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1. Introduction

The study of nucleus—nucleus collisions at the CERN SP3aufféor the first time the pos-
sibility of reaching energy densities in excess=ofl GeV/fn? during the early stage of the re-
action. Under these conditions QCD predicts a phase tiramdietween hadron gas and a state
of quasifree quarks and gluons, the quark gluon plasma (Q@&ed, predicted signatures of
the QGP, e.g. strangeness enhancement, charmonia sumprasdg dilepton enhancement were
observed in Pb+Pb collisions at the top SPS energy [1]. Sulese measurements of the energy
dependence of various hadron production properties shawechalies at low SPS energies which
indicate that the onset of deconfinement occurs arouAdz8V/ beam energy [2]. Moreover, QCD
suggests that the first order phase transition boundaryeeet@GP and hadrons at high baryon
density ends in a critical point and then turns into a rapa$sover at low baryon density [3]. This
paper discusses experimental results from the NA49 expeatimhich are relevant for these topics.

The NA49 detector is a large acceptance spectrometer [4loging a system of time pro-
jection chambers (TPCs) for efficient tracking in the fordvliemisphere of the reactions, precise
momentum reconstruction and particle identification usivgenergy losslE/dxin the TPC gas.
Two time of flight (TOF) walls of 800 scintillator tiles eacligment particle identification mainly
near midrapidity. Results will be presented from an analgdicentral Pb+Pb collisions which
were recorded for SPS beam energies &, Z3DA, 40A, 80A, and 15& GeV (,/5yy = 6.3, 7.6, 8.7,
12.3 and 17.3 GeV).

2. Onset of deconfinement
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Figure 1: Left: Phase diagram of hadron matter with locations of feeeat of the hadron composition. E
denotes the estimated critical point of the first order plmendary indicated by the shaded band. Center:
Total pion yield per wounded nucleon as function of Fermirgpeariable k& Sﬁ/ﬁ- Right: RatioEg of total
number of strangeness carriers to pions versus collisienggn NA49 results in central Pb+Pb collisions
are shown as red squares and are compared to measurememtsahAu+Au reactions at lower and higher
energies. Open circles show measurements in p+p reac@omges show model predictions.

The large acceptance of the NA49 detector, its particletifiestion capability and the forward-
backward symmetry of Pb+Pb reactions allow the deterntnatif total yields of numerous par-
ticle species. The statistical hadron gas model providesod §jt to these yields with 3 parame-
ters, namely a temperatufig a baryochemical potentigly and a strangeness saturation parame-
ter ys [5]. The resulting freeze-out points are plotted in the phdimgram of hadronic matter in
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Fig. 1 (left) and are seen to approach the estimated phaselaguand its critical end point [3]. In
order to find out whether the early stage fireball actuallghed hadron deconfinement the energy
dependence of hadron production properties was studiedme detail. Fig. 1 (center) displays
the energy dependence of the pion yield per participatircjeom. The latter is a measure of the
produced entropy density in a statistical model scenariw ificrease clearly steepens in the SPS
energy region and can be interpreted as an increase of hetiedf degrees of freedom [6] by a
factor~ 3 [2]. This behaviour is consistent with the activation oadktgluon degrees of freedom.
The energy dependence of the production ratio of the totalbeu ofs ands quarks (as deduced
from strange patrticle yields) to pions is plotted in Fig. igitt). It exhibits a sharp peak at low
SPS energy with a fall-off to a lower plateau value constsiéth the expectation for a deconfined
phase (dash-dotted curve [6]). The described featuresoamean in p+p collisions (open dots) nor
in purely hadronic model calculations.
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Figure 2: Left: Inverse slope parametdr of the invariant transverse mass distribution of Knesons
versus collison energy. Center: Sound velociyn the fireball as determined from the width of the pion
rapidity distribution using the Landau hydrodynamic moBlversus energy. Right: Pion phase space
density as determined from transverse mass spectra andlifside derived from Bose-Einstein correlations
[9]. Square symbols show NA49 results and are compared teunements at lower and higher energies.
Open circles show measurements in p+p reactions. The csinessmodel predictions.

A phase transition is expected to also manifest itself inntoenentum distributions and cor-
relations of produced particles. A plot of the inverse slppeametei of the invariant transverse
mass distribution of K mesons at midrapidity is shown in Fig. 2 (left). One obsereteep rise
at low energies (due to increasing radial flow in the firebithing into a plateau at SPS ener-
gies which is not found in p+p reactions. This feature, wtiehnot be described by available
hadronic models, suggests the onset of the phase trangitibrhadronisation through an inter-
mediate mixed phase. A microscopic model incorporatingst €irder transition [7] can in fact
reproduce the measurements (dash dotted curve). The softfiehe equation of state near the
onset of deconfinement is also seen in the sound velogitgee Fig. 2 (center)) which has been
derived from the pion rapidity distributions using the Lanchydrodynamical model [8]. Finally, a
step in the energy dependence of the pion phase space dsesitlyig. 2 (right)), as deduced from
the pion transverse mass spectra and the fireball volunmeagsti from Bose-Einstein correlations
[9], may also be related to the onset of deconfinement.



Deconfinement and Search for the Critical Point P. Seyboth for the NA49 collaboration

3. Search for the critical point in fluctuations
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Figure 3: Left: Dependence of the scaled variare®f the multiplicity distribution on the baryochemical
potential ug for center-of-mass pion rapiditigg; > 1. Right: Transverse momentum fluctuation measure
@, versugyg for 1.1 <y, < 2.6. Curves show expectations for the estimated criticaltdifi ~ 160 MeV
and g ~ 360 MeV [3] and correlation length’s of 6 (dashed) and 3 (solid) fermi. The valuesipfwere
taken from statistical hadron gas model fits to particledg¢b] at each collision energy.

The discussed energy dependence of hadron productionrpespghowed anomalies at low
SPS energies [2] which indicate that deconfinement is rebichthe early stage of the produced
fireball for beam energies above aboufA3BeV. Thus the evolution path of the fireball could pass
close enough to the critical point such that its effect mayaship as a maximum in fluctuations
[10], in particular of particle multiplicity or transversaomenta. The results of the NA49 study
of multiplicity [11] and transverse momentum fluctuatio®] are plotted in Fig. 3 and compared
to expectations [10, 13] for the QCD critical point assumihg location estimated in [3]. Note
that its effect is reduced both by the finite size of the firkfmairrelation lengthé between 3 and 6
fermi) and the limited acceptance of NA49. Unfortunately,imdication of a peak is observed in
the data.
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Figure 4: Left: Electric charge fluctuations at SPS energies as foncif the fraction of accepted particles
(rapidity window). The plotted measured, is corrected for global charge conservation. Right: Non-
statistical event-to-event fluctuations of the#dnd(p+ p)/mratios versus energy. NA49 data are shown as
solid squares, predictions of the UrQMD model by open scpianel results from RHIC by dots.
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NA49 also measured fluctuations of the electric charge wiviete speculated to be strongly
reduced in a QGP [14]. No such effect was found [15] as dematiest in Fig. 4 (left) in accordance
with results from RHIC. Apparently the hadronisation antbsquent evolution of the fireball
erases the effect. Finally, Fig. 4 (right) shows the nottistieal event-to-event fluctuations of the
K/mrand(p—+ p)/mtratios versus energy. The rise of the#fuctuations towards lower SPS energies
is probably due to the onset of deconfinement [17] whereasebative values fofp+ p)/m can
be understood as an effect of nucleon resonance production.

4. Conclusion

Measurements of NA49 at the CERN SPS indicate that deconéinestarts to occur at the
early stage of central Pb+Pb collisions for beam energieseabbout 38 GeV. The freeze-out
of the produced fireball happens close to the estimatedigosif the critical point in the phase
diagram of hadron matter. However, no signals for fluctuetiassociated with the existence of
the critical point have been found. The search for the alifiint will continue at the SPS with
experiment NA61 using lighter nuclei in order to possiblywadhe freeze-out point of the fireball
closer to the critical point. Furthermore, the STAR expemtwill search in Au+Au collisions with
a low energy scan at RHIC with better acceptance and sétysifihese complementary programs
are expected to start in 2010/2011. Finally, there are alseeinergy experiments planned at NICA
in DUBNA and CBM at GSI which will join the search in later ysar
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