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sPHENIX is the first new detector at any 
hadron collider in over a decade!


sPHENIX has unique, purpose-built 
capabilities never before deployed at RHIC 


sPHENIX is going to put the remarkable 
QGP under a state-of-the-art microscope …


…and complete the scientific journey 
started at RHIC over twenty years ago!

2

sPHENIX science 



sPHENIX science

sPHENIX

David Morrison (BNL)

Gunther Roland (MIT) co-spokespersons

sPHENIX collaboration meeting, BNL, Tuesday

sPHENIX

2015 US NP LRP

sPHENIX recognized by the U.S. Nuclear 
Physics community as the essential tool 

for QGP microscopy at RHIC
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https://science.osti.gov/-/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf


Cold QCD
study proton spin, 

transverse-momentum, 
and cold nuclear effects

Jet structure
vary momentum/angular  

scale of probe 

Quarkonium spectroscopy
vary size of probe

Υ(3s) 0.78fm
Υ(2s) 0.56fm

Υ(1s) 0.28fm

Parton energy loss
vary mass/momentum of probe

gluon

u,d,s

c

b
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Proposed run plan 2023-2025
Table 1: Summary of the sPHENIX Beam Use Proposal for years 2023–2025, as requested in the
charge. The values correspond to 24 cryo-week scenarios, while those in parentheses correspond to
28 cryo-week scenarios. The 10%-str values correspond to the modest streaming readout upgrade of
the tracking detectors. Full details are provided in Chapter 2.

Year Species
p

sNN Cryo Physics Rec. Lum. Samp. Lum.

[GeV] Weeks Weeks |z| <10 cm |z| <10 cm

2023 Au+Au 200 24 (28) 9 (13) 3.7 (5.7) nb�1 4.5 (6.9) nb�1

2024 p"p" 200 24 (28) 12 (16) 0.3 (0.4) pb�1 [5 kHz] 45 (62) pb�1

4.5 (6.2) pb�1 [10%-str]

2024 p"+Au 200 – 5 0.003 pb�1 [5 kHz] 0.11 pb�1

0.01 pb�1 [10%-str]

2025 Au+Au 200 24 (28) 20.5 (24.5) 13 (15) nb�1 21 (25) nb�1

• Year-2 (2024) will see commissioning of the detector for p+p collisions and collection of large
p+p and p+Au data sets. The p+p data are critical as reference data for the Au+Au physics.
As a separate scientific objective, due to the transverse polarization of the proton beams,
the p+p data together with p+Au data will allow for substantial new studies of cold QCD
physics. We highlight that a modest streaming readout upgrade of the tracking detectors
[10%-str], requiring no additional hardware, will greatly extend this physics program in p+p
and p+Au running.

• Year-3 (2025) is focused on the collection of a very large Au+Au data set for measurements
of jets and heavy flavor observables with unprecedented statistical precision and accuracy.

Table 1 provides an overview of the data we expect to obtain in Year-1 to Year-3 (2023 - 2025), as
requested in the ALD charge. The total Au+Au data set from this three-year proposed running, in
the 28 cryo-week scenario, is equivalent to 141 billion events recorded for all physics analyses.

This document is organized as follows. Chapter 1 provides a brief summary of the sPHENIX physics
program and status of the sPHENIX project. Chapter 2 details the Year-1 to Year-3 (2023-2025) Beam
Use Proposal from sPHENIX including a break down in terms of cryo-weeks. Chapters 3 discusses
the commissioning plan for sPHENIX. Chapter 4 presents the physics projections and deliverables
from Year-1 to Year-3. We highlight that the full sPHENIX physics case is described in the original
sPHENIX proposal, and here we focus on demonstrating that within this Beam Use Proposal those
physics goals can be achieved. Chapter 5 provides a brief summary.

Additional information which may be of interest is included in the appendices. Appendix A
contains the BUP charge from the ALD. Appendix B further details inputs to the luminosity
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• Focus on core science mission of 
sPHENIX and RHIC


• Minimization of risk guides ramp-up, 
commissioning and running conditions


• Maximize science output for investment 
(in MIE, 1008 facility upgrades, RHIC 
ops, U.S. HI research programs)


• Note: requested collision species and 
luminosity unchanged compared to 
2020 and 2021 Beam Use Proposals


➡ stable physics and commissioning 
plan for years
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Year-1: commissioning and first physics
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• Proposed Year-1 running includes critical time for safe commissioning 

➡ followed by 9 (13) weeks of high luminosity data-taking for full validation of sPHENIX 
physics performance, measurement of standard candles and first new physics

Beam Use Proposal 2023–2025 Cryo-Weeks

Weeks Designation

0.5 Cool Down from 50 K to 4 K

2.0 Set-up mode 1 (Au+Au at 200 GeV)

0.5 Ramp-up mode 1 (8 h/night for experiments)

11.5 sPHENIX Initial Commission Time

9.0 (13.0) Au+Au Data taking (Physics)

0.5 Controlled refrigeration turn-off

24.0 (28.0) Total cryo-weeks

Table 2.2: Year 2023 run plan for 24 (28) cryo-weeks with Au+Au 200 GeV collisions.

2.3 Cryo-Weeks

For mapping out a run plan, we state both cryo-weeks for a running period and also physics data
taking weeks, i.e. when Physics Running is declared by C-AD. The guidance from C-AD is that
there is a 0.5 week “cool down from 50 K to 4 K”, then a 2.0 week “set-up mode” for the specific
collision species, and then a 0.5 week “ramp-up”. If switching species, there is again a 2.0 week
“set-up” and 0.5 week “ramp-up”. Lastly, at the end of the running period, there is a 0.5 “warm-up
from 4 K to 50 K”. In addition, we assume that in the first, second and third weeks of declared
Physics Running, one achieves 25%, 50%, and then 75% of the luminosity target, with subsequent
weeks at 100%. These are standard assumptions following C-AD guidance.

Following said C-AD guidance, we present the cryo-week break downs for the 24 (28) week
scenarios. These are shown for each year (2023-2024) in Tables 2.2, 2.3, and 2.4, respectively.

2.4 Sampled versus Recorded Luminosity

In the Au+Au 200 GeV case, the physics will predominately come from recorded minimum bias
collisions. This data will be selected by the Level-1 trigger via the MBD that samples approximately
90% of the inelastic cross section. Additional physics may be “sampled” with rare event triggers,
for example high-pT direct photons, where the trigger rejection is very high even in central Au+Au
events. All physics projections are based on the recorded luminosity in Au+Au unless otherwise
stated. The key requirements to achieve these recorded event sets are (1) the sPHENIX Data
Acquisition Level-1 accept rate of 15 kHz with livetime greater than 90%, (2) the luminosity
corresponds to a rate of collisions within |z| < 10 cm during the store above 15 kHz, and (3)
maintaining the sPHENIX and RHIC uptime projections. As shown in Figure 2.1, the projected
Au+Au collision rate within |z| < 10 cm exceeds the 15 kHz minimum bias recording capacity for
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Executive Summary

sPHENIX will be the first new collider detector at RHIC in over twenty years, and it will bring new
measurement capabilities that have not previously available in this energy range. The experiment
is a specific priority of the DOE/NSF NSAC 2015 Nuclear Physics Long Range Plan/ The signifi-
cance of its expected results, complementing those coming from the LHC, was highlighted in the
“Working Group 5: Heavy-Ion” input to the European Strategy for Particle Physics. sPHENIX will
play a critical role in the completion of the RHIC science mission by enabling qualitatively new
measurements of the microscopic nature of Quark-Gluon Plasma. These studies rely on very high
statistics measurements of jet production and substructure, and open and hidden heavy flavor over
an unprecedented kinematic range at RHIC. They are enabled by the high rate and large acceptance
of the detector, combined with precise tracking and electromagnetic and hadronic calorimetry.

The DOE Major Item of Equipment (MIE) project was granted PD-2/3 approval in September
2019, and sPHENIX construction is nearing completion with significant components of the detector
already in place. Additional subdetectors are also under construction and will be integrated into
the full experiment, completing its science capabilities. These are funded as Brookhaven National
Laboratory capital projects (e.g., the micro-vertex detector, MVTX), realized as contributions from
collaborating institutions (e.g., the intermediate silicon strip tracker, INTT), or via NSF funding
(the event plane detector, sEPD)

The sPHENIX resource-loaded schedule leads to a first year of operation in 2023; the final year of
sPHENIX data taking in 2025 is dictated by Brookhaven’s reference schedule for the Electron Ion
Collider (EIC) project. The scientific collaboration is excited to be making preparations for first
data-taking!

This document responds to a charge (see Appendix A) from the BNL NPP Associate Laboratory
Director (ALD) to detail the sPHENIX run plan during the years 2023–2025. In the run plan
described in this document, each of the three years plays a critical role in fulfilling the science
mission outlined in the Nuclear Physics Long Range Plan:

• Year-1 (2023) serves to commission all detector subsystems and full detector operations, and
to validate the calibration and reconstruction operations essential to delivering the sPHENIX
science in a timely manner. Close coordination with C-AD will be required in the ramp-up
of RHIC luminosity and optimization of beam operations to achieve these goals in a safe
manner, enabling full exploitation of RHIC luminosity in Year-2 and Year-3. Year-1 will also
allow collection of a Au+Au data set enabling sPHENIX to repeat and extend measurements
of “standard candles” at RHIC.

i



Commissioning plan
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• Commissioning will require close coordination with 
C-AD to ramp-up luminosity and optimize beam / 
detector operations


➡ timing in the MBD - minimum-bias trigger for 
Year-1 data-taking


➡ optimizing crossing angle (crucial for lowering 
pileup while providing narrow z vertex distribution)


➡ timing in the calorimeters


➡ initial operation of tracking detectors, including 
alignment study, move to MB-triggered mode


➡ increasing to full rate as requested for physics 
running to follow

2023 Au+Au Commissioning Timeline sPHENIX Commissioning

Weeks Details

2.0 low rate, 6-28 bunches

2.0 low rate, 111 bunches, MBD L1 timing

1.0 low rate, crossing angle checks

1.0 low rate, calorimeter timing

4.0 medium rate, TPC timing, optimization

2.0 full rate, system test, DAQ throughput

12.0 total

Table 3.1: Timeline for sPHENIX commissioning period in 2023, the first year of operation.

of filled bunches, because it allows sPHENIX to commission as it plans to run. Initial stores should
be at zero crossing angle, both to begin operations with stores less likely to be lost as well as to
provide a direct comparison of vertex distribution between crossing angles of zero and the nominal
2 milliradians.

The superconducting solenoid should be operating at full field during the commissioning. The
minimum bias detector (MBD) gains are reduced by the magnetic field, and so tuning should take
place at the field planned for physics operation.

• Initial studies will require two weeks of stores with 6 to 28 bunches, zero crossing angle, and
a collision rate of up to 2 kHz. These collisions will be used for an initial tune-up of timing
and the MBD trigger. A simple ”blue logic” trigger, i.e. with standard NIM modules, may
be used initially for timing. Several days will be required before we can fully operate the
detector and time is needed for diagnostic instrumentation and processing of data. During
this period the stores can be kept in RHIC as long as is practical.

• The next period will consist of two weeks of stores with 111 bunches, zero crossing angle,
and a collision rate of 1–5 kHz. These stores will be used for optimizing the MBD Level-1 (L1)
trigger, which may require additional timing adjustments of the trigger primitives. This phase
will also require relatively short periods of data taking followed by analysis and diagnostics.
Near the end of this period, the calorimeters could be turned on, and timing them in could be
attempted if it was not already done during the previous period. Operation during the second
week will employ the planned crossing angle. This should allow the first measurement of the
vertex distribution with the planned crossing angle and begin any optimization of the ramp
that may be necessary while the tracking detectors, including the two inner silicon detectors,
are turned off.

• We estimate that it will take a week of machine studies at this point to optimize the beam cross-
ing angle. Careful coordination between sPHENIX and RHIC operations will be important in

18



Year-2: p+p baseline and p+A physics

• Critical transversely polarized p+p and p+Au 
running as an unbiased data reference for Au+Au 
and for the Cold QCD program


• Still requires commissioning for triggers, new 
beam conditions, etc.


• Streaming readout of tracker (10% of delivered 
lumi) enables unprecedented heavy-flavor 
program at RHIC
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Sampled versus Recorded Luminosity Beam Use Proposal 2023–2025

Weeks Designation

0.5 Cool Down from 50 K to 4 K

2.0 Set-up mode 1 (p"p" at 200 GeV)

0.5 Ramp-up mode 1 (8 h/night for experiments)

12.0 (16.0) Data taking mode 1 (p"p" Physics)

1.0 Move DX magnets

2.0 Set-up mode 2 (p"+Au at 200 GeV)

0.5 Ramp-up mode 2 (8 h/night for experiments)

5.0 Data taking mode 2 (p"+Au Physics)

0.5 Controlled refrigeration turn-off

24.0 (28.0) Total cryo-weeks

Table 2.3: Year 2024 run plan for 24 (28) cryo-weeks with p"p" and p"+Au 200 GeV collisions.

Weeks Designation

0.5 Cool Down from 50 K to 4 K

2.0 Set-up mode 1 (Au+Au at 200 GeV)

0.5 Ramp-up mode 1 (8 h/night for experiments)

20.5 (24.5) Au+Au Data taking (Physics)

0.5 Controlled refrigeration turn-off

24.0 (28.0) Total cryo-weeks

Table 2.4: Year 2025 run plan for 24 (28) cryo-weeks with Au+Au 200 GeV collisions.
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Table 1: Summary of the sPHENIX Beam Use Proposal for years 2023–2025, as requested in the
charge. The values correspond to 24 cryo-week scenarios, while those in parentheses correspond to
28 cryo-week scenarios. The 10%-str values correspond to the modest streaming readout upgrade of
the tracking detectors. Full details are provided in Chapter 2.

Year Species
p

sNN Cryo Physics Rec. Lum. Samp. Lum.

[GeV] Weeks Weeks |z| <10 cm |z| <10 cm

2023 Au+Au 200 24 (28) 9 (13) 3.7 (5.7) nb�1 4.5 (6.9) nb�1

2024 p"p" 200 24 (28) 12 (16) 0.3 (0.4) pb�1 [5 kHz] 45 (62) pb�1

4.5 (6.2) pb�1 [10%-str]

2024 p"+Au 200 – 5 0.003 pb�1 [5 kHz] 0.11 pb�1

0.01 pb�1 [10%-str]

2025 Au+Au 200 24 (28) 20.5 (24.5) 13 (15) nb�1 21 (25) nb�1

• Year-2 (2024) will see commissioning of the detector for p+p collisions and collection of large
p+p and p+Au data sets. The p+p data are critical as reference data for the Au+Au physics.
As a separate scientific objective, due to the transverse polarization of the proton beams,
the p+p data together with p+Au data will allow for substantial new studies of cold QCD
physics. We highlight that a modest streaming readout upgrade of the tracking detectors
[10%-str], requiring no additional hardware, will greatly extend this physics program in p+p
and p+Au running.

• Year-3 (2025) is focused on the collection of a very large Au+Au data set for measurements
of jets and heavy flavor observables with unprecedented statistical precision and accuracy.

Table 1 provides an overview of the data we expect to obtain in Year-1 to Year-3 (2023 - 2025), as
requested in the ALD charge. The total Au+Au data set from this three-year proposed running, in
the 28 cryo-week scenario, is equivalent to 141 billion events recorded for all physics analyses.

This document is organized as follows. Chapter 1 provides a brief summary of the sPHENIX physics
program and status of the sPHENIX project. Chapter 2 details the Year-1 to Year-3 (2023-2025) Beam
Use Proposal from sPHENIX including a break down in terms of cryo-weeks. Chapters 3 discusses
the commissioning plan for sPHENIX. Chapter 4 presents the physics projections and deliverables
from Year-1 to Year-3. We highlight that the full sPHENIX physics case is described in the original
sPHENIX proposal, and here we focus on demonstrating that within this Beam Use Proposal those
physics goals can be achieved. Chapter 5 provides a brief summary.

Additional information which may be of interest is included in the appendices. Appendix A
contains the BUP charge from the ALD. Appendix B further details inputs to the luminosity
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Critical impact of p+p running (1/2)

• Large luminosity p+p reference data underpins the sPHENIX science program


➡ for many unique, flagship measurements (separated Upsilon states, b-jets, 
photon+jets), the yield in p+p is smaller than in central Au+Au - limiting 
factor


➡ large luminosity of p+p data also provides systematic uncertainty reduction - 
in situ gamma+jet energy scale calibration, etc.


➡ decrease in p+p reference data results in increased statistical and 
systematic uncertainties for many measurements

9



Critical impact of p+p running (2/2)
• In 2021, sPHENIX was asked to prepare a BUP under a 20 cryo-week scenario in 2024


➡ under that scenario, sPHENIX prefered to remove all p+Au running (with large, 
unrecoverable loss in physics) just to preserve the needed p+p luminosity


➡ we thank the PAC for their strong recommendation to keep 28 cryoweeks


• On May 5th, C-AD posted a revised set of p+p luminosity projections, with a -20% 
decrease, which we are working to understand 


➡ the projections in the BUP use the previous values from 2019-2022


➡ sPHENIX has a serious concern about the impact of this potential reduction on this 
physics program


➡ we stress the importance of a full 28 cryoweek run (if not longer) in 2024 to allow 
sPHENIX to record a large integrated luminosity of p+p data

10



｝Year-3: golden physics dataset 

• Year-3 focuses on the collection of a very large Au+Au dataset for measurements of jets 
and heavy flavor observables with unprecedented statistical precision 

➡ successful commissioning with Au+Au collisions in Year-1 allows sPHENIX to take full 
advantage of cryoweeks in Year-3 for physics 

Sampled versus Recorded Luminosity Beam Use Proposal 2023–2025

Weeks Designation

0.5 Cool Down from 50 K to 4 K

2.0 Set-up mode 1 (p"p" at 200 GeV)

0.5 Ramp-up mode 1 (8 h/night for experiments)

12.0 (16.0) Data taking mode 1 (p"p" Physics)

1.0 Move DX magnets

2.0 Set-up mode 2 (p"+Au at 200 GeV)

0.5 Ramp-up mode 2 (8 h/night for experiments)

5.0 Data taking mode 2 (p"+Au Physics)

0.5 Controlled refrigeration turn-off

24.0 (28.0) Total cryo-weeks

Table 2.3: Year 2024 run plan for 24 (28) cryo-weeks with p"p" and p"+Au 200 GeV collisions.

Weeks Designation

0.5 Cool Down from 50 K to 4 K

2.0 Set-up mode 1 (Au+Au at 200 GeV)

0.5 Ramp-up mode 1 (8 h/night for experiments)

20.5 (24.5) Au+Au Data taking (Physics)

0.5 Controlled refrigeration turn-off

24.0 (28.0) Total cryo-weeks

Table 2.4: Year 2025 run plan for 24 (28) cryo-weeks with Au+Au 200 GeV collisions.

14

141 billion minimum-bias 
events in 2023+2025!           
|z| < 10cm, 28 cryoweek scenarios

…
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Hard process yields

• Large luminosity for inclusive RAA measurements (left) and detailed study (right)

➡ reconstructed jets to ~70 GeV - fate of RAA at very high pT

➡ charged particles to ~45 GeV - fragmentation functions out to high-z

➡ direct photons to ~40 GeV - precise check of nuclear geometry
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Figure 4.1: Projected total yields (left) and RAA (right) for jets, photons, and charged hadrons in 0–10%
Au+Au events and p+p events, for the first three years of sPHENIX data-taking.

Signal Au+Au 0–10% Counts p+p Counts

Jets pT > 20 GeV 22 000 000 11 000 000

Jets pT > 40 GeV 65 000 31 000

Direct Photons pT > 20 GeV 47 000 5 800

Direct Photons pT > 30 GeV 2 400 290

Charged Hadrons pT > 25 GeV 4 300 4 100

Table 4.1: Projected counts for jet, direct photon, and charged hadron events above the indicated
threshold pT from the sPHENIX proposed 2023–2025 data taking. These estimates correspond to the
28 cryo-week scenarios.

photons.

As another way of indicating the kinematic reach of these probes, the nuclear modification factor
RAA for each is shown in Figure 4.1 (right). There are varying theoretical predictions concerning
the behavior of the RAA at higher pT which will be definitively resolved with sPHENIX data.

The projection plots above indicate the total kinematic reach for certain measurements, such as
those which explore the kinematic dependence of energy loss. For other measurements, it is useful
to have a large sample of physics objects to study the properties of their intra-event correlations,
for example for jets (their internal structure), photons (for photon+jet correlations), and hadrons
(for hadron-triggered semi-inclusive jet measurements). We illustrate the total yields in sPHENIX
above some example pT thresholds in Table 4.1. We highlight that, in many cases, it is the p+p
baseline rather than the Au+Au data will be the dominant contributor to the statistical uncertainties
in many of the unique, flagship sPHENIX measurements.

Several specific examples of sPHENIX projections for jet correlations and jet properties follow

22
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Jets: structure & correlations

• Statistical projections for p+p and 0-10% Au+Au (shape taken from JEWEL)


➡ Left: subjet fraction  for >40 GeV jets - very large yield for inclusive jet 
(sub-)structure - full variety of measurements limited only by our creativity!


➡ Right: +jet pT balance mapped in detail (distribution of energy loss values, 
not just averages)
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Jets: open questions from LHC
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• Jet R-dependence and jet vn - key info on shape modification and geometry dependence 

➡ but difficult to measure at LHC in region where these effects may be large (<100 GeV)


• Left: projected RAA(0.5)/RAA(0.2) double ratio in 0-10% events 


• Right: statistical projection of jet vn in 10-30% events
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Upsilons: melting of the three states

• Detailed centrality dependence (left) and pT-dependence (right) for separated  states


➡ given the observation of  ~ 0.5 at the LHC, we can project an 
observable  yield


➡ sPHENIX has the unique opportunity to discover the fate of the  at RHIC!

Υ

RAA(3S)/RAA(2S)
Υ(3S)

Υ(3S)
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Figure 4.6: Projected statistical uncertainties of nuclear modification factor RAA measurements of
non-prompt/prompt D0 mesons (left) and b-jets (right) as a function of pT in 0–10% central Au+Au
collisions at

p
sNN = 200 GeV from the three-year sPHENIX operation. Left: the solid green curve

are averaged RAA for pions and the solid blue line is from a model calculation of RAA for B mesons
over several models [12, 13, 14, 15], which maps to the dashed blue line for D-meson from B decay.
Right: the curves represents a pQCD calculations with two coupling parameters to the QGP medium,
gmed [16], and the blue band is from a recent calculation based on the LIDO transport model [17].
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Figure 4.7: Projected statistical uncertainties of v2 measurements of non-prompt/prompt D0 mesons
(left) and b-jets (right) as a function of pT in Au+Au collisions at

p
sNN = 200 GeV. Left: the blue

dotted line is from best fit of RHIC data, and the black line is for B-meson assuming mT scaling in v2.
[18, 12, 13, 14]

models describing the coupling between heavy quarks and the medium. In the first three years of
operation, sPHENIX will enable B-meson and b-jet measurements covering the wide transverse
momentum range 2 < pT < 40 GeV, as shown in Figures 4.6 and 4.7.

The left panel of Figure 4.6 shows the B-meson (D0 from B) nuclear modification measurements
covering the kinematic range pT . 15 GeV, where nuclear modifications for bottom quarks and light
quarks are expected to be quite different, transitioning in the right panel to the b-jet at pT > 15 GeV,
where the effect due to the light and heavy quark mass difference is less significant. The current
experimental results do not yet confirm the detailed physics behind this transition.
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gmed [16], and the blue band is from a recent calculation based on the LIDO transport model [17].

0 2 4 6 8 10
 [GeV]

T
p

0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.252v

 BUP 2022, 0-80% Au+Au, Years 1-3sPHENIX
)=0.52Ψ rec. Au+Au, Res(-121 nb

0D→B
0DPrompt 

)118-meson (fit to STAR PRLD
 scaling)

T
-meson (mB

Figure 4.7: Projected statistical uncertainties of v2 measurements of non-prompt/prompt D0 mesons
(left) and b-jets (right) as a function of pT in Au+Au collisions at

p
sNN = 200 GeV. Left: the blue

dotted line is from best fit of RHIC data, and the black line is for B-meson assuming mT scaling in v2.
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models describing the coupling between heavy quarks and the medium. In the first three years of
operation, sPHENIX will enable B-meson and b-jet measurements covering the wide transverse
momentum range 2 < pT < 40 GeV, as shown in Figures 4.6 and 4.7.

The left panel of Figure 4.6 shows the B-meson (D0 from B) nuclear modification measurements
covering the kinematic range pT . 15 GeV, where nuclear modifications for bottom quarks and light
quarks are expected to be quite different, transitioning in the right panel to the b-jet at pT > 15 GeV,
where the effect due to the light and heavy quark mass difference is less significant. The current
experimental results do not yet confirm the detailed physics behind this transition.
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HF: open heavy flavor

• Broad measurements of the production (left) and azimuthal modulation (right) of fully 
reconstructed HF hadrons


➡ shown here: prompt  (down to 0 GeV) and  

➡ precise measurements over a large kinematic range to isolate how the mass effect 

evolves with pT

D0 B → D0
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Figure 4.9: Projected statistical uncertainties for the subjet splitting fraction zg for b-jets in p+p and
Au+Au (left) and the Au+Au/p+p ratio compared to the expectation from a pQCD calculations from
Ref. [24].

Figure 4.10: Statistical projections of Lc/D ratio for both central Au+Au and p+p collisions. This
projection is compared with the recent publication from the STAR collaboration in the central Au+Au
collisions [25] (red point), model calculations of this ratio in the Au+Au collisions (colored curves),
and the PYTHIA8 tunes for the p+p collisions (black curves).

and the reference Lc/D ratio in p+p collision is missing at RHIC energies, while the current
model predictions differ significantly. As shown in Figure 4.10, sPHENIX will enable the first
measurement of the Lc/D in p+p collisions at RHIC and provide the high precision heavy ion data
to quantitatively understand the enhancement of the charmed baryon/meson production ratio and
therefore charm hadronization in the QGP.
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Figure 4.6: Projected statistical uncertainties of nuclear modification factor RAA measurements of
non-prompt/prompt D0 mesons (left) and b-jets (right) as a function of pT in 0–10% central Au+Au
collisions at

p
sNN = 200 GeV from the three-year sPHENIX operation. Left: the solid green curve

are averaged RAA for pions and the solid blue line is from a model calculation of RAA for B mesons
over several models [12, 13, 14, 15], which maps to the dashed blue line for D-meson from B decay.
Right: the curves represents a pQCD calculations with two coupling parameters to the QGP medium,
gmed [16], and the blue band is from a recent calculation based on the LIDO transport model [17].
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Figure 4.7: Projected statistical uncertainties of v2 measurements of non-prompt/prompt D0 mesons
(left) and b-jets (right) as a function of pT in Au+Au collisions at

p
sNN = 200 GeV. Left: the blue

dotted line is from best fit of RHIC data, and the black line is for B-meson assuming mT scaling in v2.
[18, 12, 13, 14]

models describing the coupling between heavy quarks and the medium. In the first three years of
operation, sPHENIX will enable B-meson and b-jet measurements covering the wide transverse
momentum range 2 < pT < 40 GeV, as shown in Figures 4.6 and 4.7.

The left panel of Figure 4.6 shows the B-meson (D0 from B) nuclear modification measurements
covering the kinematic range pT . 15 GeV, where nuclear modifications for bottom quarks and light
quarks are expected to be quite different, transitioning in the right panel to the b-jet at pT > 15 GeV,
where the effect due to the light and heavy quark mass difference is less significant. The current
experimental results do not yet confirm the detailed physics behind this transition.
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HF: b-tagged jets

• At higher b-quark pT, precision tracking enables the tagging of b-jets

➡ completely new channel at RHIC - unique sPHENIX capability! 


• Left: statistical projection of b-jet RAA, studies show good purity/efficiency


• Right: sufficiently large yield to look at b-jet structure, e.g. ratio of  in Au+Au/p+pzg
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HF: hadronization in medium

• Address in-medium hadronization of heavy quarks


• One type of measurment - relative abundance of heavy-flavor baryons and mesons


➡ above: indications of  enhancement at RHIC - sPHENIX can explore this in detail  


➡ and also measure the real p+p data baseline 

Λc/D0
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p+A and p+p: hard process yields

• Above: large yields for unpolarized p+A physics & unbiased p+p data reference 

➡ nuclear PDF modification extending deep into EMC region & cold nuclear energy loss

➡ measurements looking towards EIC, including EIC Detector-1 instrumentation -                  

e.g. hadronization in nuclear medium via jet structure
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p+p: polarized observables
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• Use sPHENIX capabilities for TSSA of direct photons (left) and heavy flavor hadrons (right) - 
probe gluon dynamics in transversely polarized nucleons through tri-gluon correlation function

➡ connected with the poorly constrained gluon Sivers TMD function 

➡ check universality with HF AN at the EIC
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p+A: collective behavior

• Detailed azimuthal anisotropy for light and heavy flavor probes in p+Au

➡ key open question on the origin of collectivity in small systems


• Left: projected v2 for hadrons and jets (& large stats for track-only analyses - cumulants, etc.)


• Right: HF flow poorly constrained at RHIC p/d+Au - major impact from sPHENIX D0
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The sPHENIX Beam Use Proposal outlines a specific 
plan to deliver the promised physics in 2023-2025


Exciting physics program requires dedicated 
detector & machine commissioning time


Sufficient luminosity for large p+p data sample 
critical to success of scientific program


It is our last opportunity at RHIC to collect an 
archival dataset with unprecedented experimental 

capability!
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Outlook

Table 1: Summary of the sPHENIX Beam Use Proposal for years 2023–2025, as requested in the
charge. The values correspond to 24 cryo-week scenarios, while those in parentheses correspond to
28 cryo-week scenarios. The 10%-str values correspond to the modest streaming readout upgrade of
the tracking detectors. Full details are provided in Chapter 2.

Year Species
p

sNN Cryo Physics Rec. Lum. Samp. Lum.

[GeV] Weeks Weeks |z| <10 cm |z| <10 cm

2023 Au+Au 200 24 (28) 9 (13) 3.7 (5.7) nb�1 4.5 (6.9) nb�1

2024 p"p" 200 24 (28) 12 (16) 0.3 (0.4) pb�1 [5 kHz] 45 (62) pb�1

4.5 (6.2) pb�1 [10%-str]

2024 p"+Au 200 – 5 0.003 pb�1 [5 kHz] 0.11 pb�1

0.01 pb�1 [10%-str]

2025 Au+Au 200 24 (28) 20.5 (24.5) 13 (15) nb�1 21 (25) nb�1

• Year-2 (2024) will see commissioning of the detector for p+p collisions and collection of large
p+p and p+Au data sets. The p+p data are critical as reference data for the Au+Au physics.
As a separate scientific objective, due to the transverse polarization of the proton beams,
the p+p data together with p+Au data will allow for substantial new studies of cold QCD
physics. We highlight that a modest streaming readout upgrade of the tracking detectors
[10%-str], requiring no additional hardware, will greatly extend this physics program in p+p
and p+Au running.

• Year-3 (2025) is focused on the collection of a very large Au+Au data set for measurements
of jets and heavy flavor observables with unprecedented statistical precision and accuracy.

Table 1 provides an overview of the data we expect to obtain in Year-1 to Year-3 (2023 - 2025), as
requested in the ALD charge. The total Au+Au data set from this three-year proposed running, in
the 28 cryo-week scenario, is equivalent to 141 billion events recorded for all physics analyses.

This document is organized as follows. Chapter 1 provides a brief summary of the sPHENIX physics
program and status of the sPHENIX project. Chapter 2 details the Year-1 to Year-3 (2023-2025) Beam
Use Proposal from sPHENIX including a break down in terms of cryo-weeks. Chapters 3 discusses
the commissioning plan for sPHENIX. Chapter 4 presents the physics projections and deliverables
from Year-1 to Year-3. We highlight that the full sPHENIX physics case is described in the original
sPHENIX proposal, and here we focus on demonstrating that within this Beam Use Proposal those
physics goals can be achieved. Chapter 5 provides a brief summary.

Additional information which may be of interest is included in the appendices. Appendix A
contains the BUP charge from the ALD. Appendix B further details inputs to the luminosity
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