Thermodynamic properties along the QCD crossover from
Lattice
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searches for criticality in QCD phase-diagram and thermodynamics along the phase boundary:
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Large scale numerical calculations by HotQCD Collaboration
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O(N) scaling and the chiral transition temperature

SUQ2)y @ SU((2)4 ~ O(4) governed by universal O(4) scaling
For sufficiently small m; and in the vicinity of the transition temperature:

to TO Ms ho

(q7) = T(OnZ)/dm; M= _% WS f(a), 2= o L0

1.0 is critical temperature in the mass-less limit, /9 and 7y are scale parameters
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Pseudo-critical temperatures for non-zero quark mass are defined as peaks in the susceptibilities
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The chiral cross-over temperature for physical masses

Chiral order parameter:

5= é (g (@ + dd) — (ma +ma)(5s)]  (qq) = T(0In Z)/dm,

and the corresponding susceptibilities:
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For non-zero chemical potential we use Taylor expansion
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Derivatives in ,u?X are similar to derivatives in T’ e.q. 8T08< ~ C§<

= the following quantities will peak at T

XZ, CX(T) ~Xim  OrCy, C3(T) ~ Xt.m HotQCD, arXiv:1812.08235
5 different definitions of 7TP¢:

OrCX =0, 0rCy =0,CX =0 02Cy =0, 07C5 =0

The 5 different 7; values reduce to 1; ,, and 1, if regular part is zero



Lattice calculations based on 100K - 500 K configurations, NV, = 6 — 12, and
4K configurations for N, = 16
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Different definitions of T, surprisingly agree in the continuum limit and we for
zero chemical potential we get 7. = 156 = 1.5 MeV
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The chiral susceptibility at baryon density non-zero density

Conditions in heavy ion collisions: ng > 0, ng = 0, ng = 0.4np (for Au, Pb)
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little change in peak-height & width with increasing baryon chemical
potential: no indication of a stronger transition becoming stronger
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The chiral cross-over temperature at non-zero density
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Chiral phase transition in 2+1 flavor QCD

What is the nature of the chiral transition in 241 flavor QCD for fixed m, and

m; — 07 )
HotQCD, arXiv:1903.04801
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Use O(4) fits for m; and volume dependence

Continuum extrapolations:
T = 13272 MeV
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Equation of state at non-zero net baryon density

6t order Taylor expansion, HotQCD, PRD 95 (2017) 054504
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Truncation errors of the 6t order Taylor expansions are small for ug/T<2.5



|so-entropic Equation of state at non-zero net baryon density
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approximate trajectories in heavy-ion collisions follow constant entropy to baryon
number ratio




Equation of state along the "phase boundary”

specific heat @ constant volume: (inverse) specific heat@ constant pressure:
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Net baryon number fluctuations along the “phase boundary”
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Baryon number fluctuations are expected to increase as we approach the critical point
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increase remains less than (ideal) hadron gas resonance gas model (HRG)



Radius of convergence of Taylor series and critical point
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Summary

The chiral transition temperature at the physical quark mass can be pre-
cisely determined: 7. = 156 + 1.5 MeV and can be related to chiral phase
transition temperature For m, 4 = 0: 1, = 132J_r2 MeV

Equation of state at non-zero baryon density can be obtained from the
Taylor expansion and no indication of limited convergence radius for

g < 300 MeV

The dependence of T, on up is very small and is consistent with freeze-out
curve in HI, the width of the chiral susceptibility and the peak height does
not change with upg

The up dependence of EoS and baryon number fluctuations follows the
HRG expectation



