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STAR experiment (Solenoidal Tracker at RHIC)
with Relativistic Heavy-Ion Collider (RHIC)
at Brookhaven National Laboratory (BNL)
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TPC (Time Projection Chamber)
for 3D tracking of charged particles
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STAR TPC

charged particle trajectory



B-field

minimum ionization
(Bethe-Bloch) velocity and charge
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STAR TPC

Momentum  (pT) measurement
Particle identification (dE/dx)



TPC inner sector 
readout with more 

segmentation
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beam line

STAR TPC upgrade for BES2
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STAR eTOF (end-cap TOF, MRPC)
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STAR Fixed Target setup



Particle identification in STAR
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27GeV Au+Au

inner ring outer ring
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Event Plane Detector (EPD)

~50% of signal from secondaries
flow measurements with EPD with Geant simulation

PRC111 (2025) 
14906
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Centrality determination with 
Event Plane Detector (EPD)

Machine learning approach
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Baryon stopping and rapidity distribution



Central
130 GeV Au+AuSTAR Preliminary

T ~ T0 + m <b2>
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Particle yields and 
Transverse momentum distributions



Chemical and Thermal model fitting
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arXiv:2402.01998
accepted in Nature 
Communications

Earlier temperature 
of QGP with di-lepton

STAR analysis and future experiments, CBM Coll. meeting, 19/Oct/2025 ShinIchi Esumi, Univ. of Tsukuba (TCHoU) 19



Hadron
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Elliptic flow and NCQ-scaling
(Number of Constituents Quarks : NCQ)



increasing radial and elliptic flow with beam energy

PRC94 (2016) 34908
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Elliptic flow and radial flow



QM25, STAR
PRL135 (2025) 72301

PRC103 (2021) 34908

v2 - NCQ scaling breaks around 3-7 GeV
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Elliptic flow - energy dependence

from hadronic to partonic system



Directed flow (v1-slope) as a function of energy

p, K, p p, d, t QM25, STAR

PRL112 (2014) 162301
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net-proton v1-slope 
(minimum, sign-change)

dv
1/d

y



Global and Local polarization 
via vorticity, B-field and v2, v3 expansion
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pT1

pT2

side view size
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depth + time duration
qT-out : RT-out AGS
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Femto-scopic two-particle correlation (HBT)
space-time dynamics, transverse source geometry and expansion

pT (mT) dependence 
of source radius
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Femto-scopic HBT correlation with F1
3D source geometry including tilt-angle
relation with the directed flow

Energy dependence of the tilt angle q

STAR 
preliminary
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Femto-scopic two-particle correlation for Baryon-interaction
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v2  - DpT correlation for Nuclear Imaging

Nature 635 (2024) 67



2nd order pT correlation
mean pT fluctuation

QM25, STAR
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Higher Order Fluctuation of Conserved 
Quantity (net-Baryon)  to look for Critical 

Point and Phase Transition

change of correlation length
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Non-binomial efficiency correction
(Unfolding method)
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BES-I  : 0.4 < pT < 0.8 GeV/c

BES-I  :  0.4 < pT <2.0 GeV/c

BES-II  :  0.4 < pT <2.0 GeV/c

(ks2) CPOD2024
SQM2024
PRL135 (2025) 
142301

PRL 105 
(2010) 022302

PRL 112 
(2014) 032302

History of net-proton kurtosis results in STAR

PRL 126 (2021) 092301
PRL 128 (2022) 202303
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CBM

Beam energy dependence of (net-) proton C4/C2

QM25, STAR
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RUN25 plan at RHIC
• 200GeV Au+Au
------------------------------
• 200GeV p+p
• 200GeV p+Au
• 4.2/4.5 GeV Au+Au
• 27/62 GeV Isobar 

(Zr+Zr, Ru+Ru)



Improvement on centrality resolution (volume fluctuation), UrQMD test

better

centrality 
resolution

at Au+Au 19.6 GeV
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Beam energy and centrality dependence of cumulant ratios

FXT : 3.2 ~ 3.9 GeV COL : 7.7 ~ 27 GeV CPOD2024, QM2025
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Some more UrQMD tests at different energies
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Volume fluctuation to be considered…



STAR analysis and future experiments, CBM Coll. meeting, 19/Oct/2025 ShinIchi Esumi, Univ. of Tsukuba (TCHoU) 37

HNS

CBM ZDC

Neutron detector proto-type with scintillator
Stacks of MRPC modules considered as well

CBM-TOF (MRPC)
test at mCBM
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Summary

• STAR experiment and detectors
• Tracking, particle identification, reaction plane and centrality
• Temperature measurements and Freeze-out
• Anisotropic flow, correlation, fluctuation
• Next plan and Outlook
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