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SUMMARY OF THE MEETING�A. BialasMrian Smolu
howski Institute of Physi
s, Jagellonian UniversityReymonta 4, 30-059 Kraków, Polande-mail: bialas�th.if.uj.edu.pl(Re
eived Mar
h 18, 2002)A (very personal) summary of the meeting is presented.PACS numbers: 25.75.�q 1. Ex
usesIt does not seem possible to 
over here all ideas presented during the
onferen
e. First, they were numerous. Se
ond, being in
ompetent, I didnot fully understand many of them. Third, this volume 
ontains most of thetalks and thus the reader 
an 
onsult them dire
tly. Therefore, I shall restri
tmyself to those few things whi
h were 
lose enough to my own interests.2. General remarks about dataData from CERES and from all four RHIC experiments were presented.It was rather re-
omforting to see that the new, more pre
ise data fromCERES [1℄ 
on�rm the earlier �ndings: de�nitely, the ex
ess of dileptonsin the mass region below the � peak is here to stay (see Fig. 1). And itrepresents a real 
hallenge for the theory. At the moment, the only viableidea is the shift of the � mass in the high density environment [2℄. But itwill require some more work to be fully a

eptable. I feel that, given thissituation, it would be very useful to perform a serious 
al
ulation of dileptonprodu
tion from parton-like systems (QGP, the quark�antiquark gas et
.).This 
ould provide a ne
essary alternative to the present hadron-like theoriesand give a hint as to the future dire
tion of the experiment.� Presented at the Cra
ow Epiphany Conferen
e on Quarks and Gluons in ExtremeConditions, Cra
ow, Poland, January 3�6, 2002.(1687)
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Fig. 1. Re
ent data from the CERES experiment [1℄.The RHIC experiments [3�6℄ impress everybody, I think, by the speed atwhi
h they produ
ed the results and by the quality of the data. In fa
t, oneof the most amazing things is that, as we have seen, the measurements fromall four experiments do agree with ea
h other (where they overlap). Thereis obviously no point to review these results here (they are in
luded in thisvolume), so I shall restri
t myself to two remarks.First, as shown in numerous examples, all MC 
odes used in data analysisfail to des
ribe 
orre
tly the experimental results. An illustration is shownin Fig. 2 [3℄, where one sees that none of the three popular models 
an

Fig. 2. Comparison of several MC 
odes to the data from the BRAHMS experimentat RHIC [3℄.
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ribe at the same time the 
harge parti
le and the net baryon density atthe mid-rapidity. One 
an 
on
lude either that more work must be done totune the existing 
odes to the data, or that, perhaps, the proposed approa
his too ambitious and some simpler ideas must be tried �rst. That is to say,one should �rst of all determine the relevant variables, whi
h de
ide aboutthe nature of a nu
lear 
ollision.This se
ond point of view is substantiated by the observation that somesimple parameterizations employing the quantities like the number of 
olli-sions and/or the number of wounded nu
leons (
alled now, in
orre
tly, thenumber of parti
ipants1) do work very well. I personally �nd far from triv-ial, that the 
on
epts whi
h were developed many years ago to des
ribe thephenomena of a rather di�erent 
hara
ter, are still relevant in this entirelynew situation. One example of su
h parametrization is presented in Fig. 3,taken from [5℄. Assuming that the nu
leon�nu
leon intera
tions 
an be splitinto �hard� and �soft� phenomena, one arrives at the formula [7℄dNd� = �dNd� �NN h(1� x)w2 + x�i ; (1)where w denotes the total number of wounded nu
leons and � the number ofbinary 
ollisions. One sees from Fig. 3 that (1) des
ribes reasonably the
entrality dependen
e of the data, although some deviations are perhapsseen at largest 
entralities. The fra
tion x of �hard� 
ollisions representsabout 10% of the total.
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Fig. 3. Centrality dependen
e of the hadron multipli
ity from the PHOBOS exper-iment at RHIC [5℄.1 Some of the nu
leons parti
ipating in 
ollisions s
atter only elasti
ally. They shouldnot be (and are not) 
ounted as �parti
ipants�. Thus �a parti
ipant� is a misnomer.



1690 A. BialasI think that the analyzes of this type will 
ontinue to give an interest-ing insight in the me
hanism of the pro
esses in question, parti
ularly ifperformed in a broad range of kinemati
 variables. For example, a simi-lar analysis of the suppression of the high p? parti
les, presented at thismeeting [4℄, would be 
ertainly very informative.Surely, this is not the only possibility and other variables may also turnout to be relevant, as suggested in some old [8℄ and re
ent [9, 10℄ work.3. NN and NA 
ollisionsNew data and analyzes about baryon number transfer and stopping wereshown for NN [11℄, as well as for NA and �A [12℄ 
ollisions.It has been demonstrated for the �rst time [11℄ that B� �B pairs produ
edin pp 
ollisions 
annot be identi�ed with p��p pairs (as it is usually assumed).Other isospin states 
ontribute substantially to the observed proton spe
-trum. This 
ontribution (about 1=2 of that 
oming from p��p) 
hanges qual-itatively the estimate of the transparen
y of the system (one obtains moretransparen
y, in
reasing with energy of the 
ollision). Moreover, this newanalysis dramati
ally a�e
ts the strange �B=B ratios and thus provides a new
hallenge to the models of strangeness produ
tion.Baryon stopping in nu
leon�nu
leus 
ollisions has been analyzed in [12℄.Combining the pA and �A data, the author was able to re
onstru
t the�genuine� proton spe
trum for various 
entralities of the 
ollision, as is seenin Fig. 4. These results show that, at least for SPS energies, there is no qual-itative di�eren
e between baryon spe
tra observed in pA and AA 
ollisions
p(beam)=158 GeV/c         preliminary

pp

pPb, central

pPb, intermediate

p-p-

Fig. 4. Net proton density in p�Pb 
ollisions plotted versus Feynman x for various
entralities of the 
ollision [12℄.
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omparable 
entralities. It would be interesting to verify this observationat RHIC energies, on
e the data on pp and pA are available.Let me also 
all attention of the reader to the very extensive review ofthe emulsion data [13℄. It is, of 
ourse, impossible to summarize it here.4. Hydrodynami
s and thermal hadronizationAn impressive su

ess of the thermal hadronization model was 
on�rmedat this meeting for RHIC data [14�17℄. An ex
ellent agreement is found forparti
le ratios (shown in Fig. 5 [15℄) and for transverse momentum spe
traof whi
h one example [16℄ is shown in Fig. 6.
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Fig. 5. Parti
le ratios from RHIC experiments 
ompared to the thermal model [15℄.

Fig. 6. An example of the transverse momentum spe
trum 
al
ulated from thethermal model and 
ompared to data from RHIC [16℄.



1692 A. BialasTaken together with the thermal �ts at lower energies [17℄, these newanalyzes of RHIC data 
on�rm the universal behavior of the freeze-out en-ergy density of 1 GeV/parti
le. The resulting phase diagram is shown inFig. 7 [17℄ and Fig. 8 [14℄. Explanation of this amazing universality whi
hseems to have a fundamental (albeit not yet understood) meaning is ob-viously a great 
hallenge for the theory. It may perhaps re�e
t some yetunknown features of the QCD va
uum [18℄.

Fig. 7. Phase diagram for parton�hadron transition, as estimated from data atdi�erent energies [17℄.Not so spe
ta
ular2 but also fairly su

essful is the hydrodynami
 de-s
ription of the 
olle
tive motion of the strongly intera
ting �uid 
reatedduring the 
ollision of two heavy nu
lei [19℄. Not only the general featuresof the �ow are re
onstru
ted but also a subtle phenomenon of the ellipti
 �owis des
ribed, at least semi-quantitavely. With the advent of new measure-ments of the �ow, in
luding a new te
hnique wi
h allows to study higherorder moments [20℄, the hydrodynami
 approa
h shall be soon subje
t toeven more stringent 
onstraints.Both hydrodynami
s and thermal hadronization imply an in
reasingfreeze-out volume with in
reasing energy of the 
ollision [14, 19, 21℄. This ismostly a 
onsequen
e of the in
rease of the initial density of the produ
edsystem at higher energies. At the same time, the freeze-out parameters mea-sured by HBT interferen
e are pra
ti
ally energy-independent from 2 GeVtill RHIC energies [22,23℄. These two fa
ts are di�
ult to re
on
ile with thepresent models of these phenomena [21℄. This is yet another 
hallenge forthe theory. And a serious one.2 Some serious problems were reported in [19℄.
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Fig. 8. Phase diagram for parton�hadron transition, as estimated from data atdi�erent energies, in
luding the re
ent results from RHIC [14℄.5. Charge �u
tuationsIt was re
ently suggested [24℄ that measurements of 
harge �u
tuations
an be used to distinguish the hadron gas in equilibrium from the quark�gluon plasma. The argument, presented by V. Ko
h, 
on
erns the quantityD = 4hÆQ2ihN
hi ; (2)whi
h should be equal to 4 in the pion gas (after appropriate 
orre
tionsfor resonan
e produ
tion are taken into a

ount D � 3), and to 1 in thequark�gluon plasma.This large di�eren
e is mostly a 
onsequen
e of the fa
t that 
harges ofquarks are mu
h smaller than those of hadrons. To see that, 
onsider a sys-tem of several parti
le spe
ies (labeled by i) with 
harges qi and multipli
itiesni. Sin
e Q =Xi qini ! hQi =Xi qihnii (3)we obtain hÆQ2i � hQ2i � hQi2= Xi (qi)2hnii+Xi;k 
(2)ik hnii hnkiqiqk ; (4)where 
(2)ik are the normalized two-parti
le 
orrelation fun
tions.
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les are weakly 
orrelated, the se
ond term in (4) is small and wehave hÆQ2i =Xi (qi)2hnii : (5)For the pion gas this meanshÆQ2i = hn+i+ hn�i = hN
hi ; (6)and thus D = 4 : (7)For a quark�gluon system, in the simplest 
ase when abundan
es of allquarks are identi
al, we havehÆQ2i = 518 hNqi ; (8)where hNqi is the total number of quarks and antiquarks (gluons, of 
ourse,do not 
ontribute).To estimate D, it is now ne
essary to estimate hN
hi. The argumentpresented in [24℄ is based on 
onsideration of entropy. Entropy is rather largefor QGP (gluons provide the major 
ontribution) and the result (
on�rmedby the latti
e estimates) is hN
hi � hNqi, so that, �nally, one obtains D � 1.The preliminary data from CERES, NA49 and STAR [25℄ experimentsreported at this meeting [1℄ indi
ate that the measured value of D is 
loseto that predi
ted for hadron gas and di�ers markedly from that expe
tedfor QGP, i.e. for a weakly 
orrelated quark�gluon system. No quark�gluonplasma in sight!This result is, of 
ourse, very important and thus one must 
arefully 
he
kif the 
onditions ne
essary for the validity of the argument of Ref. [24℄ areindeed satis�ed. The main obje
tion may be the �ow of the 
harge throughthe boundary of the region in whi
h the measurement is performed [26℄.Sin
e the measurements are given for fairly small rapidity intervals, thisis a serious problem whi
h 
an only be resolved by a 
areful study of thedependen
e of D on the size of the interval. I hope that su
h measurementsare possible at RHIC and will soon be available.
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oales
en
e s
enarioThe results reported in the previous se
tion, if 
on�rmed, indi
ate thatthe observed entropy of the system is mu
h smaller than that of the quark�gluon plasma. Sin
e, however, it is di�
ult to a

ept that the observedhadrons were produ
ed dire
tly, without an intermediate �partoni
� phase,one should ask the question what 
ould be the nature of this intermediatesystem in order to a

ount for the present data on 
harge �u
tuations.One obvious way to redu
e the entropy of a system of partons is toredu
e the number of gluons (whi
h 
arry most of the entropy). This 
an berealized if the system is dominated by the 
onstituent quarks and antiquarks:the gluoni
 degrees of freedom are then �frozen� (gluons are 
ontained in the
onstituent quarks) and thus do not 
ontribute to entropy. For su
h a systemone 
an estimate the number of 
harged hadrons ashN
hi � 23 hNhi � 13hNqi (9)and thus D � 10=3, a value not far from that obtained for pion gas (7).One may thus 
on
lude that the existing data are not in
ompatible with theidea that the intermediate partoni
 system resembles a gas of 
onstituentquarks and antiquarks. This supports the pi
ture of the 
oales
en
e model,formulated some time ago [27, 28℄ and supported already by the data onparti
le ratios [29℄.7. Sear
hing for a phase transitionAntoniou presented an interesting proposition of the Athens group[31, 32℄ to sear
h for the tri
riti
al point in the 
on�nement�de
on�nementtransition. The idea is to sele
t the events where the net baryon numberdistribution is quasi-independent of rapidity and then look for a signal ofintermitten
y in the distribution of pion pairs 
lose to the 2� threshold. Theargument is based on the observation that the net baryon number 
an betaken as an order parameter whi
h, at the transition, must take a spe
i�
value (related to the 
riti
al density) [31℄. Furthermore, the analysis per-formed in [32℄ has shown that although the intermitten
y signal expe
ted for� mesons is pra
ti
ally washed out in the pion spe
trum, it 
an be re
overedwhen the two-pion spe
tra are investigated. It may be interesting to 
he
kthese ideas against the forth
oming data.



1696 A. Bialas8. CommentsLet me �nish by emphasizing again the main problems, as I see them,with whi
h we were 
onfronted at this meeting.(i) I think we all agree that the main goal of the resear
h in high-energyheavy ion 
ollisions is to obtain an understanding of the emerginghigh density system and its evolution. As we are still rather far froma
hieving this, various 
on
epts are possible and should be tried. I feel,however, that this does not allow one to ignore information from exper-iment and from theory whi
h has been already a

umulated. For ex-ample, it does not seem reasonable to assume that hadrons are 
reatedinstantly during the 
ollision and thus to 
onsider only the so-
alledhadron gas phase as an alternative to the quark�gluon plasma phasewe are sear
hing for3. A
tually the task is mu
h more subtle: howto 
onfront (and distinguish experimentally from ea
h other) variouspossible intermediate states.(ii) We have seen during this meeting that the nu
leon�nu
leon and nu-
leon�nu
leus data behave, in some aspe
ts, similarly to those obtainedin nu
leus�nu
leus 
ollisions. This implies that in the sear
h for newphenomena, a simple 
omparison of NN , NA and AA data is notenough. This remark only emphasizes the observation made in (i):apparently, we need mu
h more subtle methods to understand theearly stages of the 
ollision.(iii) We have learned that the performan
e of the mi
ros
opi
 MC 
odesis rather poor. The natural 
on
lusion may be that more work isneeded to tune them better to the data. I feel, however, that thisis not a 
orre
t route, that to a
hieve a detailed des
ription of su
ha 
ompli
ated phenomenon as a 
entral 
ollision of two heavy ions,starting from a �mi
ros
opi
� des
ription is an almost hopeless task.This is even more so, if one realizes that the mi
ros
opi
 parametersare poorly known and, 
onsequently, the number of (almost arbitrary)input information often largely ex
eeds the output of the program.It seems to me that, in this situation, it is mu
h more important toidentify �rst the relevant variables whi
h determine the behavior of thesystem. It was thus en
ouraging to see that some simple parametri-3 From all we know about the high-energy 
ollisions, emerging �nal hadrons are pre-
eded by an intermediate state formed of more elementary obje
ts. There is a ratherstrong eviden
e that this happens in hadron�nu
leus 
ollisions (as shown by mea-surements of absorption of hadrons 
reated in nu
lear matter [33℄) and thus it seemsrather e

entri
 to think that it does not happen in 
ollisions of heavy ions.



Summary of the Meeting 1697zations in terms of the number of wounded nu
leons and the numberof 
ollisions 
an 
apture 
ertain essential features of the data. Morework along these lines should be strongly en
ouraged, I think.(iv) The ex
ellent agreement of the thermal model with the data is notreally understood and still represents a good question to theorists.Sin
e the thermal model works also for NN 
ollisions and even fore+e� annihilation [30℄, it is by no means 
lear how the thermalizationis a
hieved. An even greater 
hallenge is presented by the observeduniversality of the freeze-out energy density [17℄. No 
onvin
ing inter-pretation of these observations is in sight.(v) The energy independen
e of the measured HBT parameters remains atpresent, for me, the most important 
hallenge in modeling the phenom-ena asso
iated with heavy ion 
ollisions. It is well known, of 
ourse,that (for several reasons) the HBT parameters do not give a dire
t in-formation about the size of the system. Therefore, the existing data donot 
ontradi
t our general ideas about the me
hanism of the 
ollision.Nevertheless, it seems hard to believe that the energy independen
e insu
h broad range is the result of an a

idental 
an
ellation.(vi) Re
ent measurements of 
harge �u
tuations indi
ate that the possi-bility of an intermediate system in the form of a gas of 
onstituentquarks and antiquarks should be 
onsidered as a serious alternative,as it is also supported by the data on parti
le ratios. In this 
ontext,theoreti
al investigations in the nature of the 
onstituent quarks andtheir intera
tions would be most wel
ome.(vii) I strongly feel that the CERES data send us an important messagewhi
h is only partly understood. As explained in the point (i) above,the des
ription in terms of hadron gas with standard or modi�ed prop-erties 
annot be a

epted without reservations. In view of the 
om-ment (vi) it may be interesting to estimate quantitatively the dileptonprodu
tion from the gas of 
onstituent quarks and antiquarks.I would like to thank M. Je»abek and B. Wosiek for inviting me tothe meeting. Dis
ussions with the parti
ipants of the 
onferen
e are highlyappre
iated, although they were too numerous to list them here. Spe
ialthanks are due, however, to V. Ko
h for dis
ussions on the subje
t of 
harge�u
tuations.This investigation was supported in part by the Subsydium of the Foun-dation for Polish S
ien
e NP 1/99 and by the Polish State Committee forS
ienti�
 Resear
h (KBN) grant No. 2 P03B 09322.
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