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Where is the QCP?

B Lattice QCD, Effective models...

200 7 T T I
130 1TEC

r, o e M
MeV 17 O @ ~--._ T ---gLROI
LRO4 .. -
150 | (o]
9

O TN
° ’RM98

INJL98
L 4

-+ * @ PNJLO6
L.sMo1 CJTO2

NJLO1
2 © e

3NJLOS NIJL89a

| | 1 -
1000 1200 1400 1600
Lp, MeV

QCD Phase Diagram Stephanov,hep-lat/0701002

Chiho NONAKA



QCP Search in HIC

E The QCD critical point search from phenomenology
and experiments
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M. Stephanov, K. Rajagopal, and E.Shuryak,
PRL81 (1998) 4816
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Toward Quantitative Analyses

B Realistic Dynamical Model
« 3D Hydro + UrQMD Model
BE The QCD Critical Point

* Focusing effect near the QCD critical point in isentropic
trajectories on the T-ug plane

E Emission Time Dependence
* High P; particles emit at earlier time
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3D Hydro+UrQMD,Mode

alss PRC75:014902(2007)

E Relativistic Heavy lon Collision
« Schematic sketch

collision thermalization hydrodynamical hadronization freeze-out
®3D Hydro + UrQMD expansion
Full 3-d Hydrodynamics . UrQMD

Hadron:ization ,
EoS :1st order phase transition ‘ Cooper-Frye | final state

QGP + excluded volume model  formula i interactions
. Monte Carlo

T Tsw tfm/c
T -:critical temperature > Tg,: Hydro = UrQMD
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EOS with QCD Critical Point

_ Nonaka and Asakawa, PRC71,044904(2005)
E Singular part near QCD critical point + Non-singular part

* Non-singular part
QGP phase and hadron phase
« Singular part

3d Ising Mode| <=  QCcp

g Same Universality Class
T. T, u
h:extermal magnetic field (If', h) <—>(T,MB ) i

* Mapping (r, h) 2> (T, ug) T
« Matching with known QGP and
hadronic entropy density

« Thermodynamical quantities
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Focusing Effect

E Isentropic trajectories on T- u; plane

Bag Model +

: " , Excluded Volume Approximation
With QCD critical point (No Critical Point)

= Usual Hydro Calculation
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Emission Time Distribution

UrQMD : no QCD critical point 0
Au+Au, E,,=40 GeV/A

T

UrQMD —— protons x4, G+ <0.25
anti-p x700, 5+ <0.25
protons, 0.5 <+ <0.75
anti-p x100, 0.5 <37 <0.75

cut: -1 < Yem. <1

dN /dtemission
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Demonstration

early universe Search of
quark-gluon the QCD critical point
plasma from experiments

Dense Hadronic Medium

36 25, INA49:
Location of QCP

R'Hi.c SPSQCP L°°° (ug, T)=(550,159)

Bag Model

temperature T [MeV]

*Critical Region

| L -o12im®  [*Chemical freezeout point
‘, ,=0.

Dilute Hadronic Medium . (MB, T)=(406, 1 45)

n,=0.34 im~ = atomic from statistical model

ny=0.038 /fm’=1/3 n, nuclei npeutron stars
1 | - 1 P | ‘ 1

0.2 0.4 0.6 0.8 1 1.2 1.4
baryonic chemical potential 1 [GeV]
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Isentropic Trajectories

220

Chemical
Freezeout §

| === s/ng=29.4 (QCP)
—— s/ng=25.6 (CO)
e s/pB=22.2 ‘(FO)

0 200 400 600 800
pg (MeV)

Hadronization occurs
from the phase
boundary and
chemical freezeout
point
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Signature of QCP

phas'e boundar)'f

== s/ng=29.4 (‘(\)CP)
— s/ng=25.6 (CO)
L == s/ng=22.2 (FO)

200 400
pg (MeV)

*decreases (FO,CO)
sincreases (QCP)

0.006

- == s/ng=29.4 (QCP)
—— 5/ng=25.6 (CO)
== s/ng=22.2 (FO)

B (g, T)=(406,145) (QCP) 1
O (i, T)=(406,145) (CO)

A‘ (IIB"T)=(1406’145) (FO)

2 3 4

entropy density (GeV3)

with QCP_
steeper P spectra at high P-
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Toward Detailed Analyses

B Realistic Dynamical Model
« 3D Hydro + UrQMD Model
BE The QCD Critical Point

* Focusing effect near the QCD critical point in isentropic
trajectories on the T-ug plane

Location of the QCD critical point . lattice QCD

Critical region experiments

E Emission Time Dependence
* High P; particles emit at earlier time
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P+ Spectra (3D Hydro + UrQMD)

QCD critical point Bag Model
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Because of focusing effect
At Tsy <‘uB>QCP > (1 >BG

Us [MeV]
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Summary

E 3D Hydro + UrQMD Model with the QCD critical pomt
* Isentropic trajectories AN
* P, spectra, hadron ratio _
B From experiments f Focusir"“'“i'g_,,%___#_ﬁ_____

information of the QCD critical point 100 360er V?t')o |
uivie

location, critical region, existence...
B Physical observables
 Anti-p/p ratio : promising and clear signature
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