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Context: consistent sPHENIX scientific priorities

• The sPHENIX science case has always required large integrated luminosities 
of Au+Au data, and a supporting p+p reference, for precision probes of 
QGP which are unique at RHIC and overlap with LHC measurements.


• Despite lowered projections, we believe Run-25 will achieve a sufficient Au+Au 
dataset for the physics program.


• Securing the large p+p dataset is the other critical half of the program.
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sPHENIX MIE Proposal, 2015
in 2021 and 2022. We anticipate installing the magnet, the hadronic calorimeter and portions of the
tracking system to enable significant commissioning of sPHENIX during the 2019 running period.
The sPHENIX detector will be completely integrated during the 2020 shutdown and would be
available for physics at the start of the 2021 run. With the high luminosity available at RHIC and the
high sPHENIX data acquisition bandwidth, sPHENIX will record 100 billion and sample over 2/3
of a trillion Au+ Au collisions at

!
sNN = 200 GeV in a 22 week physics run period. The high rate

capability of sPHENIX will enable the recording of over 10 million dijet events with ET > 20 GeV,
along with a correspondingly large ! + jet sample. We envision a run plan for 2021–2022 consisting
of two 30 week physics runs allowing a period for final commissioning, 22 weeks of Au+ Au
running, and extended periods of p+ p and p(d)+ Au running.

The design of sPHENIX takes advantage of a number of technological advances to enable a
significantly lower cost per unit solid angle than has been previously possible, and we have obtained
budgetary guidance from well-regarded vendors for the major components of sPHENIX. Further
cost savings are achieved by reusing significant elements of the existing PHENIX mechanical and
electrical infrastructure. Thus sPHENIX physics will be delivered in a very cost effective way.

We have designed sPHENIX so that it could serve as the foundation for a detector intended to make
physics measurements at a future electron ion collider (EIC) at RHIC. The BNL implementation of
the EIC, eRHIC, adds a 5–15 GeV electron beam to the current hadron and nuclear beam capabilities
of RHIC. The sPHENIX detector, when combined with future upgrades in the backward (" < " 1)
and forward (" > 1) regions enables a full suite of EIC physics measurements as described in
Appendix B. There is also the potential, if one can realize appropriate instrumentation in the
hadron-going direction while polarized p+ p and p+ A collisions are available at RHIC, to pursue a
rich program of forward physics measurements [2].

In Chapter 1, we detail the physics accessible via jet, dijet, ! + jet, fragmentation function, and
Upsilon measurements at RHIC to demonstrate mission need. In Chapter 2, we detail the sPHENIX
detector and subsystem requirements needed to achieve the physics goals. In Chapter 3, we detail
the specific detector design and GEANT4 simulation results. In Chapter 4, we detail the physics
performance with full detector simulations. In Appendix A we describe two possible augmentations
of the baseline sPHENIX detector: one, a preshower for the electromagnetic calorimeter to extend
the reach of direct photon measurements; and two, a forward calorimeter to extend the acceptance
of sPHENIX and to provide access to additional physics. Lastly, in Appendix B we include a copy of
a Letter of Intent for an EIC detector built around the BaBar magnet and the sPHENIX calorimetry.

iv

https://arxiv.org/pdf/1501.06197
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Context: PAC recommended data targets

• We are very grateful to the NPP PAC for a consistent, strong endorsement of 
the sPHENIX physics goals & large luminosity targets
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BNL NPP PAC Report, Nov 2024

BNL NPP PAC Report, Sep 2023

“The PAC recommends a Au+Au run in which sPHENIX collects at least     
7 nb-1 of data as the highest priority for Run 25.”

“We urge C-AD, BNL and DOE to pursue every possible opportunity to 
provide RHIC the luminosity and cryo-weeks necessary for sPHENIX to 
collect 45 pb-1 of p+p data in Run 24.” 

[note: this included 10% of this, or 4.5 pb-1, as tracker-only streaming data]

https://www.bnl.gov/npp/docs/bnl-npp-pac-report-nov-2024.pdf
https://www.bnl.gov/npp/docs/2023-npp-pac-recommendations.pdf
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Context: collected Run-24 p+p data
• Run-24 p+p was a significant, but qualified, success in partially reaching the 

PAC-recommended luminosity targets for our p+p reference dataset

! Particular deficiencies in the p+p baseline for sPHENIX flagship 

measurements of jet+track structure, , -jets, open heavy flavor! b
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Subsystem performance highlights Run-24 Summary

Physics program Luminosity
% BUP23

Goal
Detector and Beam

Conditions

Photons, jets, neutral mesons
(HCal unique at RHIC)

107 pb! 1

Sampled
240%

Calo+Global, Triggered,
0mrad + 1.5mrad, wide vertex

Jet+track structure,
quarkonia, b-jets

13 pb! 1

Sampled
30%

All sub-systems, Triggered,
1.5mrad, |z| < 10 cm

Open heavy ßavor
(RHIC-unique dataset)

2.9 pb! 1

Recorded
65%

Trackers, Streaming, 1.5mrad,
|z| < 10 cm

Table 2.1: Summary of data collected by sPHENIX during RHIC Run-24 p+p operation, separated
into the major datasets corresponding to different components of the physics program.

45 pb! 1 for these measurements. While the size of this dataset still allows for detailed measurements
of the properties of inclusive jets, it does have a negative effect on some aspects of the ßagship
sPHENIX physics program, including as examples photon-tagged jet (sub-)structure and Upsilon
measurements. Below, in this yearÕs BUP, we explore the quantitative impact that supplementary
full-system triggered p+p running could have in FY26.

Other datasets include samples collected with minimum-bias or other supporting triggers (e.g.
based on the Zero Degree Calorimeter, ZDC), and may have additional analysis-speciÞc uses or are
intended to be used for calibration, trigger efÞciency, etc., purposes.

2.2 Subsystem performance highlights

The calorimeter systems, composed of the electromagnetic calorimeter (EMCal) and the inner and
outer hadronic calorimeters (IHCal and OHCal), were available for physics-quality data-taking
as soon as RHIC began providing Þrst collisions. Over the course of Run-24, the EMCal and
I/OHCals typically had 99% and 100% of their channels active, respectively. One particular point
of attention was monitoring the effects of accumulating radiation damage to the EMCal silicon
photo-multipliers (SiPMÕs), which are attached to the front (i.e. collision-facing) face of the EMCal.
For the EMCal, data-driven tower-by-tower calibrations were derived based on the observed ! 0

peak position. Fig 2.4 (left) shows an example of the ! 0 and " meson peaks in early p+p data after
application of a preliminary calibration. Calorimeter data-taking was supported throughout the
run with special pedestal and cosmics running.

An important usage of the calorimeters in p+p data-taking was to provide rare Level-1 photon and
jet trigger signals to ensure that sPHENIX would record all such processes in the high-luminosity
running. The main triggers used were based on square sliding windows of energy sums, with
Photon triggers based on requiring different energy sum thresholds in non-overlapping 8x8 tower
EMCal windows, and Jet triggers based on energy sums in partially-overlapping ! # " ! # =
0.8" 0.8 patches in the EMCal and HCals summed together. Fig 2.4 (right) shows an example of an
early evaluation of the performance of the Jet trigger.

8

30%

65%

240%
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Context: Run-25 Au+Au progress

• sPHENIX taking Au+Au data with high operational efficiency — projected date 
to reach 7 nb-1 target is 15 December 2025
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Context: current projections from C-AD
• Latest projections from C-AD


! all sPHENIX requested 
weeks are “cryoweeks”

! i.e. they include the 

needed switchover+setup 
time and luminosity 
development in the first 
weeks


• All projections include sPHENIX 
uptime, considering collisions 
only within |z| < 10cm for the 
tracker acceptance, etc.
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Calculations and checks by Jamie Nagle 
(sPHENIX Run-24 Coordinator) and Kiel 
Hock (C-AD Run-24 Run Coordinator)

Physics weeks (after switchover/setup)
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Top priority after Au+Au: p+p running
• sPHENIX requests that the PAC endorses 12 additional cryoweeks of p+p 

running with “must do” priority

! this is the optimal amount to meet the original p+p luminosity target in all 

channels and provide a crucial calibration of the Run-25 detector configuration

! with 7 additional cryoweeks as a “minimum” request

Dataset Existing Run-24 
p+p dataset

Total dataset with a “few 
weeks” of Run-25 p+p

Total dataset with 7 
weeks of Run-25 p+p

Total dataset with 12 weeks of 
Run-25 p+p

All-subsystem 
triggered 13 pb-1 18 pb-1 26 pb-1


Double the dataset!
39 pb-1


~90% of original target! 

Streaming 
tracker-only 2.9 pb-1 4.5 pb-1


Meet the target! 
11 pb-1


>2x target! 
19 pb-1 

New opportunities!

7

* The triggered, calo-only dataset would also increase. For example, in 
12 weeks of running, by approximately +50% from all-vertex events.
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p+p running — triggered, all-subsystem data
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Most jet (sub-)structure measurements 
need full-tracking information


p+p will be the dominant uncertainty in 
comparison to 0-10% Au+Au


Example: uncertainty on the jet 
fragmentation function  from p+p 

collisions, compared to the 
modifications seen at the LHC 

Meeting the p+p luminosity target 
greatly improves sPHENIX 

precision, to a level needed to 
observe LHC-like modifications

D(z)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
jet

T
p / ch

T
p = z

0.8

1

1.2

1.4

1.6

1.8

(z
) 

ra
tio

D
S

ta
tis

tic
al

 u
nc

er
ta

in
ty

 o
n 

 = 40-60 GeVjet

T
p BUP2025 Projection, sPHENIX

 (Run-24)p+p sampled -113 pb
 cryoweeks)p+p (+7 p+p sampled -126 pb
 cryoweeks)p+p (+12 p+p sampled -139 pb

 ratiop+p) Pb+Pb/z(DATLAS 
 



sPHENIX

David Morrison (BNL)

Gunther Roland (MIT) co-spokespersons

sPHENIX collaboration meeting, BNL, Tuesday

sPHENIX

p+p running — tracker-only streaming data
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For open heavy flavor, p+p data is the 
limiting factor compared to Au+Au


sPHENIX buffer box upgrade will raise 
the streaming fraction to  60% (10% in 

original proposal)


Meeting the p+p luminosity target greatly 
improves sPHENIX precision for:

1.  Distinguishing between models 


2. Data comparisons with LHC

"

Ex. non-prompt , not 
measured before at RHIC

D0
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p+p running — tracker-only streaming data
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p+p running — data quality
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• The Run-25 detector configuration has significant improvements compared to 
Run-24, including:


! improved gain balancing and stability from the upgraded TPC high voltage 
system 


! deployment of the TPC line laser


! implementation of TPC digital current monitoring


! optimized dynamic range of EMCal tower gain


• sPHENIX subsystem experts expect that p+p data in Run-25 will have major 
qualitative improvements over the existing Run-24 p+p data


! these improvements are above and beyond the statistical gain alone
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p+p running — detector calibration

12

• LHC experience: highly beneficial to have p+p & Au+Au data within the same 
running period, for detector calibration & cancellation of uncertainties

LHC Run 2 example: both 
datasets from 2015

LHC Run 1 example: Pb+Pb data 
from 2011 and p+p data from 2013
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“What if only a few weeks were available?”
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• If the Au+Au luminosity target was met, and there were only a few cryoweeks 
available (i.e. significantly fewer than 7 cryoweeks), sPHENIX would still 
request to spend any remaining time running p+p 

! Even a few weeks of p+p running could meet the original luminosity target 
for the tracker-only streaming dataset (e.g. open heavy flavor, slides 9-10)


! This data would still provide a critical calibration point for the Run-25 
detector configuration


! C-AD guidance is that the switchover from Au+Au to polarized p+p is very 
fast, on the order of a week

Dataset Existing Run-24 
p+p dataset

Total dataset with a “few 
weeks” of Run-25 p+p

Streaming 
tracker-only 2.9 pb-1 4.5 pb-1 

Meet the target! !



Additional running
If the Au+Au and p+p luminosity targets are achieved…
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! Major community interest in light ion collisions given the success of the LHC run

! RHIC has proven capability for a highly impactful two-week O+O program
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O+O physics: quenching and flow
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Projections for small collision system running Physics Projections
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Figure 4.7: Statistical projections for key sPHENIX measurements in two weeks of O+O running. Left:
Projected statistical uncertainties for RAA measurements in centrality-integrated O+O collisions as
a function of pT for a variety of Þnal states, including isolated photons, jets, unidentiÞed charged
hadrons, and open charm. The y-axis values are chosen arbitrarily to illustrate the possible magnitude
of quenching effects. Right: Projected statistical uncertainties for a charged hadron azimuthal
anisotropy v2 measurement. The data are compared to a recent Preliminary measurement by STAR.
Since that measurement has not been corrected for a potential event-plane bias, it is shown here
centered at v2 = 0 to compare the size of the statistical uncertainties.

in the summer of 2025, allowing for key RHIC-LHC comparisons in the identical system at very
different energies. We note that, given the high sPHENIX DAQ bandwidth and efÞcient trigger
capability for rare probes, even a short two week period of O+O data-taking would allow sPHENIX
to sample a signiÞcant luminosity, which is an order of magnitude more data than that taken in the
short Run-21 O+O by STAR.

As just one example of the potential physics output, the left panel of Fig 4.7 shows the expected
kinematic reach for the nuclear modiÞcation factor RAA of inclusive cross-sections, highlighting
the separate capabilities for different colorless, light, and heavy ßavor probes. We emphasize
that a signiÞcant open heavy ßavor sample can be collected using the streaming capability of the
trackers. The statistics are also expected to be sufÞcient for a variety of correlation or (sub-)structure
measurements. The right panel of Fig 4.7 shows the expected kinematic reach for azimuthal
anisotropy measurements, with the potential to map out the transition from low- pT collective ßow
to the high- pT region traditionally associated with path-length dependent energy loss in detail. For
comparison, the current uncertainties and pT coverage from a Preliminary STAR measurement,
presented at Quark Matter 2023 and made using the short RHIC O+O running in 2021, are shown.

Finally, we highlight that the RHIC program has an excellent track record of uncovering new
physics and gaining insights from every novel nuclear species combinations put into collision.
It is a testament to the facility and its constant improvements, including the Electron Beam Ion
Source (EBIS), that have been the lifeblood of the machine. Thus, a last opportunity to run smaller
symmetric collision species, such as O+ O and Ar + Ar, before the conclusion of RHIC operations, is
essentially guaranteed to provide fresh insights and resolve some key outstanding puzzles in the
Þeld. The proposal here uses O+O collisions since this is a proven capability of the machine in 2021,
and to highlight the complementarity with the LHC, but we note that there is a similar physics case
to be made with other light ions such as Al+Al, Ar+Ar, etc., which has been described in previous
sPHENIX Beam Use Proposals.
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hadrons, and open charm. The y-axis values are chosen arbitrarily to illustrate the possible magnitude
of quenching effects. Right: Projected statistical uncertainties for a charged hadron azimuthal
anisotropy v2 measurement. The data are compared to a recent Preliminary measurement by STAR.
Since that measurement has not been corrected for a potential event-plane bias, it is shown here
centered at v2 = 0 to compare the size of the statistical uncertainties.

in the summer of 2025, allowing for key RHIC-LHC comparisons in the identical system at very
different energies. We note that, given the high sPHENIX DAQ bandwidth and efÞcient trigger
capability for rare probes, even a short two week period of O+O data-taking would allow sPHENIX
to sample a signiÞcant luminosity, which is an order of magnitude more data than that taken in the
short Run-21 O+O by STAR.

As just one example of the potential physics output, the left panel of Fig 4.7 shows the expected
kinematic reach for the nuclear modiÞcation factor RAA of inclusive cross-sections, highlighting
the separate capabilities for different colorless, light, and heavy ßavor probes. We emphasize
that a signiÞcant open heavy ßavor sample can be collected using the streaming capability of the
trackers. The statistics are also expected to be sufÞcient for a variety of correlation or (sub-)structure
measurements. The right panel of Fig 4.7 shows the expected kinematic reach for azimuthal
anisotropy measurements, with the potential to map out the transition from low- pT collective ßow
to the high- pT region traditionally associated with path-length dependent energy loss in detail. For
comparison, the current uncertainties and pT coverage from a Preliminary STAR measurement,
presented at Quark Matter 2023 and made using the short RHIC O+O running in 2021, are shown.

Finally, we highlight that the RHIC program has an excellent track record of uncovering new
physics and gaining insights from every novel nuclear species combinations put into collision.
It is a testament to the facility and its constant improvements, including the Electron Beam Ion
Source (EBIS), that have been the lifeblood of the machine. Thus, a last opportunity to run smaller
symmetric collision species, such as O+ O and Ar + Ar, before the conclusion of RHIC operations, is
essentially guaranteed to provide fresh insights and resolve some key outstanding puzzles in the
Þeld. The proposal here uses O+O collisions since this is a proven capability of the machine in 2021,
and to highlight the complementarity with the LHC, but we note that there is a similar physics case
to be made with other light ions such as Al+Al, Ar+Ar, etc., which has been described in previous
sPHENIX Beam Use Proposals.
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! We note that the unique flexibility of RHIC can provide a variety of nuclei from 
 to , intermediate ions, etc. — much more readily than can the LHC


! RHIC+sPHENIX can address what is the smallest system which exhibits jet 
quenching?  Scientific input from the PAC would be very useful.
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p+Au running with sPHENIX

• The sPHENIX Collaboration has maintained a long interest in the physics of 
p+Au collisions


! in addition to jet and photon probes, a significant part of this interest was 
collecting an unprecedented, large streaming dataset for heavy flavor and 
multi-particle collectively measurements


! Run-25 experience has not provided a solution for running the MVTX in 
streaming mode when Au beams are present, and thus the sPHENIX 
physics output from a p+Au run is, at this time, significantly degraded


! there is no request for p+Au running from sPHENIX at the end of Run-25
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Beam backgrounds in the MVTX

• Any running with Au beams causes a significant acceptance loss in the MVTX from 
auto-recovery lock up 


• We thank C-AD for the long effort to characterize and attempt to mitigate the Au 
beam background issue


• After a commissioning period in Run-25, sPHENIX found a working point operating 
the MVTX in triggered mode for Run-25 Au+Au

! in Au+Au, collision rates are low enough to take them all with Minimum Bias 

triggers — this is not the case in p+Au
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Strawman p+Au running plan

• Per C-AD, any p+Au running requires 2 weeks switchover/setup


• sPHENIX could attempt to find an operating point for the MVTX, including for 
streaming data-taking in Au beam backgrounds


! at least one week where sPHENIX has control of the beam & access for 
single-beam, shielding, orbit, etc., tests


! no guarantee of a successful solution for streaming readout in p+Au 
running
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Gunther Roland (MIT) co-spokespersons
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8 cryoweeks of p+Au (5 physics weeks) RHIC switchover/setup time
sPHENIX MVTX commissioning
physics data-taking
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p+Au physics output from sPHENIX
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Figure 4.5: Statistical projections for light ßavor measurements in Þve weeks of p+Au running
in sPHENIX. Left: Projected nuclear modiÞcation factor in centrality-integrated collisions for jets,
charged hadrons, and direct photons. The different point series are vertically offset for visibility. Right:
Projected uncertainties on two-point energy-energy correlators in differential selections on jet pT.

RHIC capabilities.

The sPHENIX detector, primarily designed to study the QGP with jet, photon, and heavy-ßavor
probes with its trigger and high DAQ rate capabilities, would provide key opportunities for cold
QCD and small system collectivity measurements. These comprise a broad range of physics
measurements, including measurements of jet, hadron and heavy ßavor collective motion, mea-
surements with transversely polarized beams, and studies of transverse momentum dependent
(TMD) effects and hadronization in p+p and p+A collisions.

In previous Beam Use Proposals, sPHENIX has laid out a detailed case for p+A running which
describes multiple aspects of the potential physics program. In this proposal, we instead highlight
some illustrative opportunities with quantitative projections updated to match the current best
estimate of RHIC performance for Þve weeks of p+Au running in 2025 or 2026.

The p+Au data-taking is projected to result in large samples of hard probes which would allow
a variety of detailed, pT-differential measurements. The left panel shows the expected statistical
uncertainties on measurements of the nuclear modiÞcation factor RpA for photons, jets, and charged
hadrons, as one indication of the physics impact of this luminosity. Such measurements could help
constrain the nuclear gluon PDF modiÞcation in particular (x, Q2) ranges [17]. In addition to the
overall hard process rates, this dataset would also allow for the detailed study of reconstructed jet
properties in the nuclear environment. For example, a Preliminary measurement at Hard Probes
2024 by ALICE showed a surprising modiÞcation of two-point energy-energy correlations for jets in
p+Pb collisions. As shown in the right panel of Figure 4.5, the sPHENIX statistics and capabilities
would allow for a highly detailed study of this particular signature, as well as others related to jet
properties and modiÞcation, in an overlapping kinematic range.

The left panel of Figure 4.6 shows the expected statistical uncertainties for measurements of the
azimuthal anisotropy in high-multiplicity p+Au events after Þve weeks of running. For the light
sector, there is a broad coverage in kinematic range, including the high- pT region where, in large
systems, such signatures would be attributed to jet quenching. Crucially, the unique sPHENIX
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RHIC capabilities.

The sPHENIX detector, primarily designed to study the QGP with jet, photon, and heavy-ßavor
probes with its trigger and high DAQ rate capabilities, would provide key opportunities for cold
QCD and small system collectivity measurements. These comprise a broad range of physics
measurements, including measurements of jet, hadron and heavy ßavor collective motion, mea-
surements with transversely polarized beams, and studies of transverse momentum dependent
(TMD) effects and hadronization in p+p and p+A collisions.

In previous Beam Use Proposals, sPHENIX has laid out a detailed case for p+A running which
describes multiple aspects of the potential physics program. In this proposal, we instead highlight
some illustrative opportunities with quantitative projections updated to match the current best
estimate of RHIC performance for Þve weeks of p+Au running in 2025 or 2026.

The p+Au data-taking is projected to result in large samples of hard probes which would allow
a variety of detailed, pT-differential measurements. The left panel shows the expected statistical
uncertainties on measurements of the nuclear modiÞcation factor RpA for photons, jets, and charged
hadrons, as one indication of the physics impact of this luminosity. Such measurements could help
constrain the nuclear gluon PDF modiÞcation in particular (x, Q2) ranges [17]. In addition to the
overall hard process rates, this dataset would also allow for the detailed study of reconstructed jet
properties in the nuclear environment. For example, a Preliminary measurement at Hard Probes
2024 by ALICE showed a surprising modiÞcation of two-point energy-energy correlations for jets in
p+Pb collisions. As shown in the right panel of Figure 4.5, the sPHENIX statistics and capabilities
would allow for a highly detailed study of this particular signature, as well as others related to jet
properties and modiÞcation, in an overlapping kinematic range.

The left panel of Figure 4.6 shows the expected statistical uncertainties for measurements of the
azimuthal anisotropy in high-multiplicity p+Au events after Þve weeks of running. For the light
sector, there is a broad coverage in kinematic range, including the high- pT region where, in large
systems, such signatures would be attributed to jet quenching. Crucially, the unique sPHENIX
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Figure 4.6: Statistical projections for ßow and correlation measurements in Þve weeks of p+Au
running in sPHENIX. Left: Projected v2 vs. pT for charged hadrons and jets (from triggered data) and
open charm (from streaming dataset). Right: Statistical projections for charged hadron cumulants up
to eighth order, leveraging the sPHENIX hybrid triggered + extended streaming readout.

streaming readout capability also allows for a study of heavy ßavor modiÞcation in small systems
at RHIC, for example with a measurement of the v2 as shown here. Together with the measurements
of hard process rates and jet properties noted above, an sPHENIX p+Au dataset could deÞnitively
map out the combined picture of high- pT processes in high-multiplicity collisions. In addition,
the large acceptance and high efÞciency of the tracking system make sPHENIX an excellent tool
to explore statistics-hungry multi-particle correlations, with an example projection of cumulant
measurements as a function of multiplicity shown in the right panel of Figure 4.6.

We further stress that p+Au running enables a signiÞcant cold QCD program, with clear connections
to the physics of the Electron Ion Collider. In transversely polarized p+Au running, there are unique
opportunities, for example in measurements of charged-hadron transverse single spin asymmetries
deeply differential in pT and xF, and in Collins and IFF asymmetries. Other measurements, such as
studies of jet hadronization in a nuclear medium, non-perturbative transverse momentum effects
in ! +hadron correlations, and quarkonia polarization, do not rely on the polarization of the proton
beam.

4.4 Projections for small collision system running

Since the original design of sPHENIX for high-statistics probes of the Quark-Gluon Plasma in
large collision systems and in collective QCD effects in small collision systems, there has been a
signiÞcant interest in the heavy-ion physics Þeld in so-called symmetric Òlight ionÓ systems [15],
such as oxygenÐoxygen (O+O), argonÐargon (Ar+Ar), etc. These systems are thought to provide a
unique way to reconcile the surprising lack of strong Þnal-state jet quenching effects in p+A-type
collisions, which otherwise show broad and durable signatures of collective phenomena well
described by relativistic hydrodynamics. For example, centrality-integrated O+O collisions would
not suffer from the multiplicity biases (vetoes) present in high-activity p+A (low-activity A+A)
collisions, allowing for a focused search for the onset of Þnal-state interactions for high- pT probes.

This type of running would be very timely given the planned LHC operation of O+O collisions
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open charm (from streaming dataset). Right: Statistical projections for charged hadron cumulants up
to eighth order, leveraging the sPHENIX hybrid triggered + extended streaming readout.

streaming readout capability also allows for a study of heavy ßavor modiÞcation in small systems
at RHIC, for example with a measurement of the v2 as shown here. Together with the measurements
of hard process rates and jet properties noted above, an sPHENIX p+Au dataset could deÞnitively
map out the combined picture of high- pT processes in high-multiplicity collisions. In addition,
the large acceptance and high efÞciency of the tracking system make sPHENIX an excellent tool
to explore statistics-hungry multi-particle correlations, with an example projection of cumulant
measurements as a function of multiplicity shown in the right panel of Figure 4.6.

We further stress that p+Au running enables a signiÞcant cold QCD program, with clear connections
to the physics of the Electron Ion Collider. In transversely polarized p+Au running, there are unique
opportunities, for example in measurements of charged-hadron transverse single spin asymmetries
deeply differential in pT and xF, and in Collins and IFF asymmetries. Other measurements, such as
studies of jet hadronization in a nuclear medium, non-perturbative transverse momentum effects
in ! +hadron correlations, and quarkonia polarization, do not rely on the polarization of the proton
beam.

4.4 Projections for small collision system running

Since the original design of sPHENIX for high-statistics probes of the Quark-Gluon Plasma in
large collision systems and in collective QCD effects in small collision systems, there has been a
signiÞcant interest in the heavy-ion physics Þeld in so-called symmetric Òlight ionÓ systems [15],
such as oxygenÐoxygen (O+O), argonÐargon (Ar+Ar), etc. These systems are thought to provide a
unique way to reconcile the surprising lack of strong Þnal-state jet quenching effects in p+A-type
collisions, which otherwise show broad and durable signatures of collective phenomena well
described by relativistic hydrodynamics. For example, centrality-integrated O+O collisions would
not suffer from the multiplicity biases (vetoes) present in high-activity p+A (low-activity A+A)
collisions, allowing for a focused search for the onset of Þnal-state interactions for high- pT probes.

This type of running would be very timely given the planned LHC operation of O+O collisions
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! Some triggered, all-system 
measurements (likely) 
possible — jets, photon, 
high-pT hadrons "

! No assurance of 
streaming readout


! Without streaming 
readout, no heavy-
flavor or collectivity 
program #

XX

(Projection plots are from previous 
BUPs for 5 physics weeks)
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Comparison of p+p and p+Au running
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7 cryoweeks of p+p

8 cryoweeks of p+Au (5 physics weeks)

RHIC switchover/setup time
sPHENIX MVTX commissioning
physics data-taking

! 2x all-system triggered data " 

! >200% of tracker-only streaming 

data target " 

! calibration point after Au+Au data " 

! even a smaller, few-week run would 

be impactful (see slide 13)

! no assurance of heavy flavor / 
collectivity program # 


! collect high-statistics triggered 
dataset (jets, photons) "
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Role of the PAC after RHIC Run-25
• The NPP PAC has played a crucial role in the sPHENIX physics program over 

the last decade


• After data-taking, there are many years of data production, reconstruction, 
calibration, analysis, and preservation


• Strong, continued support from BNL and DOE will be required in terms of 
computing personpower, resources, and user support


• We highly recommend the PAC continue to meet annually to discuss and 
advise the ALD
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Summary
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sPHENIX

• The sPHENIX optimal request is for 12 cryoweeks of p+p running to 
complete the needed p+p reference data that was started in Run-24 and 
reduce systematic uncertainties on Run-25 Au+Au measurements


! A minimal dataset of 7 cryoweeks of p+p running would still result in a 
major improvement, and even a few weeks of p+p running would have a 
significant impact on both statistics & data quality


• If there is time remaining, the sPHENIX request is for two weeks of O+O and/
or other light ion running 


• Due to the unsolved technical challenge of RHIC Au beam backgrounds in the 
sPHENIX MVTX, there is no request for p+Au running at the end of Run-25
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