BIRLT—EAA U EHEROYME Fa—HMT7LHRE

AT A FIOR (ER)

SN | 7T | R—— ..

%, 200R a2 ST Quark Gluon Plasma (QGP) |

2 ' N Al L e eS8

- e Shinlchi Esumi
i ERRER (RHIC)

og

100F

# ¥: il F
A = / ): 9 935"

; :
’ ' BF T

« Beam energy scan at high baryon density 7N\ T

 Temperature, partonic phase, phase transition X,

* Flow, correlation, fluctuation studies

« Summary and outlook S

BIALXF—BAFEHE Fa—bI)TIMRE BRRXA T I X,2024/8/8, KB

Inst. of Physics, Faculty of Pure and Applied Sciences,

Tomonaga Center for the History of the Universe (THCoU),
University of Tsukuba

TR KR BIBYMER YEBEE
FEHEMEE 22—
TAE—

he STAR experiment

at the Relativistic Heavy lon Collider, Brookhaven National Labaratory

PR

University of Tsukuba

© FmkE
€ FHIEHAR VY —

oo ' Tomonaga Center for the History of the Universe

Shinlchi Esumi, Univ. of Tsukuba, TCHoU



Early Universe
LHC Experiments

Temperature

Cr .
~170 MeV— e ‘

Critical Point

Hadron Gas

_~Vacuum

,-/-

0 MeV—2
0 MeV

The Phases of QCD

Quark-Gluon Plasma

Future FAIR Experiments

J-PARC, FAIR, NICA

Color
Superconductor

Nuclear .
Matter ey butron Stars

E-2 i
|

900 MeV
Baryon Chemical Potential

SIFNF—FBAFEHR FTa—bIVTILRARE BRRXAF I X, 2024/8/8, KBk

~100 GeV

Shinlchi Esumi, Univ. of Tsukuba, TCHoU



QCD Phase diagram and Beam Energy Scan
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Thermal (Chemical Freeze-out) model
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: spin-isospin freedom

: particle mass

: the second-order modified

Bessel function

Simple chemical freeze-out model
remarkably well agrees with data.
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: light-quark chemical potential

: strangeness chemical potential
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Thermal di-lepton

STAR: arXiv: 2402.01998

. % IMR % LMR STAR ]
E O IMR ¢ LMR NA60 (In+In) L E
3 V LMR HADES * E >
- - o
- - ~
— m LMR STAR BES-| % E z"
3 5 =
3 3 =
: : <)
= o™ |C e % +.q *) Y : 8\
— o o %
E E S
- T.LQCD . -
— v .
- 0T, SH * T, GCE T., SCE B
: 2 | L1l l [l ] T I :
10 10° .
u, (MeV)

Fa—rTIHES

R A F 17 X,2024/8/8, KR

measurements

35

30

25

20

15

10

Normalized excess yield

X

-

o
&

~ Rapp Model

STAR Preliminary
0.4 <M, <0.75 GeV/c?

-+ STAR BES-Il Au+Au 0-80%
—— STAR BES-| Au+Au 0-80%
—+— NAG60 In+In dN/dn>30
-m HADES Au+Au 0-40%

PR S S AT | L "

3 JIIIIIIIIIIIIIIIIlllllllllllllllllllll

| N N
10 10°
\;sNN [GeV]

Shinlchi Esumi, Univ. of Tsukuba, TCHoU

5



Di-electron mass spectra

STAR: Phys.Rev.C 107 (2023) 6, L061901
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Excess = Data - Cocktail
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High pr prompt photon

 Rypo~1andv,~0

« consistent with small interaction elliptic
. expansion
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Thermal photon radiation and collective flow

« significant low p; photon excess
 Initial temperature 300-600MeV
e comparable v, with hadrons
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J/y suppression and threshold-like behavior
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PLB 734 (2014) 314-327
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Transition from Quark Matter

back to

Hadronic Matter

K*/n* (y~0)

Thermal freeze-out
Strangeness
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K-/t ratio merges with K*/1r at higher collision energy
2) Model: Baryon density peaks at \/sNN ~ 8 GeV
3) At \/sNN > 8 GeV, pair production becomes important
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Thermal (Kinetic) Freeze-out
with radial flow

* end of elastic interactions

* end of inelastic interactions collective radq

(Chemical freeze-out)
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Radial flow of quark (quark coalescence)

Baryon/Meson
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Phys.Rev.C78 (2008) 034907

Fitting with Fries’ model (Tth =170 MeV)
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STAR, Phys. Rev. Lett. 118, 212301 (2017)
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Proton and anti-proton v, vs rapidity
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Comparison with JAM calculations
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Various correlations studies

« geometry, expansion, interaction
* identical, non-identical correlation

* meson-meson, baryon-baryon
« globall/local polarization
 vorticity and EM-field
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Beam energy dependence of

2-particle interferometry
measurement (HBT effect)
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p-A, d-A correlations to determine f, and d,
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Baryon — Strangeness correlation
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Baryon — Strangeness correlation and Neutron Density Fluctuation
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Beam energy dependence
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Sensitivity improvement expected !? Nuaryon ~ Noroton * Naeutron * Niyperon
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kurtosis : kK =

At critical point with an infinite system 1 OnF/T4
- correlation length should diverge XB = — 0 fA/
- susceptibilities should diverge o 3" Oy
Proposed Experimental Observables:
Moments of conserved quantities: net-B, net-S, net-Q etc. :
- directly related to the susceptibility ratios (calculable from Lattice QCD) o e " PRL107
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New Result on

Net-proton Cumulant Ratio C,/C,

STAR, Phys. Rev. Lett. 127, 262301 (2021)
STAR, Phys. Rev. Lett. 128, 202302 (2022)
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Normalized Number of Events
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Data/Model Ratio
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Net-proton Cumulant Ratio as a function of Centrality
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UrQMD simulation study
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UrQMD simulation study : Au+Au at 3 GeV

STAR, PRC 107 (2023) 024908
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HADES at 2.4 GeV Au+Au collisions
& STAR at 3.0 GeV
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Cs/C, (hyper order fluctuation)
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Fixed Target Set-up (FXT)
at STAR Experiment

iTPC : inner TPC, forward tracking
eTOF : end-cap TOF, forward PID
EPD : event plane / centrality
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Experiments at CERN, GSI, BNL
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Back-up slides
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