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Beam Energy Scan Phase-II @ STAR

2019-2021 (BES-II @ STAR) 

FXT

BES-II

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
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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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New iTPC

old

Inner TPC upgrades for wider eta coverage

fixed target at z=210cm

inside the beam pipe for 

lower CM energy collisions 

arXiv:2007.14005
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Event Plane Detector (EPD) |h|=2~5 in 
both forward and backward eta region 

for reaction plane, centrality and triggering

NIM A968 (2020) 163970
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Particle identification via dE/dx(TPC), beta(TOF) and Minv reconstruction

√sNN=4.5GeV Fixed Target √sNN=14.5GeV Collider √sNN=7.7GeV Collider

arXiv:2007.14005
PRC 101 (2020) 24905

PRC 102 (2020) 34909
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Identified hadron spectra 
for pions, kaons, proton 

and anti-proton

yields and shapes

PRC 101 (2020) 24905
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Kinetic and chemical freeze-out parameters
via fitting based on thermal models 

Tkin vs bT at kinetic freeze-out 

with Blast wave model fitting

Tch vs µB at chemical freeze-out

by fitting yields and ratios of hadrons

“K/pi horn (NA49/SPS)”

Associate production with L
at high baryon density

Phys. Rev. C 96 (2017) 44904
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Beam energy dependence of yield, shape and freeze-out parameters

PRC 96 (2017) 44904
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Strangeness enhancement and/or jet quenching 

Nuclear modification factor RCP (RAA) 

of multi-strangeness hadrons 

and charged particles 

for different beam energies

dbar/d

pbar/p

PRC 102 (2020) 34909

PRC 99 (2019) 64905

PRL 121 (2018) 32301
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Extraction of strange quark pT distribution
based on quark coalescence picture

number of quark 
scaling in v2

PRC 93 (2016) 21903
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Temp.

Higher order fluctuation (4th order k4)

PRL107
(2011) 
052301

C. P. Temp.

Dens.

Beam Energy

Higher order fluctuation of net-proton distribution
as a proxy for the conserved net-Baryon fluctuation

Skewness Kurtosis 

arXiv:2001.02852 
(accepted in PRL)
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NIN A984 (2020) 164632

PRC 100 (2019) 044904

NINA 987 (2020) 164802

PRC 95 (2017) 064912

NIMA 906 (2018) 08.013

PRC 94 (2016) 034909

Technical improvements in fluctuation analysis

T. Nonaka (Tsukuba, CCNU), M. Kitazawa (Osaka)
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Higher order fluctuation of 
net-Lambda, net-proton 

and net-kaon distribution

2nd order net-Lambda 3rd order net-Lambda

2nd – 4th order net-proton 2nd – 4th order net-kaon

arXiv:2101.12413PRC 102 (2020) 24903 PLB 785 (2018) 551
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Two-particle delta-eta correlation between pions or protons

PRC 101 (2020) 14916
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Two-particle HBT interferometry to measure
the space and temporal extent of freeze-out volume

3-dimensional correlation functions

arXiv:2007.14005
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Elliptic emission/flow of 
charged particles

Energy and eta dependences

arXiv:2007.14005 PRC 101 (2020) 24905
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Elliptic flow of identified hadrons

Particle mass dependence and number of quark scaling
beam energy dependence and particle/anti-particle differences

PRC 94 (2016) 34908

PRC 93 (2016) 14907
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Directed flow of 
identified hadrons

PRC61(2000) 

24909

Energy and eta 

(and dv1/dy slope) 

dependences

arXiv:2007.14005

PRC102 (2020) 44906
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Directed flow of net-baryon and quark coalescence 

• net-baryon (proton, lambda) v1
negative minimum as a signal of 
phase transition

• coalescence of transported 
and/or produced quark flow

• significant centrality dependence

transported
produced

quark coalescence with
produced assumptions

net-lambda

PRL 120 (2018) 62301

PRC 101 (2020) 24905
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Directed flow comparison between CuAu and AuAu

Directed flow in asymmetric system

PRC 98 (2018) 14915

T. Niida (Tsukuba, Wayne)
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Charge asymmetry in directed flow at Cu+Au to probe E-field in the system

PRL 118 (2017) 12301

E-field
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Directed flow of heavy quark

PRL 123 (2019) 162301

initial E-field or geometrical slope 
High pT v1 and HBT w.r.t. Psi1
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Global polarization via L, X

arXiv:2012.13601PRC 98 (2018) 14910

Nature 548 (2017) 62
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Global (local) polarization via elliptic flow expansion 

PRL 123 (2019) 132301
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PRL 113 (2014) 052302
Chiral Magnetic Effect/Wave

initial strong B-field perpendicular to reaction plane
• charge dipole asymmetry along B-field (CME) 
• charge quadruple asymmetry along B-field (CMW)

B : ��
R.P.

R.P.

I : ��

v2{+} , v2{-}

R.P.
PRL 114 (2015) 252302
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Various ways to find and confirm CME

arXiv:2006.05035

arXiv:2006.04251

PLB 798 (2019) 134975

200 GeV Au+Au

STAR Preliminary
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STAR, QM15

Au+Au

|Δη| acceptance

year Collider/Fixed target, 
energy, Au+Au or other

2018 COL : 27 GeV
Ru+Ru, Zr+Zr

2019 COL : 15-20 GeV
FIX   : 4-7 GeV

2020 COL : 9-11 GeV
FIX   : 3-7 GeV

2021 COL  : 7 GeV

Statistics : BES1 x 20 times

Ongoing BES2 measurements with improved detectors
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Summary
• Critical point and 1st order phase transition
• Freeze-out measurements
• Fluctuation and correlation measurements
• Elliptic and Directed flow measurements
• Vorticity and Chiral magnetic …

our challenge continues…

Many thanks to Tsukuba+STAR/RHIC group
and PHENIX+ALICE friends
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