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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!
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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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BUP charge
sPHENIX has prepared 
quantitative run plans for all 
cryo-week scenarios:


• 20/24/28 weeks in 2024


➡ including potential 
configurations for the 
additional “six Au+Au weeks 
from Run 2023 […] carried 
forward into Run 2024”


• 24/28 weeks in 2025 

Appendix A675

Beam Use Proposal Charge676

The updated charge from the Associate Laboratory Director Haiyan Gao was received by the677

sPHENIX Spokespersons in August 2023. The charge is included below.678

STAR: Beam Use Requests for Runs 24-25679

sPHENIX: Beam Use Requests for Runs 24-25680

681

The Beam Use Requests should be submitted in written form to PAC by August 25, 2023682

by emailing Fran and copy me and John the BUR directly or provide a link to access683

the BUR before the due date.684

685

The BURs should be based on the following number of cryo-weeks. For Run 2024, we686

ask that you consider three scenarios for 20, 24 and 28 cryo-weeks each, given the687

uncertain budgetary situation. Additionally due to the recent Blue Ring valve box688

event, we ended Run 2023 in August so six Au+Au weeks from Run 2023 will be carried689

forward into Run 2024690

691

For Run 2025, the first number is the proposed RHIC run duration for scenario 1 and692

the second number corresponds to optimal duration (scenario 2) presented to the693

DOE-ONP in BNL’s FY25 Lab Managers’ Budget Briefing:694

695

2024: 20/24/28 + six weeks of Au+Au696

2025: 24 (28)697

28

Updated charge from ALD, August 2023 



Updated guidance from C-AD (1/2)

• The sPHENIX scientific case, including the Beam Use Proposals 2020-2022, 
have been based on a stable set of quantitative guidance from C-AD


• In August 2023, the C-AD projections were updated in response to what was 
learned during the 2023 RHIC run


➡  sPHENIX is grateful to C-AD for their quick turnaround and clear guidance


➡  sPHENIX is continuing close discussions with C-AD to optimize the 
delivered luminosity to the experiment
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Updated guidance from C-AD (2/2)
• The updated guidance results in significantly lower rates of luminosity 

production p+p and Au+Au per running week, although there are uncertainties 
in the projections


➡  Timing has not permitted us to update our broad set of physics projection 
plots


➡  Discussion in sPHENIX has continued after submission of the BUP, leading 
to serious concerns about the impact on core elements of the RHIC 
science mission 


➡  In the following, we will discuss C-AD guidance, updated luminosities, 
recall some essential physics goals and illustrate the impact of the reduced 
luminosity on some key measurements
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Overview of updated run plan
• Run-2024: transversely polarized p+p 

running, with a few options for short 
Au+Au running

➡ finish commissioning, ColdQCD p+p 

program, crucial reference data for 
AA program


➡ the luminosity projections do not 
allow for a p+Au run in 2024 w/o 
jeopardizing the core science mission 
based on p+p and Au+Au data


• Run-2025: high-luminosity Au+Au 
running

➡measurements of jets and heavy 

flavor observables with 
unprecedented statistical precision
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Proposal for 2024 and 2025 Beam Use Proposal 2024–2025

Table 2.2: Summary of the sPHENIX Beam Use Proposal for 2024 and 2025, as requested in the charge.
The values separated by slashes correspond to different cryo-week scenarios (20/24/28 in 2024 and
24/28 in 2025). The 10%-str values correspond to the modest streaming readout upgrade of the
tracking detectors.

Species

p
sNN Physics Min. Bias Rec. Lum. Calo. Trigger Lum.

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

Run-2024, Scenario A, 6 cryo-weeks Au+Au + 20/24/28 cryo-weeks p+p

Au+Au 200 n/a n/a (Commissioning running)

p+p 200 13/17/21
0.34/0.44/0.54 pb�1 [@ 5kHz]

23/31/39 pb�1

2.3/3.1/3.9 pb�1 [10%-str]

Run-2024, Scenario B, 20/24/28 cryo-weeks p+p + 6 cryo-weeks Au+Au

p+p 200 9/13/17
0.23/0.34/0.44 pb�1 [@ 5kHz]

15/23/31 pb�1

1.5/2.3/3.1 pb�1 [10%-str]

Au+Au 200 3 0.4 nb�1 (3B events) not needed

Run-2025, 24/28 cryo-weeks

Au+Au 200 20.5/24.5 5.2/6.3 nb�1 (35B/43B events) not needed

sPHENIX is taking data with high livetime) of 0.60 for 2024 running since the detector is being233

commissioned for a new collision systems and new Level-1 triggers are being brought online, rising234

to 0.80 for subsequent running in 2025. These uptime values fold in the expected livetime of the235

data acquisition system, which is greater than 90%.236

2.2 Proposal for 2024 and 2025237

The two-year proposal is summarized in Table 2.2. The numbers separated by slashes correspond to238

the various scenarios requested in the ALD Charge, with 20, 24, or 28 weeks in 2024 (not counting239

six weeks of Au+Au carried over from 2023 running) and 24 or 28 weeks in 2025.240

2.2.1 Proposal for Run-2024241

For the second year of sPHENIX running in 2024, the sPHENIX proposal is to devote every available242

cryo-week (i.e. except the six weeks allotted for Au+Au running) for p+p collisions with transverse243

(vertical) polarization. We stress the critical need for high-luminosity p+p reference data for the244
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Considerations and 
Proposal for Run-2024



To meet the ColdQCD & AA reference 
luminosity goals of the sPHENIX science 

mission, it will be necessary to devote every 
available* cryo-week in 2024 to p+p running 

C-AD guidance for 2024

• Due to the RHIC experience in 2023, C-AD 
projects that delivered p+p luminosity / week 
will be no better than that achieved in 2015 p+p


➡The 2015-best used to be the “2024-worst-
case” but is now the “2024-best-case”


➡Approximately a factor of 2 decrease in 
luminosity production / week 

10

C-AD Projections for p+p, Aug ‘23
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Table 2: Demonstrated and projected luminosities for 100 GeV/nucleon Au+Au runs.  

Parameter Unit FY2007 2010 2011 2014 2016 2023E 2025E 
No of bunches kb … 103 111 111 111 111 111 111 
Ions/bunch, initial Nb 109 1.1 1.1 1.3 1.6 2.0 2.4 2.90 
Average beam current/ring Iavg mA 112 121 147 176 224 265 319 
Stored beam energy MJ 0.36 0.39 0.47 0.56 0.71 0.84 1.0 
Envelope function at IP b* m 0.85 0.75 0.75 0.70 0.70 0.70 0.65 
Beam-beam parameter x/IP 10-3 -1.7 -1.5 -2.1 -2.5 -3.9 -4.6 -5.6 
Initial luminosity Linit 1026 cm-2s-1 30  40  50  80  155  215  336  
Events per bunch-bunch crossing µ  … 0.08 0.10 0.13 0.21 0.40 0.55 0.86 
Average/initial luminosity % 40 50 60 62 56 58 60 
Average store luminosity Lavg 1026 cm-2s-1 12 20 30 50 87 125 200 
Time in store % 48 53 59 68 65 60 60 
Max. luminosity/week µb-1 380 650 1000 2200 3000 4530 7260 
Min. luminosity/week µb-1       3000 3000 
L within |z|<10 cm, q = 0 mrad, r0/rq * %      39/39 39/39 
L within |z|<10 cm, q = 2 mrad, r0/rq * %      31/81 31/81 

* Luminosity L(z,q) within vertex cut |z| for full crossing angle q. The values r0/rq are r0 = L(z,q)/L(10 m,0) and rq = L(z,q)/L(10 m,q). 
 
Table 3: Demonstrated and max projected luminosities and polarization for p+p and p+Au runs at 100 GeV. 

  p+p p+Au 
Parameter Unit FY2008 2009 2012 2015 2024E FY2015 2024E 

No of colliding bunches kb … 109 109 109 111 111 111 111 
Protons/bunch, initial Nb 1011 1.5 1.3 1.6 2.25 2.5 225/1.6 250/2.4 
Average beam current/ring Iavg mA 198 179 214 312 347 313/176 348/266 
Stored beam energy  MJ 0.25 0.23 0.27 0.40 0.45 0.40/0.56 0.45/0.84 
Envelope function at IP b* m 1.00 0.70 0.85 0.85 0.85 0.85/0.70 0.85/0.70 
Hourglass factor H … 0.77 0.72 0.74 0.75 0.84 0.72 0.72 
Beam-beam parameter x/IP 10-3 -5.3 -6.3 -5.8 -9.7 -11.7 -5.3/-4.1 -11.7/-4.3 

Initial luminosity Linit 1030 cm-2s-1 35 50 46 115 176 0.88 1.68 
Events per bunch-bunch crossing µ  … 0.2 0.3 0.3 0.7 1.1   
Average/initial luminosity % 65 56 71 55 57 51 54 
Average store luminosity Lavg 1030 cm-2s-1 23 28 33 63 100 0.45 0.90 
Time in store % 60 53 59 64 60 65 60 
Max. luminosity/week pb-1 7.5  8.3  9.3  25  36  0.140 0.326 
Min. luminosity/week pb-1       25  0.140 
L within |z|<10 cm, q = 0 mrad, r0/rq * %     22/22  29/29 
L within |z|<10 cm, q = 2 mrad, r0/rq * %     19/69  24/75 
AGS extraction, Pmax % 55 65 72 68 68 68 68 
RHIC store average, Pmax % 45 56 59 57 60 60 60 
RHIC store average, Pmin %         57   57 

* Luminosity L(z,q) within vertex cut |z| for full crossing angle q. The values r0/rq are r0 = L(z,q)/L(10 m,0) and rq = L(z,q)/L(10 m,q). 

C-AD Projections for p+p, May ‘22

C-AD Projections for p+p, pre-2022
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Table 5: Demonstrated and max projected luminosities and polarization for p+p runs at 100 GeV. 

Parameter Unit FY2015 2022E 2023E 2024E 2025E 2026E 2027E 

No of colliding bunches kb … 111 111 111 111 111 111 111 

Protons/bunch, initial Nb 1011 2.25 2.8 3.0 3.0 3.0 3.0 3.0 

Average beam current/ring Iavg mA 312 389 418 418 418 418 418 

Stored beam energy  MJ 0.40 0.50 0.54 0.54 0.54 0.54 0.54 

Envelope function at IP b* m 0.85 0.85 0.85 0.85 0.85 0.85 0.85 

Hour glass factor H … 0.75 0.84 0.84 0.84 0.84 0.84 0.84 

Beam-beam parameter x/IP 10-3 -9.7 -12.1 -14.9 -14.9 -14.9 -14.9 -14.9 

Initial luminosity Linit 1030 cm-2s-1 115 203 268 268 268 268 268 
Events per bunch-bunch crossing µ  … 0.7 1.2 1.5 1.5 1.5 1.5 1.5 

Average/initial luminosity % 55 60 65 65 65 65 65 

Average store luminosity Lavg 1030 cm-2s-1 63 122 175 175 175 175 175 
Time in store % 64 60 60 60 60 60 60 

Max. luminosity/week pb-1 25 44 64 64 64 64 64 

Min. luminosity/week pb-1   25 25 25 25 25 25 

L within |z|<10 cm, q = 0 mrad* % 16 19 19 19 19 19 19 

L within |z|<10 cm, q = 1 mrad* % 15 18 18 18 18 18 18 

L within |z|<10 cm, q = 2 mrad* % 14 16 16 16 16 16 16 

AGS extraction, Pmax % 68 70 70 70 70 70 70 

RHIC store average, Pmax % 57 60 60 60 60 60 60 
RHIC store average, Pmin %   57 57 57 57 57 57 
* Luminosity within vertex cut |z| for full crossing angle q. 

Table 6: Demonstrated and max projected luminosities and polarization for p+Au runs at 100 GeV/nucleon. 

Parameter Unit 2015 2022E 2023E 2024E 2025E 2026E 2027E 

No of colliding bunches kb … 111 111 111 111 111 111 111 

Protons/bunch, initial Nb 109 225/1.6 216/1.9 252/2.0 271/2.2 271/2.4 271/2.5 271/2.6 
Average beam current/ring Iavg mA 313/176 300/213 350/218 376/237 376/267 376/277 376/287 
Stored beam energy MJ 0.40/0.56 0.39/0.68 0.45/0.69 0.49/0.76 0.49/0.85 0.49/0.85 0.49/0.85 
Envelope function at IP b* m 0.85/0.70 0.85 0.85 0.85 0.85 0.85 0.85 

Hour glass factor H … 0.72 0.77 0.77 0.77 0.77 0.77 0.77 

Beam-beam parameter x/IP 10-3 -5.3/-4.1 -7.9/-3.4 -8.0/-4.6 -8.8/-4.9 -9.8/-4.9 -9.8/-4.8 -9.8/-4.8 
Initial luminosity Linit  1028 cm-2s-1 88 102 131 153 172 172 172 
Average/initial luminosity % 51 55 60 65 65 65 65 

Avg. store luminosity Lavg 1030 cm-2s-1 45 56 78 153 112 112 112 
Time in store % 65 60 60 60 60 60 60 

Max. luminosity/week nb-1 140 203 285 361 405 405 405 

Min. luminosity/week nb-1  140 140 140 140 140 140 

L within |z|<10 cm, q = 0 mrad* % 17 20 25 25 25 25 25 

L within |z|<10 cm, q = 1 mrad* % 16 23 23 23 23 23 23 

L within |z|<10 cm, q = 2 mrad* % 14 20 20 20 20 20 20 

AGS extraction, Pmax % 68 70 70 70 70 70 70 

RHIC store average, Pmax % 60 60 60 60 60 60 60 
RHIC store average, Pmin %   60 60 60 60 60 60 
* Luminosity within vertex cut |z| for full crossing angle q. 

* - except those carried over for Au+Au running



Concluding sPHENIX 
Commissioning
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• sPHENIX made significant progress on 
commissioning a variety of subsystems in 2023


• Due to the early end of RHIC Run-2023, 
sPHENIX will need dedicated weeks to finish 
commissioning ahead of physics data-taking


➡No expectation of physics at any IP - 
sPHENIX will need full control over machine 
(single-beam backgrounds, crossing angle, 

, lumi ramping, etc.)


➡This includes p+p-specific commissioning 
(local polarimetry, calo trigger, etc.), and 
potentially short Au+Au fills to prepare for 
later Au+Au running 

β*

sPHENIXsPHENIXsPHENIX

System Before Run 2024 During Run 2024
Trigger Firmware and software development of

calorimeter triggers
First operation of calorimeter triggers
with beam

TPC
• FEE firmware completion
• tests of zero suppression
• completion of MJACK to mitigate

SEU
• development of digital current
• cosmic ray data with and without

zero suppression

• Stable operation with HV
• collision data with and without

zero suppression
• testing of digital current and SEU

mitigation

DAQ
• Tests with zero suppression in

calorimeters and TPC
• Throughput and livetime tests

with multievent buffering
• Development of offline event

building
• Any additional development

needed to achieve routine 15 kHz
• Improvements in reliability, data

integrity, and error handling

• Tuning of zero supression
• Timing of detectors to new trig-

gers
• Spin: integrate ZDC, SMD and

MBD digital scaler information
into GL1

MVTX
• Field off cosmic data for tracking

development and alignment
• Development of mitigation strate-

gies for background and lock-up

• Field off and field on collision
data for tracking development and
alignment

• Tests of mitigation strategies for
background and lock-up

INTT Field off cosmic data for tracking devel-
opment and alignment

Field off and field on collision data for
tracking development and alignment

EMCal
HCal (HCal) tower-by-tower cosmics analysis Demonstration of design energy reso-

lution and response uniformity

Table 6: Overview of major commissioning tasks needed with and without beam.

90

sPHENIX Commissioning Status document, 2023



Run-2024 request Proposal for 2024 and 2025 Beam Use Proposal 2024–2025

Table 2.2: Summary of the sPHENIX Beam Use Proposal for 2024 and 2025, as requested in the charge.
The values separated by slashes correspond to different cryo-week scenarios (20/24/28 in 2024 and
24/28 in 2025). The 10%-str values correspond to the modest streaming readout upgrade of the
tracking detectors.

Species

p
sNN Physics Min. Bias Rec. Lum. Calo. Trigger Lum.

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

Run-2024, Scenario A, 6 cryo-weeks Au+Au + 20/24/28 cryo-weeks p+p

Au+Au 200 n/a n/a (Commissioning running)

p+p 200 13/17/21
0.34/0.44/0.54 pb�1 [@ 5kHz]

23/31/39 pb�1

2.3/3.1/3.9 pb�1 [10%-str]

Run-2024, Scenario B, 20/24/28 cryo-weeks p+p + 6 cryo-weeks Au+Au

p+p 200 9/13/17
0.23/0.34/0.44 pb�1 [@ 5kHz]

15/23/31 pb�1

1.5/2.3/3.1 pb�1 [10%-str]

Au+Au 200 3 0.4 nb�1 (3B events) not needed

Run-2025, 24/28 cryo-weeks

Au+Au 200 20.5/24.5 5.2/6.3 nb�1 (35B/43B events) not needed

sPHENIX is taking data with high livetime) of 0.60 for 2024 running since the detector is being233

commissioned for a new collision systems and new Level-1 triggers are being brought online, rising234

to 0.80 for subsequent running in 2025. These uptime values fold in the expected livetime of the235

data acquisition system, which is greater than 90%.236

2.2 Proposal for 2024 and 2025237

The two-year proposal is summarized in Table 2.2. The numbers separated by slashes correspond to238

the various scenarios requested in the ALD Charge, with 20, 24, or 28 weeks in 2024 (not counting239

six weeks of Au+Au carried over from 2023 running) and 24 or 28 weeks in 2025.240

2.2.1 Proposal for Run-2024241

For the second year of sPHENIX running in 2024, the sPHENIX proposal is to devote every available242

cryo-week (i.e. except the six weeks allotted for Au+Au running) for p+p collisions with transverse243

(vertical) polarization. We stress the critical need for high-luminosity p+p reference data for the244

8

The sPHENIX request is for high-
luminosity p+p running

We consider data recorded via: 

1. minimum-bias trigger for all 

subsystems at fixed rate

2. “streaming readout” of tracking 

detectors only at fixed fraction          
of full MB rate


3. calorimeter-triggered readout of      
rare events, sampling full luminosity


We considered two example Scenarios 
for including six weeks of Au+Au  
running (at the start/end of Run-24)

12
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Run-24 request - Scenario A

Proposal for 2024 and 2025 Beam Use Proposal 2024–2025

Table 2.2: Summary of the sPHENIX Beam Use Proposal for 2024 and 2025, as requested in the charge.
The values separated by slashes correspond to different cryo-week scenarios (20/24/28 in 2024 and
24/28 in 2025). The 10%-str values correspond to the modest streaming readout upgrade of the
tracking detectors.

Species

p
sNN Physics Min. Bias Rec. Lum. Calo. Trigger Lum.

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

Run-2024, Scenario A, 6 cryo-weeks Au+Au + 20/24/28 cryo-weeks p+p

Au+Au 200 n/a n/a (Commissioning running)

p+p 200 13/17/21
0.34/0.44/0.54 pb�1 [@ 5kHz]

23/31/39 pb�1

2.3/3.1/3.9 pb�1 [10%-str]

Run-2024, Scenario B, 20/24/28 cryo-weeks p+p + 6 cryo-weeks Au+Au

p+p 200 9/13/17
0.23/0.34/0.44 pb�1 [@ 5kHz]

15/23/31 pb�1

1.5/2.3/3.1 pb�1 [10%-str]

Au+Au 200 3 0.4 nb�1 (3B events) not needed

Run-2025, 24/28 cryo-weeks

Au+Au 200 20.5/24.5 5.2/6.3 nb�1 (35B/43B events) not needed

sPHENIX is taking data with high livetime) of 0.60 for 2024 running since the detector is being233

commissioned for a new collision systems and new Level-1 triggers are being brought online, rising234

to 0.80 for subsequent running in 2025. These uptime values fold in the expected livetime of the235

data acquisition system, which is greater than 90%.236

2.2 Proposal for 2024 and 2025237

The two-year proposal is summarized in Table 2.2. The numbers separated by slashes correspond to238

the various scenarios requested in the ALD Charge, with 20, 24, or 28 weeks in 2024 (not counting239

six weeks of Au+Au carried over from 2023 running) and 24 or 28 weeks in 2025.240

2.2.1 Proposal for Run-2024241

For the second year of sPHENIX running in 2024, the sPHENIX proposal is to devote every available242

cryo-week (i.e. except the six weeks allotted for Au+Au running) for p+p collisions with transverse243

(vertical) polarization. We stress the critical need for high-luminosity p+p reference data for the244

8

• Begin Run-24 with six weeks of Au+Au

➡No expectation of Au+Au physics data due to ongoing commissioning

➡Reserve 4 weeks at start of p+p running for additional system-dependent 

commissioning

Sampled versus Recorded Luminosity Beam Use Proposal 2024–2025

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)

3.0 Outstanding sPHENIX Au+Au Commissioning Time

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

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

4.0 Dedicated sPHENIX p+p Commissioning Time

13/17/21 Data taking mode 2 (p+p Physics)

0.5 Controlled refrigeration turn-off

20/24/28 (+6 Au+Au) Total cryo-weeks

Table 2.3: Year 2024 run plan for 20/24/28 (+6 Au+Au) cryo-weeks, Scenario A.

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)

8.0 Dedicated sPHENIX p+p Commissioning Time

9/13/17 Data taking mode 1 (p+p Physics)

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

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

3.0 Outstanding sPHENIX Au+Au Commissioning Time

0.5 Controlled refrigeration turn-off

20/24/28 (+6 Au+Au) Total cryo-weeks

Table 2.4: Year 2024 run plan for 20/24/28 (+6 Au+Au) cryo-weeks, Scenario B.
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Sampled versus Recorded Luminosity Beam Use Proposal 2024–2025

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)

3.0 Outstanding sPHENIX Au+Au Commissioning Time

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

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

4.0 Dedicated sPHENIX p+p Commissioning Time

13/17/21 Data taking mode 2 (p+p Physics)

0.5 Controlled refrigeration turn-off

20/24/28 (+6 Au+Au) Total cryo-weeks

Table 2.3: Year 2024 run plan for 20/24/28 (+6 Au+Au) cryo-weeks, Scenario A.

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)

8.0 Dedicated sPHENIX p+p Commissioning Time

9/13/17 Data taking mode 1 (p+p Physics)

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

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

3.0 Data taking mode 2 (Au+Au Physics)

0.5 Controlled refrigeration turn-off

20/24/28 (+6 Au+Au) Total cryo-weeks

Table 2.4: Year 2024 run plan for 20/24/28 (+6 Au+Au) cryo-weeks, Scenario B.
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Run-24 request - Scenario B

Proposal for 2024 and 2025 Beam Use Proposal 2024–2025

Table 2.2: Summary of the sPHENIX Beam Use Proposal for 2024 and 2025, as requested in the charge.
The values separated by slashes correspond to different cryo-week scenarios (20/24/28 in 2024 and
24/28 in 2025). The 10%-str values correspond to the modest streaming readout upgrade of the
tracking detectors.

Species

p
sNN Physics Min. Bias Rec. Lum. Calo. Trigger Lum.

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

Run-2024, Scenario A, 6 cryo-weeks Au+Au + 20/24/28 cryo-weeks p+p

Au+Au 200 n/a n/a (Commissioning running)

p+p 200 13/17/21
0.34/0.44/0.54 pb�1 [@ 5kHz]

23/31/39 pb�1

2.3/3.1/3.9 pb�1 [10%-str]

Run-2024, Scenario B, 20/24/28 cryo-weeks p+p + 6 cryo-weeks Au+Au

p+p 200 9/13/17
0.23/0.34/0.44 pb�1 [@ 5kHz]

15/23/31 pb�1

1.5/2.3/3.1 pb�1 [10%-str]

Au+Au 200 3 0.4 nb�1 (3B events) not needed

Run-2025, 24/28 cryo-weeks

Au+Au 200 20.5/24.5 5.2/6.3 nb�1 (35B/43B events) not needed

sPHENIX is taking data with high livetime) of 0.60 for 2024 running since the detector is being233

commissioned for a new collision systems and new Level-1 triggers are being brought online, rising234

to 0.80 for subsequent running in 2025. These uptime values fold in the expected livetime of the235

data acquisition system, which is greater than 90%.236

2.2 Proposal for 2024 and 2025237

The two-year proposal is summarized in Table 2.2. The numbers separated by slashes correspond to238

the various scenarios requested in the ALD Charge, with 20, 24, or 28 weeks in 2024 (not counting239

six weeks of Au+Au carried over from 2023 running) and 24 or 28 weeks in 2025.240

2.2.1 Proposal for Run-2024241

For the second year of sPHENIX running in 2024, the sPHENIX proposal is to devote every available242

cryo-week (i.e. except the six weeks allotted for Au+Au running) for p+p collisions with transverse243

(vertical) polarization. We stress the critical need for high-luminosity p+p reference data for the244

8

• End Run-24 with six weeks of Au+Au


➡Reserve 8 weeks at start of p+p running to finish sPHENIX commissioning 


➡Opportunity to take Au+Au data with full physics readiness

Note: previous typo in live 
presentation here, now fixed



Run-24 request - other scenarios
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• Other possibilities, not explicitly 
listed in BUP 2023, including:


➡ switch to 3-6 weeks of Au+Au 
running in the middle of the run 
(avoid summer heat load)


➡ under Scenario B, can choose to 
continue running p+p if needed 
(no Au+Au)


➡ half p+p / half Au+Au running in 
both Run-24 and Run-25

Proposal for 2024 and 2025 Beam Use Proposal 2024–2025

Table 2.2: Summary of the sPHENIX Beam Use Proposal for 2024 and 2025, as requested in the charge.
The values separated by slashes correspond to different cryo-week scenarios (20/24/28 in 2024 and
24/28 in 2025). The 10%-str values correspond to the modest streaming readout upgrade of the
tracking detectors.

Species

p
sNN Physics Min. Bias Rec. Lum. Calo. Trigger Lum.

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

Run-2024, Scenario A, 6 cryo-weeks Au+Au + 20/24/28 cryo-weeks p+p

Au+Au 200 n/a n/a (Commissioning running)

p+p 200 13/17/21
0.34/0.44/0.54 pb�1 [@ 5kHz]

23/31/39 pb�1

2.3/3.1/3.9 pb�1 [10%-str]

Run-2024, Scenario B, 20/24/28 cryo-weeks p+p + 6 cryo-weeks Au+Au

p+p 200 9/13/17
0.23/0.34/0.44 pb�1 [@ 5kHz]

15/23/31 pb�1

1.5/2.3/3.1 pb�1 [10%-str]

Au+Au 200 3 0.4 nb�1 (3B events) not needed

Run-2025, 24/28 cryo-weeks

Au+Au 200 20.5/24.5 5.2/6.3 nb�1 (35B/43B events) not needed

sPHENIX is taking data with high livetime) of 0.60 for 2024 running since the detector is being233

commissioned for a new collision systems and new Level-1 triggers are being brought online, rising234

to 0.80 for subsequent running in 2025. These uptime values fold in the expected livetime of the235

data acquisition system, which is greater than 90%.236

2.2 Proposal for 2024 and 2025237

The two-year proposal is summarized in Table 2.2. The numbers separated by slashes correspond to238

the various scenarios requested in the ALD Charge, with 20, 24, or 28 weeks in 2024 (not counting239

six weeks of Au+Au carried over from 2023 running) and 24 or 28 weeks in 2025.240

2.2.1 Proposal for Run-2024241

For the second year of sPHENIX running in 2024, the sPHENIX proposal is to devote every available242

cryo-week (i.e. except the six weeks allotted for Au+Au running) for p+p collisions with transverse243

(vertical) polarization. We stress the critical need for high-luminosity p+p reference data for the244
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We ask the PAC to endorse a flexible approach to Au+Au running in Run-24, 
depending on machine performance and sPHENIX commissioning progress



Run-2024 request - comparison
Proposal for 2024 and 2025 Beam Use Proposal 2024–2025

Table 2.2: Summary of the sPHENIX Beam Use Proposal for 2024 and 2025, as requested in the charge.
The values separated by slashes correspond to different cryo-week scenarios (20/24/28 in 2024 and
24/28 in 2025). The 10%-str values correspond to the modest streaming readout upgrade of the
tracking detectors.

Species

p
sNN Physics Min. Bias Rec. Lum. Calo. Trigger Lum.

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

Run-2024, Scenario A, 6 cryo-weeks Au+Au + 20/24/28 cryo-weeks p+p

Au+Au 200 n/a n/a (Commissioning running)

p+p 200 13/17/21
0.34/0.44/0.54 pb�1 [@ 5kHz]

23/31/39 pb�1

2.3/3.1/3.9 pb�1 [10%-str]

Run-2024, Scenario B, 20/24/28 cryo-weeks p+p + 6 cryo-weeks Au+Au

p+p 200 9/13/17
0.23/0.34/0.44 pb�1 [@ 5kHz]

15/23/31 pb�1

1.5/2.3/3.1 pb�1 [10%-str]

Au+Au 200 3 0.4 nb�1 (3B events) not needed

Run-2025, 24/28 cryo-weeks

Au+Au 200 20.5/24.5 5.2/6.3 nb�1 (35B/43B events) not needed

sPHENIX is taking data with high livetime) of 0.60 for 2024 running since the detector is being233

commissioned for a new collision systems and new Level-1 triggers are being brought online, rising234

to 0.80 for subsequent running in 2025. These uptime values fold in the expected livetime of the235

data acquisition system, which is greater than 90%.236

2.2 Proposal for 2024 and 2025237

The two-year proposal is summarized in Table 2.2. The numbers separated by slashes correspond to238

the various scenarios requested in the ALD Charge, with 20, 24, or 28 weeks in 2024 (not counting239

six weeks of Au+Au carried over from 2023 running) and 24 or 28 weeks in 2025.240

2.2.1 Proposal for Run-2024241

For the second year of sPHENIX running in 2024, the sPHENIX proposal is to devote every available242

cryo-week (i.e. except the six weeks allotted for Au+Au running) for p+p collisions with transverse243

(vertical) polarization. We stress the critical need for high-luminosity p+p reference data for the244
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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

ii

• Under the most favorable circumstances (Scenario A, 28 cryo-weeks, no 
p+Au running), sPHENIX will sample ~39 pb-1 of p+p data

➡  c.f. 45 pb-1 under previous conservative projections (24 cryo-weeks, which 

includes five weeks of p+Au running)16

sPHENIX BUP 2023
sPHENIX BUP 2022



p+p as reference for Au+Au

• The ratio of expected partonic luminosity between centrality-integrated Au+Au 
data and p+p data is ~6:1

➡Between central Au+Au and p+p, it is ~2:1

➡For hadronic final states (RAA ~ 1/2), the ratio in central events is ~1:1


• We therefore stress that any reduction in p+p data directly translates into 
increased uncertainties in the RAA!

Sampled versus Recorded Luminosity Beam Use Proposal 2024–2025

Figure 2.1: sPHENIX full GEANT-4 simulations with HIJING p+p events run through the jet Level-1
trigger emulator with efficiencies (left) and rejection factors (right).

Species Relevant Luminosity hNcolli Effective-p+p

p+p 39 pb�1 (sampled) 1 1.6 ⇥ 1012

Au+Au (min. bias.) 6.3 nb�1 (recorded) 250 11 ⇥ 1012

Table 2.6: Comparison of the effective number of p+p collisions from the full data sets from Years
2024 and 2025, assuming the 28 cryo-week scenarios for each. The Au+Au values correspond to the
minimum bias case (i.e. all centralities).

Table 2.6 details the number of relevant events recorded or sampled for measuring high pT jets394

from running in 2024–2025. For Au+Au minimum bias events, the average number of binary395

collisions is hNcolli ⇡ 250. We note that the Au+Au sample has an equivalent nucleonic luminosity396

which is an order of magnitude larger than that in p+p collisions. However, since it will be divided397

into centrality bins and jet quenching will reduce the statistics for all hadronic final states, there398

is a reasonable balance between the systems. For example, since approximately one third of the399

nucleon–nucleon luminosity in Au+Au collisions is in the 0–10% events, the ratio of the effective400

number of p+p collisions between 0–10% Au+Au events and p+p is approximately two to one401

before jet quenching, and therefore the yields of suppressed final states such as hadrons and jets402

are expected to be similar.403
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• Many flagship sPHENIX measurements ( +jet, b-jets, family of Upsilon states) 
critically rely on large integrated luminosities


• A large p+p data-set is also needed to reduce systematic uncertainties via, 
e.g., in situ detector studies (track-calo response, +jet balance, etc.)


• In 2021, sPHENIX was asked to prepare a BUP under a 20 cryo-week 
scenario in 2024. Under that scenario, sPHENIX was forced to remove all 
p+Au running to preserve the needed p+p luminosity. 


• The reduced projections now preclude p+Au running even in 28wk scenario

➡There is a significant cost to switching species & the projected p+Au 

luminosity/week has also decreased significantly (> factor of 2)

➡Splitting 2024 running between p+p and p+Au will result in not meeting the 

luminosity target for either system

γ

γ

Loss of p+Au physics in 2024



• Many flagship sPHENIX measurements ( +jet, b-jets, family of Upsilon states) 
critically rely on large integrated luminosities


• A large p+p data-set is also needed to reduce systematic uncertainties via, e.g., 
in situ detector studies (track-calo response, +jet balance, etc.)


• In 2021, sPHENIX was asked to prepare a BUP under a 20 cryo-week scenario 
in 2024. Under that scenario, sPHENIX was forced to remove all p+Au running to 
preserve the needed p+p luminosity. 

➡The reduced projections now preclude p+Au running even for the 28wk 

scenario.

➡Significant cost to switching species & p+Au lumi projections have decreased 

➡Splitting 2024 running between p+p and p+Au will result in not meeting the 

luminosity target for either system

γ

γ

Loss of p+Au physics in 2024

We ask the PAC to encourage Brookhaven to look broadly and 
aggressively for an opportunity for high-luminosity p+Au data-taking 

beyond the currently considered 2024 and 2025 cryo-week allocations



Considerations and 
Proposal for Run-2025



C-AD guidance for 2025
• Due to the RHIC experience in 2023, 

C-AD projects that delivered 
luminosity / week will be no better 
than that achieved in 2016 Au+Au


➡Factor of ~2.3 reduction from 2022 
projections


• Additionally, the luminosity decrease 
under a finite crossing angle (previous 
sPHENIX plan  mrad) was found 
to be significantly lower than expected


➡Another factor of ~2.6 reduction

θ = 2

 5 

 
Table 2: Demonstrated and projected luminosities for 100 GeV/nucleon Au+Au runs.  

Parameter Unit FY2007 2010 2011 2014 2016 2023E 2025E 
No of bunches kb … 103 111 111 111 111 111 111 
Ions/bunch, initial Nb 109 1.1 1.1 1.3 1.6 2.0 2.4 2.90 
Average beam current/ring Iavg mA 112 121 147 176 224 265 319 
Stored beam energy MJ 0.36 0.39 0.47 0.56 0.71 0.84 1.0 
Envelope function at IP b* m 0.85 0.75 0.75 0.70 0.70 0.70 0.65 
Beam-beam parameter x/IP 10-3 -1.7 -1.5 -2.1 -2.5 -3.9 -4.6 -5.6 
Initial luminosity Linit 1026 cm-2s-1 30  40  50  80  155  215  336  
Events per bunch-bunch crossing µ  … 0.08 0.10 0.13 0.21 0.40 0.55 0.86 
Average/initial luminosity % 40 50 60 62 56 58 60 
Average store luminosity Lavg 1026 cm-2s-1 12 20 30 50 87 125 200 
Time in store % 48 53 59 68 65 60 60 
Max. luminosity/week µb-1 380 650 1000 2200 3000 4530 7260 
Min. luminosity/week µb-1       3000 3000 
L within |z|<10 cm, q = 0 mrad, r0/rq * %      39/39 39/39 
L within |z|<10 cm, q = 2 mrad, r0/rq * %      31/81 31/81 

* Luminosity L(z,q) within vertex cut |z| for full crossing angle q. The values r0/rq are r0 = L(z,q)/L(10 m,0) and rq = L(z,q)/L(10 m,q). 
 
Table 3: Demonstrated and max projected luminosities and polarization for p+p and p+Au runs at 100 GeV. 

  p+p p+Au 
Parameter Unit FY2008 2009 2012 2015 2024E FY2015 2024E 

No of colliding bunches kb … 109 109 109 111 111 111 111 
Protons/bunch, initial Nb 1011 1.5 1.3 1.6 2.25 2.5 225/1.6 250/2.4 
Average beam current/ring Iavg mA 198 179 214 312 347 313/176 348/266 
Stored beam energy  MJ 0.25 0.23 0.27 0.40 0.45 0.40/0.56 0.45/0.84 
Envelope function at IP b* m 1.00 0.70 0.85 0.85 0.85 0.85/0.70 0.85/0.70 
Hourglass factor H … 0.77 0.72 0.74 0.75 0.84 0.72 0.72 
Beam-beam parameter x/IP 10-3 -5.3 -6.3 -5.8 -9.7 -11.7 -5.3/-4.1 -11.7/-4.3 

Initial luminosity Linit 1030 cm-2s-1 35 50 46 115 176 0.88 1.68 
Events per bunch-bunch crossing µ  … 0.2 0.3 0.3 0.7 1.1   
Average/initial luminosity % 65 56 71 55 57 51 54 
Average store luminosity Lavg 1030 cm-2s-1 23 28 33 63 100 0.45 0.90 
Time in store % 60 53 59 64 60 65 60 
Max. luminosity/week pb-1 7.5  8.3  9.3  25  36  0.140 0.326 
Min. luminosity/week pb-1       25  0.140 
L within |z|<10 cm, q = 0 mrad, r0/rq * %     22/22  29/29 
L within |z|<10 cm, q = 2 mrad, r0/rq * %     19/69  24/75 
AGS extraction, Pmax % 55 65 72 68 68 68 68 
RHIC store average, Pmax % 45 56 59 57 60 60 60 
RHIC store average, Pmin %         57   57 

* Luminosity L(z,q) within vertex cut |z| for full crossing angle q. The values r0/rq are r0 = L(z,q)/L(10 m,0) and rq = L(z,q)/L(10 m,q). 

C-AD Projections for Au+Au, Dec ‘22

C-AD Projections for Au+Au, Aug ‘23

21

However, impact to sPHENIX science is smaller due to mitigating factors (next slides)



Re-optimizing Au+Au crossing angle

• Previous sPHENIX BUP used  mrad beam-beam crossing angle to greatly 
decrease the rate of large-  interactions (which contribute to TPC IBF but are not 
usable for physics) with respect to those in | | < 10 cm


• Given the overall lower rates, this choice could be re-optimized to recover 
luminosity in the narrow vertex (| | < 10 cm)


• In the BUP 2023, we use  mrad (recover +30%), but exact value to be 
optimized in discussions with C-AD and TPC sub-system experts 

θ = 2
zvtx

zvtz

zvtz

θ = 1

Beam Use Proposal 2024–2025 RHIC Luminosity Projections

Crossing L(q, all z)/ L(q, |z| < 10 cm)/ sz in Lumi/Week Lumi/Week

angle q L(q = 0, all z) L(q, all z) sPHENIX [cm] all z [µb�1] (|z| < 10 cm) [µb�1]

0 mrad 1.0 0.30 26 2210 660

1 mrad 0.30 0.52 14 660 340

2 mrad 0.15 0.79 8 330 260

Table 2.1: Summary of projected 2025 Au+Au luminosity production under different crossing angle
scenarios. The luminosity/week is based on the average of the minimum and maximum projection.
The vertex width sz, and thus the vertex factor L(q, |z| < 10 cm)/L(q, all z), is taken from direct
measurements in sPHENIX in 2023 Au+Au running, as suggested by C-AD. All other values are taken
directly from C-AD guidance. The right column, which is the luminosity per week within the narrow
vertex, is the relevant quantity for sPHENIX physics.

We describe the quantitative translation of the C-AD projections into expected event rates at206

sPHENIX for 2024-2025 below. In the planning document, C-AD provides a minimum and maxi-207

mum luminosity per week for each running period, under different crossing-angle scenarios. In208

previous projection documents, C-AD would directly provide the fraction of collisions within209

a given z-vertex range. However, these quantities are no longer available as direct input in the210

document and fraction of the luminosity within |z| < 10 cm, i.e. the usable collisions for the211

sPHENIX tracking system, must be calculated in other ways. For p+p running, this so-called212

narrow-z-vertex fraction was given to sPHENIX via private communication by Wolfram Fischer.213

For Au+Au running, the C-AD recommendation was to use the reconstructed z-vertex width214

observed by sPHENIX in 2023 Au+Au running (see commissioning document). Table 2.1 compares215

the relevant quantities for Au+Au luminosity production usable by sPHENIX under different216

crossing angles.217

For calculating the integrated luminosity, we assume a progressive ramp-up curve over a three-218

week period described below in Chapter 2.3. This is then followed by steady-state physics running219

at the mean of the minimum and maximum in both luminosity within |z| <10 cm.220

We also highlight that a critical part of the sPHENIX run plan is to have a non-zero crossing angle221

between the beams – the crossing angle reasoning, implications, and quantitative analysis are222

in Appendix C. As a change in this BUP compared to previous ones, sPHENIX proposes to run223

Au+Au collisions at q = 1 mrad rather than q = 2 mrad. The larger crossing angle was motivated224

by the need to significantly decrease the instantaneous luminosity over all z for the TPC while225

decreasing the luminosity inside |z| < 10 cm only modestly. Since the overall projections are now226

lower, it is likely that the optimum running configuration is at a smaller angle, such as q = 1 mrad227

(see Table 2.1 above), but with the specific value to be determined based on continued discussions228

with C-AD and the TPC sub-system experts.229

In the preparation of projections for polarized observables in p+p 2024 running, we use the expected230

polarization given by the C-AD guidance.231

We assume an sPHENIX uptime (i.e. the fraction of time when collisions are available when232

7

Recover narrow-vertex 
luminosity while keeping all-
vertex lumi below TPC limit 

22



Au+Au trigger strategy 
Crossing Angle Summary of Projected Luminosities
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Figure C.1: (left) Estimated Au+Au at 200 GeV collision rate as a function of Time in Store for all
collisions (black) and collisions within ± 10 cm (red). The bottom to top set of curves in each color
are for the C-AD projections in their document corresponding to 2023, 2025, 2027. Also shown as
a magenta line is the sPHENIX data acquisition rate of 15 kHz for reference. These projections are
with zero crossing angle between the beams. (right) The same calculated quantities are shown for a 2
milliradian crossing angle between the beams.

Level-1 accept rate throughout the store. What is most noticeable is the reduction by almost a factor843

of three in total collision rate. This effectively translates into a factor of three lower radiation load844

on the detector and three times lower charge deposition in the TPC. Small optimizations around845

the 2 milliradian value may be possible; for the purposes of this document we have consistently846

used this 2 milliradian crossing angle for all projections.847

Similar issues of acceptance and radiation load / IBF have to be balanced for p+p and p+Au848

running. The current proposal is to run with the same 2 milliradian crossing angle for these systems849

as well. We highlight that in p+p and p+Au running, the larger collision rate with lower track850

multiplicities may lead to small IBF fluctuations since the collisions are spread out in z vertex and851

there are more random chances to average out relative to a smaller number of Au+Au collisions852

with highly variable multiplicity. It may be that there is thus a somewhat smaller crossing angle853

that will be optimal for the smaller collision systems.854

C.1 Summary of Projected Luminosities855

Wolfram Fischer and C-AD have provided a MATHEMATICA notebook for estimating the collision856

rate and z-vertex collision distribution as a function of beam crossing angle. After confirming857

values with C-AD, we include the generated set of results here for completeness, see Figures C.2,858

C.3, and C.4.859

35

Previous sPHENIX strategy: saturate 
15kHz DAQ bandwidth to record min 
bias collisions (& sample others with 

EM trigger for  physics)γ

However, the lower rates will fall 
within the DAQ limit (TBC with 

detailed luminosity profile from C-AD)

23

Preliminary study by J. Nagle

 thus, for pure min-bias collisions, the impact to sPHENIX is partially mitigated⇒

sPHENIX BUP 2022



Run-2025 Au+Au request
Proposal for 2024 and 2025 Beam Use Proposal 2024–2025

Table 2.2: Summary of the sPHENIX Beam Use Proposal for 2024 and 2025, as requested in the charge.
The values separated by slashes correspond to different cryo-week scenarios (20/24/28 in 2024 and
24/28 in 2025). The 10%-str values correspond to the modest streaming readout upgrade of the
tracking detectors.

Species

p
sNN Physics Min. Bias Rec. Lum. Calo. Trigger Lum.

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

Run-2024, Scenario A, 6 cryo-weeks Au+Au + 20/24/28 cryo-weeks p+p

Au+Au 200 n/a n/a (Commissioning running)

p+p 200 13/17/21
0.34/0.44/0.54 pb�1 [@ 5kHz]

23/31/39 pb�1

2.3/3.1/3.9 pb�1 [10%-str]

Run-2024, Scenario B, 20/24/28 cryo-weeks p+p + 6 cryo-weeks Au+Au

p+p 200 9/13/17
0.23/0.34/0.44 pb�1 [@ 5kHz]

15/23/31 pb�1

1.5/2.3/3.1 pb�1 [10%-str]

Au+Au 200 3 0.4 nb�1 (3B events) not needed

Run-2025, 24/28 cryo-weeks

Au+Au 200 20.5/24.5 5.2/6.3 nb�1 (35B/43B events) not needed

sPHENIX is taking data with high livetime) of 0.60 for 2024 running since the detector is being233

commissioned for a new collision systems and new Level-1 triggers are being brought online, rising234

to 0.80 for subsequent running in 2025. These uptime values fold in the expected livetime of the235

data acquisition system, which is greater than 90%.236

2.2 Proposal for 2024 and 2025237

The two-year proposal is summarized in Table 2.2. The numbers separated by slashes correspond to238

the various scenarios requested in the ALD Charge, with 20, 24, or 28 weeks in 2024 (not counting239

six weeks of Au+Au carried over from 2023 running) and 24 or 28 weeks in 2025.240
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• Run full-energy Au+Au collisions for the entire duration


• Collect ~6.3 nb-1 / ~43B min-bias Au+Au events in a 28 cryo-week scenario
24

Beam Use Proposal 2024–2025 Sampled versus Recorded Luminosity

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

24/28 Total cryo-weeks

Table 2.5: Year 2025 run plan for 24/28 cryo-weeks with Au+Au 200 GeV collisions.

90% of the inelastic cross section. For sufficiently high instantaneous luminosities, additional366

physics may be “sampled” with rare event triggers, for example high-pT direct photons, where the367

trigger rejection is very high even in central Au+Au events. However, with the latest guidance368

from C-AD, it is expected that the entire Au+Au minimum-bias collision rate will be under the369

15 kHz DAQ limit and can thus be taken just with MBD triggers. Thus all physics projections are370

based on the recorded luminosity in Au+Au unless otherwise stated.371

In the p+p case, the instantaneous luminosities are sufficiently high that even reading out MBD-372

triggered events at the upper DAQ bandwidth limit would only yield a small available luminosity373

for physics measurements. Thus, the physics will predominantly come from sampled Level-1374

calorimeter-triggered events utilizing photon, electron (e.g. from Upsilon decays), hadron, and375

jet triggers, the key value is the sampled luminosity for these physics channels. Note that some376

observables such as lower pT hadrons (and in particular heavy-flavor hadrons D, Lc, B) do not377

have effective Level-1 physics triggers. Thus, in these cases the recorded luminosity is crucial. We378

have nominally allocated 5 kHz, out of the 15 kHz Level-1 trigger rate, for p+p minimum bias379

collection, to collect these events and to understand the performance of the Level-1 calorimeter380

trigger. A critical addition is the streaming capability for the tracking detectors, which enables381

much larger minimum bias data sets (without calorimeter readout).382

Trigger algorithms have been developed in simulation and tested for p+p running using the EMCal383

for single photons (typically with pT greater than 10 GeV) and for electrons (from Upsilon decays384

typically with pT greater than 3–4 GeV). In addition, trigger algorithms using the combined EMCal385

and HCal information have been developed for selecting jets and single hadrons. At the highest386

p+p interaction rates, rejection factors of order 5000–10,000 are needed to result in a 1–2 kHz387

bandwidth allocation for a given trigger channel. Full GEANT-4 simulations with HIJING p+p388

events have been used to document the trigger efficiencies and rejection factors for all Level-1389

algorithms. One example set of calculations for jet triggers is shown in Figure 2.1 indicating good390

efficiency and rejection factors above the required level. The separate commissioning document391

accompanying this Beam Use Proposal discusses the status of the calorimeter trigger and additional392

commissioning work needed.393
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Run-2025 Au+Au request - comparison
Proposal for 2024 and 2025 Beam Use Proposal 2024–2025

Table 2.2: Summary of the sPHENIX Beam Use Proposal for 2024 and 2025, as requested in the charge.
The values separated by slashes correspond to different cryo-week scenarios (20/24/28 in 2024 and
24/28 in 2025). The 10%-str values correspond to the modest streaming readout upgrade of the
tracking detectors.

Species

p
sNN Physics Min. Bias Rec. Lum. Calo. Trigger Lum.

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

Run-2024, Scenario A, 6 cryo-weeks Au+Au + 20/24/28 cryo-weeks p+p

Au+Au 200 n/a n/a (Commissioning running)

p+p 200 13/17/21
0.34/0.44/0.54 pb�1 [@ 5kHz]

23/31/39 pb�1

2.3/3.1/3.9 pb�1 [10%-str]

Run-2024, Scenario B, 20/24/28 cryo-weeks p+p + 6 cryo-weeks Au+Au

p+p 200 9/13/17
0.23/0.34/0.44 pb�1 [@ 5kHz]

15/23/31 pb�1

1.5/2.3/3.1 pb�1 [10%-str]

Au+Au 200 3 0.4 nb�1 (3B events) not needed

Run-2025, 24/28 cryo-weeks

Au+Au 200 20.5/24.5 5.2/6.3 nb�1 (35B/43B events) not needed

sPHENIX is taking data with high livetime) of 0.60 for 2024 running since the detector is being233

commissioned for a new collision systems and new Level-1 triggers are being brought online, rising234

to 0.80 for subsequent running in 2025. These uptime values fold in the expected livetime of the235

data acquisition system, which is greater than 90%.236

2.2 Proposal for 2024 and 2025237

The two-year proposal is summarized in Table 2.2. The numbers separated by slashes correspond to238

the various scenarios requested in the ALD Charge, with 20, 24, or 28 weeks in 2024 (not counting239

six weeks of Au+Au carried over from 2023 running) and 24 or 28 weeks in 2025.240

2.2.1 Proposal for Run-2024241

For the second year of sPHENIX running in 2024, the sPHENIX proposal is to devote every available242

cryo-week (i.e. except the six weeks allotted for Au+Au running) for p+p collisions with transverse243

(vertical) polarization. We stress the critical need for high-luminosity p+p reference data for the244
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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

ii

• Collect ~6.3 nb-1 / ~43B min-bias Au+Au events in a 28 cryo-week scenario 

➡  c.f. 15 nb-1 / 100 B under previous projections — x2.4 reduction

➡  For photon-triggered observables specifically, x4 reduction 25

sPHENIX BUP 2023
sPHENIX BUP 2022
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Table 2.2: Summary of the sPHENIX Beam Use Proposal for 2024 and 2025, as requested in the charge.
The values separated by slashes correspond to different cryo-week scenarios (20/24/28 in 2024 and
24/28 in 2025). The 10%-str values correspond to the modest streaming readout upgrade of the
tracking detectors.

Species

p
sNN Physics Min. Bias Rec. Lum. Calo. Trigger Lum.

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

Run-2024, Scenario A, 6 cryo-weeks Au+Au + 20/24/28 cryo-weeks p+p

Au+Au 200 n/a n/a (Commissioning running)

p+p 200 13/17/21
0.34/0.44/0.54 pb�1 [@ 5kHz]

23/31/39 pb�1

2.3/3.1/3.9 pb�1 [10%-str]
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p+p 200 9/13/17
0.23/0.34/0.44 pb�1 [@ 5kHz]

15/23/31 pb�1

1.5/2.3/3.1 pb�1 [10%-str]

Au+Au 200 3 0.4 nb�1 (3B events) not needed

Run-2025, 24/28 cryo-weeks

Au+Au 200 20.5/24.5 5.2/6.3 nb�1 (35B/43B events) not needed

sPHENIX is taking data with high livetime) of 0.60 for 2024 running since the detector is being233

commissioned for a new collision systems and new Level-1 triggers are being brought online, rising234

to 0.80 for subsequent running in 2025. These uptime values fold in the expected livetime of the235

data acquisition system, which is greater than 90%.236

2.2 Proposal for 2024 and 2025237

The two-year proposal is summarized in Table 2.2. The numbers separated by slashes correspond to238

the various scenarios requested in the ALD Charge, with 20, 24, or 28 weeks in 2024 (not counting239

six weeks of Au+Au carried over from 2023 running) and 24 or 28 weeks in 2025.240

2.2.1 Proposal for Run-2024241

For the second year of sPHENIX running in 2024, the sPHENIX proposal is to devote every available242

cryo-week (i.e. except the six weeks allotted for Au+Au running) for p+p collisions with transverse243

(vertical) polarization. We stress the critical need for high-luminosity p+p reference data for the244
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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

ii

• Collect ~6.3 nb-1 / ~43B min-bias Au+Au events in a 28 cryo-week scenario 

➡  c.f. 15 nb-1 / 100 B under previous projections — x2.4 reduction

➡  For photon-triggered observables specifically, x4 reduction 

sPHENIX BUP 2023
sPHENIX BUP 2022

• We ask the PAC to encourage Brookhaven to look broadly and 
aggressively for ways to provide additional integrated Au+Au luminosity


• In the next two slides, we give examples of flagship measurements ( +jet 
and  production) and discuss the severe impact a failure to recover the 
expected luminosity can have

γ
Υ
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Original sPHENIX Science 
Program Projection

Projection: 2025 Au+Au only,  
24 cryo-weeks, no  mitigationθ

• Key mandate of the Long-Range Plan: large kinematic overlap between RHIC 
and LHC to constrain temperature-dependence of the QGP in detail


➡ For photon+jets (flagship LHC HI and sPHENIX measurement), the worst 
case projections threaten to cut this overlap range to only 10 GeV

Impact on RHIC science mission (1/2)
RHIC-LHC 

Overlap
RHIC-LHC 

Overlap
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Projection: 20wks p+p 
2024, 24wks Au+Au 

2025, no  mitigationθ

➡ For Upsilon suppression, greatly degrade kinematic dependence for  and 
, lose ability to distinguish surviving  above background


➡ These examples illustrate the risk to the "essential" [2015 LRP] complementarity 
between RHIC and LHC (c.f. CMS )

Υ(1S)
Υ(2S) Υ(3S)

Υ(3S)

Impact on RHIC science mission (2/2)

28CMS: nucl-ex/2303.17026
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Hard process yields

30

sPHENIX

David Morrison (BNL)

Gunther Roland (MIT) co-spokespersons

sPHENIX collaboration meeting, BNL, Tuesday

sPHENIX

BUP 2022, Sec 4.1
Jet and Photon Physics Physics Projections

Signal Au+Au 0–10% Counts p+p Counts

Jets pT > 20 GeV 6 800 000 (RAA = 0.4) 6 700 000

Jets pT > 40 GeV 20 000 (RAA = 0.4) 19 000

Direct Photons pT > 20 GeV 9 200 (RAA = 1) 3 700

Charged Hadrons pT > 25 GeV 1 300 (RAA = 0.2) 2 600

Table 3.1: Projected counts for jet, direct photon, and charged hadron events above the indicated
threshold pT from the sPHENIX proposed 2024 p+p and 2025 Au+Au data taking, with the assumed
RAA given for the Au+Au case. These estimates correspond to the 28 cryo-week scenarios, and are
based on the latest C-AD guidance from August 2023.

• Photon and photon+jet measurements in Au+Au. For these, the plan in BUP 2022 was to use a435

calorimeter trigger to sample up to 32 nb�1 of Au+Au events in Run-23 and Run-25. Thus,436

for these observables, the expected statistical uncertainties are 140% larger.437

• Ratios between 0–10% Au+Au events and p+p events. The expected statistical uncertainties438

are similar between the two systems (see Table 3.1), depending on the particular level of439

suppression. Thus, one may generally use the impact on the Au+Au data as described above440

since, except for the direct photon case, that has a similar or worse statistical power as the441

p+p data.442

Finally, while the projections here are focused on statistical uncertainties, we note that in many443

case large statistics are needed to study systematic effects in data (e.g. isolated track-to-calorimeter444

matching for inter-detector energy calibration, g+jet calibration of the energy scale in p+p, etc.),445

with an impact that is difficult to quantitatively project.446

The specific physics projections are split into Section 3.1 (Jet and Photon Physics), Section 3.2447

(Upsilon Physics), Section 3.3 (Open Heavy Flavor Physics), and Section 3.4 (Cold QCD Physics).448

As a reminder, they are not updated from the BUP 2022, and should be understood with the caveats449

about increased statistical uncertainties given above.450

3.1 Jet and Photon Physics451

Probing the QGP with precise jet, direct photon, and hadron measurements is a core component452

of the sPHENIX scientific program. From 2023 to 2025, sPHENIX will collect large data samples453

to allow for detailed reconstructed jet measurements, including jet yields, di-jet events, jet (sub-454

)structure and properties, photon-tagged jet quenching measurements, and jet-hadron correlations.455

The projections in this Section are for light flavor jets; projections for b-quark jet yields and their456

properties are discussed in Section 3.3.457

The projections in this section are based on perturbative QCD calculations previously used in the458

sPHENIX MIE proposal document [8] applied to the nominal running plan proposed in Section 2.459
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The projected luminosity 
provides for inclusive RAA 

measurements over a wide 
range, and large samples of 
final states for detailed study

The Figures of projected measurements in BUP 2023 are unchanged from the 
BUP 2022. To account for the reduced luminosity projections:


• For measurements in p+p data only: statistical uncertainty x1.25


• Most measurements in Au+Au data: statistical uncertainty x1.8


• For photon/photon+jets in Au+Au data: statistical uncertainty x2.4 

Updated w/ August 2023 projections



Flagship measurements
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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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Fully reconstructed b-jet 
tagging - completely new 

channel at RHIC!

Opportunity to make 
definitive observation of 

surviving !Υ(3S)

+jet "golden channel” for 
calibrated study of jet-

medium interaction!

γ

All of these crucially rely on the highest possible p+p and Au+Au luminosities

Note: not updated for August 
2023 luminosity projections!
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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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 BUP 2022, Years 1-3sPHENIX

Tsinghua: simul. coal, 10-80%
Tsinghua: seq. coal, 10-80%
Catania: coal only, 0-20%
Catania: coal+frag, 0-20%

TAMU: di-quark 0-5%
TAMU: 3-quark 0-5%
PYTHIA8 (CR)
PYTHIA8 (Monash)

★ enabled by streaming readout

Prompt and non-prompt  reconstruction 
over a wide kinematic range


Determine the mass effect & precision 
study of heavy quark diffusion

D0
In-medium hadronization of 

heavy quarks


With measured p+p baseline
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Note: not updated for August 
2023 luminosity projections!



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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sPHENIX

David Morrison (BNL)

Gunther Roland (MIT) co-spokespersons

sPHENIX collaboration meeting, BNL, Tuesday

sPHENIX

In response to the developments with RHIC, this Beam 
Use Proposal outlines a specific plan to deliver the 
impactful physics in 2024-2025, and we continue to work 
with C-AD to further optimize the available luminosity


sPHENIX will be able to perform a broad range of new 
jet, HF and Cold QCD measurements


This exciting physics program requires dedicated time to 
finish detector commissioning


A large p+p data sample in Run-2024 is critical to 
success of entire scientific program - no space for p+Au 
running within the current cryo-week allocations

Outlook for PAC (1/2)
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The lowered Au+Au and p+p projections put key 
elements of the RHIC science mission as defined in 
the LRP at risk, including the direct overlap of +jet 
and  physics with the LHC


We ask the PAC to recommend an aggressive and 
broad effort by BNL to maximize the available cryo-
weeks, ideally beyond the current plans in 2024/2025


…and to ensure sufficient resources for CA-D to 
improve upon current reduced luminosity 
expectations

γ
Υ

Outlook for PAC (2/2)

sPHENIX

David Morrison (BNL)

Gunther Roland (MIT) co-spokespersons

sPHENIX collaboration meeting, BNL, Tuesday

sPHENIX
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