisions aty/syy= 130 GeV are described within a hydrodynamic model of the quark-gluon plasma
expansion and hadronization. The flow parameters at the plasma hadronization extracted by fitting these data
are used to predict the transverse mass spectiagotind ' mesons.
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The hadron chemical freeze-out in nucleus-nucleAs ( phase and hadron matteand é=r/Ry is a relative trans-
+A) collisions at the Super Proton Synchrotr@®PS and  verse coordinate. The particle degeneracy and fugacity are
relativistic heavy ion collidefRHIC) energies seems to take denoted asl; and\,, respectivelym;= \/pT2+ m2i is the had-
place near the boundary between the quark-gluon and hadraon transverse mass, akd andl, are the modified Bessel
phases. The values of the temperature parameter extractathctions. The parametey; in Eq. (1) (ys[15] for i=¢,Q
from the data are similar for both energie$ =170 andyc[9,10 fori=J/y, ') describes a possible deviation
+10 MeV. On the other hand, the data analysis at the SPSf strange and charm hadrons from complete chemical equi-
[1,2] and a numerical modeling of the hadron cascade stagédrium (n;=2 for ¢,J/¢,4' andn;=3 for ().
at the SPS and RHIC3,4] indicate that the kinetidi.e., Note that spectruntl) is obtained under the assumption
particle spectrafreeze-out of the most abundant hadronsthat the hydrodynamic expansion is longitudinally boost in-
takes place at temperatures significantly lower tign. variant, and. that the freeze-out occurs at constant I.ongltudl-
Nevertheless, one expects that the kinetic freeze-ou of N@l Proper time. In order to complete E@), the functional

hyperons andp, J/4, andy’ mesons may occur directly at form of the transverse rapidity distribution of hadronizing

o matter has to be given. A linear flow profil
the quark-gluon plasméQGP hadronization stage or close maxyT(g) gv : w profileyr(£)

to it since these particles have small hadronic cross section§3|'T | t,' usedf g‘ f?z]r model is justified by the numerical
Thus for these hadrons the chemical and kinetic freeze-oufg?'CU'ations of REf~I.

are expected to coincide and to be determined by the featur% Thus, in our model, the QGP hadronization is described
of the QGP hadronization. Fa¥/ ¢ and ' mesons, this is §/ the following parameters: temperatuifg, volume pa-

2 ; P ita,Max it )
our suggestion5-7], which is a straightforward conse- rameterryRy,, maximum flow rapidityyr =, fugacitiesh;,

qguence of the recently proposed statistical mechanism o nd saturation factory; . Note that theg,J/y, )" have no

. . . onserved charges amnd=1 for these particles. We use the
charmonia production at the QGP hadroniza{i®r11]. The & o4\ a1ues of t%]e par?gmeteTsﬁz 170 FI)\/IeV, vs=1.0, and

transverse mass spectra @f hyperons[12] and ¢ mesons No-=1M+=1.09 (note that \o-=exd(ua—3ud/T],
[13] produced in central A#Au collisions at VSyy  where wg and ug are, respectively, baryon and strange
=130 GeV were recently measured by the STAR Collaboraghemical potentials These(average values of thechemical
tion. These data allow us to extract parameters of the QGReeze-outparameters have been found in the hadron gas
hadronization at RHIC energies, and consequently predicinalysis[16] of the full set of the midrapidity particle num-
the spectra of/¢s and ¢’ mesons. ber ratios measured in central Aldu collisions at+/syy
Within a hydrodynamical approach of the QGP hadroni-=130 GeV. The fit to then; spectra of Q= hyperong[12]
zation, the transverse mass spectrumitbf hadron in the and ¢ mesong[13] measured in centrgll4% for Q* and

central rapidity region can be writtdd4] as 11% for ¢) Au+ Au collisions atysyny=130 GeV is shown
in Fig. 1. The fit results areg"®=0.74+0.09, R4 =275
dN; ‘ diNiy) , (1 mycoshy +70 fmf/c, and x*/ndf=0.46. In the calculation of errors
mrdmydy R THRE | §déK, - of the two free parameters of the model the uncertain-
TdMrayly_o 0 H ties of Ty, (=5 MeV), ys (+0.05), andhg,- (+0.06) were

taken into account. The normalization factors(fand ¢
) spectra are simultaneously treated in terms of the same vol-
ume parameterR .
) ) o o A simple exponential approximation of the spectra is usu-
where y is the particle longitudinal rapidity ang+(§)  ally utilized to parametrize the experimental data:
=tanh vy is the fluid transverse rapiditR, and r are,
respectively, the transverse system size and proper time at dN ’ Ce p( my
y=0

pTSinhyT)
Xlo| —=—],
0( Th

. (2

the hadronizatior(i.e., at the boundary between the mixed mrdm;dy T
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FIG. 1. The hadron transverse mass spectra in-Au colli-
sions at/syny=130 GeV are shown. The points indicate experi- ol L L
mental data for the) [12] and ¢ [13] measured by the STAR 0 2 4 6 8 10
Collaboration. The model results are shown by full lines. R, (frm)

The m; spectrum(1) may, however, deviate significantly ~ FIG- 3. The linesr;=A(T;)Ry of constant “volume param-
from a purely exponential one, and its shape depends on tH?éer" A(Ty) are shownT,=170 MeV corresponds to the dashed
magnitude of the transverse flow and the mass of the particlde: Th=165 MeV andl}, =175 MeV correspond to the lower and
The normalization factor€ and the inverse slope p(,irametersupper solid I|.nes, respectively. The dashed area is the '|ntersect|0n
T* in different intervals ofnr—m can be found from they, " the region ofRy=5-7fm and ;=811 fmk estimated
Q, J/y, andy’ spectra given by Eq1) using the maximum from Ref.[4].
likelihood method. The average values Bf for the my
domains of “lowp;” ( my—m<0.6 GeV) and “highpt” Ref. [6]) are also shown for comparison. The observed in-
(0.6 Ge\<m;—m< 1.6 GeV), discussed in Refg4,7], are  crease ofl* with increase of the hadron mass is much stron-
shown in Fig. 2. The values 6f* obtained by fitting the ger at the RHIC than at SPS energies. It is caused by larger
0", J/y, andy data in Pb-Pb collisions at 158 GeV (see  transverse flow velocity of hadronizing QGP at RHIE;(

=0.44) than at SPS(=0.19). The increase af* is much
2000 more pronounced in loyp region than in highpt one(see

o low p, Fig. 2. In our model them-spectra of charmonia are ex-
1800 - Zrﬁh Pr traordinarily affected by the strong transverse flow at the
1600 | v high‘;: RHIC due to enormous masses of these hadrons.
The hadronization volume parametaqRﬁ obtained in
1400 - our present analysis can be compared with that calculated in
the “hydro QGP+ hadron cascade” model. This parameter
< 1200 - THRE'EA(TH) extracted from the fit to th€ and ¢ spectra
; 1000 | RHIC defines the IineTH=A(TH)R;2 in the Ry-7y plane. The
= allowed region in th&k,;-7 plane can be estimated by vary-
g0 L ing the temperature parameter within its limitg
=165 MeV and Ty=175 MeV. The resulting lines are
600 - shown in Fig. 3. The transverse radidg=5-7 fm and the
proper time ry=8-11fmkt at the QGP hadronization
400 1 SPS can be estimated from the hydrodynamical calculations of
000 | I N Ref. [4] for central Au+Au collisions at\/syy=130 GeV
¢ 0 Jy W (see Fig. 3 in Ref[4]). These model boundaries and their
R EEr T e——a intersection. wit'h theRy-7 region found in our analysis.
m (GeV) are shown in Fig. 3. Therefore, our results do not contradict

the estimates of Ref4]. This fact supports the basic as-
FIG. 2. The values of the inverse slope parameférdor two ~ Sumptions of our model, and it demonstrates their physical

differentm; domains—lowp; and highpr—in Au-+Au collisions ~ consistency.

at \/syn= 130 GeV are presented. For comparison, the valuds of Within our approach theny spectra ofp, ), J/,y" are

extracted from fitting the data in PtPb collisions at the SPS are assumed to be frozen at the space-time hypersurface where

also shown. the hadron phase starts. This assumption is justified by the
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TABLE |. The values of inverse slope parametéef$ for

(anthprotons and (anti)A’s in Au+Au collisions at syy X RHIC ® A STAR
=130 GeV are presente(the difference in the results for particle 107 ¢ PPN
and its antiparticle is small = AX100 STAR
Low p;
— == Highp,
I*ow-pT ﬁigh-pT Refs. o
(MeV) (MeV) 3 10°
o
DATA p,E 455+ 105 290+ 40 [19,21] =
Hydro+ RQMD 480 300 [4] &
Single freeze-out 315 310 [17,18 = 10°
DATA A A 505+ 60 320+ 30 [20,22 5
©
Hydro+ RQMD 440 310 (4]
Single freeze-out 360 330 [18]
10°
small hadronic cross sections and large masses of these par- ‘ ‘
ticles (in addition, them; spectra of these hadrons are almost 0 1 2 3
not affected by the resonance feedinglowever, themy m.m (GeV)

spectra of many other hadrons are expected to be signifi- o _

cantly modified by hadronic rescattering. Contrary to this FG- 4. The points indicate the experimentat spectra ofA
expectation, it was recently postulafe, 18 that the simul-  and A in central Au+Au collisions atysyy=130 GeV measured
taneous chemical and kinetic freeze-out in+u collisions by the STAR[20] and PHENIX[22] Collaborations. The “straight

at the RHIC occurs for all hadron@ single freeze-out lines” are the exponential approximations of the spectra with Eq.
mode). Do experimental data allow us to distinguish be- (2) in the lowp+ (solid lineg and highpy (dashed lingsregions.

tween these two approaches? Despi Pt

; ) pite the large uncertainties, the data seem to favor the

. The “hydro QGP+ hadrpn cascade” approagH] pre- QGP hydro+ hadron cascade model over the single freeze-

dicts for central Au-Au collisions atysyy=130 GeV that 4t model. Additional data in the low; region and their
the hadron cascade stage modifiesrthespectra of nucleons e qretical analysis would be helpful to clarify presence of
and A hyperons substantially. In particular, a large increasna hadron cascade stage and its influenceTfig,, of
of the inverse slope parameter in the Ipy-region is ex- antiprotons andanti)A’s P
pected for these hadrons as a result of hadronic rescatterirgg Aspsuming a statistical épproach to the charmonia produc-

and resonance d'ecay effects. Thus measurements %n at the QGP hadronization in high energy nuclear colli-
(antproton andanti)A my spectra should allow us to dis- sions, we predict a stron@ few times increase of the in-
tinguish between the single freeze-out model and model erse, slope parametd®* of the charmoniam; spectra at
which assume different kinetic freeze-out conditions for dif-RHIC in comparison with those found at the STPS The higher
ferent hadrons. " . the energy, the larger the inverse slope expected due to in-
Therefore, we performed the" analysis of the present creasing transverse flow of hadronizing QGP. Thus, at
RHIC data from the STAR19,20 and PHENIX Collabora- JSun=200 GeV, the increase oF* should become even

tion [21,22. The resultingT* values are summarized in s —
Table | together with the predictions of the single freeze-ouf"°'€ _p_ronounced than tsyn=130 GeV. Due to strong
sensitivity of the charmonia spectra to the hadronization tem-

model[17,18 and QGP hydrot+ hadron cascade modgt]. . ) )

—= - perature and transverse flow velocity, their analysis would
Themy spectra ofA and A are also shown in Fig. 4. There gjgnificantly improve our estimate of these parameters.
are significant systematic differences betw&énparameters
obtained from the STAR and PHENIX data. In view of this We thank A. L. Blokhin, P. Braun-Munzinger, and W.
fact, the values quoted in Table | are calculated as an arithGreiner for discussions and comments. The financial support
metic average of both results, whereas (estematicerror  from the Humboldt Foundation and the INTAS Grant No.
was estimated to be a half of the difference between them.00-00366 are acknowledged.
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