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How was this study started?



NSAC Meeting March 23, 2016

The 2015 Long Range Plan for Nuclear Science

NSAC and APS DNP partnered to tap the full intellectual capital of  the U.S. nuclear 
science community in identifying exciting, compelling, science opportunities

Recommendations:

• The progress achieved under the guidance of the 2007 Long Range 
Plan has reinforced U.S. world leadership in nuclear science. The 
highest priority in this 2015 Plan is to capitalize on the 
investments made.

• The observation of neutrinoless double beta decay in nuclei 
would…have profound implications.. We recommend the timely 
development and deployment of a U.S.-led ton-scale 
neutrinoless double beta decay experiment.

• Gluons…generate nearly all of the visible mass in the universe. 
Despite their importance, fundamental questions remain…. These 
can only be answered with a powerful new electron ion collider 
(EIC). We recommend a high-energy high-luminosity polarized 
EIC as the highest priority for new facility construction 
following the completion of FRIB.

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

NP is implementing these 
recommendations which are 
supported in the President’s 
FY 2017 request

5

https://science.energy.gov/np/nsac/

From: DOE Office of Nuclear Physics Overview, Dr. Tim Hallman, NSAC, March 2016
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NSAC Meeting March 23, 2016

Next Formal Step on the EIC Science Case

THE NATIONAL ACADEMIES OF SCIENCES, ENGINEERING, AND MEDICINE 
Division on Engineering and Physical Science
Board on Physics and Astronomy
U.S.‐Based Electron Ion Collider Science Assessment

Summary
The National Academies of Sciences, Engineering, and Medicine (“National Academies”) 
will form a committee to carry out a thorough, independent assessment of the scientific 
justification for a U.S. domestic electron ion collider facility.  In preparing its report, the 
committee will address the role that such a facility would play in the future of nuclear 
science, considering the field broadly, but placing emphasis on its potential scientific 
impact on quantum chromodynamics.  The need for such an accelerator will be addressed 
in the context of international efforts in this area.  Support for the 18‐month project in the 
amount of $540,000 is requested from the Department of Energy.

Mail reviews received; proposal approved for funding in PAMS; PR package in PAMS being 
processed. 

7

Progress is also being made on a second Joint NAS study on Space Radiation Effects Testing

https://science.energy.gov/np/nsac/

From: DOE Office of Nuclear Physics Overview, Dr. Tim Hallman, NSAC, March 2016
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NSAC  Meeting October 28, 2016

Next Formal Step on the EIC Science Case

THE NATIONAL ACADEMIES OF SCIENCES, ENGINEERING, AND MEDICINE 
Division on Engineering and Physical Science
Board on Physics and Astronomy
U.S.-Based Electron Ion Collider Science Assessment

Summary
The National Academies of Sciences, Engineering, and Medicine (“National Academies”) 
will form a committee to carry out a thorough, independent assessment of the scientific 
justification for a U.S. domestic electron ion collider facility.  In preparing its report, the 
committee will address the role that such a facility would play in the future of nuclear 
science, considering the field broadly, but placing emphasis on its potential scientific 
impact on quantum chromodynamics.  The need for such an accelerator will be addressed 
in the context of international efforts in this area.  Support for the 18-month project in the 
amount of $540,000 is requested from the Department of Energy.

8

“U.S.-Based Electron Ion Collider Science Assessment” is now getting underway. The Chair 
will be Gordon Baym. The rest of the committee, including a co-chair, will be appointed in 
the next couple of weeks. The first meeting is being planned for January, 2017

https://science.energy.gov/np/nsac/

From: DOE Office of Nuclear Physics Overview, Dr. Tim Hallman, NSAC, October 2016
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NAS and NAS study process



http://www.nationalacademies.org

The National Academies of Sciences, Engineering and Medicine 

5



submission of information by outside parties; 3) reviews of
the scientific literature, and 4) the investigations of the
committee members and staff. In all cases, efforts are
made to solicit input from individuals who have been
directly involved in, or who have special knowledge of, the
problem under consideration.  

In accordance with federal law and with few exceptions,
information-gathering meetings of the committee are open
to the public, and any written materials provided to the com-
mittee by individuals who are not officials, agents, or
employees of the National Academies are maintained in a
public access file that is available for examination.  

The committee deliberates in meetings closed to the pub-
lic in order to develop draft findings and recommendations
free from outside influences. The public is provided with
brief summaries of these meetings that include the list of
committee members present. All analyses and drafts of the
report remain confidential.

STAGE 4. Report Review
As a final check on the quality and objectivity of the study, 
all National Academies reports—whether products of 
studies, summaries of workshop proceedings, or other 
documents—must undergo a rigorous, independent exter-
nal review by experts whose comments are provided 
anonymously to the committee members. The National
Academies recruit independent experts with a range of
views and perspectives to review and comment on the draft
report prepared by the committee.  

The review process is structured to ensure that each report
addresses its approved study charge and does not go beyond
it, that the findings are supported by the scientific evidence
and arguments presented, that the exposition and organiza-
tion are effective, and that the report is impartial and objective. 

Each committee must respond to, but need not agree
with, reviewer comments in a detailed “response to review”
that is examined by one or two independent report review
“monitors” responsible for ensuring that the report review
criteria have been satisfied. After all committee members
and appropriate National Academies officials have signed
off on the final report, it is transmitted to the sponsor of the
study and is released to the public. Sponsors are not given
an opportunity to suggest changes in reports. The names
and affiliations of the report reviewers are made public
when the report is released.

STAGE 3. Committee Meetings,
Information Gathering, Deliberations,
and Drafting the Report
Study committees typically gather information through: 1)
meetings that are open to the public and that are announced
in advance through the National Academies Web site; 2) the

HOW THE PUBLIC CAN FOLLOW 
AND PROVIDE INPUT TO STUDIES

The Current Projects System was established
with a link from the National Academies home-
page, www.national-academies.org, to
make it easy for members of the general 
public with interest in the subject to follow the
progress of a study and submit comments.
The system offers separate views by subject
and by project title. 

Reports of the National Academies are
available from the National Academies Press,
500 Fifth Street, NW, Washington, DC 20001 
1-800-624-6242 • www.nap.edu.

interest, no individual can be appointed to serve (or contin-
ue to serve) on a committee of the institution used in the
development of reports if the individual has a conflict of 
interest that is relevant to the functions to be performed. For
more information, see the National Academies’ Web site at
www.national-academies.org.

Other considerations. Membership in the three Academies
(NAS, NAE, IOM) and previous involvement in National
Academies studies are taken into account in committee 
selection. The inclusion of women, minorities, and young pro-
fessionals are additional considerations.

Specific steps in the committee selection and approval
process are as follows:

! Staff solicit an extensive number of suggestions for
potential committee members from a wide range of
sources, then recommend a slate of nominees. 

! Nominees are reviewed and approved at several levels with-
in the National Academies; a provisional slate is then
approved by the President of the National Academy of
Sciences, who is also the Chair of the National Research
Council. 

! The provisional committee list is posted for public 
comment in the Current Projects System on the Web 
(http://www4.national-academies.org/cp.nsf). 

! The provisional committee members complete back-
ground information and conflict of interest disclosure
forms. 

! The committee balance and conflict of interest discussion
is held at the first committee meeting. 

! Any conflicts of interest or issues of committee balance
and expertise are investigated; changes to the committee
are proposed and finalized. 

! Committee is formally approved. 

! Committee members continue to be screened for conflict
of interest throughout the life of the committee.

Ensuring Independent,
Objective Advice

OUR STUDY
PROCESS

NATIONALA
C

A
D

EM
IES

TH
E

National Academy of Sciences
National Academy of Engineering
Institute of Medicine
National Research Council

The National Academies - Studies

http://www.nationalacademies.org 6



The National Academies - Studies

http://www.nationalacademies.org

Project
starts
when
funding is
received

Provisional
slate
approved by
NAS
President

Provisional
committee
posted 
for public
comment
via Current
Projects
System

Committee 
balance and 
expertise 
evaluated; 
any conflicts 
of interest are 
investigated

Final 
committee 
formally 
approved

Monitoring for 
potential conflicts 
of interest 
continues

STEPS TAKEN TO ENSURE
INDEPENDENCE AND OBJECTIVITY
The reports of the National Academies are viewed as being
valuable and credible because of the institution’s reputa-
tion for providing independent, objective, and non-partisan
advice with high standards of scientific and technical quali-
ty. Checks and balances are applied at every step in the
study process to protect the integrity of the reports and to
maintain public confidence in them. The study process can
be broken down into four major stages: 1) defining the
study; 2) committee selection and approval; 3) committee
meetings, information gathering, deliberations, and drafting
of the report; and 4) report review.

STAGE 1. Defining the Study
Before the committee selection process begins, National
Academies’ staff and members of their boards work with
sponsors to determine the specific set of questions to be
addressed by the study in a formal “statement of task,” as
well as the duration and cost of the study. The statement of
task defines and bounds the scope of the study, and it
serves as the basis for determining the expertise and the
balance of perspectives needed on the committee. 

The statement of task, work plan, and budget must be
approved by the Executive Committee of the National
Research Council Governing Board. This review often results
in changes to the proposed task and work plan. On occasion,
it results in turning down studies that the institution believes are
inappropriately framed or not within its purview. 

STAGE 2. Committee Selection and
Approval
Selection of appropriate committee members, individually
and collectively, is essential for the success of a study. All
committee members serve as individual experts, not as
representatives of organizations or interest groups. Each
member is expected to contribute to the project on the
basis of his or her own expertise and good judgment. A
committee is not finally approved until a thorough balance
and conflict of interest discussion is held at the first meet-
ing, and any issues raised in that discussion or by the pub-
lic are investigated and addressed. 

Careful steps are taken to convene committees that meet
the following criteria:

An appropriate range of expertise for the task. The
committee must include experts with the specific expertise
and experience needed to address the study’s statement of
task. One of the strengths of the National Academies is the
tradition of bringing together recognized experts from
diverse disciplines and backgrounds who might not other-
wise collaborate. These diverse groups are encouraged to
conceive new ways of thinking about a problem.

A balance of perspectives. Having the right expertise is
not sufficient for success. It is also essential to evaluate the
overall composition of the committee in terms of different
experiences and perspectives. The goal is to ensure that
the relevant points of view are, in the National Academies’
judgment, reasonably balanced so that the committee can
carry out its charge objectively and credibly. 

POINT OF VIEW IS DIFFERENT
FROM CONFLICT OF INTEREST
A point of view or bias is not necessarily a conflict
of interest. Committee members are expected to
have points of view, and the National Academies
attempt to balance these points of view in a way
deemed appropriate for the task. Committee
members are asked to consider respectfully the
viewpoints of other members, to reflect their own
views rather than be a representative of any
organization, and to base their scientific findings
and conclusions on the evidence. Each commit-
tee member has the right to issue a dissenting
opinion to the report if he or she disagrees with the
consensus of the other members.

NRC Governing
Board reviews and
approves study
scope and plan 

Committee’s
first meeting

Report is
released to
the sponsor
and the public

Committee and National
Academies sign off on
report

Full committee signs off on
draft report

Reviewers
comment 
on report 

DEFINING THE STUDY COMMITTEE SELECTION AND APPROVAL

COMMITTEE MEETINGS, INFORMATION GATHERING, DELIBERATIONS, AND DRAFTING REPORT

REPORT REVIEW→

Screened for conflicts of interest. All provisional com-
mittee members are screened in writing and in a confi-
dential group discussion about possible conflicts of inter-
est. For this purpose, a “conflict of interest” means any
financial or other interest which conflicts with the service
of the individual because it could significantly impair the
individual's objectivity or could create an unfair competi-
tive advantage for any person or organization. The term
“conflict of interest” means something more than individ-
ual bias. There must be an interest, ordinarily financial, that
could be directly affected by the work of the committee.
Except for those rare situations in which the National
Academies determine that a conflict of interest is unavoid-
able and promptly and publicly disclose the conflict of

STAGE 1 STAGE 2 STAGE 4STAGE 3

F
or more than 140 years, the National Academies
have been advising the nation on issues of science,
technology, and medicine. The 1863 Congressional
charter signed by President Lincoln authorized this
non-governmental institution to honor top scientists

with membership and to serve the nation whenever called
upon. Today the National Academies—National Academy
of Sciences, National Academy of Engineering,
Institute of Medicine, and National Research Council—
continue that dual mission.

Like no other organization, the National Academies can
enlist the nation’s foremost scientists, engineers, health pro-
fessionals, and other experts to address the scientific and
technical aspects of society’s most pressing problems. Each
year, more than 6,000 of these experts are selected to serve
on hundreds of study committees that are convened to
answer specific sets of questions. All serve without pay.

Federal agencies are the primary financial sponsors of the
Academies’ work. Additional studies are funded by state
agencies, foundations, other private sponsors, and the
National Academies endowment. The Academies provide
independent advice; the external sponsors have no control
over the conduct of a study once the statement of task and
budget are finalized. Study committees gather information
from many sources in public meetings but they carry out
their deliberations in private in order to avoid political, special
interest, and sponsor influence. 

Through this careful study process, the National Academies
produce 200–300 authoritative reports each year. Recent
reports cover such topics as the obesity epidemic, the use
of forensics in the courtroom, invasive plants, underage
drinking, the Hubble Telescope, vaccine safety, the hydrogen
economy, transportation safety, climate change, and home-
land security. Many reports influence policy decisions; some
are instrumental in enabling new research programs; others
provide program reviews.

The National Academies - Studies

Stage 1: Defining the Study
Stage 2: Committee Selection and Approval
                                 An appropriate range of expertise for the task
                                 A balance of perspectives
                                 Screened for conflicts of interest
Stage 3: Committee Meetings, Information Gathering, Deliberations, and Drafting the Report
Stage 4: Report Review
Release to the sponsor and (shortly thereafter) to the public
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NAS study of EIC science



BOARD ON PHYSICS AND ASTRONOMY (BPA)

An Assessment of  
U.S.-Based Electron-Ion 

Collider Science  
A study under the auspices of the  

U.S. National Academies of Sciences, Engineering, and Medicine

Gordon Baym and Ani Aprahamian, Co-Chairs 
The study is supported by funding from the DOE Office of Science. 

(Further information can be found at:  https://www.nap.edu/25171)  



The National Academies produce reports that shape policies, inform 
public opinion, and advance the pursuit of science, engineering, and 
medicine. 

The present report is carried out under the leadership of the 
Board on Physics and Astronomy (James Lancaster, Director). 
The BPA seeks to inform the government and the public about what is 
needed to continue the advancement of physics and astronomy and 
why doing so is important. 



Committee on Assessment of U.S.-Based  
Electron-Ion Collider Science 

The National Academies of Sciences, Engineering, and Medicine was 
asked by the U.S. Department of Energy to assess the scientific 
justification for building an Electron-Ion Collider (EIC) facility. The 
unanimous conclusion of the Committee is that an EIC, as envisioned 
in this report, would be… 

… a unique facility in the world that would answer science questions 
that are compelling, fundamental, and timely, and help maintain U.S. 
scientific leadership in nuclear physics. 



What is an Electron-Ion Collider?

   

An advanced accelerator that collides  
beams of electrons with beams of protons 
 or heavier ions (atomic nuclei).  
Electron-ion center of mass energy   
~20-100 GeV, upgradable to ~140 GeV. 
High luminosity and polarization! 

1) highly polarized electrons, E ~ 4 GeV  to possibly 20 GeV  
2) highly polarized protons, E ~ 30 GeV to some 300 GeV, and heavier ions 

Two possible configurations: Brookhaven Nat’l Lab and Jefferson Lab 
 

Brookhaven Jefferson Lab



Committee Statement of Task -- from DOE to the BPA 
The committee will assess the scientific justification for a U.S. domestic electron ion 
collider facility, taking into account current international plans and existing domestic 
facility infrastructure.  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 quantum chromodynamics. 

In particular, the committee will address the following questions: 

❖ What is the merit and significance of the science that could be addressed by an electron 
ion collider facility and what is its importance in the overall context of research in 
nuclear physics and the physical sciences in general? 

❖ What are the capabilities of other facilities, existing and planned, domestic and abroad, 
to address the science opportunities afforded by an electron-ion collider? 

❖ What unique scientific role could be played by a domestic electron ion collider facility 
that is complementary to existing and planned facilities at home and elsewhere? 

❖ What are the benefits to U.S. leadership in nuclear physics if a domestic electron ion 
collider were constructed? 

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



                            

Gordon Baym, Co-Chair  (Illinois):        theoretical many-particle physics  
Ani Aprahamian, Co-Chair (Notre Dame):        nuclear experiment  
  
Christine Aidala (Michigan):            heavy ion experiment 
Richard Milner (MIT):                      high energy electron experiment 
Ernst Sichtermann (LBNL):             heavy ion experiment 
Zein-Eddine Meziani (Temple):       high energy electron experiment 
Thomas Schaefer (NC State U):      theoretical nuclear physics 
Michael Turner (Chicago):              theoretical astronomy, cosmology 
Wick Haxton (UC  Berkeley):          theoretical nuclear physics 
Kawtar Hafidi (Argonne):                high energy electron experiment 
Peter Braun-Munzinger (GSI):        heavy ion experiment 
Larry McLerran (Washington):        theoretical nuclear physics 
Haiyan Gao (Duke):                        high energy electron experiment 
John Jowett (CERN):                      accelerator physics 
Lia Merminga (Fermilab):               accelerator physics 

Committee Membership



Committee at the Academies, Washington D.C.

Committee Membership



Committee at the Academies, Washington D.C.

Committee Membership



                              
Four meetings in 2017, plus three conference calls for entire committee, 
and many smaller conference calls among working groups 

First meeting   Feb. 1-2 Washington  
 Funding agencies, House Science and Technology Committee,  NSAC, 
 EIC collider physics, European perspective, RHIC plans 

Second meeting   April 19-20  Irvine 
 JLab plans,  EIC User Group,   EIC in China, CERN, gluon and deep  
 inelastic scattering physics 

Third meeting   Sept. 11-12  Woods Hole 
 EIC accelerator technology, EIC computing, gluon saturation 

Fourth and final meeting:   Nov. 27-28  Washington 

  

Report Process & Meeting Schedule 



Bottom Line 

The committee unanimously finds that the science that can be 
addressed by an EIC is compelling, fundamental, and timely. 

The unanimous conclusion of the Committee is that an EIC, as 
envisioned in this report, would be a unique facility in the world 
that would boost the U.S. STEM workforce and help maintain U.S. 
scientific leadership in nuclear physics. 

The project is strongly supported by the nuclear physics community. 

The technological benefits of meeting the accelerator challenges are 
enormous, both for basic science and for applied areas that use 
accelerators, including material science and medicine. 
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Ch. 2: Basic science to be explored
How does a nucleon acquire mass?  -- almost 100 times greater than the 
sum of its valence quark masses.  Cannot be understood via Higgs 
mechanism  

How does the spin (internal angular momentum) of the nucleon arise 
from its elementary quark and gluon constituents?   Proton spin is the 
basis of MRI imaging. 

What are the emergent properties of dense systems of gluons?   How are 
they distributed in both position and momentum in nucleons and nuclei, 
and how are they correlated among themselves and with the quarks and 
antiquarks present?   What are their quantum states?  Are there new forms 
of matter made of dense gluons? 

1980s                           Now



Basic experiments in c.m. energy - luminosity landscape

Deeply virtual Compton scattering         Deeply virtual meson production



Deeply virtual Compton scattering         Deeply virtual meson production

Basic experiments in c.m. energy - luminosity landscape



Ch. 3: The role of an EIC within the context of nuclear 
physics in the U.S. and internationally 

U.S. Nuclear Science Context for an Electron-Ion Collider 

U.S. Leadership in Nuclear Science 

“Nuclear physics today is a diverse field, encompassing research that spans 
dimensions from a tiny fraction of the volume of the individual particles 
(neutrons and protons) in the atomic nucleus to the enormous scales of 
astrophysical objects in the cosmos.”  

FRIB in construction at MSU will keep us at a leadership position in the  
world in understanding the behavior of hadrons inside the atomic nucleus 

Inside hadrons, the interactions of gluons and quarks address the  
fundamental questions on the origin of mass, spin, and saturation.  
Quantum Chromodynamics (QCD) physics 



Ch. 4:  Accelerator science, technology, and detectors needed 
for a U.S.-based EIC  

(Choice of design/site for am EIC was not in our statement of task)

Major challenges in accelerator design:  
o High energy, spin-polarized beams colliding with high luminosity 
BNL eRHIC and JLab JLEIC Conceptual Designs 
o build on existing accelerators in different ways  
o both require extensive R&D to fully address the science 
Enabling Accelerator Technologies 
o Interaction region design, magnet technology 
o Strong hadron beam cooling (innovative concepts) 
o Energy Recovery Linacs 
o Crab Cavity operation in hadron ring 
o Polarized e,p and 3He Sources, preservation in accelerators 
o Simulations of beams in novel EIC operating modes 
Detector Technologies



Ch. 5: Comparison of a U.S.-based EIC to current  
and future facilities 

HERA at DESY... A (former) collider of electrons with protons 

CEBAF at JLab….Electron accelerator to 12 GeV 

Compass experiment at CERN…muons and protons in collisions 

RHIC…Heavy Ion and polarized proton collider 

LHC at CERN…Large Hadron Collider: protons and heavy ions 

Other Future Electron-Hadron Collider Proposals  
    LHeC 
    FCC-he …Future Circular Collider 
    China:  possible low energy EIC at HIAF  
                     (High Intensity Heavy-Ion Accelerator Facility)  

Opportunities for future collaborations!! 



Ch. 6: Impact of an EIC on other fields   

EIC will sustain a healthy U.S. accelerator science enterprise 
    Maintain leadership in collider accelerator technology 
    Enable new technology essential for future particle accelerators 
    EIC R&D targeted at developing cutting-edge capabilities  
Workforce 
    Nuclear physicists essential to U.S. security, health & economic vitality 
    About one half of U.S. PhDs in nuclear physics are in QCD 
Advanced scientific computing 
    Maintaining a competitive high performance computing capability is 
       essential to  U.S. scientific leadership  
    Lattice QCD uses the worlds most advanced computers to provide 
      ab initio QCD  calculations essential to interpret EIC data  
Connections to: 

Condensed matter and atomic-molecular physics 
High-energy physics 
Astrophysics 



Findings

The science 

Finding 1: An EIC can uniquely address three profound questions 
about nucleons—neutrons and protons—and how they are 
assembled to form the nuclei of atoms: 
      
•How does the mass of the nucleon arise? 
•How does the spin of the nucleon arise?  
•What are the emergent properties of dense systems of gluons? 

Accelerator  

Finding 2: These three high-priority science questions can be 
answered by an EIC with highly polarized beams of electrons and 
ions, with sufficiently high luminosity and sufficient, and variable, 
center-of-mass energy.  
 



  
Finding 3: An EIC would be a unique facility in the world, and 
would maintain U.S. leadership in nuclear physics. 

Finding 4: An EIC would maintain U.S. leadership in the 
accelerator science and technology of colliders, and help to 
maintain scientific leadership more broadly.  

Finding 5: Taking advantage of existing accelerator infrastructure 
and accelerator expertise would make development of an EIC cost 
effective and would potentially reduce risk.  

Finding 6: The current accelerator R&D program supported by the 
Department of Energy is crucial to addressing outstanding design 
challenges. 

Findings



Finding 7: To realize fully the scientific opportunities an EIC would 
enable, a theory program will be required to predict and interpret 
the experimental results within the context of QCD, and further, to 
glean the fundamental insights into QCD that an EIC can reveal.  

Finding 8: The U.S. nuclear science community has been thorough 
and thoughtful in its planning for the future, taking into account both 
science priorities and budgetary realities. Its 2015 Long Range Plan 
identifies the construction of a high luminosity polarized Electron Ion 
Collider (EIC) as the highest priority for new facility construction 
following the completion of the Facility for Rare Isotope Beams (FRIB) 
at Michigan State University. 

Finding 9: The broader impacts of building an EIC in the U.S. are 
significant in related fields of science, including in particular the 
accelerator science and technology of colliders and workforce 
development. 
  

Findings



Bottom Line (again) 

The committee unanimously finds that the science that can be 
addressed by an EIC is compelling, fundamental, and timely. 

The unanimous conclusion of the Committee is that an EIC, as 
envisioned in this report, would be a unique facility in the world 
that would boost the U.S. STEM workforce and help maintain U.S. 
scientific leadership in nuclear physics. 

The project is strongly supported by the nuclear physics community. 

The technological benefits of meeting the accelerator challenges are 
enormous, both for basic science and for applied areas that use 
accelerators, including material science and medicine. 


