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DOE Nuclear Physics Program

Understanding why matter takes on the specific forms observed in nature and
how that knowledge can benefit energy, economic, and national security

¢ Quantum Chromodynamics (QCD): Mapping the inside of the proton; Discovering the
properties of quark-gluon plasma; and Exploring mechanisms underlying confinement of
quarks and gluons

¢+ Fundamental Symmetries: Searching for new exotic particles and violations of nature’s
symmetries

* Nuclei and Nuclear Astrophysics: Determining the limits of nuclear existence and how
heavy elements are made in stars

¢ Neutrino-less Double Beta Decay: Discovering if the neutrino is its own anti-particle or if
the neutron’s precise properties point to new physics

¢ Nuclear Theory: Exploring the strong force in many-body systems

* Nuclear Data: Curation of accurate nuclear data for space, energy, and research
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The New NP Long Range Plan: A New Era of Discovery

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.

We reaffirm 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.

As the highest priority for new experiment construction..., lead an international consortium that will undertake
a neutrinoless double beta decay campaign.

We recommend the expeditious completion of the EIC as the highest priority for facility construction.

Capitalize on the unique ways nuclear physics can advance discovery science and applications for society.
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QCD Efforts Highlighted in the 2023 NSAC LRP

* In the U.S., QCD is studied experimentally using electron beams at Continuous Electron
Beam Accelerator Facility at Jefferson Lab and using proton and heavy ion beams at the
Relativistic Heavy lon Collider (RHIC) accelerator at Brookhaven National Laboratory
(BNL).

o RHIC is expected to complete is science program in 2025
* The highest priority for new facility construction is the Electron-lon Collider (EIC) that

will finally enable the study the remarkable properties of the gluons that connect
qguarks and hold the key to the enormous energy in the nucleus

* At the Large Hadron Collider (LHC), the U.S. has contributed substantially to all the
heavy ion experiments: ALICE, CMS, LHCb

o With the completion of the RHIC program, we anticipate even greater participation in future
experiments with the upgraded LHC luminosity.

 Lattice QCD offers the only way to make rigorous predictions of the properties of
hadrons from QCD.
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CEBAF Initiatives in the LRP

e Continued effective operation of CEBAF and other
national user facility to unfold the quark and gluon
structure of visible matter and probing the
Standard Model (Recommendation 1)

The cold-QCD program using CEBAF at Jefferson
Lab is truly an international enterprise

e Strategic opportunities exist to realize a range of
projects that lay the foundation for the discovery
science of tomorrow. These projects include the
Solenoidal Large Intensity Device (SoLID)
(Recommendation 4)

* A potential staged upgrade of the CEBAF
accelerator has been under investigation for some
time that would initially provide a 12 GeV
polarized positron beam, and then a 22 GeV
electron beam, while maintaining the world- 4L L
leading luminosity s
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Developing the EIC Science Case

A strong community emphasis on the urgent need for a machine to
illuminate the dynamical basis of hadron structure in terms of the
fundamental quark and gluon fields has been a persistent message
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Progress Continues on the Electron-lon Collider

Located at BNL with TINAF as a major partner
Estimated cost rage $1.7 and $2.8 billion
Utilizes existing RHIC assets; adds electron storage ring, & electron cooling

In-kind contributions:
o $100M grant from New York State in place to support civil construction
o S ~90M anticipated for the project detector ePIC (~30% of full scope)

o $~50M anticipated accelerator scope (~5% of full scope)

NAS: A US- based EIC will uniquely answer
o How does the mass of the nucleon arise?
o How does the spin of the nucleon arise? Proton .
P 60 Qo0
o What are the emergent properties of = Querks
dense systems of gluons? gl

Critical Decision-3A (long lead procurement) attained in March 2024

The EIC Project continues to target sufficient progress to be prepared for a CD-3B
(second long lead procurement request) review in the first quarter of FY 2025 and a
possible CD-2 (performance baseline) in FY 2026.
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Electron-lon Collider User Group (EICUG)
There are 1530 EICUG members from 294 Institutions in 40 countries (June 2024)

. EIC Institutions by Country
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EIC Advisory Board and Resource Review Board
EIC Advisory Board (EAB)

The purpose of the EAB is to provide guidance and
advice to the BNL Director on the design and
construction of the EIC accelerator facility and on the
efforts to establish partnerships with institutions
collaborating on the facility

The EAB provides a forum for high-level planning,
communication, coordination, and resolution of issues
affecting the EIC facility, appropriate at the level of
the Laboratory Directors

The EAB will consider issues affecting the scope
and/or resource allocations at BNL and the participant
institutions

International representation from: Canada (TRIUMF),
CERN, France (CEA, IN2P3), Italy (INFN), UK (STFC),

National Laboratory representation from: ANL, FNAL,
LBNL

Chair: Stuart Henderson (Director, JLab)
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EIC Resource Review Board (EIC-RRB)

The EIC-RRB provides coordination among the different
funding partners during both the detector development and
construction phase of the project and during the operations of
the experiments that follow

The EIC-RRB shall provide oversight of resources utilized for
detector construction and planning, which is the ePIC detector
in the EIC project scope

The EIC-RRB will function as the body that reaches agreement
on scope entailed in common projects, as appropriate, which
shall be funded by members of the EIC-RRB

International participation from: Armenia, Brazil, Canada,
CERN, Czech Rep., France, India, Israel, Italy, Morocco, Japan,
Poland, South Korea, Senegal, South Africa, Taiwan, UK

Co-chair: Haiyan Gao (BNL, USA)
Co-chair: Diego Bettoni (INFN, Italy)

EIC-RRB meets twice a year. Next meeting scheduled for
November 2024 at BNL
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NP Guiding Principles Regarding International Engagement

* Topics of mutual interest: * Expressed interests in the Electron-lon
o Alignment with NP mission and scope. Collider detector (ePIC) with interests
o Alignment with mission and scope of labeled by country

international partners.

e Capabilities of the participating
international partners
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International Agreement Hierarchy

Drafted Time to Legally
Agreement By Complete Requires Binding
Government-Government  DOS and Years DOS SOS Y “S&T” Agreement
Counterpart
Agency-Agency DOE and Long (~1-2 years) S&T SC-1 S-1,S-2,S-4 Y Must be approved by DOS
Counterpart IRIC
Annex/Addendum DOE Long (~1-2 year) A-A SC Program SC-1 Y Specific to project
IRIC Level of detail up to office
Memoranda of Understanding  Lab ~Months to Year Varies N Approval process in DOE
Letter of Intent SC Program Flexible
Statement of Intent
CRADA Lab ~Months to Year Lab Lab Y DOE Approval Process
Includes statement of
work.

Useful if Agency-level
agreement doesn’t exist.

Strategic Partnership Plan Lab ~Months to Year Lab Lab N Details tasks associated
Project Planning Document with statement of work

DOE SC — Department of Energy Office of Science
DOS — Department of State
IRIC — SC Office of International Activities, Research Security, and Interagency Coordination
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Expectations for International Contributions to
DOE SC Projects at CD-2: Agreements

* DOE requires that a legally binding international agreement be in place to accept a hardware contribution
o This agreement will define intellectual property rights, details of ownership, the disposition of the contributed
equipment at the end of its useful life, and any other details needed.
* There are two types of legal instruments possible
o Cooperative Research and Development Agreement (CRADA), signed by the laboratory but reviewed by DOE

o DOE signed agreement with a funding agency from another country. There are at least three levels to these
agreements all of which need full DOE involvement through all stages of development

= Science & Technology Agreement
* |mplementing agreement
= Project annex

 |deally, a signed CRADA or project annex is in place at the time that CD-2 is approved

o The project acquisition executive (PME) can approve CD-2 without signhed agreements if he or she has evidence
of good-faith efforts leading to sighed agreements

o As the value of the project increases the PME is a higher official at DOE, so it becomes harder to have regular,
detailed discussions with the PME to determine their level of risk tolerance
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NSAC Facilities Charge: Assessment of Science Importance and
Readiness for Construction for NP Projects (pre-CD-2, >S100M)

Electron-lon Collider (EIC) (a) Absolutely central (a) Ready to initiate

High Rigidity Spectrometer (HRS) (b) Important (a) Ready to initiate

Ton-scale Neutrinoless Double Beta Decay (TS-NLDBD) (a) Absolutely central (a) Ready to initiate

Project 8 (b) Important (c) Mission and technical
requirements not yet fully
defined

FRIB Energy Upgrade (FRIB400) (b) Important (a) Ready to initiate

Solenoid Large Intensity Device (SoLID) (b) Important (a) Ready to initiate

EIC Detector |l (b) Important (c) Mission and technical
requirements not yet fully
defined

 The importance of the science for each project as assessed by the subcommittee was tied closely to the
2023 LRP

* In considering the readiness for construction the Subcommittee was guided by the current status of the
project and remaining challenges, including the DOE critical decision level, if any.
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DOE NP Outlook on QCD and the EIC

* QCD is strongly represented in the 2023 NSAC Long Range Plan

o NP uses the LRP as a roadmap to support community aspirations within available funding

* NP works closely with the SC IRIC to encourage and formalize international partnerships

o Establishing agreements takes time and are necessary for projects to accept in-kind contributions

* The EIC is the highest priority for facility construction in the LRP

o EIC is making steady progress, having achieved CD-3A and executing long lead procurements while
preparing for establishing the performance baseline

* The EIC is intended to be fully international in character
o For those countries interested in collaborating, now is a good time to become involved

o All are welcome at any time, but the pace of the project will require clear understanding
commitments in time to baseline the project
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NP Projects Status

Project Location Status Cost CD-4
Construction Projects
Electron-lon Collider (EIC) BNL CD-3A $1.7B to $2.8B (Est) Q4 FY33 (Est)
Major Items of Equipment
Gamma Ray Energy Tracking Array (GRETA) FF LBNL CD-2/3 $58.3M (TPC) 3/2028
Measurement of Lepton-Lepton Electroweak Reactions TINAF CD-2/3 $48.66M (TPC) Q4 FY28
(MOLLER) FF
High Rigidity Spectrometer (HRS) MSU CD-1 S$85.0M to $111.4M (Est) Q2 FY29 (Est)
Ton Scale Neutrinoless Double Beta Decay TBD CD-0 $215M to $250M (Est) TBD
(TS-NLDBD) Program
FY 2023 Enacted FY 2024 Enacted FY 2025 PR
EIC at TEC of S50M and OPC of S20M EIC at TEC of $95M and OPC of $2.9M EIC at TEC of $110M and OPC of $2.9M
GRETA at optimal level, providing the project GRETA and MOLLER received full TPC amount GRETA and MOLLER received full TPC amount
with the final year of funding ($15.5M) in FY23 Request. Progress continues, but no in FY23 Request. Progress continues, but no
MOLLER receives the final $4M of planned  new funding requested in FY24. new funding requested in FY25.
TEC funding TS-NLDBD at S3M TEC TS-NLDBD at $2M TEC
TS-NLDBD at $1.44M TEC HRS at S3M TEC HRS at $3.3M TEC
HRS at S3M TEC
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