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• Experimental pile-up removal and/or correction
• Tracking efficiency corrections
• Centrality determination and volume fluctuation
• Acceptance and beam energy dependence

EMMI workshop “Probing dense baryonic matter with hadrons II: FAIR Phase-0”
Fluctuations, joint session with STAR/CBM eTOF Workshop: Part 1
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STAR experiment and BES-II upgrades EPD

eTOF

FXT mode experimental setup
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Particle identification 
and acceptance

Au+Au 3 GeV

Au+Au 39 GeV

EMMI joint session with STAR/CBM eTOF workshop, 19/Feb/2024, GSI ShinIchi Esumi, Univ. of Tsukuba, TCHoU 3



Measured (un-corrected) (net-) proton distribution
BES-I

PRC104 (2021) 024902
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Au+Au 3 GeV

Au+Au 27 GeV

N
ch

w
ith

 T
PC

+T
O

F

Nch with TPC

Pile-up events from 
high rate measurements

• independent superposition of two collisions
• with/without TOF hit requirement
• pile-up correction (next slide)

PRC107 (2023) 024908
NIM A 984 (2020) 164632
NIM A 1026 (2022) 166246
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Au+Au 3 GeV

NIM A984 (2020) 164632
NIM A1026 (2022) 166246

With/without pile-up correction on cumulant ratio

0-5%

PRC107 (2023) 024908
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Tracking efficiency and 
response matrix for unfolding correction

unfoldedBES-I

detector efficiency for 
multi-particles detection with full Geant simulationbased on embedding simulation

(Non-)binomial assumption
for detector response

PRC104 (2021) 024902
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Non-binomial efficiency correction 
(Unfolding method)

NIM A987, 164802 (2021)

alternative method with moment expansion
NIM A906, 10 (2018)
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Unfolding procedure

Volume fluctuation as a part of 
response matrix (volume filter
in addition to the experimental 
“non-linear” detector filter)

4D-unfolding (Np, Npbar, Tp, Tpbar) 
net-proton and their temperatures 
is ongoing…
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Centrality determination 

trying to improve the centrality resolution by increasing 
the  number of charged particle (as much as in the TPC 
even in the case of Fixed target mode) excluding protons 
with Centrality Bin Width Correction (CBWC)

big difference

We need more direct ways 
to determine Npart experimentally.PRC104 (2021) 024902 PRC107 (2023) 024908

BES-I

EMMI joint session with STAR/CBM eTOF workshop, 19/Feb/2024, GSI ShinIchi Esumi, Univ. of Tsukuba, TCHoU 10



Test of Centrality Bin Width Correction (CBWC)

The results approach to 
the CBWC result.

It does not mean the 
volume fluctuation is 
excluded, as centrality 
resolution limits.

Over correction, because 
of the use of same 
rapidity acceptance 
information. (The model 
test indicates the effect is 
small, though.)

BES-I

PRC104 (2021) 024902
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Volume fluctuation, centrality resolution 
and auto-(self-) correlation

PRC 100 (2019) 044904

CBWC
• centrality resolution limits
• possible over-correction

by auto-correlation

VFC
• independent particle 

production assumption 
based on Npart

UrQMD model 
simulation
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Xiaofeng Luo (CCNU)

different ”CBWC” corrections 
with various reference multiplicity 
including Npart-CBWC

centrality 
resolution

over-
correction?

AMPT model 
simulation
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Cumulant Ratio 
with/without VF corrections

• The model dependent volume 
effects are mostly reproduced.

• The final results are given 
without correction.

PRC107 (2023) 024908

No correction applied based on 
consistency in central collisions 
(plus model dependence)

PRC104 (2021) 024902BES-IAu+Au 3 GeV

UrQMD
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<Npart>

BES-I : CBWC onlyAu+Au 3 GeV : CBWC only

Centrality dependence of cumulant ratio
with participant based centrality
without volume correction

PRC107 (2023) 024908 PRC104 (2021) 024902
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BES-I: CBWC only

Acceptance dependence of cumulant ratio

PRC104 (2021) 024902

Au+Au 3 GeV : CBWC only

PRC107 (2023) 024908
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Beam energy dependence of cumulant ratio

PRC107 (2023) 024908

PRL128 (2022) 202303
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PRL130 (2023) 82301

Higher order net-p fluctuation
up to 5th and 6th order 

• energy dependence
• multiplicity dependence
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PRL130 (2023) 202301

(pnn * p) / (pn * pn)
• local density fluctuation 

of neutron

PRL 114 (2015)  142301

v1
 s

lo
pe

PRL 112 (2014) 162301

• change in EoS
• 1st order phase trans.

• lifetime of system
• duration time of 

emitting source

A few more possibly 
related observations 
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Roy Lacey, et. al.



Summary

• STAR BES-I and BES-II measurments including fix target mode
• Experimental pile-up removal and/or correction
• Tracking efficiency corrections
• Centrality determination and volume fluctuation
• Acceptance and beam energy dependence

Many thanks to my STAR colleagues 
especially in fluctuation focus group members
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UrQMD model 
simulation
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with/without 
CBWC
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with/without 
pile-up 

correction
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with/without 
volume fluc. 
correction
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STAR collider mode :
EPD (|eta| = 2 ~ 5)
TPC (|eta| = 0 ~ 1.5)
(for zvtx ~ 0 cm)
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