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20 Years of RHIC!
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At 9:15pm on Monday, June 12, 2000 the first collisions at RHIC occurred
• Short online commemoration 3pm (EST) on Friday, June 12, 2020
• 20 years of the RHIC machine
• 20 years of the cold QCD program at RHIC
• 20 years of the heavy ion program at RHIC

Details can be found at:
• https://indico.bnl.gov/event/8575/
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B R O O K H AVE N N A TI O N A L L A B O R A T O R Y

Douglas Olesen, President and
Chief Executive Officer of

Battelle, is now Chair of Brook-
haven Science Associates’ (BSA)
16-member Board of Directors.

In March, Olesen succeeded
Shirley Strum Kenny, President
of the State University of New
York (SUNY) at Stony Brook

Meet Douglas
Olesen, Battelle
President and CEO,
BSA Board Chair

(USB), who replaces him as Vice-
Chair for the next two years. This
plan was in place when BSA, a
company composed of Battelle and
the Research Foundation of  SUNY
acting for USB, was named by
DOE on November 25, 1997, as
BNL’s next contractor.

That day, Olesen, Strum Kenny,
and John Marburger, then BSA’s
President and the soon-to-be BNL
Director, addressed a large num-
ber of BNL staff at a Lab-wide
meeting in Berkner Hall.

BNL biologist Betsy Sutherland
and her team have devised a way

to detect and quantify varieties of ra-
diation damage to DNA that previ-
ously could not be measured. The tech-
nique, for which BSA has applied for a
patent, could help assess the radia-
tion risks faced by astronauts, im-
prove the cancer-killing potential of
radiation therapy, and distinguish
between DNA damage caused by nor-
mal living and that caused by low-
level radiation.

Scientists have long known that
ionizing radiation, such as gamma rays
and x-rays, can damage deoxyribo-

New Test for Radiation Damage to DNA

“We’re really proud of
the performance of the
entire Laboratory.”

(continued on page 3)

“More attention can now
be paid to building the
future science and
technology missions . . .”

On that occasion, Olesen said
that Battelle was “extremely
pleased” to be part of the team
selected to run BNL,  “an exciting
cutting-edge scientific institution”
(see Brookhaven Bulletin, Decem-
ber 5, 1997).

Recently, during a telephone in-
terview with the Bulletin, Olesen
shared his present thoughts on
BNL. He emphasized that during
the past two years much attention
has been focussed on environmen-
tal, operational, and community
relationship issues, and a great
deal of  progress has been made.

“We’re really proud of the per-
formance of the entire Labora-

tory,” Olesen said. “The success-
ful verification of the Integrated
Safety Management program by
DOE  is a great step forward and,
in the long term, will facilitate our
operations at BNL.

“While we must remain in a
continuous improvement mode,”
Olesen continued, “More atten-
tion can now be paid to building

PHOBOS Collaboration Presents
First Physics Results From RHIC

The first physics results from the
initial collisions at BNL’s Relativ-

istic Heavy Ion Collider (RHIC) were
presented by the PHOBOS collabora-
tion to a full house at Berkner Hall on
July 19.

With only portions of the full detec-
tor installed, the collaboration had
obtained sufficient data during the
first month of collisions to present
their findings on charged particle den-
sity, one of the indicators of the condi-
tions achieved during the collisions.
The aim of RHIC is to collide two
beams of gold ions head-on in order to
recreate the hot, dense conditions that
existed just after the birth of the uni-
verse.

Wit Busza of the Massachusetts
Institute of Technology, speaking for
the PHOBOS group, reported:
“Charged particle density at the colli-
sion point increased 31 percent be-
tween lower energy and higher energy

RHIC & AGS Users’
Meeting, August 7-8

Registration is required for the
Relativistic Heavy Ion Collider
(RHIC) and Alternating Gradient
Synchrotron (AGS) Annual Us-
ers’ Meeting, Monday and Tues-
day, August 7-8.  The meeting
will be held in the Large Semi-
nar Room in the Physics De-
partment, Bldg. 510.

Topics to be covered will in-
clude the RHIC program and re-
sults, theory, a mini town meet-
ing on the long range plan, and
AGS program results.

The meeting will begin on Mon-
day at 9 a.m. with a welcoming
address from BNL Director John
Marburger. Monday’s topics will
include: a report by DOE; the first
year at RHIC; beyond the first
year at RHIC; RHIC computing;
and selected AGS experiments.

A banquet will be held on Mon-
day evening. The fee is $25 per
person, and spouses and friends
are welcome. Make checks pay-
able to Brookhaven Science Asso-
ciates and mail them to the RHIC
& AGS Users’ Center, Bldg. 355.

On Tuesday, August 8, presen-
tations will be made on: the long
range plans of the RHIC facility;
RHIC upgrades; RHIC spin phys-
ics; eRHIC and theory; the search
for quark-gluon plasma; and an
open floor discussion. Refresh-
ments will be served at the close of
the day.

For registration and additional
information, contact the RHIC &
AGS Users’ Center at userscenter
@bnl.gov, at Ext. 5975, or on the
web at www.phy.bnl.gov/users/.

The technique . . . could
help assess the risks faced
by astronauts, improve
radiation therapy, and
distinguish between
damage caused by
normal living and
that caused by
low-level radiation.

nucleic acid (DNA), the genetic-code-
carrying molecule that tells cells which
proteins to make. The oxygen we
breathe can cause damage, too.

Most of the time, our bodies repair
the damage we receive from everyday
radiation sources such as sunlight
and from oxygen. But unrepaired or
incorrectly repaired damage can be

lethal to cells or cause cancer.
“For years, people have been wor-

ried about the consequences of double
strand breaks,” says Sutherland. These
closely spaced breaks through both
strands of the DNA double helix are
known to be difficult for cells to repair.

Scientists have also hypothesized
that radiation might produce other
forms of clustered damage on both DNA
strands, like oxidation of the bases A,

G, C, and T that make up the genetic
code. Could these clustered damage sites
be equally, or more, harmful?

The problem with finding out,
Sutherland says, is that no one has had
a way to determine if radiation actually
induces these kinds of damage, or to
measure their frequencies and assess
their repairability — until now.

“We figured out how to do it,” says
Sutherland.

collisions. At the higher energy, the
collisions achieved an energy density
50 percent higher than that observed
for lead-lead collisions at CERN, the
European particle physics laboratory.”

As Busza explained, data for the
initial running period of the accelera-
tor were collected with only part of
the PHOBOS detector in place.  The
setup included the first six layers of
the silicon spectrometer (SPEC), part
of the two-layer silicon vertex detec-
tor, and one ladder of the large accep-
tance octagon multiplicity detector.
In total, the installed sensors had
20,000 readout channels available to
collect data. As of July 12 the PHOBOS
detector collects data with 100,000
readout channels. By January,
PHOBOS scientists expect to have
160,000 channels collecting data.

To collect data, PHOBOS scien-
tists use information recorded by the

Paula Bennett and Betsy Sutherland (both of Biology), holding electrophoretic
gels used in the analysis of DNA fragments resulting from radiation damage.

(continued on page 2)

R
o
g
er S

to
u
ten

b
u
rg

h
  C

N
7-269-00

R
o
g
er S

to
u
ten

b
u
rg

h
  D

0160700

A
0010898

Wit Busza

(continued on page 2)

From acetate slides 
to Zoom!

The technology has 
changed, but we are 
still pondering the 
nature of QCD

https://indico.bnl.gov/event/8575/


The Big Picture: QCD @ RHIC
We have gone from asking, “Does the QGP exist?” to “Precisely how does 
QCD lead to the emergent phenomena we observe?”
• Qualitative observations (jets are quenched, nearly ideal fluid, 

fluctuations are important) to quantitative descriptions (qhat, h/S, s, S, k)
Major upgrades to the accelerator, STAR experiment and the new sPHENIX
experiment allow us to capitalize on this versatile machine and answer 
fundamental questions about QCD
• How do quarks and gluons form a strongly coupled, nearly perfect liquid?
• What are its properties?

• How do the proton constituents lead to its spin?
• What is the initial state in nuclear collisions?
Next era: Electron Ion Collider (EIC)

Rosi Reed - Hard Probes 2020 3

E. Aschenauer F - 9:15 EIC



Nuclear Physics Science Mission

4

WG5 for 2019 ECFA process

Rosi Reed - Hard Probes 2020

“There are two central goals of measurements 
planned at RHIC, as it completes its scientific 
mission”: 

• Probe the inner workings of QGP by resolving its 
properties at shorter and shorter length scales. 
The complementarity of the two facilities is 
essential to this goal, as is a state-of-the-art jet 
detector at RHIC, called sPHENIX.

• Map the phase diagram of QCD with experiments 
planned at RHIC.” 



RHIC Beyond BESII
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RHIC is an amazingly versatile machine, colliding p+p, p+Al, p+Au, d+Au, 
He3+Au, Cu+Cu, Cu+Au, Zr+Zr, Ru+Ru, Au+Au, U+U from √sNN = 7.7 - 510 GeV
2 Detectors in the 2020+ era: STAR, sPHENIX

BESII Exploration



sPHENIX and STAR
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STAR Upgrades pre-2020

• Upgraded detectors for BESII 
era expanded acceptance, 
improved momentum 
resolution and expanded PID
• Not only useful for BES, but also 

for hard probes

Rosi Reed - Hard Probes 2020 7
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Hitmap with “old” 
inner TPC (≤2017)

Only one inner TPC 
sector upgraded (2018)

All inner TPC sectors 
upgraded (2019)

Inner TPC Upgrade 

ETOF Performance in 2019 Running 
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Figure 55: (Left) The inverse velocity vs momentum of matched TPC tracks to eTOF hits from
a fixed target test run. (Right) Transverse momentum versus rapidity distribution of identified
protons in the Au+Au 14.6 GeV run. The red curves indicate the extension of coverage enabled by
the eTOF upgrade.

3.4 Forward Detector Upgrades
As described in Sect. 1.2 and 2.2 recent STAR efforts using the FMS and a pre- and post-
shower detector upgrade from data taken during 2015-2017 have demonstrated the existence
of outstanding QCD physics opportunities in the forward region. However, superior de-
tection capability for neutral pions, photons, electrons, jets and leading hadrons covering
a region of 2.5 < ⌘ < 4.5 are required. Therefore we have proposed a forward detector
system, realized by combining tracking with electromagnetic and hadronic calorimeters for
the years beyond 2020. The design of the Forward Calorimeter System (FCS) is driven by
consideration of detector performance, integration into STAR and cost optimization. The
refurbished PHENIX sampling ECal is used and the hadronic calorimeter will be a sand-
wich iron scintillator plate sampling type, based on the extensive STAR Forward Upgrade
and EIC Calorimeter Consortium R&D and will utilize STAR’s existing Forward Preshower
Detector. Both calorimeters share the same cost-effective readout electronics, with SiPMs
as photo-sensors. This FCS system will have very good (⇠ 10%/

p
E) electromagnetic and

(⇠ 50%/
p
E + 10%) hadronic energy resolutions. Integration into STAR requires minimal

modification of existing infrastructure. In addition, a Forward Tracking System (FTS) is
proposed. The FTS must be capable of discriminating hadron charge sign for transverse
asymmetry and Drell-Yan measurements in p+A. In heavy ion collisions, measurements of
charged particle transverse momenta of 0.2 < pT < 2 GeV/c with 20-30% momentum res-
olution are required. To keep multiple scattering and photon conversion background under
control, the material budget of the FTS must be small. Hence, the FTS design is based on
three Silicon mini-strip detectors that consists of disks with a wedge-shaped design to cover
the full azimuth and 2.5 < ⌘ < 4.0; they are read out radially from the outside to minimize
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Region in red lines shows extended 
coverage added by eTOF for 

identified protons

Identified Protons : Au+Au 14.6 GeV Particle Identification : Fixed Target test run

Achieved expected time resolution →
particle bands are clearly distinguished over 

large momentum range

Event Plane Detector Performance 

6/7/19 Daniel Brandenburg | BNL 15

Good signal & clear MIP peak from ALL 744 tiles

ADC spectra from 24 tiles
in ring 14 East wheel

Very good uniformity 
~identical ADC distribution within a ring

Inner TPC Upgrade Event Plane Detector

Endcap Time of Flight

Endcap Time Of Flight

Look for 
results from 
Isobar 
(Zr+Zr/Ru+Ru) 
coming soon!
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sPHENIX Science Mission

9

g

u,d,s

charm

bottom

Jet structure
Vary momentum/angular 
scale of probe

Quarkonium spectroscopy
vary size of probe

Parton energy loss
vary mass/momentum 
of probe

“Probe the inner workings of QGP by resolving its properties 
at shorter and shorter length scales. The complementarity of 

[RHIC and the LHC] is essential to this goal, as is a state-of-
the-art jet detector at RHIC, called sPHENIX.” 

WG5 for 2019 ECFA process

Rosi Reed - Hard Probes 2020

Cold QCD
vary temperature of 
QCD Matter



sPHENIX Timeline

10

sPHENIX
science 

collaboration

DOE CD-0
“Mission need”
approval

20162015 2017 2018 2019 2020 2021 2022 2023

Installation &
commissioning

DOE CD-1/3A
Cost, schedule,
advance purchase
approval

sPHENIX à data taking in early 2023

BNL PD-2/3
Final project 
design approval

Au+Au
2023

p+p/p+Au
2024

Au+Au
2025

Rosi Reed - Hard Probes 2020

145B (240B) MB Au+Au (5 yr plan)à
~1.5 orders of magnitude more Au+Au
events than taken at RHIC to date



sPHENIX Design
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Outer HCAL
SC Magnet
Inner HCAL

EMCAL
TPC

INTermediate Tracker
MAPS VerTeX Detector

All can be read out at the sPHENIX 15 kHz 
trigger rate
• DAQ hybrid streaming/triggered
• TPC/MVTX streaming
• Calorimeters triggered

1.5 Tesla B field 
(Babar Magnet)



sPHENIX Tracking

Rosi Reed - Hard Probes 2020 12

1/30th volume 
ALICE TPC 

MVTX (based on ALICE ITS):
• 3-layer MAPS vertex tracker
• Excellent 2-D DCA resolution,              

< 10 μm, pT > 2 GeV/c
INTT:
• 2-layer Si strip 
TPC:
• 48 layers, continuous readout,             

R = 20-78 cm
• Momentum resolution 

σpT/pT<0.2%×p for pT = 0.2-40 GeV/c

MVTX

INTT

TPC



sPHENIX MTVX + INTT + TPC

Rosi Reed - Hard Probes 2020 13

Inner Tracking System adds:
• Out-of-time pileup track rejection
• Outward pointing resolution for TPC calibration
• Inward pointing resolution for displaced 

vertices

TPC position resolution in 
the r-φ (bend) direction 
measured at 114 μm
averaged over full drift 
length 

TPC

INTT

MVTX

• Hit spatial resolution of < 10 μm
• Contributes high-performance 

vertexing to integrated tracking 
program



sPHENIX MVTX
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Staves identical to ALICE inner 
barrel staves (except for leads)
• Produced at CERN

Monolithic Active Pixel Sensor (MAPS)-based detector

Basic unit: ALPIDE sensors
• Good time resolution
• High efficiency
• Low  fake rate

M. Peters D3 T 13:35

Hardware requires dedicated software to maximize its performance
• Kalman filter-based decay reconstruction software



Upsilons at sPHENIX

• Differential suppression of 
Y(nS) à T dependence of 
QGP Debye screening length

• Y(1S) width key FOM in INTT 
configuration

• Mass resolution of precision tracking allows clear separation of ϒ states!
• Precision measurements of ϒ(1S) and ϒ(2S) RAA
• Upsilon melting observations for 0<pT<7 GeV

ϒ + heavy flavor jet physics drive tracking requirements à Jet structure 
measurements benefit!

Rosi Reed - Hard Probes 2020 15



Heavy Flavor at sPHENIX

16

b-tagged
jet RAA

B-meson v2

Non-Prompt B → D0

S. Peng
Poster 

J. Huang
Poster 

2 b-jet finding methodologies:
• High-DCA track tagger 
• Secondary vertices tagger

Rosi Reed - Hard Probes 2020



Moving outward, Tracking à Calorimetry 
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EMCal: Scintillating fibers embedded in W powder
• Dh×Df = 0.024×0.024 à 24,576 2-D projective towers
• sE/E  < 15%/√E ⊕ 5%
HCal: Plastic scintillating tiles + tilted Steel/Al plates
• Dh×Df = 0.1×0.1 à 1,536 towers
• sE/E < 100%/√E

sPHENIX Calorimetry

HCal E response to p−

•Outer HCAL ≈3.5λI

•Magnet ≈1.4X0

•Inner HCAL ≈1λI

•EMCAL ≈18X0≈1λI

EMCal

13.5 tons each!

OHCal
IEEE Trans. Nucl. Analysis of 2018 data underway Sci. 65 (2018) 2901
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Fig. 26. Tower to tower calibration for inner and outer HCal was done with cosmic muons. (a) Measured raw ADC spectra of cosmic ray muon events in the
inner HCal. (b) Inner HCal cosmic muon energy deposition in simulation in one column. Muons were simulated at 4 GeV moving from the top to bottom.
Energy depositions in the bottom towers are higher due to the tilted plate design where muons have to go through a longer path through the scintillating tiles.
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Fig. 27. Hadron reconstruction in standalone HCal setup. Calibrated 4 ⇥
4 tower energies were added together from the inner and the outer HCal.
The simulation is shown by the filled histogram and the solid points are the
data. Both are in good agreement. The peak at the lower energies in the data
corresponds to the small fraction of muon events that pass through the HCal
leaving only the minimum ionizing energy, which were not simulated.

AHCAL and the deviation of EHCAL from the beam energy.
The same gain calibration constants are used in analysis of all
beam energies.

Figure 27 shows a comparison of the reconstruction hadron
energy between data and simulation. The simulation (filled
histogram) and data (solid points) are in excellent agreement
for 6-32 GeV beam energies. The beam momentum spread
is not unfolded in both cases. At lower energies, hadron
measurements are poor due to lower fractions of hadrons in
the beam (Figure 14) as well as the increased beam size. The
peak at the lower energies in the data corresponds to the small
fraction of muons events that pass through the HCal leaving
only the minimum ionizing energy. The corresponding hadron
resolution and linearity are shown in Figure 28. The data are
fit with the function, �E/E =

p
a2 + b2/E, as labeled on

the plot. A beam momentum spread (�p/p ⇡ 2%) is unfolded
and included in the resolution calculation. The hadron energy
resolution follows an empirical formula 11.8 � 81.1%/

p
E,

which matches the expected resolution from simulations very
well. The HCal was calibrated for hadronic showers and then
used to measure electron showers. The electron resolution for
the standalone HCal is 8.1 � 31.3%/

p
E. This demonstrates

the HCal’s ability to assist the EMCal by measuring the
electron energy leaking from the EMCal into HCal.

As seen in Figure 28 (a), the hadron energy response is
well described by a linear fit where the reconstructed energy
is the same as the input energy. The bottom panel shows
the ratio between the reconstructed energy and the fit. The
4 GeV hadron measurement is poor because the hadron peak
is difficult to distinguish from the muon MIP peak as seen in
Figure 27 due to their proximity. The electrons are described
well with a second order polynomial due to non-linear e/h
response.

Figure 29 shows the HCal hEei/hE⇡i response. Data is
compared with several different GEANT4 simulation setups
by varying physics lists and Birks’ constants. Simulation with
a Birks’ constant of 0.2 mm/MeV describes the data well.

E. Hadron Measurement with sPHENIX Configuration

The full hadron measurement is done with the sPHENIX
configuration, which includes all three segments of calorime-
ters including the EMCal in front of the HCal. In this config-
uration the total energy will be reconstructed by summing up
the digitized data from both the EMCal and the HCal. The de-
velopment of hadronic showers is a complicated process with
significant fluctuations of the reconstructed energy compared
to electromagnetic showers. Distinguishing the shower starting
position helps to understand the longitudinal shower develop-
ment fluctuations. Therefore, in this analysis, the events are
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Fig. 28. HCal standalone measurements without the EMCal in-front. (a) HCal linearity for electrons and hadrons. The lower panel shows the ratio of
reconstructed energy and the fits. (b) Corresponding HCal resolution for hadrons and electrons. The beam momentum spread (�p/p ⇡ 2%) is unfolded and
included in the resolution calculation.
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Fig. 29. HCal hEei/hE⇡i response. Data is compared with several different
GEANT4 simulation setups by changing physics lists and Birks’ constants.
Simulation with a Birks’ constant (kB) of 0.2 mm/MeV describes the data
well.

sorted into three categories depending on their longitudinal
shower profile:

• HCALOUT: Events where hadrons pass through the
EMCal and inner HCal and primarily shower in the outer
HCal alone or pass through the full calorimeter system
without showering. These events are shown as the blue
points in Figure 30.

• HCAL: Events where hadrons pass through the EMCal.
In these events, hadron showers start in the inner HCal,
or the outer HCal, or pass through all three calorimeters.
These events are shown as red points in Figure 30.

• FULL: This represents all hadrons irrespective of when
they start showering. They are shown as black points in
Figure 30. These include hadron showers that start in the
EMCal, inner HCal, outer HCal, or pass through all three
calorimeter systems.

These event categories help diagnose each section of the
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Fig. 30. Hadron energy measurement with combined EMCal+HCal detector.
Events were sorted into three categories: 1) HCALOUT where particles pass
through the EMCal and inner HCal and then shower in the outer HCal;
2) HCALIN+HCALOUT where particles pass through the EMCal and then
shower in either HCal; 3) EMCAL+HCALIN+HCALOUT which includes all
showers irrespective of their starting position.

calorimeters independently as well as understanding of the
leakage variations, shower containment and longitudinal fluc-
tuations depending on their starting position. The EMCal
energy was balanced with respect to the HCal in a similar
way by changing the gain factors described in the previous
section. As expected, Figure 30 shows the fraction of HCAL
or HCALOUT events increases as a function of beam energy.
The peaks at the lower energy correspond to the small fractions
of muon events that pass through the calorimeters leaving only

Test beam: 
HCal

Reconstructed hadron 
energy distribution, 

different incident energy 
(data/sim comparison)

Linearity and resolution for electrons and 
hadrons in the HCal 19

Blocks: 9.4° in η
Sectors: 9.1° in φ

Rosi Reed - Hard Probes 2020



sPHENIX Calorimeter Jet performance 

19

Au+Au response as pp response ⊗ UE
• Identical sensitivity to fragmentation 

in both systems
Can the resolution be further improved? 
Particle Flow

Calibration of Jet Energy Scale

Deconvolution of 
Underlying Event (UE) 
term in Au+Au
response Rosi Reed - Hard Probes 2020

D. Perepelitsa Poster



sPHENIX Construction Proceeding!

20

All oHCAL sectors at BNL

EMCAL “sector 0” 
prototype 
produced

First sPHENIX MVTX 
staves produced

SAMPA v5 TPC FE chip 
successfully produced 
and qualified

SiPM
daughter
boards

GEM factories

First INTT 
module 
assembledRosi Reed - Hard Probes 2020



STAR Forward Upgrade Plan

Rosi Reed - Hard Probes 2020 21

The exploration of the fundamental structure of strongly interacting 
matter has always thrived on the complementarity of lepton scattering 
and purely hadronic probes… an outstanding scientific opportunity 
remains to complete "must-do" measurements in p+p and p+A physics in 
the years preceding the EIC. 

Arxiv:1602.03922

Hadron in jets (|h| > 1)
TMDs (low/high x)

Dijets, h/g-jets (|h| > 1)
Constrain gluon 
contribution at small x

Direct photons/DY
Initial state, hadronization
in nuclear collisions, nPDF

Dihadrons, h/g-jets 
Saturation

E. Aschenauer F - 9:15 EIC

Proton 
Spin



STAR Timeline
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Au+Au
2023

p+p/p+Au
2024

Au+Au
2025

p+pAu+Au/d+Aup+p
20162015 2017 2018 2019 2020 2021

p+p
2022

BESII

High Statics 
Polarized p+p Data Electromagnetic 

Calorimeter 
Installed

Hadronic 
Calorimeter 
Installation

sPHENIX Run plan à Parallel running

Tracking 
Installation



STAR Forward Upgrade

Rosi Reed - Hard Probes 2020 23

Coverage: 2.5 < h < 4.0
• Mid-rapidity Emcal/Tracking coverage |h| < 1.2

Forward Tracking System (FTS)
• Silicon microstrip sensors 
• Small-Strip Thin Gap Chambers (sTGC)
• Momentum Resolution < 30%
• Tracking Efficiency > 80% @ 100 tracks / evt
Forward Calorimetry System (FCS)
• Hadronic Calorimeter 
• Resolution ~50%/ 𝑬+10%

• Electromagnetic Calorimeter 
• Resolution ~10%/ 𝑬 p+p vs ~20%/ 𝑬 A+A

Si Disk

D. Brandenburg, 4 June, 11:55, G4

sTGC

Calorimeter



STAR Silicon and sTGC

• 3 Silicon disks
• Z = 139.9, 163.2, 186.5 cm (from IP)
• Built on successful experience 

w/STAR Inner Silicon Tracker (IST)
• Reuse IST DAQ system (FTS) + 

cooling system 
• 4 sTGC disks
• Z = 273, 303, 333, 363 cm (from IP)
• Inside Magnet pole tip opening 

Position resolution: ~100 μm
• Material budget: ~0.5% per layer
• 24,000 channels 

Rosi Reed - Hard Probes 2020 24

Si+sTGC



STAR ECal & HCal
• Location: Z = 7 m (from IP) 

• Readout: SiPMs
• Will be used in the Trigger
• Slightly projective

• Ecal (Already Installed)
• Reuse PHENIX PbSC calorimeter with new readout à

1496 channels
• ~18 X0

• Hcal
• First use of a hadronic calorimeter @ STAR!
• Fe/Sc (20mm/3 mm) sandwich
• 520 readout channels
• Lateral tower size 10 x 10 cm2

• ~ 4.5l
• STAR event plane detector à Electron ID 

w/Calorimeter
Rosi Reed - Hard Probes 2020 25



STAR Forward Upgrade Performance

Rosi Reed - Hard Probes 2020 26

Expected Collins asymmetries
• Describes a transversely polarized quark 

fragmenting into an unpolarized hadron
• Single spin asymmetry (AUT) à

Asymmetry ~2% expected for both flavors 
of pion

anti-kT

Performance of  HCAL @ FNAL
• ECAL+HCAL performance near 

requirements
• ~50%/√𝑬+10%

pT,jet > 3 GeV/c
ℒ = 1 fb-1 w/ 60% polarization



Conclusions
• RHIC is carrying out the priorities of the LRP 
• Improved capabilities from STAR upgrades, accelerator 

upgrades + sPHENIX will result in an exciting post-BESII Era!
• Improved tracking, calorimetry (including hadronic)
• Increased kinematic reach + improved statistics

• STAR forward program will be a bridge to the EIC
• Probes allow separation of interaction dependent phenomena from 

intrinsic nuclear properties
• Complementarity between RHIC Cold QCD program/EIC and 

STAR/sPHENIX
• sPHENIX will probe the QGP structure at a variety of scales

• On track for data taking in 2023!
• Complementary to HI LHC measurements in 2020s
• Allow new observables to  be measured at RHIC à rich QGP and 

QCD physics (b-jets, b-dijet, D-D correlations + others)
• Motivated by HEP experience

27Rosi Reed - Hard Probes 2020



Conclusions

• RHIC is carrying out the priorities of the LRP
• Precisely how does QCD lead to the emergent phenomena we 

observe? 

• Improved capabilities from STAR upgrades, accelerator 
upgrades + sPHENIX will result in an exciting post-BESII 
Era!
• How do quarks and gluons form a strongly coupled, 

nearly perfect liquid?
• What are its properties?

• How do the proton constituents lead to its spin?

28Rosi Reed - Hard Probes 2020


