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Observation of the onset of deconfinement

 Search for the critical point

PAST  (this talk)

AND FUTURE  (CPOD, next week)

Onset of deconfinement 
in nucleus-nucleus collisions

          

THE PROBLEM

Strongly interacting matter: 
phases and transitions

AND ITS SOLUTIONS:
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THE PROBLEM

Strongly interacting matter: 
phases and transitions

What are the phases of strongly interacting matter?

How do the transitions between them look like?
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Phases of strongly 
interacting matterPhases of water

?
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Phase diagram of water

critical point

1st order phase
transition

cross-over
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The phase 
diagram of water 

is well established 

The phase diagram of 
strongly interacting matter

is under study
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In our daily life ...

 droplets of water

droplets of strongly
interacting matter

10-12

the properties of strongly
interacting matter can be
studied only in collisions

of heavy nuclei
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    COLLISIONS OF TWO NUCLEI
   -the only tool to study properties of

        strongly interacting matter in the laboratory

UrQMD

produced particles measured
in the NA49 apparatus

(scale 10 m)

snapshot of the produced
matter after the collision

(scale 10-14  m)
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gas of hadrons

and

quark-gluon
plasma

Two basic states of strongly interacting matter
are expected

Hadron gas at
low densities

Quark-gluon plasma
at high densities

... Shuryak ...
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Hypothetical phase diagram 
of strongly interacting matter
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Brief history of the CERN SPS ion programs and NA49

Observation of the onset of deconfinement

Observation of the onset of deconfinement

BNL AGS         CERN SPS        BNL RHIC

   E895                NA49              STAR
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Brief history of the CERN SPS ion programs 
and NA49

1986-1991: Pioneering study with O and S beams
Strangeness enhancement and  J/ suppression
⇒ Simple superposition models do not work

1994-2000: Pb+Pb collisions at the top SPS energy
anomalous  J/ suppression, statistical properties of hadron 
production, direct photons
⇒ Is a new state of matter created?

1998-2002: Pb+Pb collisions at low SPS energies
                     (NA49 energy scan program at the CERN SPS)
Anomalies in energy dependence of hadron production
⇒ Observation of the onset of deconfinement

Rafelski, Muller
Matsui, Satz

M.G., Gorenstein
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NA49

SPS

LHC

LHC

SPS

NA49

NA49 at the CERN SPS
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BEAM

BPDs

TARGET

BPDs:
coordinates 
of the beam
particle
+ z-TARGET:
coordinates of
the interaction 
point (x,y,z)

TPCs:
for each track:
electric charge,
momentum,
mass (dE/dx),
for more than one track:
common origin point
(coordinates of main or
secondary vertex)

TOFs:
mass (tof)

VCAL:
energy of
projectile
spectators
(centrality of
the collision)

NA49 at CERN SPS
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main vertex tracks V0 tracks
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NA49 at the CERN SPS

A large acceptance: ≈50%

A high momentum resolution:

p/p2
≈10−4

GeV /c−1

A good particle identification:

TOF≈60ps,
dE/dx / 〈dE /dx 〉≈0.04 ,

minv≈5MeV
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Mass measurements via dE/dx + tof

TOF≈60ps,
dE /dx / 〈dE /dx 〉≈0.04

3He

t
d
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π
−

Λ

p

PID via decay topology and invariant mass
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PID via invariant mass

K+

K-

φ original spectrum

after background
      subtraction

original spectrum

after background
      subtraction
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40 AGeV40 AGeV

80 AGeV

158 AGeV

central Pb+Pb collisions at the SPS energies
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central Pb+Pb collisions at the SPS energies
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central Pb+Pb collisions at the SPS energies
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central Pb+Pb (Au+Au) collisions 
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central Pb+Pb (Au+Au) collisions 
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Hadron gas model analysis

fit parameters

chemical freeze-out
of matter created in

 A+A collisions
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Freeze-out points of central
heavy ion collisions at SPS

are close to
 the phase boundary

Its possible that the early 
stage crosses the phase
boundary at SPS energies 
(onset of deconfinement) 

HG fits: Becattini et al.,
             Cleymans, Redlich et al.

CP: Fodor, Katz



28

Onset of deconfinement: 
the early stage hits the transition line
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heat added (each division=4 kJ)
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Heat used to vaporize 
water to water vapor

Heating 
of water

Onset of deconfinement  at the CERN SPS 

The basic idea - heating curve of water
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The kink in pion multiplicity

M.G., Gorenstein

〈〉 - total pion multiplicity

F≈sNN

- number of interacting nucleons〈NW 〉

Increased entropy production

Steepening of the increase
     of pion production

〈〉~g1 /4F−

Deconfinement
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The horn in strangeness yield

Deconfinement

   Decrease of masses of
  strangeness carriers and 
the number ratio of strange
 to non-strange degrees of
              freedom

A sharp maximum in the
strangeness to pion ratio

M.G., Gorenstein
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A toy model of the horn
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main strangeness carriers
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T –   inverse slope parameter 
        of transverse mass spectra

Deconfinement

 Constant temperature and
pressure in the mixed phase
                region

Weaker transverse expansion 
   and thus weaker energy 
          dependence of T

Gorenstein, M.G., Bugaev
   (Shuryak, van Hove)

AGS      SPS           RHIC
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... and in <m 
T
> of various hadrons
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The weakening of longitudinal expansion ... 

Hydrodynamical Landau model: 
(E.Shuryak,Yad.Fiz.16, 395 (1972))

from negatively 
charged pions
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 Constant temperature and
pressure in the mixed phase
                region
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    and thus weaker energy 
           dependence of σ
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... and the dale in sound velocity 
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The models

ES= 〈 〉 〈KK 〉/ 〈 〉

         Models with the 
  1st order phase transition   
      reproduce the data

AGS             SPS          AGS         SPS         RHIC
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Strangeness fluctuations and deconfinement

Response to the initial energy density fluctuations 
depends on the  Equation of State at the 

early stage of the collisions

Gorenstein, M.G., Zozulya, PL B585:237, 2004

(energy density)1/4
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... and the energy dependence of
    dynamical strangeness fluctuations
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collision energy

The onset of 
deconfinement
is signaled by

a rapid change of
 the energy dependence

AGS SPS        RHIC

F≈sNN
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Kaon/pion fluctuations

NA49 STAR

Is this the first fluctuation signal of the
onset of deconfinement?
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Summary

Several anomalies in hadron production
    are observed at low SPS energies

The onset of observed anomalies
    is located at about 30A GeV

The anomalies cannot be reproduced
by the models without phase transition 

Measured rapid changes are consistent
  with  models assuming 1st order PT
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the onset of 
deconfinement

LHC NICA
SPS SIS

RHIC
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UrQMD 2.0UrQMD 2.0
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p p
NA49 preliminaryNA49 preliminary
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NA49 preliminary
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Central dataNA49 preliminary
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3He

Central Pb+Pb

4π yields

NA49 preliminary
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