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Zhangbu Xu (BNL) 

1. Heavy-Flavor Program (2014—2017)

2. Beam Energy Scan II (2019-2020)

3. High-Luminosity and high-rate (2020+)

http://www.star.bnl.gov/
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"There are many ways to test for matter/antimatter asymmetry, and there are more precise tests, 

but in addition to precision, it's important to test it in qualitatively different ways. This experiment 

was a qualitatively new test," said Richard Lednický, 

a STAR scientist from the Joint Institute for Nuclear Research, Dubna, 

and the Institute of Physics, Czech Academy of Sciences, Prague.



3

STAR Detector System

TPCMTDMagnet
BEMC
BSMD

BBC
EEMC
ESMD

TOF

HFT

X103 increases in DAQ rate since 2000, most precise Silicon Detector (HFT)

FMS
FPS

RP
ZDC

15 fully functioning detector systems

DAQ
Trigger

NSAC RECOMMENDATION #I: 

The upgraded RHIC facility provides unique 

capabilities that must be utilized to explore the 

properties and phases of quark and gluon matter 

in the high temperatures of the early universe 

and to explore the spin structure of the proton.
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STAR Physics Opportunities in the Coming Decade

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0592

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0640 
Period Physics Upgrades

2008 Generic Trigger QT

2009 Generic TPC/DAQ1000

2010-2011 BES I, PID TOF

2013--2015 Heavy-Flavor HFT, MTD

2015--2017 Heavy-Flavor, jets
Spin Sign Change
Diffractive

FMS, FPS, FPS+, 
Roman Pots

2019--2020 BES II iTPC, EPD, 
CBMTOF

2021-2022 High-statistics
Unbiased Jets, 
Open Beauty,
PID FF
Drell-Yan, 
Longitudinal correl

Forward West, 
HFT+
TPC Streaming

Capitalize/strengthen on tens M$ Multi-Purpose 

Upgrade Investments

Complementarity and risk mitigation with two IRs

Collaboration is committed to the program (53 Institutions)

NSAC RECOMMENDATION #IV

We recommend increasing investment in 

small-scale and mid-scale projects and 

initiatives that enable forefront research 

at universities and laboratories.
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STAR Preliminary

Heavy-Flavor Program (2014-2017)
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Heavy Quark probes QGP Properties

a r X iv :1 5 0 6 . 0 3 9 8 1 (2 0 1 5 ) & p r iv a t e c o m m .

M u sta fa M u st a fa - Q M 1 5 - Ko b e , Ja p a n

D a t a f a v o r s m o d e ls w ith c h a rm d iffu s io n

c h a rm ex h ib i t s c o l le c t iv ity w ith t h e m e d iu m

 H o w e v e r ,  i t  i s  n o t  c o m p l e t e l y  

t h e r m a l i z e d

STA R Prelim inary

STA R Prelim inary

D × 2πΤ Diff. Calculation

TAMU 2-11 T-Matrix

SUBATECH 2-4 pQCD+HTL

Duke 7 Free parameter



7

Open charm flow and coalescence

HFT Projection for Au+Au run14 +                  run16

Quantify charm quark flow and coalescence: 

1. Charmed baryon enhancement?

2. Centrality Dependent of charm v2
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Run14+16 Quarkonium Measurements

MTD: Improves statistical uncertainty

As well as systematic uncertainty

Separate Upsilon states 
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Detector Upgrades and Performance Improvements

Roman Pots (2015)

Tag diffractive protons

Incremental upgrades/improvements, big impacts

Run15,16,17, 19, 20 (Year2015—2020) 

Trigger/DAQ x2 throughput 

Forward calorimeter instrumentation (2015—2020)

FMS + pre-shower (2015), +post-shower (2017)

AN photon, jets, Drell-Yan; ridge, fluctuation, spectators

refurbished HCAL (--2020, forward spectator)

iTPC upgrade (2018)

replace inner TPC Sectors

Extend rapidity coverage

Better particle ID; Low pT coverage

Proposal: public STAR Note 0619

Event Plane Detector (2018):

Greatly improved Event Plane Info

Centrality definition

Better trigger 

Background rejection

HCALFMS+FPS

CBM TOF for STAR Endcap East
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Overview and Priority (BES-II)
1. Net-proton Kurtosis (Dy=1.6) (iTPC)

Beam energy, centrality and rapidity dependence 
with high statistics

2. Proton v1 slope (iTPC+EPD)
beam energy and centrality dependence 

3. Charge separation on Chiral effect (EPD)
beam energy and centrality dependence 

4. Low-mass di-electron spectra (iTPC+eTOF)
beam energy, centrality and mass dependence

5. PID v2 () (iTPC+EPD+eTOF)

6. Lower collision energy with Fixed target 
(iTPC+eTOF)

Priority: iTPC, EPD, eTOF

NSAC, p26:

The trends and features in BES-I data provide compelling 

motivation for a strong and concerted theoretical response, 

as well as for the experimental measurements with higher 

statistical precision from BES-II. The goal of BES-II is to 

turn trends and features into definitive conclusions and new 

understanding. This theoretical research program will 

require a quantitative framework for modeling the salient 

features of these lower energy heavy-ion collisions and will 

require knitting together components from different groups 

with experience in varied techniques, including lattice QCD, 

hydrodynamic modeling of doped QGP, incorporating critical 

fluctuations in a dynamically evolving medium, and more.
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(STAR) Map QCD Phase Diagram

Rapidity Width

Beam Energy Scan Program: 
• Turn off QGP Signatures

triangle flow (v3) in peripheral at low energy 

consistent with zero

• Search for first-order phase transition

minimum net-proton v1 slope from 

interplay between baryon stopping and soft EOS 

• Search for critical point 

net-proton Kurtosis possibly not Poissonian and 

grow with accepted rapidity window
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(STAR) Fundamental Symmetries

Low -mass di -e lectron product ion 

• measured  in  many  sys tems  ( Au+Au,  U+U,  p+p)  

and  d i f f erent  energ ies  (19 .6 ,  27 ,  39 ,  62 ,  200  GeV)

• Quantifying how vector mesons are modified in medium

• The yields probe timescale of collisions

Chira l  and Magnet ic hydrodynamics:  
• Ch ir a l M a g n e t i c Ef f e c t ( CM E ) :

lo c a l c h ir a l i t y im b a la n c e + m a g n e t i c f ie ld →e le c t r i c

c h a r g e s e p a r a t io n

• Ch ir a l Vo r t i c a l Ef f e c t ( CV E) :

l o c a l c h ir a l i t y im b a la n c e + f lu id v o r i t i c i t y →b a r y o n ic

c h a r g e s e p a r a t i o n

• C h i r a l  M a g n e t i c  W a v e :  C M E + C S E
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1. 1st look at nuclear parton distribution 

and fragmentation functions via Drell-

Yan measurements and particles in jets       

2. Constrain 3+1D hydrodynamic and 

temperature dependence of QGP 

properties via longitudinal event-by-

event correlation

3. Bottom flow via low pT measurements of 

BJ/ and BD0
pK, and bottom 

tagged jets

4. Use spin to probe the nature of the 

pomeron and potentially odderon. 

Extend gluon polarization down to low-x

using forward dijet reconstruction 

5. Continue promising studies to increase 

STAR's minbias trigger rate to 5-10 kHz

http://www.star.bnl.gov/

STAR Physics Opportunities beyond BES-II

NSAC LRP report: 

“Reaching for the Horizon”

Page 117
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Summary and Priority (after BES-II)

 Provide 1st look at nuclear parton distribution and fragmentation 
functions via Drell-Yan measurements and particles in jets       
(DY: forward capabilities  FF: midrapidity jet + π,K,P PID)
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Cold QCD Physics: Nuclear PDFs and FF

 No low x  data for quark and gluon nuclear 

PDFs! Complementary to EIC

 Drell-Yan observables are sensitive to initial 

state only, while particles in jets probe 

nuclear modifications in fragmentation.

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0605 

RHIC is the only facility in 

the world able to perform a 

p + A scan in this unique 

kinematic space in x and Q2  
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Summary and Priority (after BES-II)

 Constrain 3+1D hydrodynamic and temperature dependence of 
QGP properties via longitudinal event-by-event correlation
(Forward + EPD + iTPC)

 Provide 1st look at nuclear parton distribution and fragmentation 
functions via Drell-Yan measurements and particles in jets       
(DY: forward capabilities  FF: midrapidity jet + π,K,P PID)
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/s 3+1D hydrodynamics for hard probes

Uncertainties in the 

correct physics of the 

initial state are still 

problematic: 

gluon saturation or 

Glauber?

Both of these pressing uncertainties can be addressed by extending the 

longitudinal acceptance of the STAR detector.

To what extent do 

thermal fluctuations 

during the expansion 

phase contribute to the 

correlations observed in 

the data?
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STAR Rapidity Coverage 

Both of these pressing uncertainties can be 

addressed by extending the longitudinal 

acceptance of the STAR detector.

Limited coverage and low rate before 2012

No coverage for HI currently
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Forward Tracking and Calorimetry
• Forward Tracking System (FTS): 

four layers of Silicon Strips

• Event-Plane Detector: 

one Layer of Scintillator/fiber

• Electromagnetic+hadronic calorimeters

NSAC RECOMMENDATION #IV:

DOE-supported research and development (R&D) and 

Major Items of Equipment (MIE) at universities and 

national laboratories are vital to maximize the potential 

for discovery as opportunities emerge.
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Summary and Priority (after BES-II)

 Constrain 3+1D hydrodynamic and temperature dependence of 
QGP properties via longitudinal event-by-event correlation
(Forward + EPD + iTPC)

 Bottom flow via low pT measurements of BJ/ and BD0
pK, 

and bottom tagged jets (HFT+)

 Provide 1st look at nuclear parton distribution and fragmentation 
functions via Drell-Yan measurements and particles in jets       
(DY: forward capabilities  FF: midrapidity jet + π,K,P PID)
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Heavy Quark probes QGP Properties

a r X iv :1 5 0 6 . 0 3 9 8 1 (2 0 1 5 ) & p r iv a t e c o m m .

M u sta fa M u st a fa - Q M 1 5 - Ko b e , Ja p a n

D a t a f a v o r s m o d e ls w ith c h a rm d iffu s io n

c h a rm ex h ib i t s c o l le c t iv ity w ith t h e m e d iu m

 H o w e v e r ,  i t  i s  n o t  c o m p l e t e l y  

t h e r m a l i z e d

STA R Prelim inary

STA R Prelim inary

D × 2πΤ Diff. Calculation

TAMU 2-11 T-Matrix

SUBATECH 2-4 pQCD+HTL

Duke 7 Free parameterPerfect condition for a perfect 

Next step: how bottom quarks behave?
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HI Physics II in 2020+: Open Bottom

• Current HFT >180µs

• High-Speed HFT+: 

an integration time of <30 µs, possibly 

as low as 10 µs, 

TPC readout 40µs

• Improve TPC+HFT readout speed

Reduce HFT hits from event pile-up

• Measurements of D0 v2 (constraint on 

diffusion constant, flow between 0 and 

light quarks) 

• Bottom-quark Tagged  jets

• Complementary and risk mitigation 

with two IRs
NSAC RECOMMENDATION #IV:

DOE-supported research and development (R&D) and 

Major Items of Equipment (MIE) at universities and 

national laboratories are vital to maximize the potential 

for discovery as opportunities emerge.
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Summary and Priority (after BES-II)

 Constrain 3+1D hydrodynamic and temperature dependence of 
QGP properties via longitudinal event-by-event correlation
(Forward + EPD + iTPC)

 Bottom flow via low pT measurements of BJ/ and BD0
pK, 

and bottom tagged jets (HFT+)

 Use spin as a vehicle to probe the nature of the pomeron and 
potentially discover odderon. Extend gluon polarization down 
to low-x using forward dijet reconstruction 
(Roman Pots, forward)

 Provide 1st look at nuclear parton distribution and fragmentation 
functions via Drell-Yan measurements and particles in jets       
(DY: forward capabilities  FF: midrapidity jet + π,K,P PID)
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Exotic spin effects only accessible at RHIC

Guided by outcomes from the 2015 run,  Phase II Roman Pot upgrade will drive 

new frontiers in diffraction, forward AN, and the combined momentum-spatial 

gluon structure in the proton with cost-effective forward instrumentation.

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0605 

STAR's unique forward capabilities offer 

compelling target opportunities if external 

schedules were to slip, for example, low-x 

gluon helicity with forward (di-)jet 

measurements at 500 GeV
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Summary and Priority (after BES-II)

 Constrain 3+1D hydrodynamic and temperature dependence of 
QGP properties via longitudinal event-by-event correlation
(Forward + EPD + iTPC)

 Bottom flow via low pT measurements of BJ/ and BD0
pK, 

and bottom tagged jets (HFT+)

 Use spin as a vehicle to probe the nature of the pomeron and 
potentially discover odderon. Extend gluon polarization down 
to low-x using forward dijet reconstruction 
(Roman Pots, forward)

 Continue promising studies to increase STAR's minbias trigger 
rate to 5-10 kHz
(High-rate EMC/Trigger electronics)

 Provide 1st look at nuclear parton distribution and fragmentation 
functions via Drell-Yan measurements and particles in jets       
(DY: forward capabilities  FF: midrapidity jet + π,K,P PID)
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Longitudinal Correlations

Bottom Flow

Polarized Diffraction

Low x ΔG

Low x Nuclear PDFs & FF

Perfectly aligned with the mission in NSAC recommendations.
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STAR addressing pressing issues in the field

Hot QCD Matter Partonic structure

6:  Spin structure of the nucleon

7:  How to go beyond leading twist

and collinear factorization?

8:  What are the properties of 

cold nuclear matter?

1:  Properties of the sQGP

2:  Mechanism of energy loss:

weak or strong coupling?

3:  Is there a critical point, and if so, where?

4:  Novel symmetry properties

5:  Exotic particles
http://www.bnl.gov/npp/docs/STAR_Decadal_Plan_Final%5b1%5d.pdf


