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The View Ahead:
A Report from Snowmass 2021
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Planning for 
US High-

Energy Physics 
The 

“Snowmass/P5 
Process”
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The last “Snowmass” occurred in 2013

A year-long  community-wide effort, 
culminating with

“Snowmass on the Mississippi”
July 29 – August 6, 2013

(~700 in-person participants)
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“Particle Physics Project Prioritization Panel”
(P5)

A subpanel of HEPAP (DOE and NSF)

essential inputs to P5

Snowmass 2013 highly successful:
(Report by December 2013)

https://www.slac.stanford.edu/econf/C1307292/
The year-long process laid out a roadmap 

for great science opportunities,  
resulted in broad community buy-in.

• Projects prioritized according to funding scenarios  
• Science research directions in HEP 
• Federal funding profile for the current and near-future projects in the decade. 
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P5 Report, May 2014

 Report of the Particle Physics Project Prioritization Panel (P5) May 2014

Building for Discovery
Strategic Plan for U.S. Particle Physics in the Global Context

Distilled from the Snowmass 2013 inputs,
five Science Drivers for the field: 

Report of the Particle Physics Project Prioritization Panel v

Particle physics explores the fundamental constituents of mat-
ter and energy. It reveals the profound connections underlying 
everything we see, including the smallest and the largest struc-
tures in the Universe. The field is highly successful. Investments 
have been rewarded recently with discoveries of the heaviest 
elementary particle (the top quark), the tiny masses of neutri-
nos, the accelerated expansion of the Universe, and the Higgs 
boson. Current opportunities will exploit these and other dis-
coveries to push the frontiers of science into new territory at 
the highest energies and earliest times imaginable. For all these 
reasons, research in particle physics inspires young people to 
engage with science. 

Particle physics is global. The United States and major players 
in other regions can together address the full breadth of the 
field’s most urgent scientific questions if each hosts a unique 
world-class facility at home and partners in high-priority facil-
ities hosted elsewhere. Strong foundations of international 
cooperation exist, with the Large Hadron Collider (LHC) at 
CERN serving as an example of a successful large international 
science project. Reliable partnerships are essential for the suc-
cess of international projects. Building further international 
cooperation is an important theme of this report, and this 
perspective is finding worldwide resonance in an intensely 
competitive field.

Choices are required. Ideas for excellent new projects far exceed 
what can be executed with currently available resources. The 
U.S. must invest purposefully in areas that have the biggest 
impacts and that make most efficient use of limited resources. 
Since the 2008 Particle Physics Project Prioritization Panel 
(P5) report, two major U.S. particle physics facilities have ter-
minated operations, and inflation-adjusted funding in the U.S. 
for particle physics has continued to decline. In addition, pri-
marily because of earlier strong investments, landmark dis-
coveries have been made that inform choices for future direc-
tions. A new P5 panel was therefore charged to provide “an 
updated strategic plan for the U.S. that can be executed over 
a ten-year timescale, in the context of a twenty-year global 
vision for the field.” The Charge calls for planning under two 
specific budget Scenarios, reflecting current fiscal realities, as 
well as for an additional unconstrained Scenario. 

Snowmass, the yearlong community-wide study, preceded the 
formation of our new P5. A vast number of scientific opportu-
nities were investigated, discussed, and summarized in 
Snowmass reports. We distilled those essential inputs into five 
intertwined science Drivers for the field:

• Use the Higgs boson as a new tool for discovery

• Pursue the physics associated with neutrino mass 

• Identify the new physics of dark matter

• Understand cosmic acceleration: dark energy and inflation

•  Explore the unknown: new particles, interactions,  
and physical principles.

The vision for addressing these Drivers with a prioritized set 
of projects, including their approximate timescales and how 
they fit together, was developed using a set of selection criteria. 
The Drivers, which are intertwined, are not prioritized. Instead, 
the prioritization is in the selection and timing of the specific 
projects, which are categorized as large, medium, or small based 
on the construction costs to the particle physics program.

To enable an optimal program, given recent scientific results 
and funding constraints, and using our criteria, we recommend 
some projects not be implemented, others be delayed, and 
some existing efforts be reduced or terminated. Having made 
these choices, the field can move forward immediately with a 
prioritized, time-ordered program, which is summarized in Table 1 
and includes the following features:

• The enormous physics potential of the LHC, which will be 
entering a new era with its planned high-luminosity upgrades, 
will be fully exploited. The U.S. will host a world-leading neutrino 
program that will have an optimized set of short- and long-base-
line neutrino oscillation experiments, and its long-term focus 
is a reformulated venture referred to here as the Long Baseline 
Neutrino Facility (LBNF). The Proton Improvement Plan-II (PIP-II) 
project at Fermilab will provide the needed neutrino physics 
capability. To meet budget constraints, physics needs, and read-
iness criteria, large projects are ordered by peak construction 
time: the Mu2e experiment, the high-luminosity LHC upgrades, 
and LBNF.

 Executive Summary

• 29 recommendations
• Projects prioritized according to 

funding scenarios  

As a result, highly impactful on the
• Directions/achievements in HEP 
• Federal funding profile
for the current and near-future 
projects in the decade. 
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And then, after P5, it’s important to work together 
for the whole program in a unified manner.

• https://www.usparticlephysics.org

• https://www.usparticlephysics.org/w
p-content/uploads/2022/03/Particle-
Physics-Progress-and-Priorities-
2022.pdf

• Every year, working with DPF, and 
Users Groups, and others, materials 
about the whole field are developed 
and updated for interactions with 
decision makers in Washington and 
elsewhere.
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Building for Discovery
Strategic Plan for  
U.S. Particle Physics  
in the Global Context

usparticlephysics.org

The P5 Report provides the strategy and priorities for U.S. 
investments in particle physics for the coming decade.

The top three priorities in 2022

Particle physics is both global and local. 
Scientists, engineers, and technicians at 
more than 180 universities, institutes, and 
laboratories throughout the U.S. are work-
ing in partnership with their international 
colleagues to build high-tech tools and com-
ponents, conduct scientific research, and 
train and educate the next generation of 
innovators. Valuing equity, diversity, and 
inclusion, the field is committed to increas-
ing participation of underrepresented 
groups. Particle physics activities in the U.S. 
attract some of the best scientists from 
around the world.

These carefully chosen investments will enable a steady stream of exciting new results 
for many years to come and will maintain U.S. leadership in key areas.

Strengthen support for particle physics research at universities and national laboratories, which includes 
data analysis, R&D, design of new experiments, and a vibrant theory program. As emphasized in the P5 Report, 
these activities are essential for the success of the field. They are crucial for extracting scientific knowledge 
from all the great new data, developing new methods and ideas, maintaining U.S. leadership, and training the 
next generation of scientists and innovators.

Advance the High-Luminosity Large Hadron Collider (HL-LHC) accelerator and ATLAS and CMS detector 
upgrade projects on schedule, continuing the highly successful LHC program and bilateral partnership with 
CERN. 

Advance the Long-Baseline Neutrino Facility (LBNF), Deep Underground Neutrino Experiment (DUNE), 
and Proton Improvement Plan-II (PIP-II), working with international partners on the design, prototypes, initial 
site construction, and long-lead procurements.

Recent results
The LHC experiments reported many important and precise results. 
The remarkably productive ATLAS and CMS experiments have each 
produced more than 1,000 refereed publications. The advances in 
precision are represented well by the new measurement of 
fundamental symmetry properties of Higgs boson decays that test 
the foundations of the underlying theory. The LHCb experiment also 
published many new results that are sensitive to new physics.

The Muon g-2 fundamental parameter was measured to much greater 
precision, which represents another success in the program 
recommended in the P5 report. Remarkably, the value differs 
significantly from the theoretical prediction, pointing the way to more 
scientific progress. 

Using the high-temperature superconductor, YBCO, researchers at 
Fermilab set a new record for a fast-cycling accelerator magnet. 

The Dark Energy Survey (DES) announced many results using data 
from its first three years of operation.

Theoretical physicists have discovered new connections between 
particle production at colliders and fundamental concepts in quantum 
field theory, offering new, more incisive tests. They have also 
discovered new ways to search for candidate dark matter particles.

Intriguing first results from the MicroBooNE neutrino experiment, 
which is a proof-of-principle application of liquid argon for neutrino 
detectors, tested hypotheses about anomalies from previous neutrino 
experiments.

Program advances in 2021
Building upon the historic 2015 and 2017 bilateral U.S.-CERN 
agreements, U.S. and CERN scientists successfully continued their 
cooperative partnership at the LHC and the international neutrino 
program hosted by Fermilab. So far, government-to-government 
agreements with 10 countries have been signed for LBNF/DUNE, 
PIP-II, and the Short Baseline Neutrino program at Fermilab, with 
more in progress.

The Vera C. Rubin/LSST Camera successfully passed its CD-4 
construction completion milestone. The Dark Energy Spectroscopic 
Instrument (DESI), the world’s premiere multi-object spectrometer, 

began its 5-year survey in May 2021, enabling major advances in the 
study of the nature of dark energy using methods complementary 
to those of Rubin Observatory’s upcoming imaging survey.

The next-generation cosmic microwave background facility, 
CMB-S4, was ranked highly in the NAS Decadal Survey of 
Astronomy & Astrophysics, opening the path for a partnership in 
this interdisciplinary science that was also a priority in the P5 report. 
CMB measurements uniquely probe physics of the inflationary era 
in the early Universe at energies well beyond those of earth-bound 
accelerators and can also reveal neutrino properties.

Looking forward
All eyes are on the LHC, as its sensitivity to new physics will 
continue to improve through vastly greater data volumes and new 
deep-learning data analysis methods. The experiments will extend 
their discovery reach and probe the Higgs boson’s properties with 
ever greater precision for many years to come. Despite COVID and 
funding constraints, the HL-LHC upgrade projects are progressing.

Eagerly anticipated new data from operating experiments will 
advance the understanding of the intertwined Science Drivers 
identified in the P5 Report. At the LHC, the accelerator is on track 
to resume operations this spring for data-taking by the successfully 
upgraded experiments.

Particle physicists are expanding efforts to develop and apply 
artificial intelligence (AI) techniques to the operation of 
accelerators and experiments, data analysis, and simulations, 
opening new avenues for scientific discovery.

Theoretical and experimental particle physicists are advancing 
Quantum Information Science (QIS), providing solutions to 
problems in computation, data analysis, sensors, and simulations.

The particle physics theory community will continue to play key 
roles in interpreting results from current experiments, motivating 
future experiments, and pursuing answers to the deepest questions.

Looking beyond the current P5 horizon, and guided by new results, 
the U.S. is currently engaged in the Snowmass community planning 
process, in which opportunities in all areas of the field are discussed 
in depth. To inform choices, the U.S. is also working with partners 
worldwide on the development of concepts for facilities that could 
be hosted in the U.S. and abroad.

U.S. researchers are pursuing R&D on advanced technologies to 
enable future generations of accelerators and detectors with a wide 
variety of applications in science, medicine, and industry.

The P5 strategy has been very successful. Even with extraordinary challenges 
due to COVID-19, there was great progress.

Building for Discovery
Strategic Plan for  
U.S. Particle Physics  
in the Global Context

usparticlephysics.org

Steve Ritz, P5 Chair

https://www.usparticlephysics.org/
https://www.usparticlephysics.org/wp-content/uploads/2022/03/Particle-Physics-Progress-and-Priorities-2022.pdf


The “results” of the last Snowmass/P5 
process  and follow-up were good!

JoAnne Hewett, HEPAP Chair 7



P5 8 Years in: Many projects 
completed/in progress
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Harriet Kung
Deputy Director
DOE Office of Science



We’ve succeeded … time for a new plan

JoAnne Hewett 9



Snowmass 2021
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Snowmass 2021 organization
10 Frontiers 80 Topical Groups

Energy Frontier
Higgs Boson properties and couplings, Higgs Boson as a portal to new physics, Heavy flavor and top quark physics, 
EW Precision Phys. & constraining new phys., Precision QCD, Hadronic structure and forward QCD, Heavy Ions, 
Model specific explorations, More general explorations, Dark Matter at colliders

Frontiers in Neutrino Physics
Neutrino Oscillations, Sterile Neutrinos, Beyond the SM, Neutrinos from Natural Sources, Neutrino Properties, 
Neutrino Cross Sections, Nuclear Safeguards and Other Applications, Theory of Neutrino Physics, Artificial Neutrino 
Sources, Neutrino Detectors

Frontiers in Rare Processes & 
Precision Measurements

Weak Decays of b and c, Strange and Light Quarks, Fundamental Physics and Small Experiments. Baryon and Lepton 
Number Violation, Charged Lepton Flavor Violation, Dark Sector at Low Energies, Hadron spectroscopy

Cosmic Frontier
Dark Matter: Particle-like, Dark Matter: Wave-like, Dark Matter: Cosmic Probes, Dark Energy & Cosmic Acceleration: 
The Modern Universe, Dark Energy & Cosmic Acceleration: Cosmic Dawn & Before, Dark Energy & Cosmic 
Acceleration: Complementarity of Probes and New Facilities

Theory Frontier
String theory, quantum gravity, black holes, Effective field theory techniques, CFT and formal QFT, Scattering 
amplitudes, Lattice gauge theory, Theory techniques for precision physics, Collider phenomenology, BSM model 
building, Astro-particle physics and cosmology, Quantum information science, Theory of Neutrino Physics

Accelerator Frontier
Beam Physics and Accelerator Education, Accelerators for Neutrinos, Accelerators for Electroweak and Higgs 
Physics, Multi-TeV Colliders, Accelerators for Physics Beyond Colliders & Rare Processes, Advanced Accelerator 
Concepts, Accelerator Technology R&D: RF, Magnets, Targets/Sources

Instrumentation Frontier Quantum Sensors, Photon Detectors, Solid State Detectors & Tracking, Trigger and DAQ, Micro Pattern Gas 
Detectors, Calorimetry, Electronics/ASICS, Noble Elements, Cross Cutting and System Integration, Radio Detection

Computational Frontier Experimental Algorithm Parallelization, Theoretical Calculations and Simulation, Machine Learning, Storage and 
processing resource access (Facility and Infrastructure R&D), End user analysis

Underground Facilities and 
Infrastructure Frontier

Underground Facilities for Neutrinos, Underground Facilities for Cosmic Frontier, Underground Detectors

Community Engagement Frontier Applications & Industry, Career Pipeline & Development, Diversity & Inclusion, Physics Education, Public Education 
& Outreach, Public Policy & Government Engagement

Broad coverage and connection to global science community!

30 Frontier conveners, ~250 Topical Group conveners, 

>40 Inter-Frontier Liaisons, ~25 Early Career Liaisons.

Snowmass Early Career to represent early career members and promote their engagement in the Snowmass 2021 process; 
to build a long-term HEP early career community
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Community Summer Study (CSS): Snowmass 2021
July 17 – 26, 2022 @ UW – Seattle
http://seattlesnowmass2021.net

Covid Cases: ~35 13



Output of Snowmass – referenced at PAQS

Prisca Cushman, UMinn, DPF Chair 2019 14
We are grateful for the large number of international
particpants – including many from India!

548

(Plus 2 additional reports…)

Coming soon…



A Sample of 
Snowmass Frontier 
Recommendations
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“Large”Experiments
Cosmic:

Energy:

Rare and Precision:

Neutrino:
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Theory, AF, and UF
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Computation and 
Instrumentation
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Community Engagement

• Applications and Industry
• Career Pipeline and Development
• Diversity, Equity, & Inclusion
• Physics Education
• Public Education and Outreach
• Public Policy & Government 

Engagement
• Environmental & Societal Impacts
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On to P5

JoAnne Hewett

Next P5 chair:

20

(P5)



Considerations for the Next P5

Harriet Kung 21

Note added – recent good funding news:

IRA - $304M APPROPRIATION to HEP

CHIPS and Science Act – recommends 
increases to NSF/DOE 



Preliminary 
P5 Timeline

JoAnne Hewett 22

Delayed: P5 Charge 

unveiled at Dec. 8 HEPAP 

meeting
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But wait, there’s 
more…
International 
Benchmarking 
Subpanel &
NAS Elementary 
Particle Physics 2024 
(EPP 2024)
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Personal
Observations
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Lessons from the Last Snowmass/P5 Process
• Collaboration with our agency (DOE and NSF) and global partners is essential.
• A coherent and balanced plan is essential.

• Across “subfields”
• Small, Medium, and Large Experiments
• Fund “enabling” subfields
• Research and Projects?

• A consistent message from our community is helpful.
There continues to be strong support for carrying through on the elements 

of the previous plan: HL-LHC, Dune Phase 1, LSST/Vera Rubin, etc.
The last plan succeeded – and the elements of a new successful 

plan exist!
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“NEW” (US) issues we must address…

• Balance support for projects and R&D (Kung: “holistic” approach)
• Theory, Accelerator, Detectors
• R&D trains and supports students and postdocs … the future of US HEP

• Mix of short-term and long-term, small, medium, and large, projects.
• Need a continuous stream of opportunities for young scientists, even though the 

time-scales of our large projects continue to increase!

• We need sustained and impactful outreach to the public and to 
government engagement, to create excitement and justify support.
• Address the (lack of) Diversity, Equity, and Inclusion in our field.

• If US particle physics is to be healthy in 10 years, let alone for the balance of the 
century, we must do a better job of including people from all backgrounds.
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Snowmass Summary and Outlook

• The Seattle meeting was a success, with a large in-person and remote 
presentation, with a total of over 1300 participants.
• The US HEP community showed great commitment and resilience to complete the 

process to this point – and did so in the face of great challenges!

• We have the input needed to complete a final Snowmass document, which 
will be completed by the Steering Committee SOON!
• We plan to give P5 a thorough picture of the most important physics 

opportunities, and the capabilities needed to achieve them.
• We expect that we will emerge from this 2022/23 Snowmass/P5 process 

with a program that will enable us to do great physics and will have the 
same or higher level of community support than we achieved in 2013/14.
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Preliminary Thoughts/Questions 
on the HEP Program in India … 

based on the excellent
presentations at PAQS

Look forward to learning/hearing more at today’s panel…
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Near Term: The US and Indian HEP Programs are very 
well-aligned: LHC/HL-LHC, LBNF/DUNE, Belle II, …

30

How do we maintain and grow fruitful global collaborations in the face 
of rapidly changing/fluctuating domestic and international conditions?



Intermediate Term: Global Higgs Factory
• How do we, as a global HEP community, take the next step at the 

Energy Frontier – which will require a thoroughly global effort?
• Can we resolve the “chicken and egg problem” that has plagued the ILC?

Our future depends on it…
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Plan now for mid-century … and beyond

32Fabiola Gianotti, Snowmass

How do we collaborate to 
create a vibrant global 
program that retains the 
brightest scientists, 
providing them continuous 
scientific and professional 
opportunities over 50+ 
years?



These are difficult questions to answer … but 
we don’t have to do so today!
• The future is built incrementally.
• The path taken will depend on the contingencies of the future.
• COVID & the invasion of Ukraine, for example, will have large, lasting, 

and unforeseen consequences.
• Our past successes was built on global scientific and human connections.
• CERN: DAE agreement 1991, Associate Membership 2016
• FNAL: "Fermilab's strong partnership with Indian institutions in particle 

physics research dates back to 1986.” Project X collaborative agreement 
2011.

• This workshop is a great example of the work needed to build, maintain, and 
expand these needed connections.
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The Beginning of a New Era?

Prisca Cushman
34


