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Summary 
The Rare Isotope Science Assessment Committee (RISAC) was convened by the National Research 
Council in response to an informal request from the DOE’s Office of Nuclear Physics and the White 
House Office of Management and Budget.  The charge to the committee is to examine and assess the 
broader scientific and international contexts of a U.S.-based rare-isotope facility.  The committee met for 
the first time on December 16-17, 2005, in Washington, DC, and held three subsequent meetings.  The 
committee’s final report was publicly released in unedited, prepublication form on Friday, December 8, 
2006.  The report was published in full-color by the National Academies Press in April 2007.  Copies of 
the report were distributed to key decision makers and stakeholders around the world.  
 

Recent Activities 

Project Initiation 
The Rare Isotope Science Assessment Committee (RISAC) was convened by the National Research 
Council in response to an informal request from the DOE’s Office of Nuclear Physics and the White 
House Office of Management and Budget.   
 
The committee will define a scientific agenda for a U.S. domestic rare-isotope facility, taking into account 
current government plans.  In preparing its report, the committee will address the role that such a facility 
could play in the future of nuclear physics, considering the field broadly, but placing emphasis on its 
potential scientific impact on nuclear structure, nuclear astrophysics, fundamental symmetries, stockpile 
stewardship and other national security areas, and future availability of scientific and technical personnel.  
The need for such a facility will be addressed in the context of international efforts in this area. 
 
In particular, the committee will address the following questions: 
 

• What science should be addressed by a rare isotope facility and what is its importance in the 
overall context of research in nuclear physics and physics in general? 



• What are the capabilities of other facilities, existing and planned, domestic and abroad, to address 
the science agenda? What scientific role could be played by a domestic rare-isotope facility that is 
complementary to existing and planned facilities at home and elsewhere? 

• What are the benefits to other fields of science and to society of establishing such a facility in the 
United States? 

 
To assemble the committee, the BPA worked with the American Physical Society’s Division of Nuclear 
Physics to solicit nominations for membership from the broader community.  More than 50 nominations 
were received.  A slate of 18 members was composed with two co-chairs, one from within nuclear physics, 
and one with a broader perspective on nuclear science and engineering and science policy (see enclosure 
for committee membership roster).  The chair of the National Research Council, made the final committee 
appointment decisions on November 7, 2005. 
 

Meetings 
At its first meeting, held December 16-17, 2005, in Washington, D.C, the committee discussed its task and 
heard public presentations.  Invited testimony at the first meeting included remarks from the federal 
agency stewards of the field of nuclear physics (DOE Office of Nuclear Physics and NSF Division of 
Physics) and discussion of the broader context for the physical sciences by OMB and OSTP 
representatives.  The committee also heard from the chair of the previous Nuclear Science Advisory 
Committee’s long-rang plan, which placed the Rare Isotope Accelerator in the framework of the longer-
range outlook for the field.  With help from the American Physical Society’s Division of Nuclear Physics, 
the committee convened an extended public-comment session where representatives from the broader 
community where invited to address the committee on any of the issues relating to the task.  Finally, the 
committee heard testimony from the chair of a recent Nuclear Science Advisory Committee subpanel that 
compared plans for the Rare Isotope Accelerator and the upgrade of a project at GSI in Darmstadt, 
Germany.  In the remaining hours of the meeting, the committee discussed elements of the scientific 
motivation, framed its work plan, and made plans for its next meetings. 
 
At its second meeting, held February 11-12, 2006, in Irvine, California, the committee entertained 
additional public presentations on the specific science case for a rare-isotope facility. In general terms, the 
committee worked on the following topics:  
 

• Interim report. Without formally deciding for or against the production of an interim report, the 
committee agreed to continue developing ideas for it; a third meeting in March 2006 would be 
largely focused on its preparation. [NOTE: Since this meeting, the informal request for an interim 
report has been retracted and it will no longer be pursued.] 

• Plans for the next meeting. Because of the developing budget-making process, the committee 
agreed to hear again from agency and budget officials about the outlook for nuclear physics. The 
committee also agreed to learn more about options for descoping or staging the construction of 
RIA to better understand the potential synergies of the different subsystems. 

• Writing assignments. Individuals from the committee expert in selected areas agreed to review, 
critique, and propose improvements to the different sections of the 'RIA science case' white paper 
prepared for this meeting.  

 
At its third meeting, held March 12-13, in Washington, DC, the committee discussed the issues further. 
Dennis Kovar and Joel Parriott confirmed that the facility-concept-formerly-known-as-RIA is no longer 
viable and any DOE construction initiative on a rare-isotope facility is likely to be delayed until 2011 at 
the earliest. They explained that there will be an increased emphasis on U.S. participation in international 
activities during the interim. The charge to the committee was slightly revised to reflect these changes in 



context. To assess and eventually make the case for a domestic rare-isotope facility, the committee elected 
to identify a handful of the most compelling science experiments/questions and then analyze them in terms 
of world-wide capability for making progress (taking into account existing and planned facilities). 
Committee member writing assignments were also reviewed and updated. 
 
The committee met for the fourth time on July 14-15, 2006, at TRIUMF in Vancouver, British Columbia. 
The meeting was devoted entirely to closed-session discussions save for a presentation by the director of 
TRIUMF about the nuclear physics programs and plans at the laboratory and a tour of the facilities. The 
committee reviewed progress on the draft components of its final report, discussed tentative findings and 
recommendations, and laid out the final phase of its work designed to deliver a final report in October 
2006. 
 
Since the fourth meeting, the committee completed its report, responded to review comments, and publicly 
released the final report in December 2006.  
 

Report Findings 
Background 
Over ten years ago, U.S. nuclear scientists proposed construction of a new rare isotope accelerator in the 
United States. Such a facility would enable experiments to elucidate the structure of exotic, unstable nuclei 
and provide critical information needed to explain nuclear abundances in the universe. Studies by the NSF-
DOE Nuclear Science Advisory Committee supported this proposal—initially termed the Rare Isotope 
Accelerator. In 2005, DOE and NSF, seeking an independent scientific assessment, asked the NRC to 
define the science agenda for a next-generation U.S. Facility for Rare Isotope Beams (FRIB). As the study 
began, DOE announced that the budget for what was then the RIA should be reduced about in half. The 
study focused on an evaluation of the science that could be accomplished with a facility reduced in scope. 
The revised charge also directed the NRC to evaluate the scientific impact of a FRIB in the overall context 
of the national and international nuclear physics programs. Finally, the NRC was not asked to give advice 
on whether such a facility should be constructed. 
 
Findings and Conclusions 
According to current DOE plans, a FRIB facility might not begin operations until 2016. Nevertheless, most 
of the major technical issues for building this facility appear to be well in hand. Further a next generation 
radioactive beam facility of the type embodied in the U.S. FRIB concept represents a unique opportunity to 
explore the nature of nuclei under extreme conditions and to develop a more quantitatively robust 
characterization of nuclear structure by exploring new forms of nuclear matter. 
 
A FRIB could impact the study of the origin of the elements and the evolution of the cosmos. Several key 
science drivers are apparent: 
 

• Nuclear structure. A FRIB would offer a laboratory for exploring the limits of nuclear existence 
and identifying new phenomena, with the possibility that a more broadly applicable theory of 
nuclei will emerge. 

• Nuclear astrophysics. A FRIB would lead to a better understanding of key issues by creating 
exotic nuclei that, until now, have existed only in nature’s most spectacular explosion, the 
supernova. It would offer new glimpses into the origin of the elements. 

• Fundamental symmetries of nature. Experiments addressing questions of the fundamental 
symmetries of nature will similarly be conducted at a FRIB through the creation and study of 
certain exotic isotopes. 

 



Nuclear structure and nuclear astrophysics constitute a vital component of the nuclear science portfolio in 
the United States. Moreover, nuclear-structure-related research provides the scientific basis for important 
advances in medical research, national security, energy production, and industrial processing. Failure to 
pursue a U.S.-FRIB would likely lead to a forfeiture of U.S. leadership in nuclear-structure-related physics 
and would curtail the training of future U.S. nuclear scientists. 
 
A U.S. facility for rare-isotope beams of the kind described to by DOE would be complementary to 
existing and planned international efforts, particularly if based on a heavy-ion linear accelerator. With such 
a facility, the United States would be a partner among equals in the exploration of the world-leading 
scientific thrusts listed above.  
 
The science addressed by a rare-isotope facility, most likely based on a heavy-ion driver using a linear 
accelerator, should be a high priority for the United States. The facility for rare-isotope beams envisaged 
for the United States would provide capabilities unmatched elsewhere that would help to provide answers 
to the key science topics outlined above. 

Outreach 
The committee has made significant efforts to engage and involve the broader community.  The Division 
of Nuclear Physics of the American Physical Society helped organize a 2.5-hour public-comment session 
at the committee’s first meeting where representatives of the different facilities, users’ groups, and the 
broader community were invited to address the committee.  The committee also maintains a public website 
(URL http://www7.nationalacademies.org/bpa/RISAC.html) with announcements about meetings, copies 
of presentations and comments made to the committee, and a standing call for community input. 
 
The committee’s final report was made publicly available on Friday, December 8, 2006, on the National 
Academies’ website, in unedited, prepublication form.  Advance courtesy briefings were provide to DOE, 
NSF, OSTP, OMB, and selected offices in Congress.  A public presentation of the report was made in 
Chicago, Illinois, at a meeting of the NSF/DOE Nuclear Science Advisory Committee’s Task Force on 
Rare-Isotope Beams.  An article covering the event was published in the Chicago Tribune on Saturday, 
December 9, 2006.  
 

Attachments 
• Committee membership roster 
• Meeting agendas (4) 
• Executive Summary 
• Article from the Chicago Tribune 
• Article from Science magazine 
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                                 December 16-17, 2005 Meeting 
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Rare Isotope Science Assessment Committee 
Keck Center of the National Academies, Room 203 
500 Fifth Street, NW, Washington, DC 20001 
 

Friday, December 16, 2005 
  CLOSED SESSION  

 7:30 am  Breakfast Keck 203 

 8:00 am  Welcome and plans for the meeting J. Ahearne, Co-chair 
S. Freedman, Co-chair 

 8:15 am  Committee balance and composition discussion D. Shapero, Director 
Board on Physics & Astronomy 

 9:15 am  Introduction to the NRC T.I. Meyer, Sr. Prog. Officer 
Board on Physics & Astronomy 

 9:30 am  General discussion  

 9:45 am  Break  

  OPEN SESSION  

10:00 am  Perspectives from DOE / Nuclear Physics D. Kovar, Assoc Director 
DOE Office of Nuclear Physics 

10:30 am  Perspectives from NSF / Physics J. Dehmer, Director 
NSF Division of Physics 

11:00 am  Perspectives from OMB J. Parriott, Budget Examiner 
Office of Management & Budget 

11:30 pm  General discussion  

12:00 pm  Lunch (Committee in Keck 206) 

 1:00 pm  Perspectives from OSTP 
R. Dimeo, Acting Asst Dir 
Physical Sciences and 
Engineering, OSTP 

 1:30 pm  Nuclear physics context of rare isotope science 
 NSAC Long-Range Planning report (2002) 

J. Symons, Chair 
Lawrence Berkeley Nat’l Lab 

 2:15 pm  Perspectives from Capitol Hill M. Holland, Chairman’s Staff 
House Science Committee 

 2:45 pm  General discussion  

 3:15 pm  Break  

 3:30 pm  Public comments from user groups  

 4:30 pm  Public comments from major facilities  



 

 5:30 pm  Other public comments  

 6:00 pm  Adjourn  

 7:00 pm  Committee dinner 
Oya Restaurant 
777 9th St. NW 
Washington, DC 20001 

 
 
 

Saturday, December 17, 2005 
  OPEN SESSION  

 8:00 am  Breakfast Keck 203 

 8:30 am  International context of rare isotope science 
 NSAC RIA/GSI comparison report (2004) 

P. Bond, Chair 
Brookhaven Nat’l Lab 

 9:00 am  Discussion  

  CLOSED SESSION  

 9:45 am  Initial impressions J. Ahearne, S. Freedman 

10:30 am  

Discussion of work plan 
 Proposed structure of the report 
 Proposed data-gathering  
 Proposed working groups 
 Plans for the next meeting 

 

12:30 pm  Lunch  

 1:30 pm  Adjourn  

 
 



                                 February 11-12, 2006 Meeting 

BOARD ON PHYSICS AND ASTRONOMY • Tel 202-334-3520 • Fax 202-334-3575 • E-mail bpa@nas.edu 
 

 
 

Rare Isotope Science Assessment Committee 
Beckman Center of the National Academies, Board Room 
100 Academy, Irvine, CA 92612 
 

Saturday, February 11, 2006 

 7:45 am  Carpool to conference center Meet in hotel lobby 

 8:00 am  Breakfast Dining Room 

  CLOSED SESSION  

 8:30 am  Welcome and plans for the meeting John Ahearne, Co-chair 
Stuart Freedman, Co-chair 

 8:45 am  Initial discussions  

 9:15 am  Break  

  OPEN SESSION  

 9:30 am  Rare Isotope Science in the Context of Nuclear Physics Rick Casten 

10:00 am   Discussion  

10:30 am  The Rare Isotope Accelerator facility Jerry Nolen 

11:00 am   Discussion  

11:45 am  Lunch Dining Room 

12:45 pm  Rare Isotope Science: Nuclear Structure (experiment) Brad Sherrill 

 1:15 pm  Rare Isotope Science: Nuclear Structure (theory) Erich Ormand 

 1:45 pm   Discussion  

 2:15 pm  Rare Isotope Science: Nuclear Astrophysics Hendrik Schatz 

 2:45 pm  Rare Isotope Science: Astronomy & Astrophysics (John Cowan by phone) 

 3:15 pm   Discussion  

 3:45 pm  Break  

 4:00 pm  Rare Isotope Science: Stockpile Stewardship David Crandall* 



 

 4:30 pm   Discussion  

 5:00 pm  Rare Isotope Science: Fundamental Symmetries Guy Savard 

 5:30 pm  Discussion  

 6:30 pm  Adjourn  

 6:45 pm  Reception Beckman Patio 

 7:30 pm  Committee dinner (members and invited guests) Bayside Restaurant 

 
 
 

Sunday, February 12, 2006 
  OPEN SESSION  

 7:45 am  Carpool to conference center Meet in hotel lobby 

 8:00 am  Breakfast  

 8:45 am  Rare Isotope Science & Technology: Addnl Applications Larry Ahle 

 9:15 am   Discussion  

 9:45 am  Guidance for Implementing NSAC Long-Range Plan 
 Report of the NSAC subcommittee (2005) Bob Tribble, Chair 

10:15 am   Discussion  

10:45 am  Break  

11:00 am  Perspective on RIA and Nuclear Physics John Schiffer 
Chair, 1999 NRC Survey 

11:30 am  General Discussion  

12:00 pm  Lunch Beckman Patio 

  CLOSED SESSION  

 1:00 pm  Committee deliberations  

 4:30 pm  Adjourn  



                               March 12-13, 2006 RISAC 
Meeting 

BOARD ON PHYSICS AND ASTRONOMY • Tel 202-334-3520 • Fax 202-334-3575 • E-mail bpa@nas.edu 
 

Rare Isotope Science Assessment Committee 
Keck Center of the National Academies, Room 101 
500 Fifth St. N.W., Washington, DC 
 

Sunday, March 12, 2006 
 8:00 am Breakfast Keck 101 

 CLOSED SESSION  

 8:30 am Welcome and plans for the meeting John Ahearne, Co-chair 
Stuart Freedman, Co-chair 

 8:45 am Initial discussions  

 9:15 am Break  
 OPEN SESSION  

 9:30 am New Developments in Planning for RIA Dennis Kovar 
Joel Parriott 

10:30 am Two Views on “The Elements of RIA: Options for Staging or 
Descoping”  

10:30 am  The View from MSU Konrad Gelbke 

11:00 am  The View from Argonne Don Geesaman 

11:30 am  Discussion  

12:00 pm Lunch Keck 105 

 1:00 pm The Role of Nuclear Structure in the Science Case for RIA 
Discussion Francesco Iachello  

 CLOSED SESSION  

 2:00 pm Elements of the Report  

  Historical Context of Rare Isotope Science Gerry Garvey and Bob Jaffe 

  Nuclear Structure Gerry Garvey and Wick Haxton 

  Nuclear Astrophysics Stan Woosley, Michael Wiescher, 
and Adam Burrows 

  Fundamental Symmetries Michael Romalis 
  Broader Impacts & Applications of RIA Stephen Libby 

  International Programs Peter Braun-Munziger and Paul 
Schmor 

 5:00 pm Roles of International Facilities in Meeting Rare Isotope 
Research Needs over the Next Decade 

Shoji Nagamiya  
 

 6:00 pm General Discussion  

 6:30 pm Adjourn  

 6:45 pm Committee Dinner (members and invited guests) Café Atlantico 
 
 
 



 

RISAC Meeting 

Monday, March 13, 2006 
 CLOSED SESSION  

 8:00 am Breakfast  

 8:30 am Convene Stuart Freedman 

 8:30 am What can be done with existing facilities and new facilities?    

 9:15 What are the committee’s current views--main conclusions 
regarding RIA science  

10:00 am Break  

10:30 am 
Further Discussion 
Plans for completion of report 
Further writing assignments 

 

11:45 am Lunch  

 1:00 pm Adjourn  

 
 
 
 



                               July 14-15, 2006 RISAC Meeting 

BOARD ON PHYSICS AND ASTRONOMY • Tel 202-334-3520 • Fax 202-334-3575 • E-mail bpa@nas.edu 
 

Rare Isotope Science Assessment Committee 

TRIUMF, Auditorium 
Vancouver, British Columbia  CANADA 
 

Friday, July 14, 2006 
 CLOSED SESSION  

 8:00 am Depart by shuttle to UBC / TRIUMF Meet in hotel lobby 

 8:30 am Breakfast  

 9:00 am Welcome and plans for the meeting John Ahearne, Co-chair 
Stuart Freedman, Co-chair 

 9:15 am Discussion of report outline in broad terms  

10:00 am Break  

10:15 am Discussion of candidate science drivers (All) 

 OPEN SESSION  

11:00 am Perspectives from TRIUMF Jean-Michel Poutissou, Associate 
Director 

12:00 pm Lunch  

 CLOSED SESSION  

 1:00 pm Filling in the Report Outline (60 min. each)  

  Nuclear Structure G. Garvey, W. Haxton, R. Casten, W. 
Nazarewicz 

  Nuclear Astrophysics S. Woosley, M. Wiescher, A. Burrows 

  Fundamental Symmetries M. Romalis 

  Broader Impacts & Applications S. Libby 

 5:00 pm Discussion of International Context P. Braun-Munzinger, P. Schmor 

 5:45 pm Adjourn  

 6:00 pm Depart by shuttle back to Vancouver and hotel  

 7:15 pm Committee Dinner (members and invited guests) (To Be Determined) 

 



 

 

Saturday, July 15, 2006 
 CLOSED SESSION  

 8:00 am Depart by shuttle to UBC / TRIUMF Meet in hotel lobby 

 8:30 am Breakfast  

 9:00 am Revisit and review report outline  

10:00 am Candidate findings and recommendations  

11:00 am 

Plans for preparing the first full draft of the report 
 Homework assignments 
 Additional data needed 
 Schedule of teleconferences, meetings, etc.  

J. Ahearne, S. Freedman 

 OPEN SESSION  

12:00 pm Lunch   

 1:00 pm Tour of TRIUMF  

 2:00 pm Adjourn  

 2:15 pm Depart by taxis to airports, hotels  
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Preface 
 
The Rare-isotope Science Assessment Committee (RISAC) was charged by the National 
Academies' Board on Physics and Astronomy, the Department of Energy, and the National 
Science Foundation to define the science agenda for a next-generation U.S. Facility for Rare-
isotope Beams (FRIB); the full charge is reproduced in Appendix A.  By design RISAC consists 
of scientists who work mostly outside the rare-isotope science community.  After RISAC had 
begun its meetings the DOE announced that the scope of what was then understood as the Rare-
isotope Accelerator (RIA) should be reduced by about a factor of two and there would be no 
project-engineering definition funding available until 2011.   
 
These developments in facility definition and projected schedule presented the committee with 
two chief challenges.  First, an effort that had started as an analysis of the most compelling 
intellectual territory addressed by a well-defined facility was transformed into the inverse task.  
Thus, the committee focused first on the scientific questions of highest importance and then 
speculated about the technical capabilities that a next-generation facility (FRIB) would need to 
make progress.  Second, with a shift in the anticipated construction start from 2008 to 2011 at the 
earliest, the committee was forced to guess at not only the scientific developments more than a 
decade in the future but also the evolving scientific activities of other facilities and nations around 
the world.  
 
Nevertheless, in response to the DOE announcement and the charge for this study, the committee 
has focused on articulating the science that could be accomplished at a reduced-scope rare-
isotope facility, referred to as FRIB or U.S.-FRIB in this report.  The committee offers 
conclusions on the potential impact of such a facility on nuclear structure, nuclear astrophysics, 
fundamental interactions and various applications, including national security.  The charge called 
for an evaluation of the impact of FRIB on the overall context of nuclear physics both nationally 
and internationally.  Representatives from major regions of the world (Europe/Germany, Japan 
and Canada) that have planned and operated existing facilities provided the basis for the 
committee’s advice about the international context of FRIB.  To avoid the appearance of bias, the 
committee membership did not include representatives actively participating in the formulation of 
proposals to build a U.S.-FRIB.  However, the committee did hear testimony from members of 
those groups (in addition to many others).  The committee heard presentations from appropriate 
experts about applications of a FRIB to areas of medical research, stockpile stewardship, and 
national security.  RISAC was not asked to recommend a specific facility or to compare FRIB 
with other U.S. initiatives in nuclear science.  Furthermore, RISAC was not asked to provide 
overall guidance on how the United States might most effectively leverage its investments in 
nuclear science as part of a global program.  
 
The committee thanks the speakers who made formal presentations at each of the meetings; their 
presentations and the ensuing discussions were extremely informative and had a significant 
impact on the committee’s deliberations.  And in general, the committee acknowledges the extra 
work required to prepare remarks addressing the broad spectrum of expertise on the committee.  
The committee also thanks the BPA staff (Donald Shapero, Timothy Meyer, and Phillip Long) for 
their guidance and assistance throughout this process. 
 
On a more personal note, we would also like to extend special thanks and appreciation to RISAC 
member Gerry Garvey, for his help in skillfully weaving together the views of the committee into 
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a consistent whole and in responding to the reviews, which were particularly thoughtful and 
helpful in refining the report. 
 
 
 
John F. Ahearne, Co-Chair    Stuart J. Freedman, Co-Chair 
Rare-isotope Science Assessment Committee 
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Executive Summary 
 
Nuclear structure physics aims to describe nuclei as collections of neutrons and protons.  Nuclear 
structure is the traditional core of nuclear science and it has been able to describe a broad range of 
phenomena from normal nuclei to neutron stars.  The understanding of nuclei in this regime 
provides critical support for important research in nuclear astrophysics and for efforts to exploit 
nuclei as laboratories for exploring fundamental symmetries. 
 
More than a decade ago the U.S. nuclear structure and nuclear astrophysics communities 
proposed that a new rare-isotope accelerator be built in the United States.  Such a facility would 
produce a wide variety of high quality beams of unstable isotopes at unprecedented intensities.  It 
would enable a new class of experiments to elucidate the structure of exotic, unstable nuclei to 
complement the studies of stable nuclei that have been the primary focus of nuclear physics in the 
past century.  A facility with this capability could also provide critical information on the very 
unstable nuclei that must be understood in order to explain nuclear abundances observed in the 
universe.  This facility would also produce large samples of specific isotopes that could enable a 
new class of experiments to study fundamental symmetries.  A series of studies by the joint NSF-
DOE Nuclear Science Advisory Committee (NSAC) have supported the need for such a facility, 
initially termed the Rare Isotope Accelerator (RIA).   
 
To obtain an independent scientific assessment, the National Academies convened the Rare-
Isotope Science Assessment Committee (RISAC).  The committee was charged by the 
Department of Energy and the National Science Foundation to define the science agenda for a 
next-generation U.S. Facility for Rare-isotope Beams (FRIB).  RISAC members included several 
experts in rare-isotope science, but the committee consisted largely of scientists from outside the 
rare-isotope science community; it also had members from Canada, Europe, and Asia.  Soon after 
RISAC was formed, the DOE announced that the budget of what was then understood as RIA 
would be reduced by about a factor of two.  In response to this announcement and the charge, the 
committee has focused on articulating the science that could be accomplished at a rare-isotope 
facility of reduced scope, referred to as FRIB or U.S.-FRIB in this report.  The charge also 
directed the committee to evaluate the scientific impact of a FRIB in the overall context of the 
national and international nuclear physics programs. 
 
The committee heard presentations about applications of a FRIB for nuclear physics studies and 
also to areas of medical research and stockpile stewardship.  RISAC was not asked to give advice 
on whether a facility should be constructed or to compare the relative merits of various 
possibilities.  For its analysis, the committee interpreted U.S.-FRIB as a general-purpose rare-
isotope production facility with a cost about half that of the earlier RIA concept.  To better 
understand the potential impact on the scientific agenda of such a cost reduction, the committee 
heard views from some of the proponents of a US-FRIB in a public meeting; these individuals 
gave the committee their views on production techniques and beam intensities that they judged to 
be technically feasible.  The primary tradeoff indicated in these presentations was a modest 
reduction in the quantity and diversity of possible isotopes and a significant reduction in the 
multi-user aspects of the facility. 
 
In developing its conclusions regarding a FRIB, the committee took into account the worldwide 
portfolio and the likely time frame in which a FRIB facility might begin operations (2016, 
according to current DOE plans).  Despite the uncertainty inherent in predicting what will be the 
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important scientific questions in the far future, a powerful new rare-isotope facility could resolve 
scientific issues of clear importance.  Arguments from the groups that have conducted the 
research and development for FRIB convinced the committee that most of the major technical 
issues are well in hand.  The committee concluded that the case for a next-generation, radioactive 
beam facility of the type embodied in the U.S.-FRIB concept represents a unique opportunity to 
explore the nature of nuclei under conditions that only exist otherwise in supernovas and to 
develop a more quantitatively robust characterization of nuclear structure by exploring new forms 
of nuclear matter. 
 
A rare-isotope facility produces beams of unstable atomic nuclei for direct study or can use them 
in subsequent reactions to produce even more exotic nuclear species.  Thus, a FRIB could impact 
the study of the origin of the elements and the evolution of the cosmos as well as the Standard 
Model of elementary particle physics with groundbreaking research on nuclei far from stability.  
The committee identified several key science drivers:   
 

• Nuclear structure.  A FRIB would offer a laboratory for exploring the limits of nuclear 
existence and identifying new phenomena, with the possibility that a more broadly 
applicable theory of nuclei will emerge.  FRIB would investigate new forms of nuclear 
matter such as the large neutron excesses occurring in nuclei near the neutron drip line, 
thus offering the only laboratory access to matter made essentially of pure neutrons; a 
FRIB might lead to breakthroughs in the ability to fabricate the super-heavy elements 
with larger neutron numbers that are expected to exhibit unusual stability in spite of huge 
electrostatic repulsion. 

• Nuclear astrophysics.  A FRIB would lead to a better understanding of key issues by 
creating exotic nuclei that, until now, have existed only in nature’s most spectacular 
explosion, the supernova.  A FRIB would offer new glimpses into the origin of the 
elements, which are produced mostly in processes very far from nuclear stability and 
which are barely within reach of present facilities. A FRIB would also probe properties of 
nuclear matter important to theories of neutron-star crusts.  

• Fundamental symmetries of nature.  Experiments addressing questions of the 
fundamental symmetries of nature will similarly be conducted at a FRIB through the 
creation and study of certain exotic isotopes.  These nuclei could enable important 
experiments on basic interactions because aspects of their structure greatly magnify the 
size of the symmetry-breaking processes being probed.  For example, a possible 
explanation for the observed asymmetry between matter and anti-matter in the universe 
could be studied by searching for a permanent electric dipole moment larger than 
Standard Model predictions in heavy radioactive nuclei. 

 
The committee concludes that nuclear structure and nuclear astrophysics constitute a vital 
component of the nuclear science portfolio in the United States.  Moreover, nuclear-structure-
related research provides the scientific basis for important advances in medical research, national 
security, energy production, and industrial processing.  Historically, scientific and technological 
developments in nuclear science have had extremely broad impact, e.g., nuclear magnetic 
resonance imaging and the fabrication of more robust electronics.  Failure to pursue a U.S.-FRIB 
would likely lead to a forfeiture of U.S. leadership in nuclear-structure-related physics and would 
curtail the training of future U.S. nuclear scientists. 
 
The committee concluded that a U.S. facility for rare-isotope beams of the kind described to the 
committee would be complementary to existing and planned international efforts, particularly if 
based on a heavy-ion linear accelerator.  With such a facility, the United States would be a 
partner among equals in the exploration of the world-leading scientific thrusts listed above. 
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The committee concluded that the science addressed by a rare-isotope facility, most likely based 
on a heavy-ion driver using a linear accelerator, should be a high priority for the United States.  
The facility for rare-isotope beams envisaged for the United States would provide capabilities 
unmatched elsewhere that would help to provide answers to the key science topics outlined 
above. 
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