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Quark-Gluon Plasma QCD Phase Diagram

high T

ÅNon-perturbative aspects of QCD
Å%ÁÒÌÙ ÕÎÉÖÅÒÓÅȟ ÎÅÕÔÒÏÎ ÓÔÁÒÓȟ ȣ
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Their complementary use is essential!
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ÅCrossover transition
ÅLow T: hadron resonance gas 

(HRG) model
ÅHigh T: gas of quarks & gluons

Å Input for hydrodynamic models

ÅHydro. models needtransport coefficients.
Å Its reliable measurement in LAT is still a challenge.

Budapest-7ÕÐÐÅÒÔÁÌ ȭΧΪȟ HotQCDȭΧΪ
(plot by MK)



ÅLAT: Ὕᶻ ρυφȢυρȢυMeV
ÅHIC: thermal model (chemical f.o.)
ÅὝz ḗὝ ĄConsistent picture of hadronization

ÅTaylor expansion method for nonzero ‘

HotQCD, PLB795, 15 (2019)





Cumulants

average

variance

Åskewness Åkurtosis

ÅNOTE
ÅGauss distribution:

ÅPoisson distribution:

Review: Asakawa, MK, PPNP 90 (2016) Sec. 2



V

Observables in equilibrium are fluctuating!

variance

Enhancement & sign change of higher order cumulants 
will be used for the signal of the QCD critical point.

Stephanovȟ ȭΦίȠ !ÓÁËÁ×Áȟ Ejiriȟ -+ȟ ȭΦί



ÅFluctuation-Response Relations

Thermal
Fluctuation

Susceptibility

ÅVolume dependence 
canceled out in ratios

HotQCD, PRD101(2020)

useful for comparison
w/ HIC

under magnetic field:
Ding+, 2104.06843

Ejiri, Karschȟ 2ÅÄÌÉÃÈȟ ȭΦΫ


