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Successful History of Long Range Planning in Nuclear Science

Since 1979 the U.S. Department of Energy Office of Science and the National Science

Foundation have periodically charged the Nuclear Science Advisory Committee, NSAC, to

provide a framework for coordinated advancement of the Nation’s nuclear science

research program. _ _ _
* A consistent, strategic plan for investments was developed every 5 — 8 years

1979 * NSAC engaged the community though town meetings organized by the
| 1983 Division of Nuclear Physics of the American Physical Society
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Town meetings organized by the American Physical Society
Division of Nuclear Physics

2022 Town Meeting on Hot & Cold QCD
Sept. 23 — 25, 2022
Massachusetts Institute of Technology

NSAC Long Range Plan Town Hall Meeting on
Nuclear Structure, Reactions and Astrophysics
Nov 14 — 16, 2022

Argonne National Laboratory

Fundamental Symmetries, Neutrons, and
Neutrinos Town Meeting

Dec 13 - 15, 2022
University of North Carolina — Chapel Hill

Thank you to the conveners of these town meetings!!




Whitepapers

Each town meeting as well as other collaborations or gatherings
produced white papers.

Available on the open website: NuclearScienceFuture.org

These documents were invaluable input to the writing
committee and serve as excellent summaries of the
accomplishments in the field and opportunities for the future.
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https://nuclearsciencefuture.org/

A special thank you to NSAC

LRP Writing Committee Chair Gail Dodge!
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Nuclear Science

 How do quarks and gluons make up protons, neutrons, and,
ultimately, atomic nuclei?

 How do the rich patterns observed in the structure and
reactions of nuclei emerge from the interactions between
neutrons and protons?

 What are the nuclear processes that drive the birth, life, and
death of stars?

 How do we use atomic nuclei to uncover physics beyond the
Standard Model?
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The Recommendations
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RECOMMENDATION 1

The highest priority of the nuclear science community
is to capitalize on the extraordinary opportunities

for scientific discovery made possible by

the substantial and sustained investments of the
United States. We must draw on the talents of all in

the nation to achieve this goal.




RECOMMENDATION 1 requires

e Increasing the research budget that advances the science program through support of
theoretical and experimental research across the country, thereby expanding discovery
potential, technological innovation, and workforce development to the benefit of
society.

e Continuing effective operation of the national user facilities ATLAS, CEBAF, and FRIB,
and completing the RHIC science program, pushing the frontiers of human
knowledge.

e Raising the compensation of graduate researchers to levels commensurate with their
cost of living—without contraction of the workforce—lowering barriers and expanding
opportunities in STEM for all, and so boosting national competitiveness.

e Expanding policy and resources to ensure a safe and respectful environment for
everyone, realizing the full potential of the US nuclear workforce.
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RECOMMENDATION 1 requires

e |Increasing the research budget that advances the science
program through support of theoretical and experimental
research across the country, thereby expanding discovery
potential, technological innovation, and workforce
development to the benefit of society.




RECOMMENDATION 1 requires

e Continuing effective operation of the national user facilities
ATLAS, CEBAF, and FRIB, and completing the RHIC science
program, pushing the frontiers of human knowledge.
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RECOMMENDATIONS 2 and 3 are of Equal Priority

Electron—lon Collider (EIC), to be built at Brookhaven National
Lab, will elucidate the origin of visible matter in the universe and
significantly advance accelerator technology as the first major
new advanced collider to be constructed since the LHC.

Neutrinoless double beta decay experiments have the potential
to dramatically change our understanding of the physical laws
governing the universe.
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RECOMMENDATION 2

As the highest priority for new
experiment construction, we
recommend that the United States lead
an international consortium that will
undertake a neutrinoless double beta
decay campaign, featuring the
expeditious construction of ton-scale
experiments, using different isotopes
and complementary techniques.
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Neutrinoless Double Beta Decay (0v[3p)

Observation of OvpBp would mean that the
neutrino is its own antiparticle.

It would also mean that lepton number is
not conserved.

It would mean that matter can be created
and help explain why the universe has
more matter than antimatter.

The rate of OvpBB has implications for
neutrino masses.

Regular beta decay:
n->p+e + v,

Double beta decay (DBD):
2n - 2p + 2e” + 2v,

Neutrinoless DBD:
2n — 2p + 2e~

Major discovery potential!
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Neutrinoless Double Beta Decay (0vpp)  Differentisotopes and
different detector technologies

After extensive R&D since the last long are important to understand

range plan, three experiments are ready for _backgrounlds and |

construction. interpretation of the signal.
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RECOMMENDATION 3

We recommend the
expeditious completion of
the EIC as the highest
priority for facility
consftruction.
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The Electron-lon Collider

Polarized electrons colliding with
polarized protons, polarized light ions,
and heavy ions will allow us to study
sea-quarks and gluons to understand.

 mass and spin of the proton.

e spatial and momentum distribution
of low-x partons

 Possible gluon saturation

« modifications of parton distribution
functions when a nucleon is
embedded in a nucleus

 hadron formation

Major discovery potential!
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Artistic renderings of the
nucleon: James LaPlante,
Sputnik Animation in

collaboration with the MIT
Center for Art, Science &
Technology and Jefferson
Lab




The Electron-lon Collider
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 The EIC is a partnership between Brookhaven
and Jefferson Lab.

« The ePIC detector design is advanced (6 =le 2\\‘
o'clock)

« Significant international support and
participation (User Group has 1440 members /)
from 40 countries). B

. - Injector (RCS)
* Accelerator physics advances are critical
« CD-3Ais approved; CD-2 is expected in 2025
(Polarized)
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RECOMMENDATION 4

We recommend capitalizing on the unique ways

in which nuclear physics can advance discovery
science and applications for society by investing in
additional projects and new strategic opportunities.




Strategic Opportunities

* Projects that lay the foundation for the discovery science
of tomorrow

 Examples: Facility for Rare Isotope Beams Energy Upgrade
(FRIB400), Solenoidal Large Intensity Device (SoLID), LHC
upgrades, electric-dipole moment experiments, v mass
measurements

 Detector and accelerator R&D

 Emerging technologies: computing and sensing
Quantum information science and technology
Artificial intelligence and machine learning
High performance computing

« Multidisciplinary centers
 Nuclear data
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Benefits to the nation

« Synergy and impact on other fields, such as &5
high energy physics, astrophysics and :
cosmology, accelerator science, atomic physics,
condensed matter physics ...
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 Trained nuclear workforce, affects many fields, v, 9P, W
including nuclear nonproliferation and security, Lo &, -
isotope production for medical and other needs ':1 ey EN L

- Applications: energy, health care, ¥ .
environmental issues, radiation hardening for .

electronics, improved particle detection for oET . |
, images using gallium-68
homeland secu rlty before (left) and after (right)

* Development of computational techniques treatment of prostate cancer
with lutetium-177-PSMA-617

Nuclear science provides opportunity for students who want
to make a difference
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Workforce

People are essential to accomplishing the goals in all
areas of physics described in the Long Range Plan.

Our community is committed to establishing and
maintaining an environment where all feel welcome
and are treated with respect and dignity.

« Conference Experience for Undergraduates (CEU)
 DNP Allies program
« Gender Minorities in Science Social (GeMSS)

We can do more

« Compensate graduate students at levels
commensurate with the cost of living

« Establish funding agency policies on areas such
as medical and family leave

* Support appropriate skills development and
training at conferences and meetings

* Provide resources to help establish and
maintain enforceable Community Agreements.

Undergraduate research is critical
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Summary of Long Range

. NuclearScienceFuture.or
Plan for Nuclear Science g

* The nuclear science community has come together to consider our
progress since the last Long Range Plan and the compelling
opportunities over the next ten years.

« The science that we will undertake in the next decade is incredibly
exciting. We have identified the Electron-lon Collider and Neutrinoless
Double Beta Decay as major opportunities to address some of the key,
fundamental questions of our time.

» Maintaining our world-leading position in nuclear science requires
iInvestment — in people, in facilities, and in projects/experiments.

* We must realize the promise of a welcoming and respectful environment,
removing barriers for all people to participate in the scientific enterprise

« We are on the threshold of

A New Era of Discovery
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https://nuclearsciencefuture.org/

Exploring Pathways to Innovation
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N tEhépIoring Not Rank-Ordered
Quantum .
Recommendation 1

Reaffirm critical importance of the ongoing projects

As the highest priority independent of the budget scenarios, complete
construction projects and support operations of ongoing experlments and
research to enable maximum science. We reaffirm the previous PS5
recommendations on major initiatives:

a. High Luminosity Large Hadron Collider (including ATLAS and CMS detectors,
as well as Accelerator Upgrade Project) to start addressing why the Higgs boson
condensed in the universe, to search for direct evidence for new particles, to
pursue quantum imprints of new phenomena, and to determine the nature of
dark matter.

b. The first phase of the Deep Underground Neutrino Experiment (DUNE) and
Proton Improvement Plan Il (PIP-ll) to determine the mass ordering among
neutrinos, a fundamental property and a crucial input to cosmology and nuclear
science.

c. The Vera C. Rubin Observatory to carry out the Large Synoptic Survey
Telescope (LSST), and the LSST Dark Energy Science Collaboration, to
understand what drives cosmic evolution.

U.S. leadership in key areas of particle physics

29



4> Recommendation1 "

Reaffirm critical importance of the ongoing projects

In addition, we recommend continued support for the following ongoing experiments at the
medium scale (project costs > $50M for DOE and > $4M for NSF), including completion
of construction, operations, and research:

d. NOvA, Short Baseline Neutrino Program (SBN), T2K, and IceCube (neutrinos).

e. DarkSide-20k, LZ, SuperCDMS, and XENONNT (dark matter).

f. Dark Energy Spectroscopic Instrument (DESI) (understand what drives cosmic evolution).
g. Belle ll, LHCb, and Mu2e (pursue quantum imprints of new phenomena).

The agencies should work closely with each major project to carefully manage the costs
and schedule to ensure that the U.S. program has a broad and balanced portfolio.

30



NE]xeploring

Quantum u Rank-Ordered
Recommendation 2

New exciting initiatives

a. Cosmic Microwave Background — Stage 4 (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.

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.

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 U.S. 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.

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 U.S.

e.lceCube-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.
31



4> Recommendation3 "

Balanced Portfolio from small to large

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.

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-Il for cosmic evolution, LHCb upgrade Il and Belle Il upgrade for quantum
imprints, and US contributions to the global CTA Observatory for dark matter.

The Belle Il recommendation includes contributions towards the SuperKEKB accelerator.

32



4> Recommendation4 "

Investment in the future

a. Support vigorous R&D toward a cost-effective 10 TeV partonic center-of-mass
(pCM) collider based on proton, muon, or possible wakefield technologies, including an
evaluation of options for US siting of such a machine, with a goal of being ready to build
major test facilities and demonstrator facilities within the next 10 years.

b. Enhance research in theory to propel innovation, maximize scientific impact of
investments in experiments, and expand our understanding of the universe.

c. Expand the General Accelerator R&D (GARD) program within HEP, including

stewardship.

Invest in R&D in instrumentation to develop innovative scientific tools.

Conduct R&D efforts to define and enable new projects in the next decade, including

detectors for an e*e~ Higgs factory and 10 TeV pCM collider, Spec-S5, DUNE FD4,

MuZ2e-Il, Advanced Muon Facility, and line intensity mapping.

f. Support key cyberinfrastructure components such as shared software tools and a
sustained R&D effort in computing, to fully exploit emerging technologies for projects.
Prioritize computing and novel data analysis techniques for maximizing science
across the entire field.

g. Develop plans for improving the Fermilab accelerator complex that are consistent with
the long-term vision of this report, including neutrinos, flavor, and a 10 TeV pCM collider.

©Qa
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Summary

* The U.S. Nuclear and Particle Physics communities both went through long
range planning processes recently, with reports released in October and
December 2023, respectively

* https://nuclearsciencefuture.orqg/

* https://www.usparticlephysics.org/2023-p5-report/

* Increased international engagement and cooperation
would further strengthen the wide range of scientific
endeavors!

* The National Science Foundation AccelNet program, and similar programs, hope
to increase international scientific collaboration for mutual benefit.

* The Inter-American Network of Networks of QCD Challenges hopes to advance
international collaboration in quantum chromodynamics research in particular.

34
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U.S. is currently in a position of leadership within an increasingly
competitive nuclear physics landscape
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RECOMMENDATION 1 requires

e Expanding policy and resources to ensure a safe and
respectful environment for everyone, realizing the full
potential of the US nuclear workforce.
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Exploring
e

Invest In initiatives aimed at developing the
workforce, broadening engagement, and supporting
ethical conduct in the field. This commitment
nurtures an advanced technological workforce not
only for particle physics, but for the nation as a

whole.



NE]xeploring

Quantum .

Recommendation 6
Decisions without waiting for the next P5 in 10 years

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 ¢dnsider the following:

1.The level and nature of U.S. 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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