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QCD Phase Diagram & Heavy-lon Collisions
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Chemical Freeze-out in the QCD Phase Diagram
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Chemical freeze-out condition
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Hadronic radii and chiral condensate
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Chiral Condensate in a Hadron Resonance Gas
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Chemical Freeze-out and Chiral Condensate
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Chemical Freeze-out and Chiral Condensate

e Quarks (PNJL, T =187 MeV) Schemalic model (d_=8,d,=20)
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Strong T-Dependence of (inelastic) Collision Time
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Conclusions - part |

o The model works astonishingly well!

o Improvements are plenty:

e Hadron mass formulae, e.g. from holographic QCD ...
e Spectral functions - generalized Beth-Uhlenbeck
e Thermodynamics ... hydrodynamics .

o Beyond freeze-out towards the deconfined
phase: Mott-Hagedorn model
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Theoretical laboratory of QCD
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Hagedorn resonance gas: hadrons with finite widths

The energy density per degree of freedom with the mass M
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Hagedorn resonance gas: hadrons with finite widths
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resonance gas

State-dependent hadron resonance width
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Mott-Hagedorn resonance gas
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Quarks and gluons are missing!
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Quarks and gluons in the PNJL model

Systematic expansion of the pressure as the thermodynamical
potential in the grand canonical ensemble for a chiral quark model
of the PNJL type beyond its mean field description Ppnjr, mr(T)
by including perturbative corrections

P(T) = Pagpg(T) + PenoLvr(T) + P2(T)

* B Pura(T)
Pira(T) = 14 (PHRZR(T)/(GT4))Q ’

with ¢ = 2.7 and o = 1.8.

Quark and gluon contributions

Po(T) = P{™™™(T) + P§"(T)
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Quark and gluon contributions

Total perturbative QCD

correction
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Quarks, gluons and hadron resonances
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Quarks, gluons and hadron resonances ||

@ Contribution restricted to
T T
— Latice data: Borsanyietal. | the region around the
fit formula for P/T*=Y(T)

e . chiral/deconfinement
transition 170-250 MeV

o Fit formula for the pressure
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Conclusions - part |l

@ An effective model description of QCD thermodynamics at
finite temperatures which properly accounts for the fact that
in the QCD transition region it is dominated by a tower of
hadronic resonances.

@ A generalization of the Hagedorn resonance gas
thermodynamics which includes the finite lifetime of hadronic
resonances in a hot and dense medium

To do
@ Join hadron resonance gas with quark-gluon model.
@ Calculate kurtosis and compare with lattice QCD.

@ Spectral function for low-lying hadrons from microphysics
(PNJL model ...).
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