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TPC (Time Projection Chamber)
for 3D tracking of charged particles

rticle trajectory |
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STAR TPC upgrade for BES2
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STAR eTOF (end-cap TOF, MRPC)

Event Plane Detector (EPD)
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VPD
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Event anisotropy

Particle
generation

O

Reaction

D,
>
X
-
-
0<pT<1GeVic 1 <pT<2GeVic 2 <pT<3GeVic 3<pT<a4GeVic “-pT<-5GeVic
141[ E' ‘ 1. 1.1
H i H N N J

05—‘ f .- ! 0S| - 05
i » % . ' x . .
™ £ ey & { ‘* ! | §

b ‘7;" "_," ‘-;‘ ";’ - 'E 'I .-E 1 b 1k

N S 'i‘ s a ]
Q,x = Zi{w; cos nd;} i B \‘t! \‘J' ” -~
—_ H ™
Qny —_ Zl{WI Sln n(l)l} 0.3l oa- o.::- 0.3l
@n - atanz(Qny’QnX)/n -85 .85 .85 .85
anec = |Qn| / Sqrt(zi{wi}) o‘nIllllllIlllllllllllllllllllllll o‘nllllllllllIllllllllllllllllllll o‘nlllllIIlllIIlllllIllllllllllII[ o‘n-lllllIIlllllIIlllllllllllIlllll nIlllllIlllllIllllllllllllllllll

—T 0 T
STAR analysis and future experiments, CBM Coll. meeting, 19/0ct/2025

Oparticle—Pr.p, (rad)

Shinlchi Esumi, Univ. of Tsukuba (TCHoU) 10



VO (ALICE)

Reaction plane detectors

RXN - VO - EPD

SMD/ZDC

RXN
(PHENIX)

BBC (PHENIX)

BUNDLE OF
31 OPTIC

FIBERS

AMPLIFIER
X 16

EPD (STAR)

STAR analysis and future experiments, CBM Coll. meeting, 19/0ct/2025

%OO/

spectator directed R.P.

BBC - T0 - VPD

ZDC/SMD
(PHENIX/STAR)

(Z

ZDC (ALICE)

e —

Shinlchi Esumi, Univ. of Tsukuba (TCHoU) 11



Higher order event anisotropy --- v; ---

black-disk collision, sign-flipping v3 like v,
initial geometrical fluctuation, no-sign-flipping v3

standard eccentricity arXiv:1003.0194
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Event Plane Detector (EPD)
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27GeV Au+Au 50k education events and 50k test events (EPD+TPC)
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Baryon stopping and rapidity distribution
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From

the hadron transverse momentum spectra
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Elliptic flow and radial flow
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Elliptic flow - energy dependence
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Two particle interferometry

&
-

Correlation function

Femto-scopic two-particle correlation (HBT)

space-time dynamics, transverse source geometry and expansion
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MA Lisa et al. New J. Phys. 13 (2011) 065006 . . .
Femto-scopic HBT correlation with @,

in plane 3D source geomet.ry including tilt-angle
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- Apy correlation for Nuclear Imaging
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Non-binomial efficiency correction
(Unfolding method)

Reconstructing particle number distributions with convoluting volume fluctuations

FIG. 4. (Top) Correction functions in the generated coordinates. White-colored bins represent the large negative value outside
the z-axis range. (Middle) Toy-MC distributions in the generated coordinates. (Bottom) Toy-MC net-particle distributions in
the generated coordinates. The 1st to 4th row from left to right show distributions at the Oth (initial condition), 1st, 10th and
100th iteration. The most right panels show distributions for the toy-experiment sample.

STAR analysis and future experiments, CBM Coll. meeting, 19/0ct/2025

ShinIchi Esumi,1'E1 Kana Nakagawa,! and Toshihiro Nona.kaLz’

1onaga Center for the History of the Universe, University of Tsukuba, Tsukuba, Ibaraki 305, Japan
2 Key Laboratory of Quark & Lepton Physics (MOE) and Institute of Particle Physics,
Central China Normal University, Wuhan 430079, China

propose methods to reconstruct particle distributions with and without considering initial
1e fluctuations. This approach enables us to correct for detector efficiencies and initial volume
ations simultaneously. Our study suggests such a tool could investigate the possible bimodal
ure of net-proton distribution in Au+Au collisions at /syn = 7.7 GeV as a signature of
rder phase transition and critical point of hadronic matter [1,2].
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History of net-proton kurtosis results in STAR Al
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Beam energy dependence of (net-) proton C,/C,

QM25, STAR

RUN25 plan at RHIC
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Improvement on centrality resolution (volume fluctuation), UrQMD test
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Beam energy and centrality dependence of cumulant ratios
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Some more UrQMD tests at different energies

1 1.0

3 GeV 3.9 GeV 4.5 GeV 5.2 GeV 7.7 GeV 19.6 GeV
20F Gl ™F cjc °f cJC1 '3 c/Cc] | 13s0 /e
C ; - 1 1 1.2} &i;ﬁ;::%

15F

2k

C,/C,:

[ o RefMult3

1.5F

1.0F

1 15F CCx
1 1.0k T .
] o5F :

1.0
[ 1 1.0} -
: mm—: mo%-‘ rof : mﬁ—:
1 05 :_Net-proton, ly|<0.5 7 [ 1 0.8 ' 0.8F d
1  Fo4<pr<2.0Gevic 1 %°[ . 1 F |
: ok i ]

- 0f o RefMult3X ] 0.5F

E -]0 Npart | <G - — —
-5 N 1 " 2= L 1 1 e -1 1 1 M = -“ 3 H C L 1 I B 1 N M N

0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300

Volume fluctuation to be considered...
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CBM-TOF (MRPC)
test at mCBM
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Neutron detector proto-type with scintillator
Stacks of MRPC modules considered as well
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Summary

 STAR experiment and detectors
« Tracking, particle identification, reaction plane and centrality = 200

19.6 7.7

4.5 3.0 GeV

« Temperature measurements and Freeze-out
* Anisotropic flow, correlation, fluctuation
* Next plan and Outlook

WHBM2023 and WHBMZ2025 at Tsukuba
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