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QCD phase diagram

Temperature T

Nuclear Superfluid Chemical Potential ug

K. Fukushima, C. Sasaki, arXiv:1301.6377.

® QCD phase diagram in the T-muB plane.

® Critical end point (or critical point) 1s a key feature of QCD phase structure.

® Experimental programs: RHIC-BES, FAIR, NICA, HIAF.

® Some hints from RHIC-BES experiment: net-baryon (proton) cumulants,
directed flow, HBT radii, light nuclei......



High-order net-proton cumulants
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® Non-monotonic energy dependence of the kurtosis => hint of entering critical region.



Quantum fluctuations with FRG

FRG Rebosonized QCD Effective action:
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Propagators and anomalous dimensions

Quark anomalous dimension:
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Gluon dressing function
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1/Z4

Gluon propagator at finite T and muB
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Dynamical hadronization

Introduce a scale-dependent The Wetterich equation is modified:
meson field:
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Flow of 4-quark coupling—gluon versus
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Yukawa coupling

Two different Yukawa coupling:

ha =h(po) = TV2L @],
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QCD strong couplings
among quarks and gluons
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Renormalized light quark condensate
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Other fermionic observables
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Quark, meson mass and Polyakov loop
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Quark and meson wave function
renormalization
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Sequential decoupling and natural
emergence of low energy effective theories

Exchange couplings Propagator gapping
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Phase diagram and curvature

WE, J.M. Pawlowski, F. Rennecke, arXiv:1909.02991
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QCD Phase Structure: Lattice, DSE and FRG
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Inhomogeneous phase?
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QCD equation of state
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Baryon number fluctuations from FRG
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High-order baryon number fluctuations
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Strangeness neutrality and
baryon-strangeness correlations
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Correlations of conserved charges

Baryon-strangeness correlations
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Baryon number probability distribution
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Running versus fixed expansion for the
effective potential
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Thermal splitting of the meson wave

function renormalization
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Convergency of the Taylor expansion for muB
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summary and outlook

* We have investigated the QCD phase structure within FRG.

* A CEP at (T, muB)=(107,635) MeV, as well as indications for
an inhomogeneous phase for muB >=420 MeV is founded.

* The curvature of the phase boundary at small chemical
potential 1s kappa=0.0142(2), in agreement with lattice results.

* Improvement of our calculation and its applications on other
observables, e.g., EoS, fluctuations, etc. are highly required.

Thank you very much for your attentions!
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Phase diagram and curvature

WE, J.M. Pawlowski, F. Rennecke, arXiv:1909.02991
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