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ü Lattice QCD calculation has predicted that phase transition 
around 𝜇!=0 is “smooth crossover”.

ü We search for the 1st-order phase transition and the critical 
point.

ü Fluctuations of conserved quantities are considered to be a 
powerful tool to search for the critical point.

Beam Energy Scan@STAR (~2014, 7.7-200 GeV)
Non-monotonic behavior of net-p 𝜅𝜎" at low energy  appeared, 
which could be a signature of the critical point.

search for the QCD critical point

Y.Aoki et al., Nature, 443, 675 (2006)
STAR Collaboration, arXiv:2001.02852 (2020)
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autocorrelation & centrality resolution effect
ü Current centrality determination is based on multiplicity at mid-rapidity, excluding 

particles of interest.
Refmult3 : multiplicity in |η|<1.0 excluding protons
Current centrality may be biased by autocorrelation.

ü Autocorrelation makes fluctuation smaller.
ü Worse centrality resolution makes fluctuation larger.
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X.Luo et al. , J. Phys. G: Nucl. Part. Phys. 40 105104 (2013)
T.Sugiura et al., Phys.Rev.C 100 (2019) 4, 044904
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motivation
Event Plane Detector (EPD)
ü A new scintillation detector installed in 2.1 < |η| < 5.1
ü Consist of 16 rings x 24 segments in phi in East and 

West side each
ü Expecting to be a new centrality detector with less 

autocorrelation effect

Goal:
pUnderstand autocorrelation effect and subtract it 

from measured fluctuations

This presentation:
üNew centrality determination using EPD in Au+Au

collisions at 𝑠## = 27 GeV.
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EPD performance
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üNMip : gain calibrated energy loss in tile, in units  of 
Landau MPV for one MIP.

üNMip integrated in several rings (NMipSum) is used 
for centrality determination.

ü In lower energy collisions, also spectators are 
measured in the EPD inner rings.

Correlation between EPD NMipSum and 
multiplicity in mid-rapidity:
Positive correlation in outer rings
Anticorrelation in inner rings  

üSumming up all rings will make the centrality 
resolution worse.
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Glauber model
üBased on Wood-saxon model and 𝜎$$ = 33 mb
üTwo component model is introduced.

𝑁%&'()* = 1 − 𝑥
𝑁+,(-
2

+ 𝑥𝑁)&..
• 𝑥 = 0.12~0.13 is usually used in STAR.

üNegative binomial distribution (NBD) is 
employed to implement the source by source 
multiplicity fluctuations.

üTo simulate EPD-NMipSum,  Landau fluctuation 
is added to each particle.
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• dE: energy loss per particle
according to the Landau 
distribution
• nHit: number of hit to the tile



centrality determination
üCentrality can be determined for each bin to have equal number of events based on 

multiplicity.
üTrigger efficiency was measured to be 80-90 % in previous analysis.
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ß10-20 % dropped.

Refmult3corr :
multiplicity in |η|<1.0 
excluding protons
(corrected for luminosity 
and Vz dependence)

STAR, Au+Au 27 GeV (2018)



centrality resolution

ü Impact parameter resolution of Epd ring:7-16 and Tpc Refmult3 is 
almost the same.

üResolution of Epd ring:13-16 is worse than the others because of fewer 
particles.
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multiplicity distributions
üThe shape of multiplicity distributions are different especially in low multiplicity.
üTrigger efficiency seems to be different between EPD and TPC, but it should be 

equal for the same dataset.
ü The difference can be caused by spectators.
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↑30~ % dropped??
EPD vs TPC 
MC & data
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conclusions
Summary
üTo understand fluctuation results, centrality resolution of the EPD should be 

investigated.
üWithout considering the effect of spectators, the impact parameter resolutions of 

EPD 7-16 and TPC Refmult3 are almost the same.
ü Impact parameter resolution becomes worse when only outer a few rings are used for 

centrality determination.
üConventional Glauber+NBD assuming two-component model does not fit the 

measured EPD NMipSum, especially at low multiplicity.

Outlook
pImplement spectators in Glauber fit
pNet-proton fluctuation measurements with EPD centrality
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Back up
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ü Impact parameter cannot be 
measured experimentally.

⇒Centrality resolution can be 
compared seeing relative width of 
TPC mult. distributions.

EPD centrality resolution



impact parameter and Npart distribution
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Impact par. Npart.
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Model including spectators
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Glauber fit to EPD13-16
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