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STAR実験から将来へ
QCD相図上の⾼温領域から⾼密度領域へ、臨界点・１次相転移の直接観測への挑戦
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• STAR実験の最近の結果
• 将来計画や希望・夢
• 三明先⽣とのエピソード
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QCD phase diagram 
and phase structure 

at high-baryon 
density

CERN-LHC BNL-RHIC
GSI-FAIR

J-PARCSPS実験から
ALICE実験へ

AGS実験から
PHENIX・STAR実験へ
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CBM実験へ

重イオン加速器へ



PHENIX実験 ALICE実験

STAR実験

アメリカ
BNL/AGS : 
E802/E866

スイス
CERN/SPS : 
WA98/NA44
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〜10 GeV/nucleon 〜100 GeV/nucleon

Nucleus A

Nucleus B

High-temperature and high-density 
Quark Gluon Plasma

High-Energy Heavy-Ion 
Collisions and 

Beam Energy Scan

三明先⽣ 退職記念研究会, 9/Dec/2023, 筑波⼤, 1D204 筑波⼤物理、宇宙史センター、江⾓晋⼀ 4



Thermal and Chemical Freeze-out and Collective Flow

PRC 96 (2017) 4, 044904 

• thermal freeze-out, centrality
• chemical freeze-out, beam energy
• light- and hyper-nuclei freeze-out and stopping
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QM23

Rapidity dependence of the Chemical Freeze-out
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temperature via di-lepton

arXiv:2203.17187 
PRL 123 (2019) 022301

direct photon (hadron decay sub.) 
– QCD prompt photon (RAA~1) sub.
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Thermal Freeze-Out

QGP

Chemical Freeze-Out
Phase Transitio

n

History of QGP evolution 
with various freeze-out 

stages and temperatures 

thermal photon emission
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Nuclear Modification, Baryon, Meson,  
Strangeness and Heavy-quark

PRL 121 (2018) 32301

• onset of high pT suppression, Baryon - meson
• strangeness enhancement, K/pi horn, baryon density
• onset of J/psi suppression, flow of charm quark

PRL 91 (2003) 072304

LHC-CMS
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PRC 102 (2020) 034909

Strangeness enhancement  and K/pi horn at high-baryon density
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LHC

RHIC

SPS
J/y and U (Upsilon) 

suppression and regeneration

U (Upsilon) suppression 

p+p

Pb+Pb

Color Screening

cc

三明先⽣ 退職記念研究会, 9/Dec/2023, 筑波⼤, 1D204 筑波⼤物理、宇宙史センター、江⾓晋⼀ 11

RHIC Beam 
Energy Scan

J/y
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PRL 112 (2014) 162301

Directed flow v1

• v1-slope, EOS, phase transition 
• light- and hyper-nuclei
• v2, NCQ-scaling, hadron-parton
• expansion, small system
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Quark Number Scaling of v2
PLB 827 (2022) 137003

PRC 103 (2021) 34908

Elliptic flow v2

hadron

三明先⽣ 退職記念研究会, 9/Dec/2023, 筑波⼤, 1D204 筑波⼤物理、宇宙史センター、江⾓晋⼀ 13



QM23

Hyper-nuclei production

PRL130 (2023) 212301

Radial flow and 
Directed flow of 
Hyper-nuclei
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Femtoscopy and Space-Time Geometry
PRC 99 (2019) 064905

• duration time, size
• source tilt, eccentricity
• dynamical expansion

PRC 103 (2021) 34908

nucleon correlation volume : Veff

PRL 114 (2015)  142301

duration 
time

1/Veff
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PRC 92 (2015) 14904

New J. Phys. 13 (2011) 065006

Tilt angle of emission source
w.r.t. the beam axis Freeze-out eccentricity

Imaging the 3D geometry 
at the freeze-out

STAR preliminary, 
200GeV AuAu

STAR preliminary, 
200GeV AuAu
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Net-Baryon (conserved number)

Higher Order Fluctuation

PRL 128 (2022) 202303

HADES, PRC102 (2020) 024914

arXiv: 2304.10993
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PRL130 (2023) 202301

Neutron density fluctuation with Triton production : (pnn * p) / (pn * pn)

• Local density fluctuation 
of neutron
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isobar blind analysis completed 
(no hint of CME at the moment)

• global and local polarization, spin alignment
• beam energy and centrality dependence
• lambda anti-lambda difference…
• no visible CME signal in isobar blind analysis
• Dg, DS, pair wise or event wise, Dv1, Dv2,,, 

Vortical Fluid and 
Chiral Magnetic Effect

QM23
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Nature 614 (2023) 244

Global and Local Vorticity

Longitudinal Vorticity by elliptic and triangle flow

Phys. Rev. C 108 
(2023) 14910 Phys. Rev. Lett. 131 

(2023) 202301
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no indication 
of B-field



data taken at STAR in BES-II

Beam Energy Scan Phase-II at RHIC

fixed target
at STAR

End-cap 
TOF

Event Plane 
Detector Inner TPC
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CBM

HIAF J-PARC-HI (KEK/JAEA)

宇宙初期から中性⼦星内部へ
⾼温領域から⾼密度領域へ
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X層
Y層
X層
Y層
X層
Y層

ビーム（Z⽅向）

net-proton測定からnet-baryon測定へ
（中性子検出器をCBM・J-PARC-HIへ）

PHENOX TOF検出器の再利用

HIAF・HIRFL-CSR・CEE実験
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三明さんとのエピソード
• ⼤学院の時の集中講義で
• 三明さんが筑波⼤におられたので
• どこかの会議へ⾏った時に、同じホテルの部屋で
• いつも前向きで、とてもユニークな関⻄⼈
• 根っからの科学者で、いつも⾰新的
• 粒⼦⽣成、相関、フローから、ジェットへ
• 数理物質系⻑、研究担当副学⻑、理事
• 宇宙史⼀貫教育、研究ユニット招致
• KEKサマーチャレンジ、⾼校への出前授業
• 科研費申請（STARと臨界点、FoCalと前⽅）
• 家族想い
• ⽶びつと⽝とPC
• 電話会議とヘビーメタル
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