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Beam Energy Scan Phase-II @ STAR

2019-2021 (BES-II @ STAR) 

FXT

BES-II
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Alex Schmah

• Event Plane Detector for reaction plane 
and centrality determination and triggering

• End-cap Time-of-Flight for forward PID
• Inner TPC for increasing TPC acceptance 

~1.5 in h and improving dE/dx resolution



TPC inner sector readout
with more segmentation

Event Plane Detector (EPD)

iTPC
upgrade TPC

End-cap Time-of-Flight 
(eTOF) from FAIR-CBM 

EPD

EPD
eTOF

Fixed target 
mode

STAR detector upgrades 
for BES-II program
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RUN17

RUN18

510 GeV p+p
54.4 GeV Au+Au

200 GeV Zr+Zr, Ru+Ru

27 GeV Au+Au
Fix target (3-7 GeV)

RUN19
RUN20

RUN21

14.6, 19.6 GeV Au+Au
9.2, 11.5 GeV Au+Au

Fixed target (3.5-7.7 GeV)

7.7 GeV Au+Au

RUN22
RUN23-25

510 GeV p+p
200 GeV p+p, p+Au, Au+Au

Recent and coming RHIC runs

New iTPC

old

Fixed target mode
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Vorticity and CME/CMW

PRC98 (2018) 14910

PRL113 (2014) 052302
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200 GeV Au+Au

200 GeV Au+Au

STAR Preliminary
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TPC multiplicity

Ring1                   Ring5   Ring16
spectator region participant region

27GeV Au+Au

Event Plane Detector (EPD) 
|h|=2 - 5

27GeV Au+Au

200GeV isobar
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TPC multiplicity

~ 700 @ central

EPD outer sum

~ 550 @ central 

(no truncation)

EPD outer sum

~ 400 @ central

(Nmip/cell 

truncated at 5)

200GeV isobar

Gauber+NBD Gauber+NBD+Landau

ADC distri. 

in each cell

TPC multiplicity bin (5bins)

Event plane and 

centrality resolution 

optimization possible 
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27GeV Au+Au

Event plane correlation 

between two opposite arms 

F2

F1

Landau fluctuation
(1cm thick scintillator with single fiber to SiPM) 
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nMipMax=1

nMipMax=3

nMipMax=5

TPC multiplicity (RefMult3)

27GeV Au+Au
EPD nMip Sum (ring#) vs TPC multiplicity

ring1
|h|~5

ring16
|h|~2
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Machine learning of centrality 
with neural network “old-standard” back-propagation : 

with EPD ring inputs plus z-vertex
educated to the measured TPC multiplicity 
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nMip Sum centrality resolution in EPD
estimated via TPC multiplicity resolution

Optimum : EPD ring sum from 7 to 16
: nMipMax cut of 2

N.N. centrality resolution in EPD
estimated via TPC multiplicity resolution

Optimum : nMipMax cut of 2

Centrality resolution with EPD
by summing of outer rings
or by neural network
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TPC multiplicity
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Nsource = (1-x) Npart + x Ncoll x : fraction of Ncoll

xEPD=0
xTPC=0.16

xEPD=0
xTPC=1

Nsource = Npart
a

aEPD = 1
aTPC = 1.35

TPC multiplicity

TPC+EPD combined bimp. resolution
Ave = (1-f) TPC + f EPD

case :   xEPD=0   xTPC=1 

f : fraction of EPD

Experimental data are not corrected for detector effects.
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Experimental data

TPC TPC

TPC TPC

• 2 components; Npart, Ncoll

• independent NBD for TPC, EPD
• mult. dep.  effTrack for TPC
• Landau + truncation for EPD

TPC

EPDAlternative approach :



Nmip < 2

central
mid-central
peripheral

Nmip < 5

v1 vs h

v2 vs h

v1 vs pT

v2 vs pT

0                 2                  4   (GeV/c)

v1, v2 vs eta, pT --- assumption

v1,v2 seen in EPD  with full Geant MC

-6.0       0      6.0     (eta)

Full Geant
simulation of 
EPD in STAR

-6      -4      -2      0      2       4       6     (eta)

v1

v2
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solid lines : MC input
solid symbols : MC output

This input-output relation will be used for the iterative 
unfolding correction for the experimental measurement.  



Z-vertex

XY-vertex

PID with TPC dE/dx

PID with TOF m2

Nhits vs  NTracks N2ndary  vs  NPrimary

use T0 
distribution
for each event

with and without rejections

Event selection (pile-up rejection) 
for fixed target mode
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Momentum, flight path length 
and arrival time at TOF with rough 
PID from TPC gives start time (T0) 
information for each track. 



Summary

• Detector upgrades and runnings
• Event Plane Detector (EPD   |h| = 2 - 5)
• E.P. and centrality determination
• Geant simulation
• Pile-up rejection study

Many thanks to our students in Tsukuba : 
Ryoma Nakazato, Yuri Sato, Kosuke Okubo, Risa Nishitani, Moe Isshiki
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EPD full
(|h| = 2 - 5)

TPC RefMult3
EPD full

TPC multiplicity 
(RefMult3)
EPD ring 7-16 sum 
(nMipMax = 2)

27GeV Au+Au run18 with Glauber fit

0-10%

20-30%

40-50%

60-70%

EPD outer
(|h| = 2 - 3)

TPC RefMult3
EPD outer
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