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the onset of deconfinement at 8 GeV

 and the softest point at 12 GeV
(in central Pb+Pb/Au+Au collisions) 
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Water Strongly interacting matter
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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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(Generalized) Landau model
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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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 Hadron gas model 
analysis 
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Onset of deconfinement: 
the early stage hits the transition line
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OD SP
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The kink in pion multiplicity
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Kink:   OD 8 GeV,    SP ?
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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

AGS   SPS      RHIC             LHC
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A toy model of the horn
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main strangeness 
carriers
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Horn:   OD 8 GeV,    SP ?
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The step in mT slopes

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              LHC
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Step:   OD 8 GeV,    SP 12 GeV
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... and the rapidity dale ... 

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

from negatively 
charged pions

Deconfinement

 Constant temperature and
pressure in the mixed phase
                region

Weaker longitudinal expansion 
    and thus weaker energy 
           dependence of σy

Bleicher
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... and the rapidity dale ... 

Dale:   OD ?,    SP 8 GeV
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... and the  v1 dip... 

Dip in v1(y) slope at y = 0 
agrees with expectations for 

the softening of EoS at 
the first order phase transition
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Dip:   OD ?,    SP 12 GeV
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Evidence for the onset of deconfinement and
the softest point in central Pb+Pb collisions 

at 8 GeV and 12 GeV
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13 20 30 40 75 150                       

energy (A GeV)

C+C
Si+Si

NA61/SHINE at the CERN SPS studies system size
dependence of the onset signals
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RHIC Beam Energy Scan

Phase I: Analysis of already 
recorded data

Phase II: Significantly higher 
Statistics with upgraded detectors

and ...
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Additi
onal s

lid
es



37

The models
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... and in <mT> of various hadrons
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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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NA49 preliminary
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Central dataNA49 preliminary
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