Evidence for
the onset of deconfinement at 8 GeV
and the softest point at 12 GeV

(in central Pb+Pb/Au+Au collisions)
s

Zakopane, June 2014

1 Basic idea
2 Experimental evidence

3 Present and future measurements

M. Gazdzicki, Frankfurt, Kielce
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COLLISIONS OF TWO NUCLEI
-the only tool to study properties of
strongly interacting matter in the laboratory

NA49 Pb-Pb
158 GeV/nucleon

produced particles measured shapshot of the produced
in the NA49 apparatus matter after the collision

(scale 10 m) (scale 10'1* m)



The basic idea - heating curve of water
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(Generalized) Landau model

ASSUMPTIONS:

GENERAL PICTURE:

INITIAL
STATE:

EARLY
STAGE:

EXPANSION:

FREEZE-OUT:
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ALL POSSIBLE MICROSCOPIC
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EQUALLY PROBABLY
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BNL AGS —» CERN SPS —»BNL RHIC —» CERN LHC

After more than 40 years of experimental effort we have now rich
experimental data on single particle spectra of popular hadrons
In Pb+Pb and p+p interactions from several GeV to several TeV.

Global Beam Energy Scan
is well advanced !
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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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100

hadrons

quark gluon plasma

chemical freeze-out
A SIS AGS

B SPS (NA49)

% RHIC

color
super-
conductor

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)
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Onset of deconfinement:
the early stage hits the transition line
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The kink in pion multiplicity
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The horn in strangeness vield
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Deconfinement

l

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

freedom

l

A sharp maximum in the
strangeness to pion ratio

M.G., Gorenstein



A toy model of the horn
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main strangeness

carriers
s = S
isospin isospin
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Vv 0
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B sensitive to strangeness content only
il - sensitive to strangeness content and baryon density
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The step in m_ slopes
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Deconfinement

l

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)
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. and the rapidity dale ...
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Hydrodynamical Landau model:

(E.Shuryak,Yad.Fiz.16, 395 (1972))
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Deconfinement

l

Constant temperature and
pressure in the mixed phase
region

l

Weaker longitudinal expansion
and thus weaker energy
dependence of g,

Bleicher
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... and the v, dip...
H. Stoecker, Nucl. Phys. A 750 (2005)

3O 10-40% Centrality

d(p/N)/dyl, ¢ [GeVic]

c) net proton

L

) Data
[ UurQMD

Dip in vI(y) slope aty =0
agrees with expectations for
the softening of EoS at

the first order phase transition
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Heating curves of strongly
interacting matter

hadrons mixed

-

collision energy
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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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NA61/SHINE at the CERN SPS studies system size
dependence of the onset signals

high stat. with new vertex detector

system size
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Energy dependence of hadron production in p+p interactions
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Preliminary results on Be+Be collisions:
inverse slope parameter of transverse mass spectra
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Fixed Target Program for BES II

T~

6.3 AGeV fixed target collision
Vs =39 GeV.~

Au target

Iomperit e |Vey)
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= Hadro
| Fixed target program extends STAR'’s physics reach to J ,
region of compressed baryonic matter / ewrn S
| Simultaneous run with collider mode (ions from the hal - e e n/.f,,,m -
but much lower luminosity compared to CBM!

Alexander Schmah - Quark Matter 2014
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\ Future Experiments at High Baryon Densities

MPD@NICA
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| EMCAL upgrade formand n  Phase transition to | Phase transition, critical
| But: limited by occupancy, quarkyonic and partonic point search

data rate and acceptance at matter

higher energies | Charm production,

- CBM | hypernuclei,...

| SIS 100 ready: 2019

May 2014 Alexander Schmah - Quark Matter 2014







The models

Models with the
1°** order phase transition
reproduce the data
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... and in <m._> 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

[
»

erdtarep net

\ (energy density)/4

onset of deconfinement

Gorenstein, M.G., Zozulya, PL B585:237, 2004
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B/B (y = 0)
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[ NA49 preliminary Central data
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