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* medium p results
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Introduction: Pb+Pb collisions at top SPS energy

Initial energy density exceeds the critical value predicted by lattice
QCD (1 GeV/fm?3)
Strong collective behavior

— anisotropic and radial flow

— transverse expansion of the matter droplet by factor 2
Proposed signatures for deconfinement observed

— strangeness enhancement

— JIWY, ¥’ yield suppression

— dilepton enhancement, p® modification
Signatures not specific for deconfinement

» Search for a threshold by varying the energy for the largest collision
system (central Pb+Pb reactions)

» SPS energy scan: 20, 30, 40, 80, 158 GeV/nucleon
(Vsyy = 6.3, 7.6, 8.7, 12.3, 17.3 GeV)
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The NA49 Detector
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d?N/(m;dm,dy)

Transverse mass spectra at mid-rapidity

many spectra measured, “blast wave” model works at SPS
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Energy dependence - average transverse mass

NA49 preliminary
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Increase of <m;> for abundant final state particles ( m, K, p)
slows sharply at the lowest SPS energy
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Energy dependence — inverse slope parameters
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* the step-like feature is not seen for pp collisions and
models without phase transition do not show it

» consistent with approximately constant pressure and
temperature in a mixed phase system
(L.van Hove, PLB89(1982)253; M.Gorenstein et al.,PLB567(2003)175)
model curve SPheRIO S.Hama at al., Braz.J.Phys,34,322 (2004)
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BE correlations sensitive to fireball size and flow

Rs;if.lc

low kt

[ 1584GeV]

Rsidc

Rﬂ ut

lengr

| 204GeV |

low ky

__.-""-_..

_—-"f\_—

high k;

158 AGeV ||

| 20AGeV |

A

high ki

005 0.1
(GeVic)

q side

0.05 0.1
q 4. GeViC)

-0.1 0 0.1
(GeVic)

9 o

-0.1 0 0.1
(GeVic)

qlu:ung

examples of nw correlation functions at midrapidity
in the Cartesian (Bertsch, Pratt) reference frame

Fit to QS correlation (Gaussian) + Coulomb repulsion

— radius parameters R. (length of homogeneity)

P.Seyboth: Energy dependence of Pb+Pb collisions at the CERN SPS
Workshop: Can We Discover the QCD critical Point at RHIC ?  BNL, 9/3/2006



energy dependence of radius parameters
midrapidity, k; = 0.2 GeV/c
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simultaneous “blast wave” fits to BE radii and &, p spectra
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energy dependence of fireball parameters
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surface flow p,
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Deuteron production measures a homogeneity radius via

coalescence
_ o &N 3 _3 3mg | B,
BQ_ = Ed' 73 /( } R 4(ﬁCh) =] / BZ
pf P p
(NA49 partly preliminary)
3 2 db
5 Central collisions o ar Coenlral eollisions
tl:‘?'l-ll A d A LEOS AusAu ﬁ 2 =
A W EA78 AurAu e , @ l-Ha--:J\:--l:-ul::r.u
o’ X i, : pamniy
g ::3_{:::[:: o A NALE Pha b (10%
B MNALW eI & STAR A+ "ll 18%:)
®  NAL Pl Phiprel) [ ]
# PHENIX Au+Au

8, T

: ) ¢ 1]
" " s @en ° L (GeV)
gradual decrease of coalescence factor B,
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Anisotropic flow v,
Initial anisotropy € in non-central collisions transformed into
momentum anisotropy v, by pressure at early reaction stage
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- 141 }
% o N L 0/61or = 5.0 - 23.5 %
+ W > 0.151 NA49 data
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characteristic mass ordering

020~ P2 ep (rac) also seen at SPS

N elliptic flow in PbPb at 158A GeV
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Energy dependence of anisotropic flow v,(p;)
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Anisotropic flow v, of pions: energy dependence
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Smooth increase with collision energy towards
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more realistic freeze-out model

* QGP + hydro model expansion
« statistical hadronisation
 hadronic rescattering stage (RQMD)

Teaney, Lauret, Shuryak
PRL 86 (2001) 4783
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Rapidity spectra
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baryonic density decreases rapidly at SPS energies
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transition from baryon to meson dominated final state at SPS
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Residuals

Multiplicity (data)
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* hadron species populated
according to phase space
probabilities (max.entropy)

(Fermi,Hagedorn)

* strangeness sector not fully
saturated (Rafelski)

o statistical model successful,
Ta HB: YSQ V

* incease of y¢= 0.5 — 0.8
from p+p to A+A shows:
relaxation of canonical
suppression not enough !
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Global view - Phase diagram

e statistical model describes yields
50 0"_ crossover from SIS to RHIC energy
-] E * T of “hadrochemical” freeze out

1st order

quark gluon plasma

chemical freeze-out

Pl increases SIS =2 RHIC

W SPS (NA49)

: * g decreases (increase of pion
100 production)
| hadrons == o freeze out line E = 1 GeV / particle
0 S A, ' (Cleymans and Redlich,
500 130?MeV) PRL 81(1998) 5284 )
B

(Lattice-QCD phase boundary: _
Fodor,Katz JHEP04(2004)050) hadrochemical freeze out parameters

approach the phase boundary at SPS
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Energy dependence - = yields

e increase of <m>/<Ny,> with energy gets steeper in the SPS range
* 1t deficit changes to enhancement compared to p+p
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Energy dependence - ratio of K, A yields to pions
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energy dependence of yields
changes at 30A GeV

250

Energy dependence of total yield of s, s quarks

sharp peak, then under-saturation
of strangeness content
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Energy dependence — ratio of strange hadrons to pions

+ | &
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note: <K>=2(<K"'>+<K >)=4<K{>

strangeness to pion ratio
peaks sharply at the SPS

SMES explanation:
- entropy, number of s,sbar quarks
conserved from QGP to freezeout
- rat1o of strange/nonstrange d.o.f.
rises rapidly with T in hadron gas
- E, drops to predicted constant level
above the deconfinement threshold

E, = <Ng+N; > _ 0.74 g

1/4 <> g, T84 T8

o ~ 0.21

suggests onset of
deconfinement at SPS
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hypothetical trajectories in the phase diagram
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large (event-by-event) fluctuations are expected when the
system hadronises close to the predicted QCD critical point E
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The Event-by-Event (p + p)/1 ratio
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QGP signature possibly erased by
hadronisation (Bialas) or the effect
of resonance decays (Zaranek)
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energy dependence of the charge balance function width

narrowing proposed as QGP signature

W = (<AN>g, 4 - <An>data)/ <AN>gpyft

AT STAR NA49 = 30 STAR
g DATA W NA49
0.9 O SHUFFLING a0l
08k —@—L@qb@*@ﬂ@*@* sl
0.7 ,_§_¢+ 20 +
0.6 e —— 10 +
05— 05 1' ol e
<b>/b__ 10 10
5MN
narrowing of width <An> seen narrowing relative to global
at RHIC and SPS charge conservation reference

gets stronger with energy

effect probably due to local charge conservation and radial flow
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baryon/meson yield ratio at medium p;

Baryon,/ meson (central)
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Energy dependence of baryon/meson ratio
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initial rise (radial flow) and saturation also observed at SPS

—
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Rep (bimary collisions scaling)

Rep at SPS and RHIC
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* Cronin effect stronger at SPS, indication of saturation
* NA49 not sensitive to suppression, p; range insufficient
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Aep (binary collisions scaling)
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Conclusions

Strong collective behavior in Pb+Pb (Au+Au) reactions:

iIncreasing radial and anisotropic flow AGS — SPS — RHIC
Initial energy density reaches range of deconfinement at SPS
Structure in the energy dependence of m; spectra and

of pion and strangeness production indicate

onset of deconfinement at low SPS energy

No convincing signals of a phase transition or critical point

in correlations and fluctuations yet, search continues
Further experimental studies preferentially with an improved

detector should be done to explore the possible existence

of the critical point of QCD
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