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Physics Projections Projections for p+Au running
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Figure 4.4: Impact of additional streaming-readout p+p data on unique sPHENIX measurements.
Left: Statistical projections for the D0 single spin asymmetry AN as a function of pT in polarized ~p +~p,
under different luminosity scenarios. Theoretical calculations for two different physics scenarios are
shown for comparison. Right: Statistical projection for the Lc/D0 ratio as a function of pT in p+p data,
under different luminosity scenarios. The predictions of PYTHIA8 with different tunes are shown as
curves.

decrease the uncertainties in the 2S/1S ratio, which is crucial in establishing the significance of any
observed modification in Au+Au. Thus for the sPHENIX Upsilon program, it is both the Au+Au
and p+p luminosities which are drivers.

In addition to greatly improving the statistical sample of the p+p reference for key Au+Au mea-
surements, supplemental p+p running would have a major impact on RHIC-unique measurements
just in the p+p system, capitalizing on the capabilities of sPHENIX. The left panel of Figure 4.4
shows the projected uncertainties for a measurement of D0/D0 transverse single spin asymmetry.
This measurement would probe a unique quantum phenomenon in the gluon Sivers effect, with a
clear connection to the EIC. The right panel of Figure 4.4 shows the projected uncertainties for a
measurement of the baryon-to-meson ratio in the charm sector, Lc/D0. This quantity has not been
previously measured in p+p collisions at RHIC, with major differences predicted by the models.
The lack of a p+p reference thus translates into a significant uncertainty in the interpretation of its
value in Au+Au collisions (for which sPHENIX is also expected to bring an order-of-magnitude or
larger improvement). Furthermore, other ratios of identified heavy flavor hadrons can be studied
differentially as a function of pT, event multiplicity, etc.

4.3 Projections for p+Au running

The sPHENIX Collaboration maintains a long-standing and major interest in finding an opportunity
for high-luminosity, polarized p+Au running before the end of the RHIC program. p+A style
collision systems have led to major paradigmatic shifts in the field of heavy ion physics with key
experimental input, for example the small systems “geometry scan” [16], originating from unique
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Question 1
Q. What activities are planned for the shutdown and can sPHENIX start the run earlier than late 
March? How much earlier? 

A primary activity of this shutdown is the replacement of the rack-mounted boxes of voltage dividers 
supplying HV to the TPC GEM foils with CAEN cascading power supplies.  This work is expected to 
take until the end of CY’24.  


We also plan a significant period of data taking with cosmic rays, in part to check the operation of 
the TPC with these new supplies and to further commission the laser calibration system of the TPC.  


We could conceivably be ready for the start of Run-25 in early March.  An abbreviated shutdown 
does entail significant risk; it shortchanges the testing we plan prior to start of operations, and there 
is very little schedule float to recover from problems we may encounter.  Our experience with the 
abbreviated schedule leading to the start of Run-23 highlights the importance of allowing time for 
careful, systematic pre-operations testing.  


There are 43 weeks and 5 days between March 1, 2025 and December 31, 2025.  The 
collaboration urges BNL to pursue an extension to the RHIC ASE to ensure the successful 
completion of the RHIC science program should a technical, operational, or funding catastrophe 
curtail Run-25 short of its target duration. 
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Question 2
Q. The streaming readout has been a critical component to achieve the sPHENIX p+p 
data-taking goals for heavy quark meson measurements. Is there any data analysis results 
to show that the streaming readout is working well as expected? If not yet, when does the 
collaboration expect to have such results? 

We have performed low-level checks of data integrity (e.g., synchronization between 
different readout elements on a subsystem) and reconstruction (e.g. cluster multiplicity, 
tracklet and vertex reconstruction, and ADC distributions) throughout the run. INTT 
cluster timing, and cluster and track crossing distributions, all looks as we expect given 
the current state of the reconstruction. 


Higher level checks (e.g., dE/dx vs momentum, strange hadron mass peaks) are being 
performed right now and the results so far are consistent with the streaming readout 
working as expected. 


We plan to have a broad review of these results at the mid-December collaboration 
meeting (and in working sessions organized prior to that meeting).
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Question 3(a)
Q. Your priority list of additional running opportunities includes i) 8 weeks of p+p at 200 GeV to 
complete the physics baseline measurements for AuAu, ii) 5 weeks for p+Au and iii) 2 weeks of 
O+O. For each one of these three, please describe in the most compact and succinct way (few 
sentences each) the physics opportunities that are lost if these runs do not take place. … 

p+p: The sPHENIX capability for a variety of flagship measurements, including jet+track 
correlations, open heavy flavor, and Upsilons, will be degraded due to the lack of a sufficient p+p 
reference. Unique p+p measurements, such as the   and studies of heavy flavor 
hadronization at RHIC energies would have a reduced scientific impact.


p+Au: RHIC loses the opportunity to definitively address fundamental scientific questions in small, 
asymmetric collision systems, including the interplay of collective phenomena in the soft sector 
with the (apparent lack of) modifications of hard probes. Furthermore, there is a major missed 
opportunity in not combining the unique sPHENIX experimental capabilities with the world-unique 
RHIC capability of polarized p+Au collisions.


O+O: The international heavy-ion physics field would lose the only possibility to make apples-to-
apples comparisons of hard probes of the identical nucleus-nucleus collision system at RHIC and 
the LHC, i.e. keeping the geometry fixed but greatly varying the collision energy and thus QGP 
properties. There is no other foreseeable species match between RHIC and LHC. 

D0 AN
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Question 3(b)
Q. … Please include an indication of the importance and timeliness of the 
expected results. …  

For many of the flagship measurements, there is no comparable dataset at 
RHIC, and thus the measurements will be unique. 


The expected timescale is comparable to the corresponding measurements 
made from data in the ongoing LHC Run 3 (which ends in 2026).
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Question 3(c)
Q. … Can you outline the minimal meaningful running scenarios, under which these three additional 
programs remain in your view still physics motivated (for instance: x<8 weeks of pp, y<5 weeks of 
pAu or z<2 weeks of OO)? Can you comment on x, y, z and what sets these lower limits if any?  

p+p: The proposed eight weeks results in a doubling of the full-system triggered dataset for 
jet+track, b-jet, and Upsilon physics and a x2.3 increase in the tracker-only streaming data 
(assuming 30% streaming readout). With this configuration, we feel that fewer weeks than this 
incurs a significant opportunity cost. 


However, if the streaming readout fraction could be significantly increased (which is TBC in 
sPHENIX), as few as five weeks of additional p+p running would still confer a worthwhile benefit for 
the open heavy flavor program.


p+Au: sPHENIX has no specific luminosity targets in this system, and thus running for three or four 
weeks is likely to still be impactful.


O+O: We feel that two weeks is the minimum viable time. For less running time than this, there is 
the possibility that machine downtime or other unexpected issue in changing species results in no 
significant integrated luminosity, and thus the risk/reward ratio is too low.
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Question 4
Q. Please give the PAC the summary of your data preservation plans. 
We will make use of the extensive RHIC experience and joint RHIC efforts


➡ sPHENIX members involved in PHENIX effort 

➡ Using Invenio at BNL to track analysis documentation, comments and responses

➡ Rely on SDCC for continued access to raw data and DSTs

➡ Investigating additional approaches for preserving analysis schemes (RIVET, ReAna)

➡ Collaboration approved requirement to submit numerical values for all results to HEPdata


sPHENIX software framework design with data preservation and analysis reproducibility in mind

➡ Calibration/conditions DB is tagged to allow re-reconstruction and re-analysis

➡ Demonstrated in PHENIX and sPHENIX MDC that tagged builds (+stored RN) allow 

reproduction w/ identical results

➡ Analyses will use centralized mechanism (“Analysis taxi”) where code and macros are 

archived (PHENIX model)

➡ Schema evolution will ensure continued access to prior DST versions (demonstrated in 

PHENIX going back to 2003)
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Question 5
Q. What are the most compelling measurements that sPHENIX plans, which will take 
advantage of POLARIZED pAu collisions? 
We give a number of potential measurements:

➡ Understand nuclear dependence of hadron , differentially in  and 


➡ Photon  and   (similar uncertainties to   projection)


➡ Nuclear transverse momentum dependent PDFs (TMDs), spin-dependent  
broadening with dijets, etc.

AN pT xF

AN D0 AN D0 v2

kT
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Figure 3.11: Left: Projected statistical uncertainties for direct photon AN . Right: Statistical projections
of transverse spin asymmetry for the D

0 mesons for Year-2, which is compared with various scenarios
modeled in the twist-3 model in [29]. Projections shown here use the BUP-2022 luminosity assump-

tions. See the beginning of Chapter 3 about the qualitative impact of the August 2023 updates to

the C-AD projections.

The projected uncertainties for the midrapidity direct photon TSSAs compared to theoretical
calculations are shown in the left panel of Figure 3.11. The direct photon sample here will be
collected with an EMCal-based high-energy cluster trigger. The new capability of the sPHENIX
streaming DAQ (detailed in Section D.2) enables a high precision measurement of D

0 TSSA in the
mid-rapidity region as shown in the right panel of Figure 3.11.

Another interesting channel related to the Sivers effect is the inclusive jet TSSA, which has not
yet been measured at central rapidity. sPHENIX can provide high precision measurements with
uncertainties on the level of a few times 10�4. While the opposite sign contribution of up and
down quarks to Sivers asymmetry is expected to suppress the measured TSSA, tagging the leading
hadron charge will preferentially enhance the contribution from fragmenting up or down quarks,
and therefore will enable the flavor-separated measurements in the central rapidity kinematics.
Such measurements are complementary to the future jet TSSAs at the EIC, and are also expected
to have opposite signs due to the properties of the gauge links involved in the processes. This
provides a fundamental test of QCD factorization in p+p and e+p interactions.

Dijet measurements allow for direct access to parton intrinsic transverse momentum kT. Again,
charge-tagged jets will enhance the effect from either up or down quarks, which otherwise will
be essentially cancelled out. Recent STAR preliminary results showed a nonzero effect for charge-
tagged jets. As a dedicated detector for jet and photon measurements, sPHENIX is expected to
significantly contribute to dijet measurements, and to extend them to photon-jet measurements
which can isolate the quark-gluon scattering process at leading order, thus giving access to the
gluon Sivers effect.

Another possible origin of the observed TSSAs is the Collins mechanism, which correlates the
transverse polarization of a fragmented quark to the angular distribution of hadrons within a
jet. This gives access to the transversity distribution in the proton, which can be interpreted as
the net transverse polarization of quarks within a transversely polarized proton. Along with the
unpolarized PDF and helicity PDF, transversity is one of three leading-twist PDFs, least known at
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Unpolarized Measurements Physics opportunities with p+Au running in sPHENIX
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Figure B.1: (Left) Projected statistical uncertainties for h
+

AN in p+p collisions, for data collected
with streaming readout; green arrows indicate the statistical uncertainty and pT coverage of the single
PHENIX data point (with 0.1 < xF < 0.2). (Right) Projected statistical uncertainties as a function of
the average number of nucleon-nucleon collisions in each centrality bin.

In addition, sPHENIX can explore the nuclear dependence of TSSAs. The first RHIC p+Al and
p+Au runs with transversely polarized protons in 2015 brought a number of surprising results,
among them the strong nuclear suppression of the charged hadron TSSA in p+Au collisions
compared to p+p collision in the intermediate rapidity region of h = 1.2 � 2.4 [32], discovered
by PHENIX, while more forward measurements of p0 TSSA, as reported by STAR, showed only
weak nuclear dependence [33]. Such behavior of TSSA in p+Au collisions remains unexplained.
The data to be collected by sPHENIX in p+p and p+Au collisions would considerably improve
the precision of the measurements, as shown in the right panel of Figure B.1. By allowing for a
measurement of TSSAs with fine binning in pT and xF in extended ranges, these would provide
valuable information for studying rich phenomena behind TSSA in hadronic collisions, and utilize
RHIC’s unique capabilities to collide high energy polarized protons and heavy nuclei.

Other measurements (e.g. Collins and IFF asymmetries) will also be compared between p+p and
p
"+Au systems and may bring new surprises.

B.2 Unpolarized Measurements

A number of measurements that do not require beam polarization are planned in p+p and p+A

collisions. Figure B.2 demonstrates the kinematic reach for inclusive jet, photon, and charged
hadron measurements in this system via the expected total yields and the projected uncertainties in
the nuclear modification factor RpA. sPHENIX will deliver sufficient data to measure jets out to
⇠ 70 GeV, and charged hadrons and direct photons out to ⇠ 45 GeV.

Hadronization studies will be performed with hadron-in-jet measurements, multi-differential in
momentum fraction z of the jet carried by the produced hadron, in the transverse momentum jT of
the hadron with respect to the jet axis, and in the angular radial profile r of the hadron with respect
to the jet axis. This includes studies for both light quark and heavy quark hadrons. Comparison of
p+p and p+A collisions will provide information on the nuclear modification of hadronization
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Figure 4.6: Statistical projections for flow and correlation measurements in five 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 flavor modification 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 definitively
map out the combined picture of high-pT processes in high-multiplicity collisions. In addition,
the large acceptance and high efficiency 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 significant 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 g+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
significant interest in the heavy-ion physics field in so-called symmetric “light ion” systems [15],
such as oxygen–oxygen (O+O), argon–argon (Ar+Ar), etc. These systems are thought to provide a
unique way to reconcile the surprising lack of strong final-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 final-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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Question 6
Q. Can you give us a rough estimate of the dominant systematic uncertainties in the projection plots 
for your flagship hard probes measurements? This would be helpful in assessing the impact of 
additional pp statistics. 

p+p statistics are particularly important for providing in situ constraints on the calorimeter 
performance in data.


We can estimate the dominant uncertainty sources from experience with similar measurement 
techniques at RHIC and LHC. For selected flagship measurements: 


Photon+jet  ratio: absolute jet / HCal energy scale uncertainty


Jet sub-structure quantities: this depends on the measurement and technique, but could be: 
energy scale (e.g. for ), angular resolution (e.g. for ), unfolding-related uncertainties, etc.


Non-prompt  yields: data-MC agreement of DCA templates for prompt/non-prompt separation, 
tracking efficiency


Upsilon yields: electron selection and signal/background modeling

pT

zg Rg

D0

9



Question 7
Q. If, after the completion of the Au+Au collisions, there are an additional 2 or 3 or 4 or 5 
weeks available, what would be your priority in such cases? 

Our priorities in the following scenarios would be (in all cases contingent on reaching 
the 7 nb  Au+Au goal):


5 weeks: If the streaming fraction in p+p collisions can be increased to 50% or higher, 
the priority would be p+p running. Otherwise, p+Au running.


4 weeks: p+Au running


3 weeks: p+Au running


2 weeks: O+O running


Fewer than two weeks: sPHENIX feels that the reward-to-risk ratio of switching 
running species is low, and would opt to continue with the current collision species.

−1
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Question 8
Q. You mentioned in the oral presentation today that in pA, the handling of splash events would be 
more difficult. If it turns out that splash events will still affect the MVTX in Run 25, what are the 
handles for working in streaming mode in pA? 

The higher p+Au collision rate compared to Au+Au will negate the improvement in autorecovery 
(AR) rates that the triggered readout provides compared to streaming readout. 


MVTX experts will use the shutdown period to implement further optimizations to the MVTX 
firmware and software based on observations made during the 3 week Au+Au run. Part of the 
upgrades involve implementing changes made to the ITS-2 detector at ALICE from their 
experience of beam-induced autorecoveries, lowering the AR rate for a given rate of splash events, 
and experts from the collaboration are part of the C-AD taskforce to optimize RHIC optics 
further. 


It is important to note that the AR rate is strongly phi-dependent (concentrated in the horizontal 
plane), leading to significant partial, but not total, acceptance loss with the AR rates observed 
after beam optimization at the end of Run 24.  We have a simulation framework to estimate the loss 
of effective single-particle and HF decay acceptance as function of AR rates, but have not yet 
performed simulations for the plausible range of p+Au scenarios.
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Question 9
Q. On slide 10, could you indicate on the plot the values of the Y2S/Y1S for pp 
and AA from existing measurements and/or theoretical estimates?
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Figure 4.2: Left: Statistical projection for the b-jet azimuthal anisotropy v2 for two different centrality
selections, including quantified assumptions about the tagging efficiency and purity. The open
and filled points correspond to the minimal Au+Au Run-25 luminosity and the sPHENIX 7 nb�1

luminosity target. Right: Statistical projections for the Upsilon 2S/1S yield ratio as a function of pT in
Au+Au (red) and p+p (black). The open points correspond to the minimal luminosity scenario for
Au+Au and the triggered full-subsystem data recorded in Run-24 for p+p, respectively. The filled
points correspond to the improved luminosity scenarios of the sPHENIX 7 nb�1 Au+Au target and
from an additional eight physics weeks of supplementary p+p data, respectively.

4.2 Projections for supplementary p+p running

While some measurements of rare probes of the Quark-Gluon Plasma can be carried out solely in
the Au+Au system, the majority of the sPHENIX scientific program crucially relies on a comparable
p+p dataset, both to benchmark the vacuum QCD reference directly in data and for calibration
purposes. Without an appropriate p+p reference in data, the modification of rare probes in Au+Au
becomes difficult to interpret as one must rely on a vacuum baseline with large uncertainties or
with a theoretical expectation, and the scientific impact is reduced.

In the Beam Use Proposal 2023 [13] process, after it was found that the projected luminosities from
RHIC during sPHENIX running would be significantly lower than planned, the PAC endorsed
a minimum p+p luminosity target of 45 pb�1 sampled with rare probes triggers, and 4.5 pb�1 of
minimum-bias tracking-only data taken in streaming readout mode. For purely calorimetric observ-
ables, the collected p+p reference data of 107 pb�1 is a good match to the Au+Au luminosity target.
However, the triggered plus all-subsystem dataset to be used for the jet-track, b-jet, and Upsilon
baseline contains 13 pb�1, representing only 30% of the BUP’23-defined luminosity target. This low
integrated luminosity is a serious challenge to those aspects of the science program, and a major
motivation for supplementary p+p running. The streaming dataset in Run-24 achieved 2.9 pb�1

which, while representing a major technical and scientific advance, is still only approximately 65%
of the BUP’23 defined goal, affecting the open heavy-flavor charm and bottom baselines.

sPHENIX proposes, as the highest priority given sufficient available beam time, eight weeks of
supplementary p+p data-taking. Based on the RHIC performanced achieved at the end of Run-24,
this is expected to double the jet-track, b-jet, and Upsilon p+p baselines, bringing the luminosity of
the sample to more than 50% of the 45 pb�1 target, and to successfully meet the luminosity target
for the streaming dataset of 4.5 pb�1. Thus, after this, RHIC would have successfully delivered the
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The Upsilon 2S/1S ratio in p+p is 
taken from the CDF measurement in 

 (averaged over all ):                          
PRL 88 (2002) 161802


The Upsilon 2S/1S ratio in Au+Au is 
taken by applying the  for each 

state from a theoretical calculation for 
RHIC energies by Strickland and 

Bazow: NPA 879 (2012) 25

p + p̄ pT

RAA

https://inspirehep.net/literature/569269
https://inspirehep.net/literature/1081212


Question 10
Q. [Question to sPHENIX and BNL management]  

Last year we recommended BNL and sPHENIX collaboration to procure the 
necessary computing resources for data processing of Run 24 and 25. Can you 
update us on the steps that have been done and on what still needs to be 
achieved? 

It is our understanding that the needed computing resources will be available on 
the required time scales. 


The detailed plan for these major procurements will be summarized by Jamie 
Dunlop. 
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Question 11
Q. If funding for 40+ cryoweeks in CY’25 were available, would you be able to 
use it effectively? 

sPHENIX is prepared to make every effort to fully utilize all cryoweeks available 
in the remainder of RHIC running. 


Still, the experiment depends heavily on a limited number of experts for its 
operation.  Running continuously from March to December is difficult due to the 
continued demand on those people.  Efficiently utilizing a long run would be 
more manageable if a break without beam of at least one month were inserted 
into the overall run plan. 


In this case, we would urge to start the run early (see question 1) and to prepare 
for an extension of the RHIC ASE, should running in CY 26 be necessary to 
complete the RHIC science mission.
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