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ビームエネルギー⾛査実験から
相転移・臨界点の探索へ

筑波⼤学数理物質系物理学域
宇宙史研究センター 江⾓晋⼀

• ビームエネルギー⾛査実験
• フロー測定
• ゆらぎ測定
• まとめと将来計画

第40回 Heavy Ion Pub 研究会 ーーー 浅川正之さんの還暦記念 ーーー
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STAR

NA61/SHINE
NA49

Experiments at CERN, GSI, BNL

ALICE

CBM

現在遂行中 将来計画中

HADES
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EPD

eTOF

iTPC

iTPC : inner TPC, forward tracking
eTOF : end-cap TOF, forward PID
EPD : event plane / centrality 

Fixed Target Set-up (FXT)
at STAR Experiment
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QCD Phase diagram and Beam Energy Scan 

PRC 96 (2017) 4, 044904 
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Thermal Di-Lepton Measurements
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Transition from Quark Matter 
back to Hadronic Matter

Thermal freeze-out Strangeness
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Departure from 
the Quark Number Scaling of v2

STAR, Phys. Rev. Lett. 118, 212301 (2017) 

STAR, Phys. Lett. B 827, 137003 (2022) 
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Quark Number Scaled v2 at FXT beam energies (3.0 ~ 4.5 GeV)
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v1  vs rapidity and 
v1 slope of hyper-Nuclei
at FXT beam energies
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Excess-proton v1 or Net-proton v1 

𝑣!
"#$"%%&' =

𝑣!(𝑝) − 𝑣!(𝑝𝑏𝑎𝑟)
1 − 𝑟

𝑣!
(")&' =

𝑣! 𝑝 − 𝑟 𝑣!(𝑝𝑏𝑎𝑟)
1 − 𝑟

𝑟 =
𝑁'*+,
𝑁'

STAR Preliminary

STAR, Phys. Rev. Lett. 112,162301 (2014) 
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Baryon – Strangeness correlation



第40回Heavy Ion Pub「BESと相転移・臨界点の探索」、2024/6/19、⼤阪⼤ 筑波⼤、宇宙史研究センター、江⾓晋⼀ 12

Baryon – Strangeness correlation and Neutron Density Fluctuation
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STAR, Phys. Rev. Lett. 130, 202301 (2023) 
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New Result on 
Net-proton Cumulant Ratio C4/C2

BES-I  RefMult3
BES-II RefMult3
BES-II RefMult3X

STAR, Phys. Rev. Lett. 127, 262301 (2021) 
STAR, Phys. Rev. Lett. 128, 202302 (2022) 
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BES-I  RefMult3
BES-II RefMult3
BES-II RefMult3X

Net-proton distribution 
and Centrality determination
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Dip remains ?
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Centrality resolution from worst to best: ○ < ● < □ < ■
clear centrality resolution ordering: better resolution => lower cumulants/ratios

UrQMD simulation study  : Au+Au at 7.7 GeV
Fan Si, grad. stu.
USTC/Tsukuba
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HADES, PRC102 (2020) 024914

HADES at 2.4 GeV Au+Au collisions  
& STAR at 3.0 GeV

<Npart>

Au+Au 3 GeV STAR 
CBWC only

with participant based centrality
without volume correction

STAR, PRC107 (2023) 024908

Au+Au 2.4 GeV HADES

with spectator based centrality
with volume correction
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x-layer y-layer

x-layer

y-layer

x-layer

y-layer

x-layer

y-layer

中性⼦検出器
FAIR-CBM実験
J-PARC重イオン

ZDC・RP検出器
HIAF-CEE実験
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History of Heavy-Ion Facilities and My Interests … 
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おわりに

浅川鱚鲘、還暦鱏鲆鱬鱭鱋鱙鱛鱉鲃鱞。
鱘鲑鱐鲎鲇鱙活躍鱚鲑、鱢鱜鱫鱙指導下鱚鱉。
⼤学院⽣鱳頃鱰、既鱰海外鱬活躍鱚鲑鱫鱉鱤
浅川鱚鲘鱰励鲃鱚鲑鱤事鲗鲍鱔思鱉出鱜鲃鱞。
浅川鱚鲘鱤鱦鱑予⾔鱚鲑鱫鱒鱤臨界点鱳発⾒鲉、
QCD相図鱳理解鲗⽬指鱜鱫、今後鲇頑張鲏鲃鱞。
今後鱭鲇、鱮鱋鱣鲍鲒鱜鱔鱏願鱉鱜鲃鱞。
筑波⼤物理、江⾓

臨界点はどこ？

浅川さんの
紹介ページより

• ビームエネルギー⾛査実験
• 温度・フロー・ゆらぎ測定
• まとめと将来計画



第40回Heavy Ion Pub「BESと相転移・臨界点の探索」、2024/6/19、⼤阪⼤ 筑波⼤、宇宙史研究センター、江⾓晋⼀ 23

back-up
slide


