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Deconfinement transition (an illustrative example)
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(170 MeV)! Latent heat ~1.5 GeV/fm3



Simplest example (no conserved charge)

Inverse temperature: 3(e) = do/0c
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Familiar example (one conserved charge)

Nuclear equation of state p+(p)
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Nuclear phase diagram in different
representation (one conserved charge)
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Two conserved charges

for an extensive thermodynamic quantity A=A A,+ (1-A) A,
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“Pasta” structures (finite size effects)

Compact stars, T=0
T.Maruyama et al., nucl-th/0605075
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Heat capacity (nuclear matter)
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Susceptibility
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Time evolution near the QCD critical point
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Distillation in the mixed phase

for unbound quarks in a fireball
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V.Toneev et al., Eur. Phys. J. C32 (2004) 415.
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Lattice QCD calculations (history)

The Evolving QCD Phase Transition
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Lattice QCD predictions for the order of PT
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Lattice QCD thermodynamics

us=0, T.=170 (10%) MeV
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Tcp =162(2) MeV, pp=360(40) MeV
Z.Fodor,S.D.Katz, JHEP 404(2004)50
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Locating the QCD critical points

Models, |lattice
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Critical point on the lattice
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There is a peak in Xq

but not in ¥,

Several approaches:

#» Reweighting: Fodor-Katz

& 2001: pp ~ 725 MeV
& 2004: pp ~ 360 MeV
(smaller mq and larger V')
Taylor expansion: Bielefeld-Swansea (to 1)
» 2003: pp ~ 420 MeV
& 2005: 300 MeV = up < 500 MeV

Taylor expansion: Gavai-Gupta (to 1)
# From convergence radius:
g ~ 180 MeV (more precisely > 180 MeV)

Imaginary 1. deForcrand-Philipsen, Lombardo,
et al

# Sensitive to mg, perhaps pp > 300 MeV

Fixed density: deForcrand, Kratochvila;
Density of states: Fodor, Katz, Schmidit.

» 7 (N; =4, small volumes)

M.Stephanov, CEOD, Darmstadt, July 9-13, 2007



Viscosity-to-entropy ratio

minimum bias Au+Au, Vs=200 GeV
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Location of the CEP (?)

Results for an isobar at the critical
pressure P_ and one above/below it
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n/s is a potential signal of the CEP

T-pg correlates at the freeze-out.
First esatimate T~175 MeV, pg~150 MeV



Thank you for attention !






Directed flow v, & elliptic flow v,

Non-central Au+Au collisions: 7
. . / 3
Interactions between constituents leads to a
pressure gradients => spartial asymmetry is % y
converted in asymmetry in momentum space a ,\i\"/
=> collective flows \ 5 VAV Smas
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v, and v, flows for Pb+Pb at 40 AGeV

Pb+Pb, 40 A GeV 02
protons
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Too large elliptic flow v, at
midrapidity from HSD and
UrQMD for all centralities !

Experiment (NA49): breakdown
of elliptic v, flow at midrapidity !
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Signature for a first
order phase transition

H.Stoecker et al.,
JPG 31 (2005) S929



Fluctuations

Lattice QCD predictions: Fluctuations of the quark number density
(susceptibility) at y g >0 (C.Allton et al., PR D68 (2003) 014507)
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