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The NP Strategic Plan: A New Era of Discovery

In 2023, the DOE-NSF Nuclear Science Advisory Committee brought
the community together to plan the future of Nuclear Physics
Research for the Nation. Recommendations:

* Increase research and expand the workforce to capitalize on the
extraordinary opportunities for scientific discovery made possible

by the substantial and sustained investments of the United States.

* Reaffirmed the exceptionally high priority of the following two
investments in new capabilities for nuclear physics.

* The Electron—lon Collider (EIC) ...will elucidate the origin of
visible matter in the universe and significantly advance
accelerator technology...

* Neutrinoless double beta decay experiments have the
potential to dramatically change our understanding of the
physical laws governing the universe (shown: LEGEND-1000).
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https://nuclearsciencefuture.org/wp-content/uploads/2023/11/NSAC-LRP-fact-sheet-LRP-SHEET-final.pdf

Relevant NP priorities
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heavy flavor observables with
unprecedented statistical precision and
accuracy.”

* Continued timely and impactful science
results from STAR and PHENIX to fully
realize the RHIC scientific mission and
leverage science overlap with LHC.

* Crucial data and analysis preservation to
usher in the ‘multimessenger’ era.

https://journals.aps.org/prc/accepted/10.1103/h8d5-swgb
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Relevant NP priorities

* Modest continued support for heavy ion studies from Run 3 for A Large lon Collider
Experiment-USA (ALICE-USA), the Large Hadron Collider b (LHCb), and A Torodial LHC
Apparatu$S (ATLAS) and CMS.

* Completion of the Compact Muon Solenoid (CMS) Endcap Timing Layer upgrade.
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* Modest continued support for Run 4 for ALICE-USA, ATLAS, CMS, and LHCb.

» Careful consideration of Tier-2 computing resource utilization and coordinated plan for new
architecture software development
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Electron-lon Collider: Top Priority for New Facility Construction in the 2023
Long Range Plan for Nuclear Science

+ National Academies Report: A US- based EIC will uniquely answer
« How does the mass of the nucleon arise? :

Low-Energy Electron Cooler

Electron Storage H SR41> /
Ring (ESR) Bypass

« How does the spin of the nucleon arise?

« What are the emergent properties of e a8s
dense systems of gluons?
¢ Located at BNL with Jefferson Lab as a major partner
Estimated cost rage $1.7 and $2.8 billion
Utilizes existing RHIC assets
o adds electron storage ring, electron cooling ,
¢ In-kind contributions: s o) 7 & i
« $100M grant from New York State in place to support civil construction ]
« ~$90M anticipated for the project detector ePIC (~30% of full scope)
« ~$50M anticipated accelerator scope (~5% of full scope)
¢ Critical Decision-3A (long lead procurement) attained in March 2024.
The EIC project remains a priority for new facility construction; work
with the project team to advance the EIC project with available and
anticipated funds a high NP priority.
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Office of Nuclear Physics

at a Glance

Our Mission:

Discover, explore, and
understand all forms of
nuclear matter.

Seek to understand subatomic
matter, including exotic matter
inside neutron stars and in the
early days of the universe, and
how that knowledge can
benefit society (critical
technologies, medicine, and
national security).
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Largest supporter (>95%) of

S nuclear physics research

FY 2025 Enacted $825.6M

Supports over 1,400

Ph.D. staff and 720

graduate students
FY 2025 Research 29%

Stewardship of 4 SC
User Facilities: ATLAS,
CEBAF, FRIB, RHIC

FY 2025 Operations 57%

Electron-lon Collider will
probe the inside of the proton
FY 2025 Projects 14%
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NP Avenues for Discovery

Reveals dynamics, structure, and spin
for protons and neutrons
* Heavy ion collision data informs
understanding of nuclear
phenomena and the formation of
the universe
» U.S. provides the world'’s highest
intensity, polarized beams for this
science

U.S. DEPARTMENT | Office of

Enables element and isotope
discovery
» Reaction rates and structure data
for national priorities
» Superheavy elements provide a
fertile ground for tests of theory
* Nuclear data and capabilities for
characterization of electronics
(e.g., defects, radiation-induced
failures)

Probing Proton Substructure Exploring the Isotope Landscape Studying Rare Decays

Targets natural processes that break
conservation laws and symmetries

Data-driven science to explain the
matter-antimatter balance
Extreme high-precision detectors
translate to other applications
Nuclear-science-based innovation
for Quantum Information Science
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Probing Proton Substructure

Open questions: Tools of the trade:
« How does nuclear matter evolve with National user facilities

temperature and density? « Continuous Electron Beam Accelerator Facility
 How do quarks and gluons make up (CEBAF) at Thomas Jefferson National

Accelerator Facility (TJNAF)
 Relativistic Heavy lon Collider (RHIC) at
Brookhaven National Laboratory (BNL)

= Other facilities
= fo » European Council for Nuclear Research

(CERN) in Switzerland/France
New Approach Merges Theoretical  Triangle Universities Nuclear Laboratory
v Fundamentals with Experimental Studies . .
3 of the Proton's Structure (TUNI—) N North Ca rollna

A new approach to applying quantum chromodynamics
paves the way for a deeper understanding of the strong
nuclear interaction.

protons, neutrons, and atomic nuclei?
* Does gluon density saturate at high
energy?

Highlights:

Gluons’ Density Isn't the Same in Bound vs

Unbound Protons and Neutrons

Data show the distribution of gluon “glue” in protons and
neutrons chanaes when they are bound toaether in nuclei.

Imaging Nuclear Shapes by Smashing

Them to Smithereens

Scientists use high-energy heavy ion collisions in a new way

. to reveal subtleties of nuclear structure with implications for|
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Exploring the Isotope Landscape

Open questions: Tools of the trade:

« What are the limits of nuclear existence? National user facilities

« What are the nuclear processes that drive » Facility for Rare Isotope Beams (FRIB) at
the birth, life, and death of stars? Michigan State University

« Argonne Tandem Linac Accelerator System
(ATLAS) at Argonne National Lab

Other facilities

» 88-Inch Cyclotron at Lawrence Berkeley
National Laboratory

e How does matter behave at the most
extreme densities in the universe?

Rebedrchors Obtlithe First Hink  Cyclotron Institute at Texas A&M University
Precision Mass Measurement of > Triangle—Universities Nuclear La boratory
Aluminura-22 (TUNL) in North Carolina

The Facility for Rare Isotope Beams enables a high-precision

New Progress Toward the Discovery of mass measurement at the edge of the nuclear chart.

New Elements

Scientists demonstrated a new way to produce the
superheavy element livermorium (element 116) with
titanium-50.

Nuclear Physics Experiment Helps

Identify Conditions for a New

Astrophysical Process ATLAS@ANL |

New nuclear physics measurements shed light on the
U.S. DEPARTMENT OffiCE Of synthesis of heavy elements in stars.
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Studying Rare Decays

Open questions:

« What is the origin of the matter-
antimatter imbalance in the universe?

 Are neutrinos their own antiparticles?

e Are there more forces than the four we

know about?

Highlights:

& EE

New Precise Calculation of Nuclear Beta

Decays Paves the Way to Uncover Physics
Beyond the Standard Model

Theorists identify new effects needed to compute the
nuclear beta decay rate with a precision of a few parts in ten
thousand.
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Precision Measurements of Radioactive

Molecules for Fundamental Physics

Pushing boundaries with radioactive molecules for future
studies of nuclear structure and fundamental symmetry.

Direct neutrino-mass measurement

with sub-electronvolt sensitivity

Tools of the trade:

Karlsruhe Tritium Neutrino Experiment
(KATRIN) in Germany

Cryogenic Underground Observatory for Rare
Events (CUORE) and Large Enriched
Germanium Experiment for Neutrinoless
Double Beta Decay (LEGEND-200) in Italy
Ultra Cold Neutron Lifetime Measurement
(UCNtau) at Los Alamos National Laboratory
Center for Experimental Nuclear Physics and
Astrophysics (CENPA) at the University of
Washington

Cyclotron Institute at Texas A&M University
(TAMU)

+ other efforts at National Laboratories and

Universities
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Associate Director’'s Office Staff

L|nda Horton, ASSOClatE DIrECtOI' (ACtlng) Dannette Keen, Financial Management Analyst

Linnette Quick, Program Assistant (CONTR)

S  S—
Physics Research Division Facilities & Project Management Division
Sharon Stephenson, Director Paul Mantica, Director
Saryna Cameron, Program Support Specialist (CONTR) Saryna Cameron, Program Support Specialist (CONTR)
I |
Heavy lon Nuclear Physics Advanced Technology R&D
Spyridon Margetis Vacant
Medium Energy & Quantum Information Science Nuclear Physics Facilities
Gulshan Rai, Technical Advisor Manouchehr Farkhondeh
Nuclear Structure and Nuclear Astrophysics Nuclear Physics Major Initiatives
Spyridon Margetis Ivan Graff

Nuclear Theory
Astrid Morreale

Robert Pisarski (Detaileg)

NMuclear Physics Instrumentation
Elizabeth Bartosz

Muclear Data Industrial Concepts
Keith Jankowski Michelle Shinn

Fundamental Symmetries
Paul Sorensen

U.S. DEPARTMENT | Office of

of ENERGY | Science Energy.gov/science



NP Programmatic Activities Across the National Labs

Proton Isotope

Rare Decays

Substructure Landscape Nuclear Nuclear | Accelerator
-
Astrophysics

X X X > "
BNL X X . .
FNAL X §
LANL X X X X 8
LBNL X X N . . :
LLNL X X N
ORNL X X X .
PNNL X
SLAC X
TINAF X ” . . 8

Labs in bold face have core capability in Nuclear Physics
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FY 2026 Initial Funding Opportunities/National Lab Calls
Notices of Funding Opportunities (NOFOs)

Join Mailing List

FY 2026 Continuation of Solicitation for the . .
Office of Science Financial Assistance 10/1/2025 Signup for the Office of

Program — OPEN Science’s GovDelivery
email service, and check
the box for the Nuclear

Physics Program in your

subscriber preferences.
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Artificial Intelligence in Nuclear Physics Supports the Genesis Mission

@ Genesis Mission

Accelerating American Science
Through Al Innovation

(9 ) U.S. DEPARTMENT of ENERGY
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Artificial Intelligence in Nuclear Physics Supports the Genesis Mission

« As aresponse to Administration and Congressional priorities, working in
coordination with the Office of Advanced Scientific Computing Research
(ASCR), NP is advancing its mission through the development of artificial
intelligence (Al) ready datasets and Al models that can take advantage of
them. Two key science questions within the NP mission and posed by the
Long Range Plan for Nuclear Science are targeted:

> How do the rich patterns observed in the structure and reactions of

: : : Event Reconstruction with Geometric Deep Learni
nuclei emerge from the interactions of neutrons and protons? YL EeconSTHCton Wil ~seometie Zeep ~eathing
o How do quarks and gluons make up protons, neutrons, and
ultimately, atomic nuclei? BNL end-to-end Al facility
Data Event
« Addressing these question will require current and future accelerator- AN/ N ientronon
based facilities to achieve unprecedented energies and intensities driven Electron lop analysc
by Al.

EICend to end AT

« The development of domain-specific data standards and meta-data for
multi-modal data and expert knowledge documentation will feed the
American Science (AmSc) cloud, using the power of Al to accelerate ) |
progress on addressing the fundamental questions on the nature of B o e
nuclear matter posed above. =
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https://link.springer.com/article/10.1140/epjc/s10052-021-09675-8

NP in Quantum Information Science

e 2 « Support for one SC's National QIS Research Centers
& - ‘ : QA * Led by BNL, partners with IBM, PNNL and 25 other institutions to
build tools for scalable fault-tolerant quantum systems.

l Co-design Centerfor ~ « >350 team members, 5 subject inventions, 11 open-source
I1e Quantum Advantage packages, 173 publications.

NP QIS Highlights:

- Quantifying background radiation on qubits. Scientists used a thermal kinetic inductance detector to
measure disruptive events that were consistent with known terrestrial and cosmic sources of radiation. Such
measurements are crucial to deduce the impact on coherence times of qubits that are subject to naturally
occurring radiations.

« Scalable quantum circuits. Scientists at the InQubator for Quantum Simulations performed the one of the
largest quantum simulations to date (more than 100 qubits) using IBM’s quantum computers. The results
from the quantum computer address the need for complex simulations of pre-collisional protons and
heavy nuclei.

- Detecting the decay of individual nuclei. Scientists detected the decay of radiative lead-212 embedded
in helium by measuring the recoil of the helium atom. This was identified as a 2024 top 10 breakthrough by
Physics World and demonstrates that very small forces (10-2° N) and accelerations (107 g) are in the realm
of detection.
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NP Nuclear Data Research Aligns with NNSA, Nuclear Energy,
Fusion Energy, and Other Agencies % N,

& G2 \25| E/ s
SPACACH BT FE A N
 Leverage resources for new and updated nuclear data d\\o'z’ S TR VEANGS
Q KD o) 2
. . << e//b ? o A0 Y
o Data for next generation molten salt reactors with 20, S
and
DOE/NE, ARPA-E; Advanced reactors (ARPA-E, Terg, s,
N A S A ) Medica) ?,fope't
Space S;opping
o Electronics protection (NASA, Missile Defense oot |
. . . . . 1cat\©
Agency, Federal Aviation Administration) .
. . o\ @°
o NASA [spaceflight], NIH [ion beam therapy] 4%, RIB
%, RHIC/S o
: -
o Fusion energy - FY 2025 focus 28

o
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THE WHITE HOUSE Administration Priorities  The Record  Briefing Room  Espar Wis Cme
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f

Readout of the White House Summit
on Developing a Bold Decadal Vision
for Commercial Fusion Energy

It » OSTP + NEWSEUPDATES + PRESS RELEASE

Executive Summary

The Biden-Harris Administration is developing a strategy to accelerate

2 £ P
fusion energy- a clean energy technology that uses the same reaction that

powers the Sun and stars. On March 17 2022, the White House Office of
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Summary

* NP delivers world-leading science and discoveries; operates unique, world-class user facilities;
and contributes to impactful applications, including scope at the LHC.

* NP supports innovative, priority research in nuclear science, AI/ML through the Genesis
Mission, quantum information science, and microelectronics.

* NP user facilities operate to support DOE’s nuclear physics mission.

o Serves ~4,300 users per year and delivers impactful research.

« Community strategic planning serves as a framework for prioritization of new NP capabilities.

o The EIC Project is making steady progress towards CD-3B (Long-Lead Procurement) and
the next DOE gateway CD-2 (Approve Performance Baseline).

o NP has established a priority for new experiment construction, focusing on LEGEND-1000
to search for neutrinoless double beta decay.
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