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Opportunity
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2023 NSAC Long Range Plan for Nuclear Science: We recommend the expeditious construction of the 

EIC as the highest priority for facility construction

But EIC construction does not include

 A second detector
 Physics and detector simulations, along with related software and computing 

  necessary to realize the science

Selected statements in the body of the Long Range Plan:

”A second detector would turn on several years after ePIC, and the EIC community will use this time to 
explore new and complementary detector technologies that may not have been employed in the project 
detector.”

“In particular, nuclear physics experimental programs face new computational challenges owing to 
increasing detector complexity and experiments with higher interaction rates than previously seen.” 



Vision
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The EIC will be a user facility that operates for multiple decades

To prepare for that, BNL needs to stand up:

 The case for a second detector at the EIC: physics and technology

 A modern framework for successful EIC software and computing operations

“EIC could be one of the first large-scale collider-based programs in 

which AI/ML is integrated from the start” 



Background for the Vision
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• The Electron Ion Collider will be a multi-decade facility.  BNL as the site needs to plan for 

success beyond the initial construction project.

Words from the 2023 NSAC Long Range Plan:

• For a second detector at the EIC:
• Historically, projects of similar scientific impact and scope were designed to include 

two or more complementary detectors, and the EIC community has emphasized the 
need for at least two detectors for many years. Multiple detectors will expand 
scientific opportunities, draw a more vivid and complete picture of the science, 
provide independent confirmation for discovery measurements, and mitigate 
potential risks when entering uncharted territories. 

• For operation of the first detector:
• excitingly, cross-cutting development efforts with advanced computing are 

conceived to facilitate self-driving detector systems: ePIC at EIC [is a candidate] for 
initial large-scale deployment of such a concept. Here, a combination of 
heterogeneous computing, AI, ML, advanced computing, and streaming readout is 
anticipated to reduce the time from data collection to publication and improve 
efficiency of experimental operations. 



Why BNL?
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BNL as the site for the EIC needs to take a leading role in making this happen

On physics case: history of intense involvement in white papers leading up to EIC

 We are world experts both experimentally and theoretically, 

  esp. in the physics of gluon saturation and jet physics

On detector technology: experience with RHIC detectors, polarized hadron beams, 

limitations of ePIC, and cross-fertilization with HEP 

On software and computing: 

 Experience with data analysis at scale with STAR, sPHENIX, and ATLAS



Why now?
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• In response to 2023 Long Range Plan for Nuclear Science 

and the imminent beginning of EIC construction with CD-3 

• Case for second detector, while recognized in the community, 

not a “slam dunk”
• While mentioned in LRP, only on p. 127, not in the executive 

summary

• Driven partially by timing of EIC project itself, only at CD-1: too 

early for a strong push

• Time is now to fully investigate the case for complementarity

• Time scale: position BNL for next Long Range Plan towards 

the end of 2020’s  

• Capture operations and “other projects” funding as EIC 
project passes peak funding
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struction decreased, funds would be allocated to EIC 
initiation and to projects, including neutrinoless dou-
ble beta decay experiments. As shown in Figure 12.2, 
the sum of funds for construction and projects de-
creased from 2018 through 2021, but still allowed 
limited investment in the EIC and modest growth in 

funds for projects..

Figure 12.2. DOE funds for construction and projects, 
FY 2015–2022 in FY22 $K (historical data).

In FY 2022, the influx  of $217 million from the IRA 
had a signific

a
nt  positive effect, providing funds 

for several projects that had been postponed under 
the constant-effort base funding, including GRETA, 
MOLLER, and HRS. These funds also allowed the 
EIC construction planning to proceed. The IRA funds 
provided $8 million to support planning for the three 
neutrinoless double beta decay experiments: CU-
PID, LEGEND-1000, and nEXO. The IRA funds thus 
advanced these major experimental efforts that had 
been envisioned in the last Long Range Plan. How-
ever, larger systemic issues, including the under-
funding of the research budgets that support people, 
within the DOE NP budget were not ameliorated by 
the IRA funds. Another trend visible in Figure 12.1 is 
the growth of the facility operations budget, which 
increased from around 50% of the DOE NP base bud-
get in FY 2015 to nearly 60% in FY 2022. Within the 
essentially constant-effort budget profile  described 
above, the increased operations constrained funds 
available for the rest of the nuclear physics program, 
including research and construction/projects.

Total NSF funding for nuclear physics is shown in 
Figure 12.3 in FY22 thousands of dollars. One of the 
most signific

a
nt changes during the period of FY 

2015–2022 was the closure of the National Super-
conducting Cyclotron Laboratory (NSCL). The transi-
tion from the NSF-supported NSCL to the DOE-sup-
ported FRIB facility was carefully coordinated 
between Michigan State University, NSF, and DOE 
and was a model of interagency cooperation. The 
NSCL funding had included support for both opera-
tions and research. The cessation of NSF funding for 
NSCL was partially compensated by increased fund-
ing for research grants through the Nuclear Physics 

Many exciting opportunities for discovery science 
and benefits  for the nation could be realized with the 
funds authorized in the CHIPS and Science Act. In 
particular, funding for DOE NP at the levels autho-
rized by the CHIPS and Science Act (Figure 12.4) will 
enable the nuclear physics community to continue 
its world leadership in nuclear science and deliver in-
novations and innovators for the nation.

program within MPS, and researchers previously 
supported directly by NSCL funds transitioned to 
competitive NSF grant funding. During FY 2015–
2022, the nuclear physics community successfully 
obtained Major Research Instrumentation Program 
and mid-scale NSF funds. These funds are competed 
either agency-wide or across MPS.

Figure 12.3. Distribution of NSF Nuclear Physics 
program funding for different types of activities from 
FY 2015 to 2022 in FY22 $K (historical data).NSCL 
funding ended at the end of 2021.

12.2 2024–2033 BUDGET PLANNING

The charge to NSAC requested a description of the 
potential impacts and priorities under two budget 
scenarios: constant effort and 2% modest growth 
using the FY 2022 enacted level as a reference. 
Since the charge was delivered to NSAC, the FY 2023 
budget was enacted, and the CHIPS and Science Act 
was passed. The following discussion addresses 
what can be accomplished under each of the fol-
lowing scenarios—the CHIPS authorization, modest 
growth based on FY23 dollars, modest growth based 
on FY22 dollars, and constant effort—to position the 
United States nuclear physics community to capture 
new scientific

 
di sco veries and advance new technol-

ogies for the nation.

This Long Range Plan recommends the following: 

• Capitalize on the extraordinary opportunities 
for scientific

 
di sco very made possible by recent 

investments.

• Lead an international consortium that will 
undertake a neutrinoless double beta decay 
campaign, building ton-scale experiments. 

• Complete the EIC.

• Capitalize 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.

Figure 12.4. Funding as authorized by the CHIPS and 
Science Act will enable a robust program of discovery 

includes the required DOE contributions (e.g., to SBIR/
STTR, Accelerator R&D) (brown), funding for a research 
program at the level of 35% of the enacted FY22 
budget (without IRA funds), increasing annually by 2% 

of national user facilities (green), funding for the US 
portion of an international campaign of three ton-
scale neutrinoless double beta decay experiments 
(pink), funding for EIC construction on a technically 
driven timescale (gray), and funding for other projects 
(purple). All numbers are in FY22 $K. The black line is 
the level of funding that was authorized by the CHIPS 
and Science Act, and the dashed extension represents 
constant effort after FY 2027.

  
This CHIPS and Science profile  increases the base 
research budget by 2% over inflat ion annually and 
provides an initial increase of 13% in FY 2024. This 
amount will enable a long-deferred investment in the 
people who drive the nuclear physics enterprise, most 
notably the graduate researchers, many of whom are 
struggling to live on their current stipends. Universi-
ty-based groups will be able to educate more innova-
tors of tomorrow and grow the STEM pipeline. As is 
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Sidebar 12.1 Developing Intellectual Infrastructure for Science and Society

In 2021 Nuclear Physics issued a Funding Opportunity Announcement to enhance opportunities for underserved 
communities by connecting students from minority-serving institutions to DOE NP–funded programs. Funded 
grants supported 200 students at 91 institutions (see map). This successful DOE NP effort laid the groundwork 
for the DOE RENEW program.

One such grant was Texas Research Enhancing Nuclear Diversity (TREND). Daniela Ramirez Chavez (left) and Di-
ana Carrasco-Rojas (right) were both students from University of Texas at El Paso (UTEP) who spent the summer 
of 2022 at Texas A&M University (TAMU) as part of this program. They both continued their research remotely 
during the academic year. After graduating, Daniela spent 9 months as a research associate at TAMU before 
beginning her doctorate in nuclear physics at MSU in fall 2023. Diana is continuing her education in a medical 
physics doctorate program at the University of Texas MD Anderson Cancer Center.

Diana Carrasco-Rojas 
solders a CosmicWatch 
detector for use at 
UTEP [S90]. 

[S92] Daniela Ramirez Chavez sets up 
electronics during a research 
assistantship at TAMU [S91].

From 2023 LRP: Projected DOE NP funding split 

under CHIPS & Science Authorization



BNL Current investments
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LDRD-A under this initiative PI FY24 FY25 FY26

LDRD-23-048 Real-time Information Distillation on Novel AI Hardware Huang 495 500

LDRD-23-050 A Second EIC Detector: Physics Case and Conceptual Design Ullrich 498 495

LDRD-24-047 EIC simulation infrastructure Kauder 500 500 500

LDRD-24-054

Galvanically Isolated, High Spatial and Temporal Resolution 

Silicon Vertex and Tracking Detector with Large-Area 
Monolithic Active Pixel Sensors Deptuch 500 500 500

PD-24-007 Collaborative Scientific Computing for the Electron-Ion Collider Lancon 366 346 342

PD-23-007 BNL EIC Theory Institute Venugopalan 494 499

PD-22-008 Data Storage and Access Infrastructure Lauret 107

LDRD-23-016 3-D Structure of the Proton Mehtar-Tani 200

Related PD and LDRD B

Current LDRD investments include specific potential detector technology advancements, a broad 

investigation of physics case, and work on establishing new computational techniques

PD investments are complementary, focused on building community 

Specific recent accomplishments are the mentions in the 2023 Long Range Plan



Competition

Who are we competing with in this initiative?

What are their strengths?

How can we mitigate that?
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EIC not the only user facility for NP
 Major other operations: FRIB@MSU, CEBAF 12@JLAB

 Construction of Neutrinoless Double Beta Decay experiments has a prominent role

 Also ATLAS@ANL, university laboratories, and research

Many “other projects” mentioned beyond EIC 2nd detector
 Executive Summary mentions:

  FRIB400, SoLID at JLAB, LHC heavy ion program, 

  neutrino mass and electric dipole measurements

 Also mentioned in the body:

  Upgrade of CEBAF to positrons and 24 GeV energy

Mitigation: strengthen complementarity case and community support 



Strategic partnerships
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What are w e missing at BNL to execute this strategy? Capabilities/expertise/political

What partnerships should w e form to f ill these gaps?

 Individuals

 Institutional
 Domestic/international

Second detector will necessarily be a multi-institutional collaboration
• Community needs to be behind it for success in next Long Range Plan

• International contributions also need to be a part of the portfolio, which 

require visible buy-in from the US community 

Developing software and computing model multi-institutional

 

Primary partner in EIC is Jlab as co-host for the EIC
• Esp. in light of High Performance Data Facility to be located at Jlab

• Interaction with Generic Detector R&D program run by Jlab

Center for Frontiers in Nuclear Science (CFNS) 

 valuable forum for community-building activities 



Long-term strategy
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Target: capture operations/"other project” funds beyond EIC peak

Needs conceptual and technological progress and community support 

 to produce strong mention in late 2020’s NSAC Long Range Plan

Milestones will become clearer as first detector design solidifies, 

 as its computing model becomes clearer,  

 and as limitations of both become apparent   



Internal strategy
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What is the roadmap to execute the long-term strategy
• Hires
• JAs

• Partnerships formed
• LDRDs to demonstrate/develop expertise/capabilities: what type (A or B), how many and when

• Program dev funds (what for and when)
• Other

Combination of driving specific technologies and broader physics case

4-5 associated LDRD A, focusing on specific detector technologies, 

specific computational advancements (including AI), 

 and physics advances (including theoretical) beyond the initial 

physics case for the EIC

Some LDRD B for targeted opportunities

Program Development will remain critical for community engagement



Summary
Need: Sustained investment moderately above current level (~3-5 M$) through decade 

Return on Investment:

A second detector is ~500 M$ or more, including the Interaction Region 

A second detector enables opportunities to broaden user community
which is critical for a User Facility 

Direct current RHIC operations funding for Software and Computing is ~$20M/year; 
similar levels will likely be necessary for the EIC

but more than that is critical to supporting the entire enterprise to produce the timely 
results DOE and our user community expect  

12
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Back up slides

To be developed, but not shown



DOE NP Funding Profiles in 2023 LRP
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the sum of funds for construction and projects de-
creased from 2018 through 2021, but still allowed 
limited investment in the EIC and modest growth in 

funds for projects..

Figure 12.2. DOE funds for construction and projects, 
FY 2015–2022 in FY22 $K (historical data).

In FY 2022, the influx  of $217 million from the IRA 
had a signific

a
nt  positive effect, providing funds 
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the constant-effort base funding, including GRETA, 
MOLLER, and HRS. These funds also allowed the 
EIC construction planning to proceed. The IRA funds 
provided $8 million to support planning for the three 
neutrinoless double beta decay experiments: CU-
PID, LEGEND-1000, and nEXO. The IRA funds thus 
advanced these major experimental efforts that had 
been envisioned in the last Long Range Plan. How-
ever, larger systemic issues, including the under-
funding of the research budgets that support people, 
within the DOE NP budget were not ameliorated by 
the IRA funds. Another trend visible in Figure 12.1 is 
the growth of the facility operations budget, which 
increased from around 50% of the DOE NP base bud-
get in FY 2015 to nearly 60% in FY 2022. Within the 
essentially constant-effort budget profile  described 
above, the increased operations constrained funds 
available for the rest of the nuclear physics program, 
including research and construction/projects.

Total NSF funding for nuclear physics is shown in 
Figure 12.3 in FY22 thousands of dollars. One of the 
most signific

a
nt changes during the period of FY 

2015–2022 was the closure of the National Super-
conducting Cyclotron Laboratory (NSCL). The transi-
tion from the NSF-supported NSCL to the DOE-sup-
ported FRIB facility was carefully coordinated 
between Michigan State University, NSF, and DOE 
and was a model of interagency cooperation. The 
NSCL funding had included support for both opera-
tions and research. The cessation of NSF funding for 
NSCL was partially compensated by increased fund-
ing for research grants through the Nuclear Physics 

Many exciting opportunities for discovery science 
and benefits  for the nation could be realized with the 
funds authorized in the CHIPS and Science Act. In 
particular, funding for DOE NP at the levels autho-
rized by the CHIPS and Science Act (Figure 12.4) will 
enable the nuclear physics community to continue 
its world leadership in nuclear science and deliver in-
novations and innovators for the nation.

program within MPS, and researchers previously 
supported directly by NSCL funds transitioned to 
competitive NSF grant funding. During FY 2015–
2022, the nuclear physics community successfully 
obtained Major Research Instrumentation Program 
and mid-scale NSF funds. These funds are competed 
either agency-wide or across MPS.

Figure 12.3. Distribution of NSF Nuclear Physics 
program funding for different types of activities from 
FY 2015 to 2022 in FY22 $K (historical data).NSCL 
funding ended at the end of 2021.

12.2 2024–2033 BUDGET PLANNING

The charge to NSAC requested a description of the 
potential impacts and priorities under two budget 
scenarios: constant effort and 2% modest growth 
using the FY 2022 enacted level as a reference. 
Since the charge was delivered to NSAC, the FY 2023 
budget was enacted, and the CHIPS and Science Act 
was passed. The following discussion addresses 
what can be accomplished under each of the fol-
lowing scenarios—the CHIPS authorization, modest 
growth based on FY23 dollars, modest growth based 
on FY22 dollars, and constant effort—to position the 
United States nuclear physics community to capture 
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ogies for the nation.
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di sco very made possible by recent 
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• Capitalize 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.
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Science Act will enable a robust program of discovery 

includes the required DOE contributions (e.g., to SBIR/
STTR, Accelerator R&D) (brown), funding for a research 
program at the level of 35% of the enacted FY22 
budget (without IRA funds), increasing annually by 2% 

of national user facilities (green), funding for the US 
portion of an international campaign of three ton-
scale neutrinoless double beta decay experiments 
(pink), funding for EIC construction on a technically 
driven timescale (gray), and funding for other projects 
(purple). All numbers are in FY22 $K. The black line is 
the level of funding that was authorized by the CHIPS 
and Science Act, and the dashed extension represents 
constant effort after FY 2027.

  
This CHIPS and Science profile  increases the base 
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provides an initial increase of 13% in FY 2024. This 
amount will enable a long-deferred investment in the 
people who drive the nuclear physics enterprise, most 
notably the graduate researchers, many of whom are 
struggling to live on their current stipends. Universi-
ty-based groups will be able to educate more innova-
tors of tomorrow and grow the STEM pipeline. As is 
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grants supported 200 students at 91 institutions (see map). This successful DOE NP effort laid the groundwork 
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ana Carrasco-Rojas (right) were both students from University of Texas at El Paso (UTEP) who spent the summer 
of 2022 at Texas A&M University (TAMU) as part of this program. They both continued their research remotely 
during the academic year. After graduating, Daniela spent 9 months as a research associate at TAMU before 
beginning her doctorate in nuclear physics at MSU in fall 2023. Diana is continuing her education in a medical 
physics doctorate program at the University of Texas MD Anderson Cancer Center.

Diana Carrasco-Rojas 
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detailed throughout this Long Range Plan, many of 
these students contribute to the nation’s prosperity 
through careers in national security, healthcare, tech-
nology, and education. Small-scale projects that pro-
vide hands-on experiences to young scientists would 
be funded. The much-anticipated FRIB has just com-
menced operations; optimal operations would allow 
the nation to reap the scientific

 

rewards of that in-
vestment. Optimally operating RHIC for this fina l  
phase, before it is shut down for EIC construction, 
would allow the completion of an exciting physics 
program with the data from sPHENIX. The MOLLER 
experiment, currently being constructed, would ben-
efit

 
signific

a
nt ly from the Jefferson Lab’s optimal op-

erations. Funding would be available to mount a com-
prehensive neutrinoless double beta decay program 
with our international colleagues on an expeditious 
timescale. Additional projects would keep our com-
munity innovating and leveraging these facilities. 
The EIC would be able to launch into construction 
as soon as RHIC completes its science mission. To 
realize the EIC, we are ceasing operations of one of 
our flag shi p facilities (RHIC) in the coming years to 
redirect the operations funding toward EIC construc-
tion to maximally leverage previous investments and 
set a path toward the future. With the understanding 
that federal budgets are dynamic and influe nced by 
sometimes shifting political needs, it is important 
to note that even if the exact funding profile  cannot 
be achieved each year, funding increases consistent 
with the CHIPS and Science profile  will be utilized ef-
fic

i
ent ly t o bring timely benefit

s

 for  the nat ion.

In the event that the full funding authorized by the 
CHIPS and Science Act is not realized, and funding 
for nuclear physics is consistent with modest growth 
(2% annual real growth above inflat ion) ,  the nucle-
ar physics community can still deliver a compelling 
program of discovery science that will also convey 
signific

a
nt  societal benefits .  However, difficu l t choic-

es will be necessary, based on the Long Range Plan 
recommendations. The EIC can still be realized but 
will be delayed relative to the technically driven fund-
ing schedule depicted in Figure 12.4. A modest in-
vestment in the research community, by raising the 
fraction of the budget invested in research to 32%, 
can address the most pressing issues. For example, 
one-third of this increase in the research budget, if 
dedicated to increasing graduate researcher pay so 
that it is commensurate with their local cost of living, 
will attract the brightest minds to this exciting sci-
ence and a future STEM career. The modest-growth 
scenario also allows neutrinoless double beta decay 
experiments to be actualized on a delayed timescale 
and enables the national user facilities to run their 
programs, albeit with a reduction in operations be-
low optimal levels. Because the most recent enacted 

budget is FY 2023, corresponding with the firs t  full 
year of operations at FRIB, we have constructed a 2% 
modest growth budget scenario based on FY23 thou-
sands of dollars, as shown in Figure 12.5. Reductions 
below FY23-anchored modest growth, such as using 
FY22 dollars as the baseline, would require further 
painful reductions.

This 

(e.g., to SBIR/STTR, Accelerator R&D) (brown), funding 
for a research program at the level of 32% of the 
enacted FY22 budget (without IRA funds), increasing 

operations of national user facilities at 85% optimal 
operations (green), funding for the US portion of an 
international campaign of three ton-scale neutrinoless 
double beta decay experiments (pink), funding for EIC 
construction (gray), and funding for other projects 
(purple). All numbers are in FY22 $K. The solid black 
line represents modest growth (2% real growth over 

dashed black line represents modest growth (2% real 

budget (without IRA funds).

Under a modest-growth funding scenario, facility 
operations will suffer. The decrease over current op-
erating hours that Figure 12.5 represents would—if 
sustained for the entire decade—prevent fully re-
alizing the scientific

 
opportunities of recent invest-

ments: the newly commissioned FRIB facility, the 
largely-IRA funded MOLLER experiment, the world-
unique N = 126 Factory at ATLAS, and the 12 GeV up-
grade at Jefferson Lab, not to mention the potential 
loss of trained staff. This issue is particularly acute 
in the case of sPHENIX, because RHIC is projected to 
complete its science program and stop operations to 
enable redirection of those operations funds to con-
struction of the EIC. It will also seriously limit the abil-
ity to train the next generation of scientists because 
many nuclear physics doctorates are awarded based 
on data obtained at the national user facilities. This, 
though, is the choice the community made in order 
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Sidebar 12.2 Delivering World-Unique Accelerator Facilities

The nuclear science community has a history of reliably delivering large, world-unique, accelerator-based user 
facilities safely, on time, and within budget by following the NSAC Long-Range Plans: ATLAS at Argonne, CEBAF 
at Jefferson Lab, and RHIC at BNL. Noteworthy since the last LRP, the CEBAF 12 GeV upgrade was completed on 
time and on budget in 2017 (Fig 1), and in 2022, the $730 million FRIB at Michigan State University was completed 
on budget and ahead of schedule after a 13 year construction project (Fig 2). One week after the ribbon cutting, the 
fir

s
t  experiment was completed. The science results of that experiment were published in November 2022 (“Cross-

ing N=28 Toward the Neutron Drip Line: First Measurement of Half-Lives at FRIB” H. L. Crawford et al., Phys. Rev. 
Lett. 129, 212501).

Figure 1. (left) The FRIB heavy-ion accelerator uses a continuous-wave superconducting heavy-ion driver linac capable of 

rare isotopes were implanted into the center of the FRIB Decay Station Initiator (pictured) [S93-94]. 

Figure 2: The CEBAF facility at Jefferson Lab is a world-leading electron accelerator for exploring the nature of matter in 
depth, providing unprecedented insight into the details of the particles and forces that build our visible universe. Left: an 
aerial view of JLab. Right: components of the CLAS12 detector system are assembled and installed in CEBAF’s Experimental 
Hall B [S95-97].

CHIPS&Science Modest Growth
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