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Introduction
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QCD phase diagram is a key Issue of high energy -
physics, but it is still unknown particularly at This Is the EoS of neuron matter. Model
middle and large ug/T. That is because the first- parameters are determined to reproduce

principle lattice QCD (LQCD) simulation has the - Ch-EFT Eo0S,
severe sign problem there. i  EoS from heavy 1on collision[8],

A steady way of approaching the middle and ’ and preserve causality. Then the present Exp.+Asy_soft

- - : had del h d | Exp.+Asy_stiff
large po/T regions is to gather solid results from adron model have good agreement at | Neutron model —
different regions and extract a consistent picture H
from them. Observation
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Science 298, 1592 (2002).

Py : Normal nuclear density (0.17 fm-3)

Solid results Hot
There are several information for hot and dense QCD. g DD } Mass-Radius relation
- Lattice QCD(LQCD) simulation at pg/T < 1. ey | | |
-Chiral perturbation theory 7 Mass and radius of NS Is obtained by
-Neutron star (NS) observation equation. The result Is consistent with
_ _ _ - the NS observations[9,10].
Particularly, a massive NS have been observed, and it y Oeb‘;terg/r;tsi'ga”
strongly constraints equation of state (EoS) of dense / Because quark matter softens the E0S,
matter. Dense Its appearance Is strongly constrained. _
- : Then the wvector coupling In the Steiner ==
We determine the QCD phase diagram EPNJL model has lower bound, 5| Hagrornorest =
from these solid results. Gy >0.03Gg v =0.03Gs —
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We consider a two-phase model to treat the quark-hadron phase transition for two-

flavor QCD by assuming the first order transition. The Equation of state at us=0
Quark phase: This 1s T dependence of the pressure | | | | _ |
Polyakov-loop extended NJL model with entanglement vertex (EPNJL model) [1] obtained by the hybrid model n o attice =

comparison with LQCD results[11].
Here, T, IS deconfinement transition
temperature and defined by the peak

Hadron phase:
Hadron resonance gas model with the volume-exclusion effect for baryons

EPNJL model of susceptibility; T, = 174 MeV for
- A A N2 _. 5 \2 both the results.
LepniL = (Y Dy +mo —yafr)qg — G(P)[(qq)” + (qiv57q)” e hvbrid model almost ;
_ 2 5 e hybrid model almost reproduce
+GV(CNMQ) JVU(QS[A]’@ [A]’T) the LQCD result. This means, the | . . . . . .
G(P) = Gs[l — ay PP* — as (P + &*3)] two-phase picture is applicable even 0.6 08 1 1T-/2T 14 16 18 2
: : : : al MB.: 0. Peg Stefan—BoItzmann(iimit for QGP
The effective potential {/ is determined to reproduce pure gauge LQCD results. [11]A. Ali Khan et al, Phys. Rev. D 64, 074510 (2001),

In this work, G,, IS treated as a free parameter and discussed later. .
v P QCD phase diagram

The red line Is the quark-hadron

The EPNJL model is consistent with LQCD data for finite imaginary g, finite
real- and imaginary-isospin chemical potentials[1], small real pig[2], and strong

magnetic field[3] transition line obtained by the hybrid | ~ 1st order(Qurak-Hadron) —
J ' model with G,, = 0.03G. The model _ Chiral_crl,zgg:,d;fgggﬁjB___ _
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[3] R. Gatto and M. Ruggieri, Phys. Rev. D 83, 034016 (2011). T =0 as MB(c) = 1.6 GeV. This is the L ( ) "
_ lower bound to be consistent with
Volume exclusion effect the NS measurement.
To reproduce the repulsive nature of baryons, we introduce the volume-exclusion EPNJL model gives 11.© = 1 GeV at
effect[4]. In this scheme, we approximate the system of finite-volume particles T = 0 but the pointu Ii)elongs to the

hadron phase In the hybrid model.
This Is an important problem to be
solved In future.

by a mimic system of point particles.
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The volume parameter (v) Is determined to reproduce the experimental data. . . . .

(4] H. Rischke, M. Goronstain, H. Stécker. and W, Greiner, Z Phys. C 51, 485 (1991). We have stl_Jdled the QCD_phase diagram by constructing the quark-hadron hybrid
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LQCD results,

Nuclear matter E0s h t tter EoS evaluated from the Ch-EFT 2NF and 3NF
. . .. _ * The neutron-matter EoS evalu - ,
Nuclear force is calculated by chiral effective field theory (Chi-EFT). The advantage -

. . _ _ * The heavy-ion collision measurements,
IS that 3 body force(3BF) is generated on the same footing with 2 body force(2BF). ‘NS obserzati -
The parameters for N3LO 2BF and N?LO 3BF are determined in Ref. [5,6]. |

EoS Is obtained by solving many body problem with 2 body forces. In this work, we
reduce 3BF to effective 2BF and employ the lowest order Brueckner theory [7].
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We have determined the lower bound of the quark-hadron transition pointat T = 0:
u©; > 1.6 GeV.

However, NJL model gives u©,= 1 GeV at T = 0, and the point is located in the
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