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 STAR’s highest priority is the collection of the remaining BES-II data

Executive Summary
This Beam Use Request from the STAR collaboration for RHIC Run-20 and Run-21 is
focused on the completion of the NSAC-endorsed second phase of the Beam Energy Scan
(BES-II) program. This program started with Run-19 in which the collaboration aims to
collect data from the two top collider energies of psNN=19.6 and 14.6 GeV as well as data
from a subset of the fixed target (FXT) program. Collection of all the data outlined in Table 1
is STAR’s highest scientific priority. Additionally, the STAR collaboration proposes a
small system run to study the emergence of collectivity and the mechanism for early-time
hydrodynamization in large collisions systems.

BES-II will dramatically enhance our understanding of the QCD phase diagram. The
proposed program involves dedicated low beam energy running and high precision measure-
ments of the observables which have been proposed as sensitive to the phase structure of
QCD matter. In addition to the five lower collider energies that have been put forward
in past BURs, STAR proposes a sixth collider beam energy at p

sNN = 16.7 GeV. These
data will provide for a finer scan in a range where the energy dependence of the net-proton
kurtosis and neutron density fluctuations appears to undergo a sudden change.

Table 1: Summary of all BES-II and FXT Au+Au beam energies, equivalent chemical potential,
requested event statistics, and run times.

Beam Energy p
sNN µB Run Time Number Events Status

(GeV/nucleon) (GeV) (MeV)
9.8 19.6 205 4.5 weeks 400M Run-19 (finished)
7.3 14.6 260 5.5 weeks 300M Run-19 (in progress)
8.35 16.7 235 5 weeks 250M
5.75 11.5 315 9.5 weeks 230M LEReC availability?1

4.55 9.1 370 9.5 weeks 160M
3.85 7.7 420 12 weeks 100M
31.2 7.7 (FXT) 420 2 days 100M Run-19 (scheduled)
9.8 4.5 ( FXT) 589 2 days 100M Run-19 (scheduled)
7.3 3.9 (FXT) 633 2 days 100M Run-19 (scheduled)
19.5 6.2 (FXT) 487 2 days 100M
13.5 5.2 (FXT) 541 2 days 100M
5.75 3.5 (FXT) 666 2 days 100M
4.55 3.2 (FXT) 699 2 days 100M
3.85 3.0 (FXT) 721 2 days 100M

1 At the time of this writing, the availability of LEReC for the 11.5 GeV energy is not clear. Consequently,
the run time for this energy is changed from last year’s BUR. The new estimate is based on the 14.6 GeV
performance in Run-19. A more optimistic estimate, based on the 19.6 GeV performance, would be 7.5
weeks.
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  O+O             200 GeV         400 M minbias, 200 M Central     (1 week) 

Au+Au            16.7** GeV     250 M minbias                             (5 weeks)
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** Discussions with C-AD since BUR submission indicate 17.1 GeV is 
preferred. This change does not affect STAR’s physics goals, so we are 

changing our request to 17.1 GeV
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FIG. 1. Charged hadron RCP for RHIC BES energies. The
uncertainty bands at unity on the right side of the plot corre-
spond to the pT independent uncertainty in Ncoll scaling with
the color in the band corresponding to the color of the data
points for that energy. The vertical uncertainty bars corre-
spond to statistical uncertainties and the boxes to systematic
uncertainties.

fect these measurements would require reference data for
the BES, p+p and p(d)+Au.

Several physical e↵ects could enhance hadron produc-
tion in specific kinematic ranges, concealing the turn-o↵
of the suppression due to jet-quenching. One such e↵ect
is the Cronin e↵ect; a CNM e↵ect first observed in asym-
metric collisions between heavy and light nuclei, where
an enhancement of high-pT particles was measured rather
than suppression [31–33]. It has been demonstrated that
the enhancement from the Cronin e↵ect grows larger as
the impact parameter is reduced [34, 35]. Other pro-
cesses in heavy-ion collisions such as radial flow and par-
ticle coalescence may also cause enhancement [36]. This
is due to the e↵ect of increasing particle momenta in
a steeply falling spectra. A larger shift of more abun-
dant low-pT particles to higher momenta in more central
events — such as from radial flow, pt-broadening, or co-
alescence — would lead to an enhancement of the RCP.
These enhancement e↵ects would be expected to com-
pete with jet-quenching, which shifts high-pT particles
toward lower momenta. This means that measuring a
nuclear modification factor to be greater than unity does
not automatically lead us to conclude that a QGP is not
formed. Disentangling these competing e↵ects may be
accomplished with complementary measurements, such
as event plane dependent nuclear modification factors
[37], or through other methods like the one developed
in this letter.

In this letter we report measurements sensitive to par-
tonic energy-loss, performed by the STAR experiment at
several energies below

p
sNN = 200GeV. The data for this

analysis were collected in the 2010, 2011, and 2014 RHIC

runs by the STAR detector [38]. STAR is a large accep-
tance detector whose tracking and particle identification
for this analysis were provided by its Time Projection
Chamber (TPC) [39] and Time-of-Flight (TOF) [40] de-
tectors. These detectors lie within a 0.5T magnetic field
that is used to bend the paths of the charged particles
traversing it for momentum determination. Minimum
bias triggered events were selected by requiring coinci-
dent signals at forward and backward rapidities in the
Vertex Position Detectors (VPD) [41] with a signal at
mid-rapidity in the TOF. The VPDs also provide the
start time for the TOF system, with the TOF’s total
timing resolution below 100 ps [40]. Centrality was de-
termined by the charged multiplicity at mid-rapidity in
the TPC. The only correction to the charged multiplicity
comes from the dependence of the tracking e�ciency on
the collision’s vertex position in the TPC. Events were
selected if their position in the beam direction was within
30 cm of the TPC’s center and if their transverse vertex
position was within 1 cm of the mean transverse posi-
tion for all events. Tracks were accepted if their distance
of closest approach to the reconstructed vertex position
was less than 1 cm, they had greater than 15 points mea-
sured in the TPC out of a maximum of 45, and the num-
ber of points used in track reconstruction divided by the
number of possible points was greater than 0.52 in or-
der to prevent split tracks. The pT and species depen-
dent tracking e�ciencies in the TPC were determined
by propagating Monte Carlo tracks through a simulation
of STAR and embedding them into real events for each
energy and centrality [39]. The charged hadron track-
ing e�ciency was then taken as the weighted average of
the fits to the single species e�ciencies with the weights
provided by fits to the corrected spectra of each species.
This method allowed for extrapolation of charged hadron
e�ciencies to higher pT than the single species spectra
could be identified. The e�ciencies were constant as a
function of pT in the extrapolated region, which limited
the impact from the extrapolation on the systematic un-
certainties. Daughters from weak decay feed-down were
removed from all spectra. The corrections for absorption
and feed-down were determined by passing events gen-
erated in UrQMD [42] through a STAR detector simula-
tion. Charged tracks in |⌘| < 0.5 and identified particles
with |y| < 0.25 were accepted for this analysis. Particle
identification was performed using both energy loss in
the TPC (dE/dx) and time-of-flight information (1/�).

The overall scaling systematic uncertainty for the RCP

measurements is dominated by the determination of Ncoll

and the total cross section, which is driven by trigger in-
e�ciency and vertex reconstruction e�ciency in periph-
eral events. Point-to-point systematic uncertainties arise
from the determination of the single particle e�ciency
(5% for the pT range studied here), momentum resolu-
tion (2%), and feed-down (pT and centrality dependent
with a range of 4-7%). These systematic uncertainties

Figure 27: Left: Comparison of the published BES-I 10-40% centrality net-proton directed flow
slope [52] with the BES-I error bar size for a much less populated centrality bin (10-15%), and
with the expected BES-II error bar size in the same narrow centrality bin. Right: Directed flow
slope from the JAM transport model [53]. The “JAM-1.0pt" in the legend denotes a first-order
phase transition, and “JAM-�-over" denotes a crossover, and the remaining option (green squares)
involves a purely hadronic equation of state. Note the ⇠5-fold difference between the vertical scales
of the two plots, and also note that below p

sNN ⇠ 15 GeV, there is negligible difference between
the definition of net-proton v1 (plotted on the left) and proton v1 (plotted on the right).

STAR’s 2014 BES v1 paper [52] prompted a series of comparisons with state-of-the-art
models, based on hydrodynamics or Boltzmann-type transport or a hybrid of the two, all
with realistic treatments of the QCD phases and the possible types of boundary between
those phases [53, 54, 55, 56, 57, 58, 59]. Overall, these recent model calculations all confirm
that directed flow at BES energies is quite sensitive to the assumed QCD equation of state
and to the assumed type of phase transition between hadronic and QGP phases, and they
all disfavor scenarios where only hadronic phases exist. On the other hand, agreement with
data is quite poor for all assumed QCD equations of state in all models; no model scenario
reproduces STAR’s observed minimum in proton directed flow in the relevant energy region
and there is disagreement among different theory authors on whether a crossover or first-
order phase transition is favored [60].

In particular, the authors of papers based on the JAM transport model [53, 58, 59]
conclude that v1 comparisons tend to favor the EOS with a first-order phase transition.
The authors of the Frankfurt hybrid model (which features Boltzmann transport for the
early and late stages of the collision, and hydrodynamics for the intermediate hot and dense
stage) conclude that overall agreement with proton v1 measurements is still too poor to
draw conclusions about the preferred EOS [54]. Meanwhile, the authors of comparisons
with the Parton-Hadron String Dynamics (PHSD) model [55] (a microscopic approach with
equations of state constrained by lattice QCD) and with a relativistic 3-fluid hydrodynamic
model (3FD) [57] report that the crossover EOS option is favored.

There is a close connection between the search for a first-order phase transition and

24
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The BES-II Upgrades

�5All 3 detectors fully installed prior to start of Run-19
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Figure 50: (Left) Correlation between  1,East vs.  1,West as measured by the EPD in semi-central
Au+Au collisions at p

sNN = 27 GeV. (Right) The event plane resolution in the same data for the
BBC inner tiles in blue, the EPD inner tiles in green and the entire EPD in red. The first two
centrality bins are roughly 0-5% and 5-10%, the other bins have a width of 10% in centrality.

3.3 Endcap Time-of-Flight Detector
The addition of an endcap Time-of-Flight (eTOF) detector to STAR strengthens the physics
potential of the experiment during the BES-II experimental campaign [148]. The eTOF
detector crucially complements the particle identification capabilities at forward-to-mid ra-
pidities for the collider and fixed target programs. eTOF is a joint project between the STAR
collaboration and institutions from the CBM collaboration: University of Heidelberg, Tech-
nical University of Darmstadt, GSI-Helmholtz Center for Heavy-Ion Research, Tsinghua,
Central China Normal University, and University of Science and Technology of China. This
synergy project is a part of the so-called FAIR Phase-0 program and provides CBM with
important operational experience via a large-scale integration test of the future CBM TOF.

The eTOF wall contains two types of Multi-gap Resistive Plate Chambers (MRPCs) [164]:
(i) 36 high rate capability counters (MRPC3a) with 0.7 mm thick low resistive glass as elec-
trode material were produced at Nuctech in Beijing; (ii) 72 counters (MRPC3b) with normal
float glass at a thickness of 0.28 mm as electrode material were produced at USTC/Hefei [165].
Both counter types are full size prototypes for the CBM TOF. Most of them were tested and
delivered to Heidelberg University where integration into modules took place. Each module
consists of 3 MRPCs with a 32 strip segmented readout electrode. Each strip is read out
from both sides (to achieve a position resolution below 5 mm along the strip), thus a total
of 6912 readout channels build up the eTOF wheel. The module production was finished
in August 2018, all modules were extensively tested using a cosmic setup (installed at Hei-
delberg University) prior to shipping to BNL. The eTOF was installed at the East end of
STAR in the small gap between the poletip and the TPC; behind its readout electronics.
The modules are arranged in 12 sectors matching those of the TPC. The installation of the
eTOF was completed in November 2018.
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Event Plane Performance
1st order Event Plane Resolution 
→ Significant improvement across all centrality

6/7/19 Daniel Brandenburg | BNL 16

Added coverage from EPD
→ Allows measurement of <$ over ~10 units of "!

All tiles operational for Run-18 and Run-19 : 2.1 < |η| < 5.1 

Run-19: Main trigger detector 
             Greater acceptance than VPD or ZDC 
             Better timing resolution than BBC (0.75 ns)

EPD: Enhanced Event Plane Resolution

Event plane (and centrality) outside of iTPC acceptance
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iTPC: Enhanced Acceptance

�8

Successfully integrated into data-taking since day 1 of  Run-19 

Passed DoE close-out review
All KPP and UPPs met or passed

Increased pseudorapidity coverage Improved dE/dx resolution

Demonstrated improvement:

6.9% 8%8%

(Plots normalized)
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ETOF Performance in 2019 Running 

6/7/19 Daniel Brandenburg | BNL 20
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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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protons in the Au+Au 14.6 GeV run. The red curves indicate the extension of coverage enabled by
the eTOF upgrade.
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the full azimuth and 2.5 < ⌘ < 4.0; they are read out radially from the outside to minimize

58
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Achieved expected time resolution →
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large momentum range
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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.
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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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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%/
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E) electromagnetic and
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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
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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

eTOF: Enhanced PID
Initially: Channels 100% working 
              Good timing resolution (80ps) 
              Clear PID bands 
              Extended coverage

�9

Work ongoing to enhance stability of long term operation: 

Occurrence and handling of noisy channels - Gas mixture 
changed and improved channel masking 

Intermittent failure of GBTx boards configuring  - Improvements 
of eTOF/DAQ code   

Clock jumps in data occur - Improvement to clock distribution, 
offline handing of eTOF timing

System started to lose performance  
Loss of ~50% of readout channels (PADI) - beam related events

Joint FAIR Phase-0 CBM project

 - Operate detector under real conditions 
 - Challenges integrating into STAR/collider mode 
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eTOF: Beam Loss Induced Damage 
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Loss of yellow beam causes instantaneous high current in readout electrode 
and power supply in turn caused HV trip  

More damaged channels on USTC counters than Tsinghua counters 
-  due to larger E-field energy (~30% more at operating voltage) 

- Threshold behavior in channel destruction 
   - Distinct pattern of damaged channels is visible on USTC counters 
   - Not all beam loss events caused damage

Hypothesis:  beam loss events → high flux of particles → induced high current 
in very short time in readout electrodes → damaged PADI input stage
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eTOF: Avoiding Future Damage
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- Replace all PADI preamplifier boards 
  - New preamplifier boards have protection diode (ESD 113-B1) 
  - Prototype boards exist and are being tested 

- Change gas mixture to include 1% SF6 
- Ramp to full voltage only after both beams are stable 
- Lower standby voltage

New PADI board schematics 

Mitigation plans in place 
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eTOF: Preparing for Run-20 and Run-21
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Run-19 commissioning highlighted critical issues with stable collider operations

Hardware  → exchange all PADI boards and GBTx back-planes in Fall 2019 
     - improved overload protection   

  - improved clocking scheme with more flexibility 
  - extended slow control features (temp, on board voltages) 

Firmware   → development ongoing based on experience gained from   
                  eTOF and miniTOF during run 2019 

    - improve DAQ stability (noisy channel handling) 
 - eliminate data losses under high local rate conditions 

Software    → improve and test with Run-18 and Run-19 data 
                        - handling of clock cycle jumps on data calibration level 
                           - usage of pulser data for phase stability monitoring and correction 

  
eTOF can provide expected 

timing and PID

Time line 
now              - PADI boards ordered 
End of July   - Return of module 18.1 to Heidelberg 
End of Sept  - PADI boards available and tested 
Beg of Oct    - New GBTx back-planes available and tested 
Oct/ Nov       - Maintenance work at BNL (~3 weeks on-site) 
afterwards    - Commissioning 
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Cosmic Commissioning

To eliminate B-field dependent 
effects both field polarities 
used 

Collected >0.5M cosmic 
events in each sector for each 
field 

Enables alignment of new 
inner sectors with outer TPC

Fully commissioned iTPC prior to BES-II data taking

0°

45°

90°

135°

180°

225°

270°

315°

0 0.5M 1M 1.5M 2M 2.5M 3M

Reverse FF - East
Reverse FF - West
FF - East
FF - West
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Cosmic Examples
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Au+Au √sNN = 19.6 GeV
Efficient data-taking and high 
quality stable beams 

~60 min fills, 
turn around ~20mins 

Good event fraction 40-55%

Concluded on April 4th 

580 M minbias “good” events collected 
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Au+Au √sNN = 14.6 GeV
Ever-increasing collision rate as 
C-AD enhanced beam  

~45 min fills,  
turn around ~20mins 

Good event fraction 35-40%

Concluded on June 3rd 

324 M minbias “good” events collected 

2 Proposed Program

2.1 Continuation of Beam Energy Scan Phase 2
RHIC has already begun the BES-II physics program. Specific details of the physics goals
and required statistics for each goal at each collider energy are given below in Table 7.
Because in the RHIC collider mode, the lowest collision energy available is psNN = 7.7 GeV,
the BES-II collider program has been expanded to include a fixed target program. The
beam energies used in the fixed-target part of the program have already been developed for
BES-I or will be used in the BES-II collider program. Details of the fixed-target physics
statistics requirements for each physics goal at each energy are shown in Table 8, which
also includes the single-beam total energy, the center-of-mass rapidity, as this gives insight
into the acceptance of STAR for a given energy, and the expected chemical potential, which
indicates the region of the QCD phase diagram to be studied.

Table 7: Event statistics (in millions) needed in the collider part of the BES-II program for various
observables. This table updates estimates originally documented in STAR Note 598.

Collision Energy (GeV) 7.7 9.1 11.5 14.5 19.6
µB (MeV) in 0-5% central collisions 420 370 315 260 205
Observables
RCP up to pT = 5 GeV/c - - 160 125 92
Elliptic Flow (� mesons) 80 120 160 160 320
Chiral Magnetic Effect 50 50 50 50 50
Directed Flow (protons) 20 30 35 45 50
Azimuthal Femtoscopy (protons) 35 40 50 65 80
Net-Proton Kurtosis 70 85 100 170 340
Dileptons 100 160 230 300 400
>5� Magnetic Field Significance 50 80 110 150 200
Required Number of Events 100 160 230 300 400

As noted, the BES-II program has already started and the achieved performance in the
energies completed or in progress can be used to refine the estimates of performance in the
upcoming two years. For the collider program, we review the performance for the 27 GeV
run from 2018, the 19.6 GeV run completed in 2019, and the data currently being taken at
14.6 GeV1. For the fixed-target part of the program we will review the performance for the
3.0 GeV run and the 7.2 GeV test run, both of which occurred in 2018, and a brief test at
3.9 GeV which took place this year.

For the collider system at 27 GeV, we expected a luminosity increase of a factor of 3.3.
Based on the good event rate of 190 Hz achieved in the 2014 run we hence inferred a data

1In 2014, collisions were run at a collider energy of 14.546 GeV, which was rounded to 14.5 GeV. This
year, we are running at a slightly different energy, 14.618 GeV, which is rounded to 14.6 GeV.
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Continuous Data QA 
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T. Niida, Mar.14/2019 5

- Very stable event activity
- periodically lower values in day75-76

which correspond to runs in the beginning of fill 
(just after injection run)

- RunLog for run20076022
“Beam condition seams suboptimal.
Huge peak in RS7 (see attached file).”

T. Niida, Mar.14/2019 6

<-day72-74->

- Acceptance change around day72-74?
- partly due to iTPC RDO out, and 

perhaps the rest due to <vz> shift?

Data QA occurs: On shift while data being taken, via fast offline reconstruction 
QA shift, HLT monitoring and weekly meeting of detector and PWG experts

2 plots from a weekly QA meeting  

iTPC RDO out

Runs immediately after injection

Issues rapidly identified, fast feedback to C-AD and/or shift crew
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Au+Au √sNN = 3.9 GeV: FXT test
Quick test during LEReC operations 

Data taking for 1 hr  
recorded ~4M good events 
Trigger effic. 90% 

Confident can trigger and 
collect data requested

Clear PID, including heavy fragments

�18
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Remainder of Run-19

Run until ~June 20th 

Remainder of this year’s run:

FXT at 3.85, 4.55, 7.3, and 
31.2 GeV

Au+Au 200 GeV collider 
during RHIC APEX

�19

Au+Au 7.7 GeV (collider mode) 

STAR: Commissioning for Run-20 
LEReC: commissioning during real 
physics running  
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STAR BES-II (projected) Performance 

For the 11.5 GeV run, scaling the 19.6 and 14.6 GeV performance would project 80 Hz.
C-AD predicts a factor of 2.0 increase over the 2010 performance, which would project a
good event rate of 60 Hz. We have included a range of projections for this system in Table 9.

For 7.7 GeV we have again included a range of projections. The pessimistic projection
comes from either using a factor of 3.0 improvement over 2010 or scaling from the pessimistic
11.5 GeV projection. The optimistic projection comes from either using a luminosity increase
of 4.0 over 2010 or scaling the optimistic projection for 11.5 GeV. Note that the improved
luminosity increase of a factor of 4.0 is the assumed performance of the LEReC. Note also
that we are only projecting 12 hours per day of data taking due the short fill length.

The 9.1 GeV projections are scaled from the 7.7 GeV projections.
Table 9 shows lines for the optimal fill length, which is determined by the expected

lifetimes of the beam, and the expected turn around time between beam dump and injection
of a new store. The fill length and turn around time help determine the expected hours per
day of data taking. The table also shows the maximum DAQ rates expected. The rates are
determined from the expected longitudinal spread of the collision vertex distribution and
the expected background rate at each energy. At no collider energies with the trigger rate
exceed the DAQ bandwidth of STAR.

Table 9: Achieved and projected experiment performance criteria for the BES-II collider program.

Collision Energy (GeV) 7.7 9.1 11.5 14.5 16.7 19.6 27
Performance in BES-I
Good Events (M) 4.3 NA 11.7 12.6 NA 36 70
Days running 19 NA 10 21 NA 9 8
Data Hours per day 11 NA 12 10 NA 9 10
Fill Length (min) 10 NA 20 60 NA 30 60
Good Event Rate (Hz) 7 NA 30 17 NA 100 190
Max DAQ Rate (Hz) 80 NA 140 1000 NA 500 1200
Performance in BES-II
(achieved or projected)
Required Number of Events 100 160 230 300 250 400 NA
Achieved Number of Events TBD TBD TBD TBD TBD 580 560
fill length (min) 20 30 40 45 50 60 120
Good Event Rate (Hz) 20-33 33-53 60-80 160 245 400 620
Max DAQ rate (Hz) 125 160 250 800 1300 1800 2200
Data Hours per day 12 14 15 10 15 11 9
weeks to reach goals 16-10 14-8.5 10.2-7.6 9.5 2.7 5.3 4.0
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Projection ranges from optimistic/pessimistic assumptions
Below injection energy luminosity scales with 𝜸3

324
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Case for Au+Au √sNN = 17.1 GeV
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Figure 33: (Left) Collision energy dependence of the neutron density fluctuation in central Au+Au
collisions. The open square data based on NA49 results in central Pb+Pb collisions at p

sNN=6.3
(0-7%), 7.6 (0-7%), 8.8 (0-7%), 12.3 (0-7%), and 17.3 (0-12%) energies. (Right) Illustration of the
density fluctuation as a function of collisions energy in the critical region and spinodal region [105].

around 19.6 GeV. Furthermore, the neutron density fluctuation show a sudden drop below
19.6 GeV, where the results are consistent with the results from NA49 experiment. The
experimental observations of non-monotonic energy dependence in neutron density fluctua-
tion can suggest the double peak structure, which assumes that the system goes through the
critical region and the first order spinodal region.

Thus, in BES-II, we propose to take one more energy point in Au+Au collisions at
16.7 GeV based on the following two observations, presented in Figs. 32 and 33, aiming at
QCD critical point search with net-proton kurtosis and neutron density fluctuation:

1. Net-p kurtosis and neutron density fluctuations, which are both sensitive to the critical
fluctuation, show dip and peak structures around 19.6 GeV. This may suggests that
the system passed through the critical region around 19.6 GeV.

2. We observe sudden changes between 19.6 and 14.5 GeV in the energy dependence of
net-p kurtosis and neutron density fluctuation in the BES-I data measured by the
STAR experiment. The neutron density fluctuations at low energies below 14.5 GeV
are consistent with the results from NA49 experiment [105].

Table 10: Event statistics (in millions) needed in a Au+Au run at p
sNN = 16.7 GeV for fourth

order net-proton fluctuations (�2) and neutron density fluctuation (�n) measurements.

Triggers Minimum Bias Net-proton �
2 (0-5% Cent.) �n (0-10% Cent.)

Number of events 250 M 6% error level 3.6% error level
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sNN=6.3
(0-7%), 7.6 (0-7%), 8.8 (0-7%), 12.3 (0-7%), and 17.3 (0-12%) energies. (Right) Illustration of the
density fluctuation as a function of collisions energy in the critical region and spinodal region [105].

around 19.6 GeV. Furthermore, the neutron density fluctuation show a sudden drop below
19.6 GeV, where the results are consistent with the results from NA49 experiment. The
experimental observations of non-monotonic energy dependence in neutron density fluctua-
tion can suggest the double peak structure, which assumes that the system goes through the
critical region and the first order spinodal region.

Thus, in BES-II, we propose to take one more energy point in Au+Au collisions at
16.7 GeV based on the following two observations, presented in Figs. 32 and 33, aiming at
QCD critical point search with net-proton kurtosis and neutron density fluctuation:

1. Net-p kurtosis and neutron density fluctuations, which are both sensitive to the critical
fluctuation, show dip and peak structures around 19.6 GeV. This may suggests that
the system passed through the critical region around 19.6 GeV.

2. We observe sudden changes between 19.6 and 14.5 GeV in the energy dependence of
net-p kurtosis and neutron density fluctuation in the BES-I data measured by the
STAR experiment. The neutron density fluctuations at low energies below 14.5 GeV
are consistent with the results from NA49 experiment [105].

Table 10: Event statistics (in millions) needed in a Au+Au run at p
sNN = 16.7 GeV for fourth

order net-proton fluctuations (�2) and neutron density fluctuation (�n) measurements.

Triggers Minimum Bias Net-proton �
2 (0-5% Cent.) �n (0-10% Cent.)

Number of events 250 M 6% error level 3.6% error level
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Ratio of light nuclei yields sensitive to neutron relative density fluctuations 
Neutron relative density fluctuations increase near CP and/or 1st order PT

�(n) = h(�n)2i/hni2

=
1

g

Nt ⇥Np

N2
d

� 1
<latexit sha1_base64="IYl5EzLQzzvgrfP7h0uzWyRjsco="></latexit>

Clear non-monotonic energy dependence

Note: 14.5 GeV and triton data are new

Sudden drop below 19.6 GeV 
     - Consistent with NA49 
Second peak?

�21
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Case for Au+Au √sNN = 17.1 GeV

Figure 32: (Left) The fourth order net-proton fluctuations �2 in most central (0-5%) and periph-
eral (70-80%) Au+Au collisions as a function of collision energy.(Right) The characteristic signature
predicted by the theoretical model for energy dependence of the fourth order fluctuations when the
system passes through the critical region [104].

took the data of Au+Au collisions at psNN = 7.7, 11.5, 14.5, 19.6, 27, 39, 62.4, and 200 GeV.
With this experimental data, STAR measured the higher order fluctuations of net-proton,
net-charge, and net-kaon multiplicity distributions [106, 107, 108, 109, 110]. One striking
observation is the behavior of the fourth-order cumulants, or kurtosis, of the net-proton
fluctuation �

2 in most central (0-5%) Au+Au collisions as a function of beam energy. As
shown on the left of Fig. 32, the fourth order net-proton fluctuation is close to unity above
39 GeV but deviates significantly below unity at 19.6 and 27 GeV, then becomes above unity
at lower energies. This behavior may suggest that the created system skims close by the CP,
and receive positive and/or negative contributions from critical fluctuations [104]. It further
suggests that, if at energies below 7.7 GeV we see a peak structure for net-proton kurtosis
measurement, it could be the signature of CP. However, we ignored the fact that the first
order phase transition could also cause a large increase of net-proton kurtosis [111]. Due
to entering into the spinodal region (mixed phase), the double peak structure of � field will
cause large values of fourth order cumulants (C4).

In addition, STAR has measured light nuclei (deuteron and triton) production in Au+Au
collisions at RHIC BES energies. The ratio of these yields is predicted to be sensitive to
the neutron relative density fluctuations at kinetic freeze-out, which in turn are expected
to increase near the critical point and/or a first order phase transition [105]. The neutron
density fluctuation is defined as �n = h(�n)2i/hni2, which can be approximated from:

�n =
1

g

Nt ⇥Np

N2

d

� 1,

where Np, Nd and Nt are the proton, deuteron and triton yields respectively and g is a
constant factor of 0.29. In Fig. 33, we use the published feed-down corrected BES-I proton
yields [112], recently submitted deuteron data [19], and preliminary triton and 14.5 GeV
results to calculate �n in central Au+Au collisions as a function of collision energy. These
neutron density fluctuations exhibit a clear non-monotonic energy dependence with a peak
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Figure 33: (Left) Collision energy dependence of the neutron density fluctuation in central Au+Au
collisions. The open square data based on NA49 results in central Pb+Pb collisions at p

sNN=6.3
(0-7%), 7.6 (0-7%), 8.8 (0-7%), 12.3 (0-7%), and 17.3 (0-12%) energies. (Right) Illustration of the
density fluctuation as a function of collisions energy in the critical region and spinodal region [105].

around 19.6 GeV. Furthermore, the neutron density fluctuation show a sudden drop below
19.6 GeV, where the results are consistent with the results from NA49 experiment. The
experimental observations of non-monotonic energy dependence in neutron density fluctua-
tion can suggest the double peak structure, which assumes that the system goes through the
critical region and the first order spinodal region.

Thus, in BES-II, we propose to take one more energy point in Au+Au collisions at
16.7 GeV based on the following two observations, presented in Figs. 32 and 33, aiming at
QCD critical point search with net-proton kurtosis and neutron density fluctuation:

1. Net-p kurtosis and neutron density fluctuations, which are both sensitive to the critical
fluctuation, show dip and peak structures around 19.6 GeV. This may suggests that
the system passed through the critical region around 19.6 GeV.

2. We observe sudden changes between 19.6 and 14.5 GeV in the energy dependence of
net-p kurtosis and neutron density fluctuation in the BES-I data measured by the
STAR experiment. The neutron density fluctuations at low energies below 14.5 GeV
are consistent with the results from NA49 experiment [105].

Table 10: Event statistics (in millions) needed in a Au+Au run at p
sNN = 16.7 GeV for fourth

order net-proton fluctuations (�2) and neutron density fluctuation (�n) measurements.

Triggers Minimum Bias Net-proton �
2 (0-5% Cent.) �n (0-10% Cent.)

Number of events 250 M 6% error level 3.6% error level

34

Equal spacing in µB 

Estimate 3-5 weeks of data collecting �22
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Studying Small SystemsRHIC geometry scan�

Hydro	captures	the	geometry	response	
Hard	for	CGC	at	this	moment1	

[1]	http://www.int.washington.edu/talks/WorkShops/int_19_1b/People/Mace_M/Mace.pdf�

Zhenyu	Chen	-	AUM2019	 8	

Nature	Phys.	15	(2019)	no.3,	214-220	

Effect of pre-equlibrium flow?

RHIC geometry scan�

Hydro	captures	the	geometry	response	
Hard	for	CGC	at	this	moment1	

Important	effect	of	pre-equilibrium	flow	under	investigation2	
[1]	http://www.int.washington.edu/talks/WorkShops/int_19_1b/People/Mace_M/Mace.pdf	
[2]	https://indico.cern.ch/event/771998/contributions/3339235/subcontributions/276910/
attachments/1813022/2961981/talk_smallsystems_SHEN.pdf�
�

9	

Arxiv.1502.04745	

Initial State Correlations (ISM) or Final State Interaction (FSM) in p+A? 

If FSM: is collectivity fluid-like or off-equilibrium few scatterings?

Hydro calculations reproduce vn measurements



Helen Caines - PAC - June 2019

 

Case for O+O √sNN = 200 GeV

�24

A new comprehensive scan of colliding ion species at RHIC by systematically varying the
system size and geometry, particularly for those between pp and Cu+Cu collisions, will pro-
vide a unique lever-arm to vary contributions from different mechanisms and impose strong
constraints on both ISM and FSM. Since the last RHIC p/d/He+Au scan, the STAR exper-
iment has completed several detector upgrades that extend pT and particle identification to
|⌘| < 1.5, and provide centrality and event plane determination in 2 < |⌘| < 5 [146, 147, 148].
An ongoing forward upgrade to instrument the 2.5 < ⌘ < 4 region with tracking detectors
and calorimeters is expected to be completed in 2021 [2]. The extended detector capability
should allow a full exploration of collectivity using all the observables and methods devel-
oped for large systems at RHIC/LHC. We will have much better control of the non-flow
systematics, leading to a better understanding of the multi-particle nature of the collectivity
and the longitudinal correlations to constrain the full 3D initial conditions.

As an example, model studies of v2 and v3 in various small systems including symmetric
(C+C, O+O, Al+Al, Ar+Ar) and asymmetric (p+Au, d+Au, 4He+Au) collisions using
AMPT are shown in Fig. 38. AMPT belongs to the category of final-state interaction
models, where vn is largely driven by the geometry of initial nucleon distributions. The v2

values from asymmetric systems follow different trends: the v2 in d/
4He+Au increases with

Nch, while it is relatively constant in p+Au. The v3 values show a similar Nch dependence
as symmetric systems, except for d+Au which deviates from the common trend at large
Nch. This study demonstrates that, in a scenario driven by final-state interactions, a clear
difference is expected between d/

4He+Au and A+A for v2, while a relatively similar behavior
should be observed for v3. Contributions from other sources, especially ISM, are expected to
follow a different behavior; as the system size increases, the ISM contribution will gradually
become subdominant. Also, the ISM contribution mainly depends on Nch, with no sensitivity
to the initial geometry.
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Figure 38: (Left) AMPT predictions for v2 and (Right) v3 as a function of Nch in four symmetric
and three asymmetric small collision systems.

We propose to embark on a new system-size scan, starting with an O+O run at psNN =

43

AMPT (FSM): vn from geometry:  

v2: asymmetric systems behave differently to symmetric systems 
v3: all systems behave similarly 

If system driven by ISM: signals smaller with increasing system size

Potential to constrain transport vs hydro
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Case for O+O √sNN = 200 GeV
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Figure 39: (Left) Comparison of measured v2 and v3 from Pb+Pb and Au+Au 30–40% centrality
events and (Right) between high-multiplicity p+Pb and p+Au. The inset panel shows the ratio of
v3 between p+Au and p+Pb.

energy. Interestingly, the shape of the Nch dependence of v2 and v3 is found to be very
different between the two different energies. This may indicate a stronger energy dependence
of collectivity for smaller systems.

We propose a one-week O+O program opportunistically in 2020 or right after BES-II in
2021. Assuming a total interaction rate of ⇠10–15 kHz (based on recent isobar runs), the
STAR DAQ rate of 2 kHz and the RHIC uptime of 50% (12 hour/day), tentative numbers
of events we expect to record for different triggers are summarized in Table 11 for one week,
default run plan, and two weeks as a more optimal running scenario. Note that we do not
have an estimation of minimum-bias trigger efficiency at this point, and assumed it to be
⇠100%.

Table 11: Number of events (in millions) needed in an O+O run at p
sNN = 200 GeV for various

triggers for one week (default) and two weeks (optimistic) running scenarios.

Triggers Minimum bias 0–5% centrality
Events (1 week) 400 M 200 M
Events (2 week) 800 M 400 M

The event statistics listed in Table 11 should allow precision measurements of many types
of two-particle correlations, including the Nch dependence of integral vn, pT dependence of vn

45

v3: Energy invariance for symmetric heavy systems 
v3: Energy dependence for asymmetric systems

What about small symmetric systems?
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Mind the Gap

Why Oxygen and why now?: 
Better control of Npart  and 𝜀n than in peripheral Au+Au  
Larger acceptance from BES-II upgrades, better control of non-flow 
Synergy with LHC 
Evidence of jet quenching?

CuCu 

ZrZr/RuRu 

XeXe 

AuAu 

PbPb Hydro Flow 
+ 

Parton-medium interaction 
In

iti
al

 s
ta

te
? 

Geometry  
Scan-I 

Bridge the “gap”�

Where	initial-state	interaction	become	sub-dominant?	
The	role	of	pre-equilibrium	vs.	hydro?	

	Turn-on	of	jet	quenching	and	heavy-flavor	“thermalization”?	
System	size	scan	needed!!	Only	RHIC	can	do!!	

Zhenyu	Chen	-	AUM2019	 16	

OO�
AlAl�
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Propose O+O:  
400M MB, 200M Central (1-2 weeks)
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Run-20: 28 Cryo-weeks

With Run-19, the collaboration will start its fixed-target (FXT) program which extends
the reach of its BES-II program energy range down to lower center-of-mass energies. The
proposed energies for both collider and fixed-target mode are summarized in Table 1.

Three detector upgrades have been proposed for BES-II and have been successfully in-
stalled for Run-19. The upgrades increase STAR’s acceptance both in rapidity and low
transverse momentum, and extend its particle identification capabilities. The Event Plane
Detector (EPD) was installed prior to Run-18. The inner Time Projection Chamber (iTPC)
and the end-cap Time-of Flight (eTOF) commissioning have benefited from an extensive cos-
mic ray data taking campaign prior to Run-19. Following recommendations from the 2018
PAC and a very positive report from a BNL-convened cost and schedule review, the STAR
collaboration has commenced preparations to significantly improve its forward detection ca-
pabilities. A Forward Calorimeter System (FCS) and Forward Tracking System (FTS) will
provide superior detection capabilities in the forward region between 2.5 < ⌘ < 4.

Table 2: Proposed Run-20 assuming 28 cryo-weeks, including five weeks of LEReC commission-
ing, an initial one week of cool-down and a one week set-up time for each collider energy.

Single-Beam p
sNN Run Time Species Events Priority Sequence

Energy (GeV/n) (GeV) (MinBias)
5.75 11.5 9.5 weeks Au+Au 230M 1 1
4.55 9.1 9.5 weeks Au+Au 160M 1 3
19.5 6.2 (FXT) 2 days Au+Au 100M 2 5
13.5 5.2 (FXT) 2 days Au+Au 100M 2 6
5.75 3.5 (FXT) 2 days Au+Au 100M 2 2
4.55 3.2 (FXT) 2 days Au+Au 100M 2 4
3.85 3.0 (FXT) 2 days Au+Au 100M 2 7

100 200 1 week2 O+O 400M 3 8200M (central)
2 Available run time for the proposed small system run using O+O will directly depend on the the run time

for the 11.5 GeV system. In the case the combined performance of C-AD and STAR resembles that of
last year’s 19.6 GeV data set, then approximately 2 cryo-weeks would be available to complete the small
system program.

STAR’s highest scientific priority for Run-20 is the continuation of the RHIC Beam
Energy Scan II. The collaboration proposes to continue with the next two highest beam
energies in collider mode (11.5 and 9.1 GeV), as well as the associated FXT energies (4.55 and
5.75 GeV) followed by the remaining FXT single-beam energies of 19.5, 13.5, and 3.85 GeV.
We list the Run-20 priorities and proposed sequence in Table 2. Based on guidance from
the Collider-Accelerator Department (C-AD), we allocate five cryo-weeks in Run-20 to the
commissioning of Low-Energy RHIC electron Cooling (LEReC). As the commissioning efforts
are still ongoing, the status of LEReC for the Run-20 11.5 GeV is not yet clear. Consequently,
the proposed schedule will be somewhat fluid within the total budget of 28 cryo-weeks.

ii

Top priority: Collider program and commissioning of LEReC (5 weeks) - 
impact on yet to come 7.7 GeV running

�27
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Run-20: 24 Cryo-weeks

�28

Table 3: Proposed Run-20 assuming 24 cryo-weeks, including three to four weeks of LEReC
commissioning, an initial one week of cool-down and less than one week set-up time for each collider
energy.

Single-Beam p
sNN Run Time Species Events Priority Sequence

Energy (GeV/n) (GeV) (MinBias)
5.75 11.5 7.5 weeks3 Au+Au 230M 1 1
4.55 9.1 9.5 weeks Au+Au 160M 1 3
19.5 6.2 (FXT) 2 days Au+Au 100M 3 5
13.5 5.2 (FXT) 2 days Au+Au 100M 3 6
5.75 3.5 (FXT) 2 days Au+Au 100M 2 2
4.55 3.2 (FXT) 2 days Au+Au 100M 2 4
3.85 3.0 (FXT) 2 days Au+Au 100M 3 7

3 In this 24 cryo-week scenario an optimistic view on the performance of the 11.5 GeV run is presumed,
based on combined performance of C-AD and STAR resembling that of last year’s 19.6 GeV run.

In Table 3, we list our priorities and proposed sequence in the case the total budget for
Run-20 is limited to 24 cryo-weeks. Top priority remains with the collider program of the
Beam Energy Scan and the commissioning efforts of LEReC, bearing in mind its impact on
the long 7.7 GeV run in the following year. With a combined cool-down and total set-up
time for the various energies between two and three weeks, an optimistic projection for the
non-cooled 11.5 GeV run, and an e-cooled 9.1 GeV run, we estimate that between three and
four weeks of dedicated LEReC commissioning time can be set aside and at least 60% of the
originally scheduled FXT program completed. The remaining two FXT runs could move to
Run-21, as will the small system run.

STAR’s highest scientific priority for Run-21 is the completion of the RHIC Beam
Energy Scan II. The bulk of the 20-cryoweeks budget will be devoted to Au+Au collisions
at the lowest collider energy of the program, at p

sNN =7.7 GeV. We expect to refine our
estimates of the projected run time for 7.7 GeV, currently 12 weeks, following some tests
with C-AD towards the end of Run-19. The collaboration proposes to run the collider at
p
sNN = 16.7 GeV to allow collection of an important data point between 14.6 and 19.6 GeV

as is pointed out earlier in this summary. We list the Run-21 proposed priorities and sequence
in Table 4.

Depending on the availability of cryo-weeks in Run-20 and/or Run-21 the collaboration
proposes to collect data set(s) in the context of a small system run using O+O collisions.
These data would allow for a direct comparison with a similarly proposed higher-energy
O+O run at the LHC around 2021-2022, and further motivate the case for a small system
scan complementary to ongoing efforts by the NA61/SHINE collaboration at SPS energies,
and other proposed light-ion species at the LHC.

For FY22, we include a request for a dedicated 16-week pp run at
p
s = 500 GeV. This run

will take full advantage of STAR’s new forward detection capabilities and further capitalize

iii

Optimistic projection for the non-cooled 11.5 GeV and e-cooled 9.1 GeV 
      - FXT could be finished in Run-21 along with O+O running 

Top priority: Collider program and commissioning of LEReC (3-4 weeks) - 
impact on yet to come 7.7 GeV running

Table 3: Proposed Run-20 assuming 24 cryo-weeks, including three to four weeks of LEReC
commissioning, an initial one week of cool-down and less than one week set-up time for each collider
energy.

Single-Beam p
sNN Run Time Species Events Priority Sequence

Energy (GeV/n) (GeV) (MinBias)
5.75 11.5 7.5 weeks3 Au+Au 230M 1 1
4.55 9.1 9.5 weeks Au+Au 160M 1 3
19.5 6.2 (FXT) 2 days Au+Au 100M 3 5
13.5 5.2 (FXT) 2 days Au+Au 100M 3 6
5.75 3.5 (FXT) 2 days Au+Au 100M 2 2
4.55 3.2 (FXT) 2 days Au+Au 100M 2 4
3.85 3.0 (FXT) 2 days Au+Au 100M 3 7

3 In this 24 cryo-week scenario an optimistic view on the performance of the 11.5 GeV run is presumed,
based on combined performance of C-AD and STAR resembling that of last year’s 19.6 GeV run.

In Table 3, we list our priorities and proposed sequence in the case the total budget for
Run-20 is limited to 24 cryo-weeks. Top priority remains with the collider program of the
Beam Energy Scan and the commissioning efforts of LEReC, bearing in mind its impact on
the long 7.7 GeV run in the following year. With a combined cool-down and total set-up
time for the various energies between two and three weeks, an optimistic projection for the
non-cooled 11.5 GeV run, and an e-cooled 9.1 GeV run, we estimate that between three and
four weeks of dedicated LEReC commissioning time can be set aside and at least 60% of the
originally scheduled FXT program completed. The remaining two FXT runs could move to
Run-21, as will the small system run.

STAR’s highest scientific priority for Run-21 is the completion of the RHIC Beam
Energy Scan II. The bulk of the 20-cryoweeks budget will be devoted to Au+Au collisions
at the lowest collider energy of the program, at p

sNN =7.7 GeV. We expect to refine our
estimates of the projected run time for 7.7 GeV, currently 12 weeks, following some tests
with C-AD towards the end of Run-19. The collaboration proposes to run the collider at
p
sNN = 16.7 GeV to allow collection of an important data point between 14.6 and 19.6 GeV

as is pointed out earlier in this summary. We list the Run-21 proposed priorities and sequence
in Table 4.

Depending on the availability of cryo-weeks in Run-20 and/or Run-21 the collaboration
proposes to collect data set(s) in the context of a small system run using O+O collisions.
These data would allow for a direct comparison with a similarly proposed higher-energy
O+O run at the LHC around 2021-2022, and further motivate the case for a small system
scan complementary to ongoing efforts by the NA61/SHINE collaboration at SPS energies,
and other proposed light-ion species at the LHC.

For FY22, we include a request for a dedicated 16-week pp run at
p
s = 500 GeV. This run

will take full advantage of STAR’s new forward detection capabilities and further capitalize

iii
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Run-21: 20 Cryo-weeks

�29

Table 4: Proposed Run-21 assuming 20 cryo-weeks, including an initial one week of cool-down
and a one week set-up time for each collider energy.

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n) (MinBias)
3.85 7.7 12 weeks Au+Au 100M 1 1
8.35 16.7 5 weeks Au+Au 250M 2 2

100 200 1 week4 O+O 400M 2 3200M (central)
4 In the case the proposed small system run can not take place in Run-20, the cryo-week budget for Run-21

could potentially permit this run to take place depending on the Run-20 LEReC performance.

on the recent BES-II detector upgrades. We motivate a program that will use RHIC’s unique
ability to provide transverse and longitudinally polarized proton beams to exploit both an
increased statistical power and kinematic reach from recent and planned detector upgrades
as proposed in [1, 2].

iv

Bulk of running dedicated to 7.7 GeV 
    Time estimate will be refined as Run-19 and Run-20 continue 

New Requests: Au+Au at 17.1 GeV (collider data) 
                         O+O at 200 GeV 

Top priority: Completion of BES-II

**

**17.1 GeV
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Summary
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STAR’s highest priority requests 
 Run-20 & Run-21: completion of BES-II 

                                     Run-22: p+p 500 GeV - next talk by Jim D                          

Significant progress towards this goal made in Run-19 
    iTPC and EPD working beyond expectations 
    eTOF commissioning progressing, improvements planned for Run-20 

Request to add Au+Au at 17.1 GeV to BES-II program 
   Probing potential “double bump” signals 
   
Request for short O+O (small system) run at 200 GeV 
   Good control of geometry for comparison to p+A data 

Beyond BES-II 
  Run-22: p+p 500 GeV 
  Co-running with sPHENIX 

  Depending on pending results: 
    Further Isobar, BES, small system running  
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BACK UP
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Event statistics requirements: Collider

�32

Typically factor 20 more than for BES-I

dileptons drive the event request

2 Proposed Program

2.1 Continuation of Beam Energy Scan Phase 2
RHIC has already begun the BES-II physics program. Specific details of the physics goals
and required statistics for each goal at each collider energy are given below in Table 7.
Because in the RHIC collider mode, the lowest collision energy available is psNN = 7.7 GeV,
the BES-II collider program has been expanded to include a fixed target program. The
beam energies used in the fixed-target part of the program have already been developed for
BES-I or will be used in the BES-II collider program. Details of the fixed-target physics
statistics requirements for each physics goal at each energy are shown in Table 8, which
also includes the single-beam total energy, the center-of-mass rapidity, as this gives insight
into the acceptance of STAR for a given energy, and the expected chemical potential, which
indicates the region of the QCD phase diagram to be studied.

Table 7: Event statistics (in millions) needed in the collider part of the BES-II program for various
observables. This table updates estimates originally documented in STAR Note 598.

Collision Energy (GeV) 7.7 9.1 11.5 14.5 19.6
µB (MeV) in 0-5% central collisions 420 370 315 260 205
Observables
RCP up to pT = 5 GeV/c - - 160 125 92
Elliptic Flow (� mesons) 80 120 160 160 320
Chiral Magnetic Effect 50 50 50 50 50
Directed Flow (protons) 20 30 35 45 50
Azimuthal Femtoscopy (protons) 35 40 50 65 80
Net-Proton Kurtosis 70 85 100 170 340
Dileptons 100 160 230 300 400
>5� Magnetic Field Significance 50 80 110 150 200
Required Number of Events 100 160 230 300 400

As noted, the BES-II program has already started and the achieved performance in the
energies completed or in progress can be used to refine the estimates of performance in the
upcoming two years. For the collider program, we review the performance for the 27 GeV
run from 2018, the 19.6 GeV run completed in 2019, and the data currently being taken at
14.6 GeV1. For the fixed-target part of the program we will review the performance for the
3.0 GeV run and the 7.2 GeV test run, both of which occurred in 2018, and a brief test at
3.9 GeV which took place this year.

For the collider system at 27 GeV, we expected a luminosity increase of a factor of 3.3.
Based on the good event rate of 190 Hz achieved in the 2014 run we hence inferred a data

1In 2014, collisions were run at a collider energy of 14.546 GeV, which was rounded to 14.5 GeV. This
year, we are running at a slightly different energy, 14.618 GeV, which is rounded to 14.6 GeV.
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Event statistics requirements: FXT
Table 8: Event statistics (in millions) needed in the fixed-target part of the BES-II program for
various observables.

p
sNN (GeV) 3.0 3.2 3.5 3.9 4.5 5.2 6.2 7.7

Single Beam Energy (GeV) 3.85 4.55 5.75 7.3 9.8 13.5 19.5 31.2
µB (MeV) 721 699 666 633 589 541 487 420
Rapidity yCM 1.06 1.13 1.25 1.37 1.52 1.68 1.87 2.10
Observables
Elliptic Flow (kaons) 300 150 80 40 20 40 60 80
Chiral Magnetic Effect 70 60 50 50 50 70 80 100
Directed Flow (protons) 20 30 35 45 50 60 70 90
Femtoscopy (tilt angle) 60 50 40 50 65 70 80 100
Net-Proton Kurtosis 36 50 75 125 200 400 950 NA
Multi-strange baryons 300 100 60 40 25 30 50 100
Hypertritons 200 100 80 50 50 60 70 100
Requested Number of Events 300 100 100 100 100 100 100 100

taking rate of 627 Hz. The rate of good events achieved for the 2018 run was 620 Hz,
consistent with these expectations. Although in the 2018 isobars run STAR achieved an
average of 15 hours per day of data taking, the average for the 27 GeV run was only 9 hours
because beam time was shared with Coherent electron Cooling (CeC) development.

For the 19.6 GeV collider system, we had two ways to project the expected performance.
First, we could extrapolate the performance from the 19.6 GeV run in 2011. In that run,
STAR achieved a good event rate of 100 Hz; the expected increase in luminosity was a factor
of 3.3, which suggested we should expect a good event rate of 330 Hz. Second, we could scale
the performance of the 27 GeV run from 2018; the performance of RHIC typically scales as
�
2 for accelerated beams; scaling the 620 Hz achieved for 27 GeV by (9.8/13.5)2 predicted

a good event rate of 335. The actual achieved rate in 2019 was 400 Hz as seen in Fig. 31a,
which exceeded expectations. The average data taking time per day for the 19.6 GeV run was
11 hours; this time this was below 15 hours per day due to time share with the development
of Low Energy RHIC electron Cooling (LEReC).

For the 14.6 GeV collider run, we could not really scale from the 2014 performance
because the achieved event rate of 17 Hz had been unusually low due to the challenge of
separating the good events from the background off of the small beam used while the Heavy
Flavor Tracker was installed in STAR. RHIC performance typically scales as �

3 for beams
below the nominal injection energy. Scaling the expected performance at 19.6 GeV of 335 Hz
by (7.3/9.8)3, we expected a good event rate of 138 HZ. Scaling the achieved performance at
19.6 GeV of 400 Hz, we expected a rate of 160 Hz. The achieved rate has now approached
160 Hz as seen in Fig. 31b. Thus the performance for 14.6 GeV is as expected.

For the projections for the newly proposed 16.7 GeV run, we have scaled the achieved
19.6 GeV performance of 400 Hz by (8.35/9.8)3 to project a good event rate of 245 Hz.

30
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Is there a Critical Point?
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Latest from the lattice: 

Patrick Steinbrecher QM18

No indication of CP for µB < 250 MeV

Cross-over starts at T0 = 156.5 (1.5) MeV 
      ε0   ~ 1 GeV/fm3 
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FXT: energy “upgrade”

�35



Helen Caines - PAC - June 2019

 

BES-II: quark elliptic flow
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Precision measurement of the φ (and other) flow
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Softest point in EOS
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Fine centrality binning possible with 
BES-II data

Recent calculations consistent with 
original 2005 prediction

JAM 1.0pt: First order phase transition
                         strong “wiggle” 
JAM X-over - Cross over

                      weaker “wiggle”
JAM             - No transition
                            no “wiggle”

Y.Nara et al. Phys. Lett. B769 (2017) 543

net-proton directed flow

Theoretical calculations do not yet 
match data
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Coalescence of “produced” particles
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anti-Λ predicted from 
quark values deduced 
from K and p

Fails for 7.7 GeV -
At least one assumption 

incorrect

What happens at 
lower √s?

   Finer centrality bins?
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FXT directed flow
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Run 18 (with EPD):
1 B events at 7.2 GeV
100 M events at 3.0 GeV

Fluctuation measurements below 7 GeV

v1 at 4.5 GeV:
p and Λ similar values
First identified π results
Suggestion of difference between π+ and π-

Transported quarks have stronger effect on π- 
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BES-II: directed flow improvements
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iTPC+ eTOF: 
Enhanced coverage at forward y 

Signal larger - role of baryon stopping 

[Simulation: UrQMD at 19.6 GeV]

Precision measurement of dv1/dy as function of centrality
Current data: Double sign change of v1

EPD: 
Enhanced 1st order EP resolution 

Reduced systematics
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iTPC
iTPC

BES-II: Critical fluctuations
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iTPC: 
Increase Δyp acceptance

Δyp > Δy correlation 

Current data:  Suggestive of non-trivial √s dependence of net   

                                proton cumulant ratios

Subject actively pursued 

theoretically

Establish true nature 

of correlation

EPD: 
Improved centrality selection 

Use all TPC for measurement
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Low mass di-lepton excess
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Low mass excess∝ fireball lifetime  
for large range of beam energies and 

centralities

Need to add more low 
energy data

Excess driven by convolution of total baryon density, hot dense medium 
effects and the medium’s lifetime

Above 20 GeV 
Total baryon density ~ constant
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BES-II: change total baryon number

ρ-meson broadening:
different predictions for di-electron continuum (Rapp vs PHSD) 
iTPC: Significant reduction in sys. and stat. uncertainties 

Enables to distinguish between models for √s =7.7-19.6 GeV

Low Mass Region: 
iTPC: Significant reduction in sys. and stat. uncertainties 

Disentangle total baryon density effects

 T. Galatyuk, QM2017

HADES Prelim.0-40% 
0.3<Mee<0.7 GeV/c2
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