Deconfinement at high temperatures and
moderately high baryon densities

Péter Petreczky

BROOKHFAEN

NATIONAL LABORATORY

What is the limiting temperature on hadronic matter ?

. . Quark-gluon
What is the nature of the deconfined matter ? T J plasma
.
LQCD ymmetric
In this talk:

al critical end-point

« Chiral transition in QCD at T>0
» Color screening deconfinement

« Equation of state
color

superconductc
>

W !

» Fluctuations of conserved charges

* How does the transition and EoS changes with
baryon density

INT Program INT-16-2b, Phases of Dense Matter, Seattle, July 14, 2016




The temperature dependence of chiral condensate

Renormalized chiral condensate introduced by Budapest-Wuppertal collaboration
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Deconfinement and color screening

Onset of color screening is described by Polyakov loop (order parameter in SU(N) gauge theory)
1
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The entropy of static quark

BazaVOV, PP, PRD 87 (2013) 094505 Bazavov et al, PRD 93 (2016) 114502
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Hadron gas (of static-light) vs. LQCD So = _a—z?
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At low T the entropy S increases reflecting the increase of states the heavy quark
can be coupled to; at high temperature the static quark only “sees” the medium

within a Debye radius, as T increases the Debye radius decreases and S,
also decreases

The onset of screening corresponds to peak is Sy and its position coincides with T,



Equation of state in the continuum limit

Equation of state has been calculated in the continuum limit up to 7=400 MeV
using two different discretizations and the results agree well
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QCD thermodynamics at non-zero chemical potential

Taylor expansion :
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Taylor expansion coefficients give the fluctuations and correlations of conserved
charges, e.qg.
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Deconfinement : fluctuations of conserved charges

((B*) — (B)?) baryon number

((S%) — (S)?) strangeness
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Quark number fluctuations at high T

At high temperatures quark number fluctuations can be described by weak

coupling approach due to asymptotic freedom of QCD
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Lattice results converge as the continuum limit is approached
« Good agreement between lattice and the weak coupling approach for 2"d and 4t
order quark number fluctuations as well as for correlations

Bazavov et al, PRD88 (2013) 094021, Ding et at, PRD92 (2015) 074043



Deconfinement of strangeness

Partial pressure of strange hadrons in uncorrelated hadron gas:
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Deconfinement of strangeness (cont'd)

Using the six Taylor expansion coefficients related to strangeness
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Hadron resonance gas descriptions breaks down for all strangeness sectors above T,
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Deconfinement of charm
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Quasi-particle model for charm degrees of freedom

Charm dof are good quasi-particles at all T because M_>>T and Boltzmann
approximation holds

P (T, ;s pie) = pg (T) cosh(fic + fip/3) + pE(T) cosh(fic + fip) + piy(T) cosh(fic)

fix = px/T
XS i x&y = p8(T), p5 (1), p5(T)

Partial meson and baryon pressures described by HRG at T, and dominate the charm pressure
then drop gradually, charm quark only dominant dof at 7>200 MeV or € > 6 GeV/fm?
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Equation of state at non-zero baryon density

At the highest energy heavy ion collisions create a system with almost zero net baryon density.
by decreasing the the center of mass energy of the collisions F-j; = /s the net baryon
number can be increased and the EoS calculated

in LQCD using Taylor expansion | P(ug)/p(0) ug/T=1.5 ng=0.4ng |
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Moderate effects due to non-zero baryon density up to /T = 2 <> /s ~ 20GeV
and Taylor expansion works well BNL-Bielefeld-CCNU




Freeze-out and transition at non-zero baryon density
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Summary

« The deconfinement transition temperature coincides with the chiral transition
temperature T,= 154(9) MeV

« Equation of state are known in the continuum limit up to 7=400 MeV at zero baryon
density and the energy density at the transition is small =300 MeV/fm?3

* Hadron resonance gas (HRG) can describe various thermodynamic quantities
at low temperatures

» Deconfinement transition can be studied in terms of fluctuations and correlations
of conserved charges; deconfinement means an abrupt breakdown of hadronic
description that occurs at T, and appearance of quark like excitations

« Hadronic excitations containing charm quark can exist above T,

 For T > (300-400) MeV weak coupling expansion may work for certain quantities
(e.g. quark number susceptibilities)

» The region of moderately large baryon densities relevant for RHIC can be
accessed in LQCD using Taylor expansion. The effects of the baryon densities are
not large and consistent with HRG (no hint for critical point ?); Much more work is
needed to obtain reliable results, e.g. T (ug), energy density at T ....



How Equation of state changed since 2002 ?
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* Much smoother transition to QGP
» The energy density keeps increasing up to 450 MeV instead of flattening



Entropy of static quark at high temperature
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Does the quasi-particle model makes sense ?

4 non-trivial constraints on the model provided by : XgBlc, X§1Ca X%ﬁca X2Bl§C

a1t =x13 — 4z +3xa1 =0,
ca = 2P +AxP3° + x5y +2x1s —X3C =0
c3 = 6x1ia - +6x1hC +X1s — X315
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C4=X211 — X112 - Diquark pressure is zero !
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