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FIGURE 2.6 Multidisciplinary quest for understanding the neutron-rich matter on Earth and in the cos-
mos. The study of neutron skins and the PREX experiment are discussed in the text. The anticipated 
discovery of gravitational waves by the Laser Interferometer Gravitational Wave Observatory (LIGO) 
and the allied European detector Virgo will help understanding large-scale motions of dense neutron-
rich matter. Finally, advances in computing hardware and computational techniques will allow theorists 
to perform calculations of the neutron star crust. SOURCE: Courtesy of W. Nazarewicz, University of 
Tennessee at Knoxville; inspired by a diagram by Charles Horowitz, Indiana University.

Nuclear Masses and Radii

The binding of nucleons in the nucleus contains integral information on the 
interactions that each nucleon is subjected to in the nuclear environment. Dif-
ferences in nuclear masses and nuclear radii give information on the binding of 
individual nucleons, on the onset of structural changes, and on specific interac-
tions. Examples of recent measurements of charge radii in light halo nuclei were 
discussed above. With exotic beams and devices such as Penning and atomic traps, 
storage rings, and laser spectroscopy the masses and radii of long sequences of 
exotic isotopes are becoming available, extending our knowledge of how nuclear 
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1. Summary and Recommendations

 ! We recommend the establishment of a national FRIB 

theory alliance. This alliance will enhance the field 

through the national FRIB theory fellow program 

and tenure-track bridge positions at universities and 

national laboratories across the U.S.
 ! We recommend the expansion of the successful 

Topical Collaborations initiative to a steady-state 

level of five Topical Collaborations, each selected by 

a competitive peer-review process.

B: Initiative for Detector and Accelerator Research and 

Development

U.S. leadership in nuclear physics requires tools and 

techniques that are state-of-the-art or beyond. Targeted 

detector and accelerator R&D for the search for 

neutrinoless double beta decay and for the EIC is critical 

to ensure that these exciting scientific opportunities can 

be fully realized.

 ! We recommend vigorous detector and accelerator 

R&D in support of the neutrinoless double beta decay 

program and the EIC.

WORKFORCE, EDUCATION, AND 
OUTREACH
A workforce trained in cutting-edge nuclear science 

is a vital resource for the Nation. Exciting research is 

intimately tied with attracting talented graduate students 

to any science, including nuclear science. Workforce 

surveys show that the total number of Ph.D. graduates 

in nuclear science has been constant for the past 

decade, which is consistent with the U.S. continuing 

to attract the best and brightest students for graduate 

education and research, both from the U.S. and 

abroad. However, compared to the patterns 10 years 

ago, a higher percentage of nuclear physics faculty 

at universities and national laboratories and of faculty 

recipients of prestigious early career awards received 

their Ph.D.s from universities outside the U.S. There is a 

continuing vital need to enhance the development of a 

talented U.S. workforce by increasing the participation 

of U.S. students in the opportunities in basic and 

applied nuclear science. To increase the number of 

U.S. students prepared for successful graduate studies 

and research in nuclear science requires opportunities 

for undergraduates to be engaged in forefront nuclear 

science research and studies. Graduate students are 

also inspired by highly visible postdoctoral positions to 

which they can aspire.

Our Nation needs a highly trained workforce in nuclear 

science to pursue research, develop technology, and 

ensure national security. Meeting this need relies 

critically on recruiting and educating early career 

scientists.

We recommend that the NSF and DOE take the 

following steps.

 ! Enhance programs, such as the NSF-supported 

Research Experiences for Undergraduates (REU) 

program, the DOE-supported Science Undergraduate 

Laboratory Internships (SULI), and the DOE-supported 

Summer School in Nuclear and Radiochemistry, 

that introduce undergraduate students to career 

opportunities in nuclear science.
 ! Support educational initiatives and advanced 

summer schools, such as the National Nuclear 

Physics Summer School, designed to enhance 

graduate student and postdoctoral instruction.
 ! Support the creation of a prestigious fellowship 

program designed to enhance the visibility of 

outstanding postdoctoral researchers across the field 

of nuclear science.

Research in theory, experiment, and computation as well 

as instrumentation initiatives from university groups and 

laboratories provide a unique education and training 

environment that must be nurtured.

RESOURCES
The working group carefully considered the budgetary 

implications of its recommendations. The construction 

funding of FRIB will be winding down in FY 2020–2021. 

It is expected that project selection for a ton-scale 

neutrinoless double beta decay experiment will occur in 

a few years, and then this project will commence. An EIC 

is envisioned to start construction after FRIB construction 

is completed and to be operational by the end of the 

2020s. With this sequencing, an effective and efficient 

program in nuclear science can be accomplished with 

a DOE nuclear science budget that increases by 1.6% in 

spending power above cost of living per year for the ten 

years of this plan. This is consistent with the scenario 

advocated in the 2013 NSAC report, Implementing the 

2007 Long Range Plan. Under this constraint, some 

important science would rely on international efforts, and 

a number of promising avenues cannot be pursued, but 

the U.S. program will be strong, vital, and world leading. 

Under a budget that represents constant effort at the 
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fields, with the potential to discover a new form of 

gluon matter predicted to be common to all nuclei. 

This science will be made possible by the EIC’s unique 

capabilities for collisions of polarized electrons with 

polarized protons, polarized light ions, and heavy nuclei 

at high luminosity.

The vision of an EIC was already a powerful one in the 

2007 Long Range Plan. The case is made even more 

compelling by recent discoveries. This facility can 

lead to the convergence of the present world-leading 

QCD programs at CEBAF and RHIC in a single facility. 

This vision for the future was expressed in the 2013 

NSAC report on the implementation of the 2007 Long 

Range Plan with the field growing towards two major 

facilities, one to study the quarks and gluons in strongly 

interacting matter and a second, FRIB, primarily to study 

nuclei in their many forms. Realizing the EIC will keep 

the U.S. on the cutting edge of nuclear and accelerator 

science.

RECOMMENDATION IV

We recommend increasing investment in small-scale 
and mid-scale projects and initiatives that enable 
forefront research at universities and laboratories.

Innovative research and initiatives in instrumentation, 

computation, and theory play a major role in U.S. 

leadership in nuclear science and are crucial to 

capitalize on recent investments. The NSF competitive 

instrumentation funding mechanisms, such as the 

Major Research Instrumentation (MRI) program and 

the Mathematical & Physical Sciences mid-scale 

research initiative, are essential to enable university 

researchers to respond nimbly to opportunities for 

scientific discovery. Similarly, DOE-supported research 

and development (R&D) and Major Items of Equipment 

(MIE) at universities and national laboratories are vital 

to maximize the potential for discovery as opportunities 

emerge.

These NSF funding mechanisms are an essential 

component to ensure that NSF-supported scientists 

have the resources to lead significant initiatives. 

These programs are competitive across all fields, and 

an increase in the funds available in these funding 

mechanisms would benefit all of science, not just nuclear 

physics.

With both funding agencies, small- and mid-scale 

projects are important elements in increasing the agility 

of the field to react to new ideas and technological 

advances. The NP2010 Committee report also made 

a recommendation addressing this need. With the 

implementation of projects, there must be a commitment 

to increase research funding to support the scientists 

and students who will build and operate these projects 

and achieve the science goals. Close collaborations 

between universities and national laboratories allow 

nuclear science to reap the benefits of large investments 

while training the next generation of nuclear scientists to 

meet societal needs.

NSAC is asked to identify scientific opportunities and 

a level of resources necessary to achieve these. So, 

except for the largest-scale facilities, projects named 

in this report are given as examples to carry out the 

science. The funding agencies have well-established 

procedures to evaluate the scientific value and the cost 

and technical effectiveness of individual projects. There 

is a long-standing basis of trust that if NSAC identifies 

the opportunities, the agencies will do their best to 

address these, even under the constraints of budget 

challenges.

INITIATIVES
A number of specific initiatives are presented in the 

body of this report. Two initiatives that support the 

recommendations made above and that will have 

significant impact on the field of nuclear science are 

highlighted here.

A: Theory Initiative

Advances in theory underpin the goal that we truly 

understand how nuclei and strongly interacting matter 

in all its forms behave and can predict their behavior in 

new settings.

To meet the challenges and realize the full scientific 

potential of current and future experiments, we require 

new investments in theoretical and computational 

nuclear physics.

 " We recommend new investments in computational 

nuclear theory that exploit the U.S. leadership in 

high-performance computing. These investments 

include a timely enhancement of the nuclear physics 

contribution to the Scientific Discovery through 

Advanced Computing program and complementary 

efforts as well as the deployment of the necessary 

capacity computing.

FRIB Theory Alliance 
A grassroots initiative
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1. Summary and Recommendations
From the hot dense soup of quarks and gluons in 

the first microseconds after the Big Bang, through 

the formation of protons and neutrons beginning the 

evolution of the chemical elements, to the awesome 

power of nuclear fission, bringing both strength and 

complicated nonproliferation issues to our national 

security, the physics of nuclei is fundamental to our 

understanding of the universe and, at the same time, 

intertwined in the fabric of our lives. Nuclear physicists 

and chemists are creating totally new elements in the 

laboratory and producing isotopes of elements that, 

hitherto, have only existed in stellar explosions or in the 

mergers of neutron stars. They develop new tools like 

accelerators and detectors that find broad applications 

in industry, medicine, and national security. The United 

States, with the support of the National Science 

Foundation (NSF) and the Department of Energy (DOE), 

has world-leading programs in nuclear science, from 

forefront basic research to the development of important 

new applications for society.

Since 1979, progress in nuclear science has been guided 

by a series of six Nuclear Science Advisory Committees’ 

(NSAC) long range plans, the last one created in 2007. 

In April 2014, NSAC was charged by the DOE Office 

of Science and the NSF Directorate of Mathematical 

and Physical Sciences to conduct a new study of the 

opportunities and priorities for United States nuclear 

physics research and to recommend a long range 

plan that will provide a framework for the coordinated 

advancement of the Nation’s nuclear science program 

over the next decade. The plan should indicate what 

resources and funding levels would be required to 

maintain a world-leadership position in nuclear physics 

research and what the impacts and priorities should be 

if the funding available provides for constant level of 

effort from the fiscal year (FY) 2015 President’s Budget 

Request into the out-years. The full text of the charge is 

given in Appendix A.1. The Isotope Program of the DOE 

Office of Nuclear Physics is explicitly excluded from the 

charge, as it is the subject of a separate charge to NSAC.

NSAC created a Long Range Plan working group of 

58 members (Appendix A.2), including scientists from 

Europe and Canada and with international observers 

representing associations of nuclear scientists from 

Europe and Asia. In a nine-month-long process, the 

Division of Nuclear Physics of the American Physical 

Society organized broad input for the working group, 

including several town meetings (listed in Appendix A.3) 

and white papers (available at https://www.phy.anl.

gov/nsac-lrp/). The working group held two meetings, 

an organizational meeting in November 2014, and a 

resolution meeting (see Appendix A.4) in April 2015, 

to establish recommenda tions and priorities. It is well 

recognized that resources are always limited, and 

hard choices have been made concerning parts of 

the program that could not go forward in a realistic 

budget scenario. For example, the 2013 NSAC report 

Implementing the 2007 Long Range Plan responded to 

a more constrained budget picture than was originally 

expected. The resulting focused plan has been widely 

supported by the community, the Administration, and 

Congress. This 2015 Long Range Plan also involves 

hard choices to go forward with constrained budget 

scenarios.

THE SCIENCE QUESTIONS
Nuclear science is a broad and diverse subject. 

The National Research Council Committee on the 

Assessment of and Outlook for Nuclear Physics 2013 

report, Nuclear Physics, Exploring the Heart of Matter, 

(NP2010 Committee) framed the overarching questions 

“that are central to the field as a whole, that reach out 

to other areas of science, and that together animate 

nuclear physics today:

1. How did visible matter come into being and how does 

it evolve?

2. How does subatomic matter organize itself and what 

phenomena emerge?

3. Are the fundamental interactions that are basic to the 

structure of matter fully understood?

4. How can the knowledge and technical progress 

provided by nuclear physics best be used to benefit 

society?”

The progress in nuclear science since the last long 

range plan in 2007, as well as new questions that now 

demand to be answered, will be identified in the science 

sections of this report. The 2007 plan has served the 

community and the funding agencies extremely well as 

a blueprint for the future. Indeed, given the size and the 

decade-long time scales for major construction projects, 
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Timeline and scope

• First cycle: June 1st 2015 – May 31st 2017
• Modest start (support 2 FRIB theory fellows at 50%)

• LRP 2015: FRIB-TA emerged as a theory initiative

• Second cycle: June 1st 2017 – May 31st 2020
• Rapid increase of effort 
• Expand fellow program (grow from 2 to 4)
• Implement bridge program (2 bridges by end of cycle)
• Significant funding for travel to FRIB
• Includes visitor program and meetings 
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FRIB Theory Alliance 
Timeline and Scope



Current Members:

• Baha Balentekin (U. Wisconsin — 2013-2020)
• Vincenzo Cirigliano (LANL — 2019-2022)
• Charlotte Elster  (Ohio U. — 2017-2020)
• Jutta Escher (LLNL — 2019-2022)
• Richard Furnstahl (Ohio State U. — 2013-2020)
• Alexandra Gade  (Michigan State U. — 2018-2021) [FRIB-Users ]
• Kristina Launey (Louisiana State U. — 2019-2022)
• Dean Lee  (Michigan State U. — 2018-2021)
• Augusto Macchiavelli (LBNL — 2017-2020)
• Thomas Papenbrock (U. Tennessee — 2018-2021)
• Jorge Piekarewicz (Florida State U.  — 2017-2020)
• Sanjay Reddy (U. of Washington — 2019-2022)  
• Filomena Nunes (Michigan State U.) [Managing Director]
• Gillian Olson (Michigan State U.) [Administrative Assistant]

Former Members:

• David Dean (ORNL)
• George Fuller (UC San Diego)
• Chuck Horowitz (Indiana U.)
• Robert Janssens (U. North Carolina)
• Bao-An Li (TAMU, Commerce)
• Witek Nazarewicz (Michigan State U.)
• Erich Ormand (LLNL)
• Rebecca Surman (U. Notre Dame)

FRIB Theory Alliance 
Serving Board Members



FRIB Theory Alliance 
Mission and Goals

To deliver excellent theoretical science in support of FRIB science mission

To foster interactions between theory and experiment

To rejuvenate the field by creating permanent FRIB Theory Bridge positions 

To retain young talent through the FRIB Theory Fellow program

To attract/inspire young talent through FRIB Theory Summer Schools 

To educate future generations in advances low-energy nuclear theory

To foster interdisciplinary collaborations to wider theory communities



FRIB Theory Alliance 
Theory Bridge Faculty

To rejuvenate the field by creating permanent FRIB Theory Bridge positions 

Current FRIB-TA Bridge faculty 
 
•  Saori Pastore (faculty 2018-, at WashU ) 

 many-body methods and weak interactions 
•  Maria Piarulli (faculty 2018-, at WashU) 

 nuclear forces and many-body methods 
•  Sebastian Konig (faculty 2019 - , at NCSU) 
 

Saori Pastore (WashU — 2018)
Maria Piarulli (WashU — 2018)
Sebastian Konig (NCState — 2019)

 
FRIB-TA annual meeting 

Thursday, 8th August 2019 
Penn Garden Room, Duke University 

 
 
3:00-4:30pm Session 1 
 
3:00 Science Highlights from Bridge Faculty 
        Sebastian Konig (15 min) 
        Saori Pastore (15 min) 
        Maria Piarulli (15 min) 
 
3:45 Overview of activities from managing director (Nunes) 
 
4:10 Discussion on future directions of FRIB-TA (moderated by Piekarewicz) 
 
4:30 Coffee Break 
 
5:00-6:00 Session 2 
 
5:00 Science Highlights from fellows  
        Kevin Fossez (15 min) 
        Gregory Potel (15 min) 
        Diego Lonardoni (15 min) 
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FRIB Theory Alliance 
Theory Fellows

To retain young talent through the FRIB Theory Fellow program

Diego Lonardoni (LANL — 2015-)
Gregory Potel (MSU — 2016-2019)
Kevin Fossez (ANL — 2019-)
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Current FRIB theory fellows 
 
•  Diego Lonardoni (fellow 2015-  , at LANL) 

 many-body methods and structure of nuclei 
•  Gregory Potel (fellow 2016-2019 , at MSU ) 

 reaction theory 
•  Kevin Fossez (fellow 2019- , at ANL) 
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To attract/inspire young talent through FRIB Theory Summer Schools 

FRIB Theory Alliance 
Summer Schools

Summer School on Neutron Star Mergers for Non Experts (2018)
Summer School on Machine Learning Applied to Nuclear Physics (2019)
TALENT School on Theory for Exploring Nuclear Reaction Exps. (2019)
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Neutron skins and neutron stars 
in the multi-messenger era 

Exciting possibility: If PREX confirms that Rskin is large and 
LIGO-Virgo that NS-radius is small, this may be evidence of a 

softening of the EOS at high densities (phase transition?)
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