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US Process for HEP Planning
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P5 and HEPAP
•P5 = Particle Physics Project Prioritization Panel 

•P5 is a subpanel of HEPAP (High Energy Physics Advisory Panel)


•P5 responds to charge, makes recommendations to HEPAP


•Establishes scientific priorities taking into account cost and schedule information


•Provides a 10-year strategic plan for given budget scenarios within 20-year 
vision


•Implementation of P5 plan is up to the agencies


•P5 builds on community input, community support is essential 
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• 2007 Cost estimate for the ILC came out too high

• 2008 “US Particle Physics: Scientific Opportunities. A Strategic Plan for the Next Ten 

Years”

• Supported Tevatron followed by LHC

• recommended neutrino, dark matter, dark energy 


• 2013 Community Summer Study (concluded in Minneapolis)

• 2014 “Building for Discovery: Strategic Plan for U.S. Particle Physics in the Global 

Context”

• recommended HL-LHC, LBNE (later named DUNE/LBNF), embraced CMB


• 2021 Snowmass 2021 (concluded in Seattle)

• 2023 “Exploring the Quantum Universe: Pathways to Innovation and Discovery in 

Particle Physics”
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Brief History of HEP Planning
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• Developing a compelling and fiscally responsible plan that has widespread 
support from the field is a must if we want sustained support


• Completing projects on schedule and within the budget is crucial to 
increasing our support


• A strong and broad ecosystem of theorists and experimentalists, R&D, and 
small & large projects is essential for the field’s long-term health


• People are our most precious resource


• It’s an honor and privilege to do research into the nature of the Universe. 
We must be good stewards of our field. 

Lessons Learned from HEP Planning
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Final workshop of Snowmass 2021 Community Study 
University of Washington, July 2022

1800 LoIs 
548 White Papers 

>1500 people
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Energy.gov/science

Charge to the 2023 P5 Subcommittee 

EDIA throughout 
the field results in 
improved science

Consider : HEP is 
a global field

Support decisions to 
retain US leadership 
as a global partner

Assess science 
case for on-going 

projects

Preserve essential 
roles of 

Universities and 
National Labs

Balanced core 
research budget is 

paramount to 
producing science

Address synergies 
with broad national 

initiatives

Remember costs of 
R&D, commissioning, 

and operations for 
future projects
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Issued on Nov 2, 2022 
signed by Asmeret Berhe (Director of DOE Office of Science), Sean Jones (Director of NSF MPS)



Subcommittee on Costs/Risks/Schedule
Critical to understand maturity of cost estimates and risks and schedule for 
prioritization of projects within budget scenarios 
Lesson from previous P5 that some of the costs were off by a factor of ~π


Subcommittee 
• Jay Marx (Caltech), Chair 
• Gil Gilchriese, Matthaeus Leitner (LBNL)

• Giorgio Apollinari, Doug Glenzinski (Fermilab)

• Mark Reichanadter, Nadine Kurita (SLAC)

• Jon Kotcher, Srini Rajagopalan (BNL)

• Allison Lung (JLab)

• Harry Weerts (Argonne)

Jay Marx
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Committee provided low, medium, and 
high estimates with schedules



Prioritization Principles
In the process of prioritization, we considered scientific opportunities, budgetary realism, 
and a balanced portfolio as major decision drivers.

Large projects (>$250M)
• Paradigm-changing discovery potential, world-leading, Unique in the world

Medium projects ($50–250M)
• Excellent discovery potential or development of major tools, world-class, Competitive

Small projects (<$50M)
• Discovery potential, well-defined measurements, or outstanding technology development, World-class, 
Excellent training grounds

Overall program should
• leverage unique US facilities and capabilities, engage with core national initiatives to 

develop key technologies, 
• develop a skilled workforce for the future that draws on all talent
• realize effective engagement and partnership in international endeavors
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Recommendation 1

As the highest priority independent of the budget scenarios, complete construction 
projects and support operations of ongoing experiments and research to enable 
maximum science. We reaffirm the previous P5 recommendations on major initiatives:  

a. HL-LHC (including ATLAS and CMS detectors, as well as Accelerator Upgrade Project) 
to start addressing why the Higgs boson condensed in the universe (reveal the secrets of 
the Higgs boson, section 3.2), to search for direct evidence for new particles (section 
5.1), to pursue quantum imprints of new phenomena (section 5.2), and to determine the 
nature of dark matter (section 4.1). 


b. The first phase of DUNE and PIP-II to determine the mass ordering among neutrinos, a 
fundamental property and a crucial input to cosmology and nuclear science (elucidate 
the mysteries of neutrinos, section 3.1).


c. The Vera C. Rubin Observatory to carry out the LSST, and the LSST Dark Energy 
Science Collaboration, to understand what drives cosmic evolution (section 4.2).
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DOE & NSF PHY

Mostly DOE

DOE & NSF ASTUS leadership in key areas of particle physics

Reaffirm critical importance of the ongoing projects

Not Rank-Ordered



Recommendation 2
a. CMB-S4, which looks back at the earliest moments of the universe to probe physics at the 

highest energy scales. It is critical to install telescopes at and observe from both the South Pole 
and Chile sites to achieve the science goals (section 4.2). 


b. Re-envisioned second phase of DUNE with an early implementation of an enhanced 2.1 MW 
beam—ACE-MIRT—a third far detector, and an upgraded near-detector complex as the definitive 
long-baseline neutrino oscillation experiment of its kind (section 3.1). 


c. An off-shore Higgs factory, realized in collaboration with international partners, in order to 
reveal the secrets of the Higgs boson. The current designs of FCC-ee and ILC meet our scientific 
requirements. The US should actively engage in feasibility and design studies. Once a specific 
project is deemed feasible and well-defined (see also Recommendation 6), the US should aim for 
a contribution at funding levels commensurate to that of the US involvement in the LHC and HL-
LHC, while maintaining a healthy US on-shore program in particle physics (section 3.2). 


d. An ultimate Generation 3 (G3) dark matter direct detection experiment reaching the neutrino 
fog, in coordination with international partners and preferably sited in the US (section 4.1). 


e. IceCube-Gen2 for study of neutrino properties using non-beam neutrinos complementary to 
DUNE and for indirect detection of dark matter covering higher mass ranges using neutrinos as a 
tool (section 4.1). 14

DOE & NSF AST

Mostly DOE

DOE & NSF PHY

DOE & NSF PHY

NSF PHY

New exciting initiatives

Rank-Ordered



Recommendation 3

Create an improved balance between small-, medium-, and large-scale projects to open new 
scientific opportunities and maximize their results, enhance workforce development, promote 
creativity, and compete on the world stage.

In order to achieve this balance across all project sizes we recommend the following:
a. Implement a new small-project portfolio at DOE, Advancing Science and Technology through 

Agile Experiments (ASTAE), across science themes in particle physics with a competitive program 
and recurring funding opportunity announcements. This program should start with the construction 
of experiments from the Dark Matter New Initiatives (DMNI) by DOE-HEP (section 6.2).

b. Continue Mid-Scale Research Infrastructure (MSRI) and Major Research Instrumentation (MRI) 
programs as a critical component of the NSF research and project portfolio. 

c. Support DESI-II for cosmic evolution, LHCb upgrade II and Belle II upgrade for quantum imprints, 
and US contributions to the global CTA Observatory for dark matter (sections 4.2, 5.2, and 4.1). 

The Belle II recommendation includes contributions towards the SuperKEKB accelerator.
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Balanced Portfolio from small to large

Not Rank-Ordered



Recommendation 6
Convene a targeted panel with broad membership across particle physics later this 
decade that makes decisions on the US accelerator-based program at the time when 
major decisions concerning an off-shore Higgs factory are expected, and/or significant 
adjustments within the accelerator-based R&D portfolio are likely to be needed. A plan 
for the Fermilab accelerator complex consistent with the long-term vision in this report 
should also be reviewed.
The panel would consider the following: 
1.The level and nature of US contribution in a specific Higgs factory including an evaluation 

of the associated schedule, budget, and risks once crucial information becomes available.

2.Mid- and large-scale test and demonstrator facilities in the accelerator and collider R&D 

portfolios.

3.A plan for the evolution of the Fermilab accelerator complex consistent with the longterm 

vision in this report, which may commence construction in the event of a more favorable 
budget situation.
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DRAFT Report of the 2023 Particle Physics Project Prioritization Panel

† Recommend infrastructure support to enable international contributions

Y: Yes

2: The Recommended Particle Physics Program 29

Figure 2  –  Construction in Various Budget Scenarios

Medium and large-scale US investments in 

new construction projects for possible budget  

scenarios. For the three budget scenarios, 

the projects are ordered in 5 budget brackets  

according to the number of “N” entries and then 

by approximate budget sizes. For the offshore 

Higgs factory, test facilities & demonstrators, see 

Recommendation 6. See the caption of Figure 

1 concerning the science drivers, and Section 8 

for the rationale behind these choices.
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Exciting Program

18

 Particle Physics Experiments Timeline

       2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Current Dark Matter Experiments  
(LZ, XENONnT)

Current Dark Energy Experiments  
(DESI)

Current LHC Experiments  
(ATLAS, CMS, LHCb)

Current Neutrino Experiments  
(NOvA, SBN, and T2K)

Current Quantum Imprints  
Experiments (Belle II, Muon g-2)

Small- and Medium-scale Projects  
(ASTAE, MSRI, MRI)

SuperCDMS-SNOLAB Dark Matter  
Experiment

Vera C. Rubin Legacy Survey  
of Space and Time (Rubin/LSST)

Muon-to-Electron Conversion  
Experiment (mu2e)

DarkSide-20k Dark Matter  
Experiment

HL-LHC Accelerator & Detector  
Upgrades

Deep Underground Neutrino  
Experiment (LBNF/DUNE)

Proton Improvement Plan II  
(PIP-II)

Cosmic Microwave Background  
Stage 4 (CMB-S4)

Cherenkov Telescope Array (CTA)  
Observatory

Third Generation Dark Matter  
Experiments (DM G3)

IceCube-Gen2 Neutrino  
Detector

Future DUNE Upgrades  
(FD3, MCND)

Accelerator R&D for Future Colliders  
(Higgs Factory, Multi-TeV)

 Science Themes Science Drivers

 Decipher the Quantum Realm Neutrinos, Higgs Boson

 Illuminate the Invisible Universe Dark Matter, Cosmic Evolution

 Explore New Paradigms in Physics  New Particles, New Phenomena

 Phase of Experiment

 Operation & Analysis

 Fabrication/Construction

 Conceptual & Technical Design

 A Strategic Plan for US Particle Physics usparticlephysics.org
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DECEMBER 13, 2023 8 MIN READ

Road Map for U.S. Particle Physics Wins Broad
Approval
A major report plotting the future of U.S. particle physics calls for cuts to the
beleaguered DUNE project, advocates a “muon shot” for a next-generation
collider and recommends a new survey of the universe’s oldest observable
light

BY DANIEL GARISTO

A view from the subterranean excavation for the Deep Underground Neutrino Experiment (DUNE) at the Sanford Underground
Research Facility in South Dakota. Credit: Sanford Underground Research Facility

Particle Physics

Scientific American
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reached out to 532 
offices out of 538



Challenges
• CMB-S4 and IceCube Gen2 require infrastructure at the South Pole 

• retiring military cargo planes from 1970s, access, power needs, building

• involved OPP at several meetings

• “The South Pole, a unique site that enables the world-leading science of CMB-S4 and 

IceCube-Gen2, must be maintained as a premier site of science to allow continued US 
leadership in these areas.”


• 2014 P5 recommendation on DUNE would require significant additional funding 
• proposed “re-envisioned Phase 2” to fit within the budget to achieve the same amount 

of data

• Higgs factory on the US soil desired by community 

• can’t afford it, recommended “off-shore Higgs factory” instead

• Two great designs for Dark Matter G3 experiments proposed 

• recommended only one, preferentially on the US soil

• Further reductions needed if budget is worse than Chips and Science Act 

• made specific recommendations for the “less favorable” case, now this looks likely?

• Technology development needed to go to higher energies for colliders
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Attempt to improve the South Pole 
by replacing the LC-130 fleet


Also a letter in the House



DOE HEP Facilities Subpanel
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See N. Roe’s presentation



HEP Funding in Historical Context: 1987 to Present
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 ~+150M pre-SSC

SSC 
Funding

FY $M
1987 0.0
1988 33.0
1989 98.1

1990 216.9

1991 241.5

1992 482.6

1993 512.9

1994 640.0
1995 0.0

ARRA Funding

FY $M

2008 0.0

2009 236.5
2010 0.0

$ 
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Adjusting for inflation, based on the Consumer Price Index published by the U.S. Bureau of 
Labor Statistics, FY 1987 funding $495.4M is about $1,300M in Dec 2022 adjusted 
dollars. However, over that period, Lab and University cost escalation outpaced CPI.

Students at public 4-year institutions paid $5,423 in tuition & 
fees, room & board in 1990-91 ($13,648 [or x2.52] in Dec 
2022 adjusted dollars). By 2020-21, the cost has risen to 
$21,337 [or x3.93].

IRA Funding

FY $M

2021 0.0

2022 303.6
2023 0.0

Alan Stone, HEP Early Career Network Summer 2023 Workshop

CPI

HEP

P5 increase
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• HEP is a global enterprise, international collaborations are key, need to 
work with and understand international partners.


• Understanding costs is important for P5 planning. Subcommittee on 
costs, schedules, and risks provided important input.


• Early career researchers have an important voice in the field.


• Lead with the science, it inspires and unites people. 


• A prioritized, strategic plan is basis for success. Rollout and briefings for 
P5 are substantial effort. 


• Implementation is key to the success of the field.

Some Lessons and Observations from P5
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We are excited about this plan! 


http://2023p5report.org
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We are excited about this plan! 

Looking forward to its implementation. 

http://2023p5report.org

