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We also received 25 testimonials from graduates about the relevance of their 
education to their current careers. Space restrictions prevent us from listing 
all of the testimonials received. An edited selection of them appears below. 
Please consult subatomicphysics.ca for the full list. 

Testimonial: Data Retrieval Entrepreneur 

Since completing my studies in high energy physics, I have co-founded 
Delphes Technologies International—a software company in the area 
of information retrieval and extraction based on a highly complex 
treatment of natural languages. I realized rapidly that combining 
natural languages with computer science reveals high complexity 
problems similar to those encountered during my work in subatomic 
physics. The experience I have gained during my research in high-
energy physics has, without a doubt, provided me with the ability to 
face those challenges and to find original and innovative solutions to 
building highly efficient natural language information management 
and retrieval software. The software we developed has been used by 
large corporations and governments. For example, the solution has 
been deployed as the information retrieval engine for all Government 
of Quebec departments and organizations. We also raised more than 
$8 million from international investors creating more than 65 jobs for 
highly qualified engineers, researchers and scientists. This experience 
led to my position as Vice-President, Research and Development, at 
Alphinat Inc.—a Montréal-based public software company providing 
innovative solutions for rapid web development. I am also acting as 
consulting expert in the software development area through my own 
consulting firm—Timeless Technologies International. 
Denis Michaud, PhD
Vice-President, Research and Development, Alphinat Inc.

A subatomic physics graduate student working on the 8pi Gamma-Ray Spectrometer 

at TRIUMF’s ISAC facility..
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Testimonial: Engineering Entrepreneur 
	
As an entrepreneur and leader, I believe my training as a physicist 
uniquely prepared me for the world of business. Through my education 
in experimental subatomic physics I was given a life-changing oppor-
tunity to work as part of a group of world-class physicists, engineers 
and technologists. In this world, where new ideas were encouraged 
and decisions made not on seniority but by applying logical principles, 
it was possible for a PhD student in his 20s to influence the design, 
construction and eventual outcome of a multi-million dollar physics 
experiment. I believe that my success in business—12 full-time employ-
ees and $2 million in sales in 2010—can in large part be attributed  
to this experience as well as the ab-initio approach to problem solving  
I learned in subatomic research. 
Matthew Smith, PhD 
General Manager, SKC Siu Engineering Ltd.; and President,
MxV Engineering Inc. 

Testimonial: Finance 

As a discipline, subatomic physics is perhaps one of the most useful 
groundings in basic logic and problem solving that one can have.  
I have travelled a somewhat unconventional route since graduation, 
and have found myself working in the financial services industry in 
Toronto. Physicists tend to learn to evaluate problems using extremes, 
asking questions like, “What would happen if ALL of this demand 
were to suddenly move this way, would that be a problem?”, and learn 
not to shrink from making estimates where justifiable and doing the 
math where required. In my business, and in much of society, this is 
no longer true—if it can’t be looked up on the Internet, then it is an 
insurmountable problem. Where some of my analyst peers are forced 
to rely on the pronouncements of companies on topics with technical 
themes, I am free to bring a lot more experience to bear in asking the 
right questions of management. I have become regarded as the analyst 
on Bay Street that investors, who have been approached with a technol-
ogy opportunity that seems too good to be true, should call. I am fairly 
unique in that regard, and to a large measure that is due to my physics 
training and research background. I would certainly hire more of this 
sort of person, if I could find them. 
Jon Hykawy, PhD
Head of Global Research, Clean Technologies and Materials  
Analyst, Byron Capital Markets 
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Testimonial: Finance 

My theoretical particle physics education has provided me with skills 
that are indispensable in my career as a financial risk manager. The past 
few years have proved to be one of the most interesting and challenging 
times for capital markets. My training in physics helped me to develop 
the ability to question what we believe to be true and why we believe 
it. This strength has helped me to adapt quickly in a changing environ-
ment by dispensing with ideas that no longer function, and adopting 
and learning new ideas that may be more promising. The process of 
earning a doctoral degree also helped me to develop confidence to 
question the “status quo” and to share the new ideas with others. This 
ability to challenge current beliefs, analyze complex situations in a rig-
orous way, and to communicate clearly and effectively, are all examples 
of skills that were encouraged during my particle physics training. 
Alexander Marini, PhD 
Senior Manager, Market Risk and Risk Technology, La Banque 
Nationale du Canada 

Testimonial: Information Technology 
	
I am currently working in the field of IT, for a company that is a tech-
nology solution provider to large enterprises in Canada and abroad. 
Part of my work involves evaluating new technologies and coming up 
with innovative ways of using these technologies to solve real business 
problems. In some ways, this is not very different from certain aspects 
of my work in experimental particle physics. During my graduate pro-
gram at the University of Toronto in experimental particle physics, I 
was heavily involved in many aspects of building an extremely complex 
environment—from designing and building the detector components, 
to building the computing systems required to run and operate the 
detectors and analyze the data. The particle accelerators and detectors 
are some of the most complex machines in existence today and present 
us with many technical challenges that often jointly drive innovation 
in the technology industry. This type of involvement has provided me 
with real-world skills that can be applied to most business environ-
ments. In addition, the skills acquired while working on the physics 
analysis within an international collaboration of hundreds of physicists 
are also very applicable to many roles in corporate environments. Being 
able to articulate your findings or solutions clearly, both in writing and 
in-person, is also something that one has to learn while collaborating in 
the subatomic physics community. 
Milos Brkic, PhD
Director, Datacenter Technologies, OnX Enterprise Solutions 
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Testimonial: Nuclear Industry 
	
I was trained as an experimental nuclear physicist. There are very few 
people left who call themselves nuclear physicists and there is a clear 
need in a resurging industry. There is a huge need for people in the nu-
clear industry to supply disciplines peripheral to nuclear and subatomic 
physics—radiation protection, health physics, nuclear engineering, 
reactor physics, nuclear medicine, radiation industries (e.g., radiogra-
phy, contract sterilization)—all requiring these basics skills. Note that 
I work in a company that heavily services the nuclear industry but has 
a large number of clients in healthcare, agriculture and other energy 
industries. Subatomic and nuclear physics are disciplines that are very 
basic and very innovative, so graduate students have to  
necessarily be very creative and innovative on their own terms but also 
learn to get support from like-minded independent individuals wher-
ever they can. I think this understanding makes for adaptability and 
independence that is not disruptive to team functioning. That’s what I 
think has distinguished me from my peers. I learned early to start-out 
with some brief calculations on the back of an envelope and build on 
the results. 
John Barnard, PhD
Director, Research and Technology, Acsion Industries Incorporated 

Testimonial: Nuclear Security 
	
I am a research scientist in applied subatomic physics with Natural 
Resources Canada. As an experimental subatomic physicist, I apply my 
education and do many of the same things that any subatomic physics 
researcher does. I develop techniques and design detectors for localiza-
tion and characterization of radioactive threat material. I am leading 
a multi-institute research team of particle physicists in the design and 
construction of a gamma imager with state-of-the-art scintillation light 
collection, as well as multi-channel pulse digitization, synchronization 
and triggering. We use Monte Carlo simulation to understand the per-
formance of various detector designs. We validate our simulations with 
careful laboratory experiments. The only difference is that rather than 
testing the fundamental nature of our physical reality, I am working 
toward keeping people safe and secure. 
Laurel E. Sinclair, PhD
Research Scientist, Natural Resources Canada
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Testimonial: Electrical Engineering 
	
Through my training in experimental subatomic physics I have 
developed lasting skills that have played a key role in the success of my 
early engineering career. The critical thinking required to resolve 
challenging technical issues in the subatomic physics field has been 
directly transferable to the development of novel engineering concepts 
and designs. I cannot imagine another field where the limits of what is 
possible are so routinely redefined by those involved. The application 
of this physics mindset in an industrial design setting is the perfect  
recipe for innovation. 
Joey Gallant, MSc
Engineer-in-Training, Corrpro Canada

5. Demographic Trends and Funding Pressures 

Compelling scientific questions and accomplishments have made subatomic 
physics a leading and growing field of research. The opportunities afforded 
by new techniques and facilities have created interfaces with other fields  
(e.g., astronomers collaborating with nuclear astrophysicists to better under-
stand core-collapse supernovae, atomic physicists contributing their expertise 
to antimatter trapping, radiochemists contributing to ultra-clean under-
ground experiments). As a result of these vibrant and exciting challenges, 
the number of subatomic physicists in Canada continues to grow, with an 
average of six new faculty hires per year in each of the last five years. This has 
led to great scientific opportunities, and stresses, in the Canadian subatomic 
physics community. 
	
Subatomic physics is an exciting field that continues to attract some of 
the best and brightest young minds in Canada. To better understand the 
demographic trends, the committee mined the highly-qualified personnel 
information in the NSERC Personal Data Forms (Forms 100), submitted as 
part of the Discovery Grants application process. This information is sum-
marized in Figure 6. The number of students enrolled in subatomic physics 
PhD programs at Canadian universities has been relatively stable at about 
350 per year. There has been a decline in the number of experimental MSc 
students since 2004, which is likely due to two factors: when experiments 
transition from installation/calibration to data-taking, the emphasis shifts 
to supervising PhD students over MSc students, as they are capable and will 
benefit more from the more-involved physics analysis; and universities, in 
general, are encouraging strong students to move quickly into PhD programs 
from MSc programs, mirroring what has been a long-standing practice in the 
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U.S. The make-up of the postdoctoral fellows (PDFs) research pool has also 
evolved, with the number of theory PDFs trending steadily upward (from 
110 in 2002, to about 150 in 2008), reflecting the increased research capac-
ity and productivity in theory supported as part of the 2002 Reallocations 
Exercise. After 2007, there are more theory PDFs than experimental PDFs 
working with Canadian subatomic physics researchers, with about 1.3 theory 
PDFs per theory PhD student, on average, nationwide. 

The challenging operating grant situation for experimental subatomic physi-
cists is a likely explanation for several of the observed trends. In contrast to 
the situation for theorists, there are only 0.6 experiment PDFs per experi-
ment PhD student. It appears there has been a shift within several experi-
mental collaborations to PhD students instead of PDFs, due to constrained 
operating grant funding and the concurrent need to have a critical mass on 
the ground in foreign laboratories. As we have demonstrated above, young 
subatomic physicists have a high degree of competence in disciplines with 
applicability far beyond subatomic physics. As a group, they are energetic, 
hard-working, and highly motivated. They are a valuable national resource, 
and it is important to optimize and make the most of the benefits—scien-
tific, societal and economic—that their talents bring. Consequently, the 
continued inflationary erosion of NSERC’s subatomic physics envelope, and 
the long-term implications this will have for the number of young people 
able to enter the field, is of great concern. 
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6. Strengthening the Ties

While we see positive impacts of subatomic physics research on Canadian 
society, steps should be taken to further strengthen the ties between basic 
research and economic benefit. In particular, certain opportunities will 
present themselves in the next five years and should not be missed.  
Opportunities exist both in increased direct industrial activity and in the 
training of a skilled workforce. 

a. Opportunity: Joining CERN 

“For Canada to prosper in the global knowledge economy, we must excel at 
connecting to the global supply of ideas, talent and technology. ”

	 - Mobilizing Science and Technology to Canada’s Advantage –2007

CERN is one of the world’s largest and most respected centres for scientific 
research. Canada has been involved in research at CERN for decades and a 
significant fraction of our subatomic physics research community relies on 
their facilities. However, Canada has no formal relationship with CERN. 
In the past, we have negotiated participation in CERN experiments on a 
project-by-project basis. As such, we have no influence on the future priori-
ties of the laboratory and Canadian companies do not have access to CERN 
contracts.
	
CERN has recently decided to establish a new “Associate Membership” for 
non-European countries. Canada would be a natural candidate for such a 
membership, and benefits include:
•	 Canadian companies bing permitted to bid on CERN contracts and 

being awarded these contracts in proportion to Canada’s contribution. 
Approximately one-third of CERN’s budget goes to procurement;

•	 Canadian citizens having access to CERN education and training pro-
grams and limited-term staff positions; and 

•	 Canada having a voice in the scientific and financial decision-making of 
the laboratory. 

The benefits to industry from association with CERN are clear. A study of 
technology transfer in 629 companies with CERN contracts revealed:1 

•	 38 percent had developed new products;
•	 42 percent increased international exposure; 
•	 44 percent improved technological learning ;
•	 17 percent opened a new market; 
•	 60 percent acquired new customers; 
•	 52 percent attributed improved sales performance to their relationship 

with CERN; and 
•	 all firms derived great value from using CERN as a marketing reference.

 1 Technology transfer and technological training through CERN’s procurement activity; E. Autio,  

   M. Bianchi-Streit, Ari-Pekka Hameri (CERN, 2003) 
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The benefits from the scientific training perspective are also clear. CERN 
is not only an elite facility for subatomic physicists to receive training and 
employment, it is also an elite training facility for other disciplines. The ma-
jority of CERN fellows work in engineering, computing or applied physics. 
	
Member states pay for the operation of CERN in proportion to their 
GDPs. Associate Members would pay 10 percent of the Full Member cost. 
In this scenario, the value of direct contracts to Canadian industry would 
be expected to increase from approximately $30,000 in 2010 to more than 
$3 million per year. The total financial value returned through industrial 
contracts and training would amount to nearly two-thirds of the Canadian 
contribution to CERN. 
	
Formalizing our relationship with CERN would therefore strengthen Cana-
dian ties with Europe politically, as well as economically, through strength-
ened ties to Canadian industry. It would provide unique training opportuni-
ties for young Canadian scientists and engineers. 

b. Opportunity: Training of Accelerator Physicists

Accelerators are big business throughout the world. New developments in 
particle accelerator technologies play a crucial role not just in subatomic 
physics, but also in condensed matter physics, health research, medical 
diagnosis and treatment, and industry. This is illustrated in the success stories 
described in previous sections. 
	
There is a shortage of highly qualified graduates with advanced degrees in ac-
celerator science. TRIUMF, in co-operation with several universities, has be-
gun an initiative aimed at addressing this shortage in order to fuel growth in 
research and business in Canada. We support the continued development of 
accelerator highly qualified personnel (HQP) training programs in Canada, 
and encourage NSERC and other relevant bodies to ensure an appropriate 
mechanism to evaluate the funding requests for these programs. 

Superconducting accel-

erator structures made 

of niobium, developed 

for research towards a 

future linear collider.
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Given the nature of experiments needed to continue progress in the field, 
frontier subatomic physics research requires long-term commitments from 
governments, laboratories, and physicists. Laboratories that mount the ex-
periments employ hundreds or thousands of staff. Large collaborative teams 
are necessary to build and operate the experimental apparatus. In order to 
have the expertise necessary to mount a successful experiment, teams tend to 
be composed of scientists from around the world. The construction and data-
taking phases of the experiments can each take 10 years or more. As a result, 
new theoretical models may take decades to confirm or refute.

To efficiently and effectively participate in this enterprise, subatomic physics 
research funding needs to be carefully managed. Funds must be available to 
support the small to mid-size capital investments and to provide the research 
support required to develop the next generation of experiments that advance 
the field. When new opportunities arise, significant capital is required for the 
construction of facilities and experiments. Success relies on all partners con-
tinuing their participation in the project. Therefore, coordination of funding 
sources for capital and operation is essential to ensure that new projects are 
carried through to completion.

1. Canadian Subatomic Physics in 2011

Approximately 240 full-time faculty are active in subatomic physics research, 
and the community has grown by approximately 10 percent over the past five 
years. Graduate student numbers are largely stabilized now after the substan-
tial growth noted in the last plan.

The past five years have seen the community transitioning from construction 
of new major facilities and detectors to their exploitation in the Canadian 
effort to further knowledge in subatomic physics. The named priorities of 

Positioning for 
Scientific Leadership

6
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the last LRP—ATLAS, T2K, the ISAC and SNOLAB experimental pro-
grams—are all operational and experimental results are flowing from all four. 
Research support funding for these projects has grown accordingly (Figure 
7). During this same time, we have seen a decline in the fraction of the 
NSERC subatomic physics envelope available for exploring unique experi-
ments with high discovery potential and for planning the next generation of 
projects (Figure 8). Indeed, by 2011 this had declined to 19 percent of the 
spending in the subatomic physics envelope. A specific impact of this decline 
has been the reduction of funding directed towards equipment, as can be 
seen in the more detailed breakdown of Figure 9. This is all an inevitable 
consequence of the NSERC subatomic physics envelope remaining practi-
cally unchanged over the last five years, which is bringing tremendous pres-
sure to bear. The funds directed towards smaller, non-flagship experimental 
efforts have dropped by a factor of nearly two over the same time. Although 
these projects are smaller in scale than the flagship projects, they possess 
significant discovery potential in specific areas of research and may represent 
potential future directions for the broader Canadian subatomic physics com-
munity. The need for stable funding of the large flagship projects has placed 
enormous pressure on these smaller projects. Balancing these competing 
needs poses one of the greatest challenges to the community.

Figure 7: The funding allocated to the flagship activities from the NSERC subatomic 

physics envelope over the past 10 years.
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It is a particular concern that the capacity of the NSERC subatomic physics 
envelope to fund capital expenditures has been dramatically reduced. This is 
reflective of a significant transition that has occurred over the past five years. 
This reduction in equipment funding in the subatomic physics envelope 
creates a significant risk. Subatomic physics has benefited enormously from 
the ability to award Research Tools and Instruments Grants - Category 1 
(RTI-1), RTI-2, and RTI-3 when new research programs are entering a 
critical phase, particularly when the equipment needs are modest and/or do 
not fit well under any CFI programs. In the past five years, approximately 
$4.2 million have been awarded in RTI-2 and -3 grants to projects that were 
ineligible for funding through the CFI. Further, RTI-1 funding has allowed 
projects to deal with smaller real-time equipment needs that arise through 
the R&D process or because of a change in direction required of an experi-
mental project. With the fraction of the NSERC subatomic physics envelope 
devoted to equipment at about five percent in 2011, it will be difficult to 
launch a new capital initiative where the nature and needs do not fit the 
CFI constraints. The lead time for such initiatives is five to10 years, as we 
saw with ATLAS. To integrate such equipment into an RTI-2 or -3 request 
from the NSERC subatomic physics envelope now, it would decimate the 
operations of projects which benefited from such investments years before. If 
the CFI route is indeed closed for these projects, it is therefore now impos-
sible to initiate a major new capital investment in any international project 
without significantly reducing research support for projects we have brought 
to fruition over the past decade.

Figure 8: The fraction of the NSERC subatomic physics envelope available for seiz-

ing opportunities and planning for the next generation of experiments over the past 

10 years. This fraction has been in precipitous decline due to the growing needs of 

the flagship projects.
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Figure 9: A detailed comparison of the different funding components of the NSERC 

subatomic physics envelope over the past 10 years. It is clear that funding for equip-

ment has shrunk over this time. Similarly, the funding for other activities, specifi-

cally R&D and small discovery-potential projects, has shrunk by a factor of two in 

the past decade.

Where significant capital investments in Canadian-based experiments have 
been required, they have largely been met by CFI funding, with initial R&D 
efforts funded by the NSERC subatomic physics envelope. Indeed, CFI 
funding over the past 10 years has been, on average, equivalent to nearly  
50 percent of NSERC funding to subatomic physics, distributed as shown 
in Figure 10. The injection of infrastructure funding to the community has 
been welcome, but has also created pressures; this will be discussed in Sec-
tion 4 of this chapter.

We also need to recognize the demands the community places on the 
national facilities, particularly TRIUMF and SNOLAB. TRIUMF has 
long provided infrastructure support to the particle physics community, 
and TRIUMF houses the ISAC facility. TRIUMF successfully engaged the 
subatomic physics community in the development of the last five-year plan, 
which presented a coherent framework for the laboratory’s support of  
Canadian subatomic physics. The strength of this vision resulted in  
TRIUMF maintaining constant funding for operations during a time of 
significant budget pressures on the federal government.
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Figure 10: The value of CFI-funded infrastructure for subatomic physics projects 

between 2001 and 2010, compared to the NSERC subatomic physics envelope.  

The major facility projects—SNOLAB, Perimeter Institute, ARIEL Phase 1—are  

shown separately. 

While this represented a substantial achievement for TRIUMF, it lim-
ited the ability of the laboratory to provide infrastructure support to the 
community. Completion and operation of ARIEL beyond 2016 will limit 
TRIUMF’s ability to support major subatomic physics initiatives without an 
increase in federal funding for TRIUMF in its next five-year plan.

As for SNOLAB, the concern expressed in the last LRP remains, namely, 
how will the long-term operations of the facility be funded? A new CFI 
program offers some hope that this problem will be resolved, and this will be 
discussed further in Section 4 of this chapter.

The 2002 Reallocations Exercise resulted in an increase of the median 
NSERC Discovery Grants in subatomic theory by approximately 40 percent 
between 2001 and 2006. This increase was essential in allowing Canadian 
subatomic theorists to remain competitive internationally. At the same time, 
the top quartile of theoretical subatomic physics Discovery Grants increased 
by about 65 percent, indicating that rather than providing across-the-board 
increases, these funds were being preferentially directed to the most produc-
tive researchers. Since 2006, however, funding for theory has been essentially 
flat while new hires continue to put pressure on the NSERC subatomic 
physics envelope. Competition with the U.S. and abroad for personnel—par-
ticularly postdoctoral researchers and faculty—is intense, and it is therefore 
crucial for the field that funding for theorists be sufficient to keep graduate 
and postdoctoral support competitive internationally.
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2. What the Future Holds

There is no doubt that a model for research support that does not grow with 
the size of the community will threaten Canadian leadership and negatively 
impact it in the longer term, and we are already at a critical juncture. We face 
a choice between leading in science now but ignoring the future, or continu-
ally building for the future while limiting our impact on ongoing projects. 
Neither is a wise path for the country as it seeks to lead in scientific innova-
tion. This extends to the next phase in pursuing the community’s physics pri-
orities. For example, Canada would benefit from having significant impact in 
SuperB and the next step in flavour physics—an area where the country has 
led and could lead again. We will see within the next year whether the Higgs 
boson is found, or whether a radical reconsideration of the Standard Model 
is required. This will impact discussions of an upgrade to the LHC and 
the impetus for a linear collider project. Canada needs to be positioned to 
respond to these international decisions and directions while simultaneously 
pursuing the science influencing these decisions. The NSERC subatomic 
physics envelope needs to be expanded for this to happen.

The community could potentially free-up funds in the NSERC subatomic 
physics envelope by reducing activities on flagship experiments, eliminat-
ing R&D activities, and reducing activities on smaller projects with high 
discovery potential. However, this would substantially dilute the Canadian 
presence on experiments where Canada has made major investments over the 
past 10 years (or more), possibly even creating a situation where there is little 
Canadian effort (let alone leadership) at national facilities such as ISAC and 
SNOLAB. This would represent a major loss of both financial and intellec-
tual investment to the country.
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3. Measuring Our Success

We are aware that NSERC has charged the Canadian Council of Academies 
with studying possible metrics for scientific activity and impact that could 
be used in a future reallocations exercise. As has been noted throughout 
this plan, the workings of the subatomic physics community are somewhat 
unique, especially the large scale of international collaboration and long-
term planning and investment. Indeed, we are celebrating the 20th year of 
the subatomic physics envelope—a unique structure within NSERC that 
continues to prove itself crucial, time and time again, as the subatomic  
physics community has progressed through successive long-range plans.  
We would welcome the opportunity to provide input in helping develop  
appropriate metrics to recognize and balance our unique characteristics.

Any method seeking to measure research quality and productivity in sub-
atomic physics needs to account for the large-scale and long-term nature of 
research projects in this discipline. Metrics appropriate for other fields, in 
which an experiment can be conceived, performed, analyzed, and published 
by a small group within one or two years, may not be suitable. Researchers 
may spend many years designing and building an experiment, resulting in 
a low publication rate during the period. For example, the ATLAS col-
laboration formed in 1992 and data-taking only began in 2009. Theoretical 
research publications may wait many years for significant citations because of 
the time scale for developing experiments capable of testing the new theories. 
Experimental research publications may include hundreds or thousands of 
scientists in the author list, making it difficult to attribute specific contribu-
tions to individuals or groups. For large collaborations, there are internal 
indicators for research productivity, such as appointment to leadership 
positions (typically for senior researchers) and selection to speak on behalf of 
the collaboration at conferences (typically for younger researchers). Another 
record of research contributions comes in the form of unpublished internal 
papers, written by small groups that describe, in detail, the various elements 
that were necessary to produce the results that appear in published papers.
Research quality and productivity are reflected by the record of HQP 
training, since disciplines with strong research programs generally attract 
excellent students. In highly collaborative disciplines like subatomic physics, 
the learning environment for HQP is enhanced through direct contact with 
expert team members from around the world. Measurements of research 
quality derived from HQP outcomes should take into account the training 
benefits of collaborative research.
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4. Optimizing Relationships Between Organizations 
(CFI, Compute Canada, etc.)

As we have seen throughout this plan, the unique nature of subatomic phys-
ics typically requires large international collaborations building and operat-
ing sophisticated instruments for experiments that are operated for many 
years and address questions about the very nature of our universe. NSERC 
has recognized the unique nature of subatomic physics by implementing a 
funding envelope model, which allows the community to plan and prioritize. 
This has been very successful and has allowed the Canadian community to 
be central in the global subatomic physics enterprise.

The CFI has been a transformative addition to the Canadian funding 
environment. It has allowed Canadians to develop world class infrastructure 
and facilities. Subatomic physics groups have demonstrated that they meet 
the standards of excellence and impact for Canada and have been significant 
beneficiaries. The CFI has been the major source of funding for key facili-
ties (SNOLAB and ARIEL, along with the PI), besides infrastructure-sup-
porting flagship experiments (e.g., Tier 1 and Tier 2 computing centers for 
ATLAS, SNO+, and DEAP-3600).

The community is now engaged in research utilizing the significant invest-
ments in subatomic physics infrastructure supported by NSERC and the 
CFI in the past 10 to15 years. As has been noted, the funding for research 
support from the NSERC subatomic physics envelope has remained con-
stant. This imbalance will continue to cause significant problems for the 
proper utilization of the infrastructure and for considering how to best plan 
and do research in Canada.

The CFI-Major Science Initiative (MSI) has been very welcome news. 
The last LRP noted the subatomic physics community’s concern regard-
ing the source of operating funds for SNOLAB. Given limited funds, it 
was impossible to foresee a scenario where the priority given in that plan to 
the SNOLAB experimental program could be realized without new funds 
being found to operate the facility. The Long-Range Planning Commit-
tee, on behalf of the Canadian subatomic physics community, is grateful 
to NSERC and the CFI for working together to provide interim support 
towards SNOLAB’s operations while a framework for the support of Major 
Science Initiatives was being developed. The CFI-MSI initiative might help 
finally resolve that concern. There is some question as to where the required 
matching funds will be found, though provincial governments have already 
demonstrated commitment to the large CFI facilities positioned within their 
territories through contributions to the operating budgets. Granting agen-
cies are also eligible partners, though it is clear that the NSERC subatomic 
physics envelope or any other component of the NSERC Discovery suite 
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of programs, whose objective is to support research activities, is ill-suited to 
support the operations and maintenance costs of a national laboratory such 
as SNOLAB (or TRIUMF). To think otherwise would revive the conflict 
seen in the last plan between funding SNOLAB operations with no direct 
scientific or discovery return, and the experiments to be housed at the facility 
which aligns with the scientific priorities of the community. We will watch 
with interest as the competition proceeds and hope that the CFI-MSI program 
leads to sustained solutions to the funding of these large infrastructure sites.

Compute Canada has also been a significant addition to Canadian capa-
bilities, with the provision of world-class computer facilities to Canadian 
researchers. TRIUMF provides significant resources to Canadian subatomic 
physics—both through the operation of the TRIUMF-based facilities, and 
the enabling of research at other laboratories—such as ATLAS, T2K, and 
SNOLAB.

As we look to the future, working within a paradigm with multiple agencies 
and a complex funding paradigm offers several challenges. One issue is how 
to effectively balance the priorities and restrictions on the use of funds from 
different funding agencies with the priorities of the community. The primary 
source of funding for research activities is by far the NSERC subatomic 
physics envelope, and we have seen an ever-increasing fraction of that enve-
lope directed towards ongoing research support for existing projects. It is 
thus crucial for the next generation of Canadian subatomic physics projects 
that CFI funding be made available in the future for internationally sited 
infrastructure involving the Canadian subatomic physics community, in ad-
dition to nationally sited infrastructure.

Many experimental projects require an integrated approach to managing 
R&D, capital funding, and research support. This was the original purpose 
of the NSERC subatomic physics envelope—to let the community manage 
funds through the ebb and flow of the different stages of large, long-term 
projects. From a researcher’s perspective, a project is organized systemati-
cally from an R&D phase to construction, and then on to making measure-
ments in the quest for new physics understanding. This process was relatively 
straightforward when managed solely under the NSERC subatomic physics 
envelope, but the new reality may involve both NSERC and the CFI togeth-
er, or separately, at different phases of the project. It is further complicated if 
the project requires support from TRIUMF in order to proceed. TRIUMF’s 
potential support for a project has been a part of the consideration given 
by NSERC when determining funding, so a degree of integration has been 
put in place that we would like to see to continue. A similar model may 
well evolve with respect to experiments housed at SNOLAB. We also see 
examples where Canadian subatomic physicists receive support from interna-
tional laboratories to develop new experiments.
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There are non-trivial issues associated with this coordination, specifically 
when the CFI is funding significant capital associated with a larger project. 
The maximum benefit to Canada and the research program would see a 
holistic approach to the phasing of R&D (NSERC) and construction (CFI) 
of major research infrastructure, especially with respect to engineering and 
science reviews. Other bodies play a role in this effort as well, particularly the 
host laboratories—TRIUMF and SNOLAB. Thus, it would be to Canada’s 
strategic advantage if there was coordination between organizations when 
funding major projects in subatomic physics.

A further question arises when large projects are to be housed off-shore—a 
looming issue as Canadian subatomic physics looks to the next generation of 
large international experiments. It is unclear what mechanisms exist within 
the CFI to allow for a funding proposal to CFI that would authorize instal-
lation of equipment components at a large off-shore experiment, as long as 
ownership remains with Canadian universities. Furthermore, the community 
would welcome the opportunity to work with the CFI so that the LRP can 
assist the organization to maximize the benefits of its infrastructure invest-
ments in subatomic physics—be they in Canada or at international facilities.

There is a parallel problem of coordination of effort between experimental 
programs, Compute Canada and others. As noted, Compute Canada man-
ages the large platforms, but the subatomic physics research program must 
ensure that it has the appropriate priority of access to the relevant facilities, 
and also be able to avail itself of the (highly specialized) technical support 
required for its applications.

All organizations are working hard to support Canadian science, and the 
community values their support. Our goal is to ensure that all are working 
together to ensure maximum scientific impact and return from the Canadian 
investment in subatomic physics.
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1. Budgetary Estimates 

The Need to Support R&D

The subatomic physics community has been successful in its goals to focus 
its activities on flagship projects and is now positioned to reap the scientific 
benefits of past investments, while simultaneously facing the need to prepare 
for the next generation of projects. In reaching this point, the community 
now faces many pressures. As noted earlier in the document, the subatomic 
physics envelope faces severe challenges in its ability to manage projects in 
subatomic physics over the typical 10 to 20 year timescale—from concep-
tion to reaping the scientific reward. In particular, as we look to the R&D 
required for the next generation of projects, the available funding for  
RTI grants has fallen to five percent of the envelope—well below the level 
of 15 percent that was required to provide for the R&D associated with 
the current flagship projects. As has been described earlier in the plan, this 
drop was unavoidable in light of the need to provide the funds required 
for research activities associated with the flagship projects. If Canada is to 
continue to lead in the next generation of projects of national and global 
importance, the community must have access to appropriate resources for 
R&D. It is therefore an utmost priority to see additional funds added to the 
subatomic physics envelope to prepare for continued Canadian leadership 
in subatomic physics through the next 20 years or more. Based on the 2011 
funding of the subatomic physics envelope, increasing the RTI component 
from five to 15 percent requires that the annual funding allocation for the 
subatomic physics envelope be permanently increased by approximately  
$2.5 million. As noted earlier, the need for these funds is immediate. If this 
issue remains unresolved over the timeframe covered by this plan, the effects 
on the Canadian subatomic physics program could be catastrophic. 

Supporting 
Innovation in 
Subatomic Physics

7



84 	 REPORT OF THE NSERC LONG-RANGE PLANNING COMMITTEE

Maintaining a Restrained Yet Efficient Program

We also cannot ignore pressures that exist aside from any upgrades or new 
initiatives within the flagship projects. Over the past 10 years, the funding 
to the flagship research programs has grown by an average of 6.5 percent per 
year. This growth tracks the increased research activity associated with these 
projects, moving from the development and construction phases covered by 
previous long-range plans towards being fully operational over the course of 
this plan. Throughout this time, the Grant Selection Committees (GSC), 
and then the Evaluation Sections (ES), worked to ensure that these fund-
ing increases were absolutely vital to the success of these projects. They were 
very concerned about the consequence of these necessary increases for the 
rest of the subatomic physics envelope, and these concerns were repeatedly 
expressed in the reports of the Chairs to NSERC and the community. These 
increases have been driven by the flagship projects approaching the stage of 
data-taking and science exploitation, which require a larger involvement of 
HQP while facing competitive pressures in recruiting them, as well as an ex-
panded participation of the Canadian community. The community was very 
careful in making use of the most effective funding mechanisms to support 
this growth in participation and reach a critical mass in each of the flagship 
projects in order to be a recognized contributor and leader. In particular, the 
community has judiciously sought support from the CFI for the construc-
tion of major infrastructure (post-R&D). However, the community and the 
subatomic physics envelope face continuous pressures to ensure a constrained 
yet effective support to research activities and the accompanying HQP. The 
flagship projects have not yet reached their “maturity,” and they still need 
increased support. If it is not realistic to argue to maintain a 6.5 percent 
growth, the pressures on the Canadian subatomic physics community are 
nonetheless real. Indeed, this draws attention again to the fact that there is 
little room left within the envelope to support the R&D activities that will 
ensure the vitality of the Canadian program 15 to 20 years from now. 

Figure 11: Linear trendline fit to flagship project funding. Growth averages 6.5 per-

cent per year in this period.
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If additional funds are made available for R&D through the RTI compo-
nent of the subatomic physics envelope, we would expect some increase 
in research activity directed at the next generation of projects. This will 
help quench the average growth rate of funding to the flagship projects, as 
members of the community will be expected to re-focus their activities. Still, 
one could prudently make use of the national inflation rate (averaged over 
the last five years/2006-10) as a measure of what the average increase could 
be in supporting the flagship projects. This average rate is 1.7 percent,1 which 
represents a need for the addition of $1.0 million per year in funding to the 
support provided to these flagship projects, by 2016. The subatomic physics 
envelope cannot sustain the pressure to provide this funding. These funds 
would need to be new to the envelope.

As shown in Table A, the overall impact of the various pressures on the 
subatomic physics envelope for research support would require an injection 
of $3.5 million by the end of the five years covered in this plan. The develop-
ment work towards next-generation projects may place further demands that 
cannot yet be fully quantified. We recognize that this is challenging in the 
existing government funding environment, but are committed to working 
with all relevant parties to garner increased support for NSERC’s Discovery 
programs in general, and for the subatomic physics envelope in particular. 

Table A: Summary of critical funding needs for the NSERC subatomic 
physics envelope over the next five years

Project

Permanent Funding Increase 
Needed for the Subatomic Physics 
Envelope 

Restore funding for R&D  
through RTI funding to 15% of  
the subatomic physics envelope 

$2.5 million

Funding to reap scientific reward 
from investments in flagship 
projects

$1.0 million

Total $3.5 million

New opportunities

There are exciting opportunities for next-generation projects consistent with 
the focussed objectives of the Canadian subatomic physics community, and 
each has a significant cost which must begin to be addressed within the next 
5 to 10 years or opportunities will be lost. These projects will require both 
capital funding and R&D support. A summary of the capital costs can be 
found in Table B.

1 Statistics Canada Consumer Price Index—Historical Summary,  
   http://www40.statcan.ca/l01/cst01/ECON46A-eng.htm
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Table B: Capital costs required from various agencies to develop and 
participate in new opportunities

Direct Capital Cost2

(Estimated)
Approximate 
Timeframe

ATLAS Upgrade $9 million 2014-16

SuperB $2 million 2013-15

T2K upgrade $1 to 2 million 2013-15

EXO $15 million 2015-18

The R&D of Canadian components for these experiments will need to be 
funded through the NSERC RTI Grants as just presented. When it comes 
to the final purchase of capital equipment, EXO is potentially a CFI-funded 
project (assuming EXO is sited at SNOLAB) under existing precedents. The 
other three are subject to clarification on CFI funding of offshore projects. In 
all cases, the envelope has lost the flexibility to absorb the funding of the full 
capital contributions as it did for ATLAS, T2K, BaBar, and several detectors 
related to ISAC, even if the funds available are increased for RTI applications 
in the subatomic physics envelope, as proposed here. If development of these 
projects requires infrastructure support from TRIUMF, there needs to be 
further coordination with the laboratory in order to secure that support.

We must emphasize that these initiatives will all increase the research poten-
tial for Canadian subatomic physics, but seizing that potential will require 
increased research capacity. There will be a need for enhanced research 
support associated with the development, construction and, ultimately, 
discovery phases of these projects.  

TRIUMF is preparing for ARIEL Phase II.3 This project will increase 
(three-fold) the simultaneous beams to experiments in ISAC and ISAC-II. 
This would not necessarily triple the research needs of the ISAC groups, but 
would certainly increase them if they are to exploit the advantages ARIEL 
presents to Canada. A better sense of these needs will be developed through 
the next TRIUMF five-year planning exercise, which will begin soon. It 
may, in fact, be possible for TRIUMF to provide direct guidance to NSERC 
about the additional research-support needs arising from ARIEL Phase II.

The ATLAS and T2K upgrades would be undertaken by the existing groups. 
The new experimental initiatives on the horizon—SuperB and EXO—will 
also require new research support. We can anticipate that SuperB would 
likely require funding at least consistent with BaBar funding at its peak 
(about $1 million per year) when it reaches full installation and operation 
phases. EXO is somewhat more difficult to predict, as many decisions are 
required before the scope of Canadian participation can be determined. 

2 Funding estimates from the Institute of Particle Physics (IPP) brief
3 Phase I of the ARIEL project is already funded through contributions from the Government of Canada and 
the Government of British Columbia. Under the understanding between TRIUMF and NSERC, resources 
to complete ARIEL Phase II will come from outside NSERC with contributions from Industry Canada, 
other agencies of the Government of the Canada, and international investments.
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Appendix

The Long-Range Plan for Canadian Subatomic Physics: 
2011-16

Terms of Reference

I. Context

Under NSERC’s aegis, the Canadian subatomic physics community 
establishes its scientific, and thus funding, priorities through five-year 
Long-Range Plans (LRPs). These plans advise NSERC and the Subatomic 
Physics Evaluation Section on the community’s priorities for both current 
and future endeavours. The most recent Long-Range Plan covered the period 
2006-11, in addition to providing an assumption-based forecast for the 
period 2011-16. Since then, the timelines of some experiments and future 
projects have evolved, new funding for major equipment has been secured, 
and TRIUMF’s new five-year plan has been developed (and its funding 
should be known in early 2010). New research opportunities may also have 
emerged. A new LRP exercise will be conducted. It will cover the period 
2011-16 and include a look ahead to 2021.

II. Committee

The LRP process will be driven by the Canadian subatomic physics com-
munity. A committee will be asked to review this community’s input and to 
formulate the LRP. The LRP Committee will be composed of an appropri-
ate number of experts who will cover the main sub-disciplines reviewed by 
NSERC’s subatomic physics Evaluation Section, including both experimen-
tal and theoretical aspects—nuclear physics, nuclear astrophysics, physics of 
elementary particles and fields, and particle astrophysics. The Committee 
will be chaired by a senior member of the research community with an 
extensive knowledge of the Canadian and international subatomic physics 
research environments. The membership may have some overlap with that of 
the previous LRP Committee to ensure continuity.
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The LRP Committee will also include ex officio members who will only be 
observers and resources for the other members. These ex officio members are:
•	 the Chair of the subatomic physics Evaluation Section;
•	 the Director of the Canadian Institute of Nuclear Physics;
•	 the Director of the Institute of Particle Physics; and
•	 TRIUMF’s Associate Director.

Observers from other agencies will be invited to attend.

The LRP Committee may choose to hold certain closed sessions without the 
presence of ex officio members or observers.

NSERC representatives will act as observers and resources at all times.

III. Mandate

Taking into account: the ever-increasing internationalization of projects and 
collaborations in addressing the fundamental questions of subatomic phys-
ics; the concurrent requirement to maintain and further develop world-class 
domestic research programs and infrastructure; the established expertise 
and strengths of the Canadian community; and the recognition of the fact 
that the Canadian subatomic physics community cannot be involved in all 
research endeavours (as stated by the last LRP Committee in its report). 
The Committee is asked to identify subatomic physics scientific ventures 
and priorities that should be pursued by the community on a five- to 10-year 
horizon that would ensure continuous Canadian global scientific leadership. 
Budgetary estimates must also be provided, including funding ranges for pri-
oritized endeavours. These ranges should include funding levels that would 
allow for a restrained, yet efficient, contribution to the ventures, and levels 
that would enable a more extensive contribution.

The Committee’s assessment will be based on a broad consultation with 
the Canadian subatomic physics community. It must be guided only by the 
current and future science in subatomic physics. The Committee will have to 
assess the feasibility, technical readiness and risks associated with particular 
endeavours. It is crucial that such an assessment be made through a fair and 
rigorous process.

The Committee is also asked to consider and discuss factors that affect the 
subatomic physics community and to make recommendations on how to 
possibly lessen any negative impacts they may have, or enhance any positive 
ones. Examples of such factors include, but are not limited to, NSERC pro-
grams other than those in the purview of the subatomic physics Evaluation 
Section, the relationship between NSERC and other agencies and organiza-
tions, and the activities of national research organizations.
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IV. Process and Timeline

The LRP Committee membership will be completed by the end of  
May 2010, and a kick-off meeting will be held immediately after.

The Canadian Institute of Nuclear Physics (CINP) and the Institute of Par-
ticle Physics (IPP) will be tasked to prepare briefs for the LRP Committee. 
These briefs must summarize the scientific vision and priorities put forward 
by the sub-communities they represent and serve, including both experimen-
tal and theoretical facets. Overall recommendations may also be included in 
the briefs. It is expected that each institute will broadly consult with the sub-
communities through various formats, and ensure a fair and rigorous process. 
The briefs are to be submitted to NSERC no later than September 1, 2010, 
and they will be forwarded to the LRP Committee. The CNIP and IPP must 
ensure that the briefs are available to the entire community through their 
public Web sites. Eventual responses to the briefs by individuals or organiza-
tions would be accepted and should be submitted to NSERC; they would be 
forwarded to the LRP Committee. Throughout the process, the LRP Com-
mittee may also solicit additional input from various sources, as it sees fit.

The LRP Committee will hold public consultations (town hall meetings) 
during the fall of 2010, after receiving the briefs. Face-to-face or phone meet-
ings of the Committee will then be held up to the spring of 2011. A final 
report is to be provided to NSERC no later than September 1, 2011.

V. Deliverables

The LRP Committee will submit its final report to NSERC no later than 
September 1, 2011. The report will be publicly released, thereafter, in both 
official languages.

VI. Conflicts of Interest and Confidentiality

All members must strictly comply with the terms of the statement on ethics 
for NSERC selection committees and panels. Moreover, for the purpose 
of this exercise, a member will be considered to be in a situation of conflict 
of interest during a discussion on prioritization of a specific endeavour that 
would directly benefit the member or the member’s organization. 

VII. Financial Support

NSERC will provide the LRP Committee with financial support for the 
purpose of organizing appropriate meetings, for the travel of Committee 
members to these meetings and for the preparation of the report.
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Long-Range Planning Committee Membership

•	 Malcolm Butler (Chair)
	 Carleton University
	 Nuclear physics theory; neutrino astrophysics; low-energy tests of quan-

tum chromodynamics; astrophysics
•	 Äystö, Juha
	 University of Jyväskylä, Finland
	 Experimental nuclear physics; nuclear structure; reactions and decays 

of nuclei far from stability; radioactive ion beams; heavy-ion physics; 
techniques of nuclear spectroscopy; applied accelerator physics; nuclear 
astrophysics; atomic physics; high-precision measurements on fundamen-
tal constants and interactions; laser-assisted methods in nuclear physics; 
environmental detection methods

•	 Burgess, Clifford
	 McMaster University/Perimeter Institute for Theoretical Physics
	 Formal theory; high-energy particle theory; strings and branes; effective 

field theory techniques; Dark Matter and Dark Energy; cosmology
•	 Garrett, Paul
	 University of Guelph
	 Experimental nuclear physics; nuclear spectroscopy; gamma-ray, neutron, 

and charged-particle detection; nuclear instrumentation; nuclear reac-
tions; beta decay; collective and single-particle excitations in nuclei

•	 Hallin, Aksel
	 University of Alberta
	 Experimental high-energy physics; Dark Matter; neutrino physics and 

astrophysics; particle astrophysics
•	 Huber, Garth
	 University of Regina
	 Experimental intermediate energy nuclear physics; studies of hadronic 

structure; quantum chromodynamics
•	 Karlen, Dean
	 University of Victoria
	 Experimental high-energy physics; detector development; linear accelera-

tors; neutrino properties
•	 Luke, Michael
	 University of Toronto
	 Elementary particle theory: b quark physics; quantum chromodynamics; 

heavy quarks; effective field theories
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•	 O’Neil, Dugan
	 Simon Fraser University
	 Experimental high-energy physics; fundamental particles and their inter-

actions; proton-antiproton collisions; ATLAS experiment; high perfor-
mance computing

•	 Robertson, Steven
	 McGill University/Institute of Particle Physics
	 Experimental high-energy physics; collider-based experimental searches 

for evidence of physics beyond the Standard Model; searches for rare 
decays of B mesons; drift chamber research and development; High-Level 
Trigger physics algorithm development

•	 Scholberg, Kate
	 Duke University, U.S.
	 Experimental high-energy physics; astrophysics; cosmology; low back-

ground (underground) experiments; neutrino physics
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Glossary

ALPHA (Antihydrogen Laser PHysics Apparatus): An experiment at 
CERN trapping and studying the properties of antihydrogen atoms.

ANTARES (Astronomy with a Neutrino Telescope and Abyss environmental 
RESearch): A high-energy neutrino detection experiment that is being built 
50 kilometres off the coast of France, about 2,400 metres below sea level.

ARIEL (Advanced Rare IsotopE Laboratory): A project to broaden  
TRIUMF’s capabilities to produce rare isotope beams and to showcase new 
Canadian accelerator technology.

ATLAS (A Toroidal LHC ApparatuS): A particle physics experiment at the 
Large Hadron Collider at CERN.

ATRAP (Antimatter TRAP): An experiment at CERN trapping and studying 
the properties of antihydrogen atoms.

BaBar (B-Bbar detector): Experiment at the SLAC National Accelerator 
Laboratory to study the properties of B and Bbar mesons at high-precision.

BNL (Brookhaven National Laboratory): One of 10 national laboratories 
overseen and primarily funded by the Office of Science of the U.S. Depart-
ment of Energy, located in Upton, New York, U.S.

CALICE (CAlorimeter for the LInear Collider Experiment): A detector 
proposed and under development for the International Linear Collider.

CARIBU (CAlifornium Rare Isotope Breeder Upgrade): A facility for creating 
neutron-rich rare isotopes at Argonne National Laboratory in Illinois, U.S.

CDF (Collider Detector at Fermilab): An experiment to study proton-anti-
proton collisions at the Tevatron, located at the Fermilab in Illinois, U.S.

CDMS (Cryogenic Dark Matter Search): A Dark-Matter experiment  
currently based at the Soudan Underground Laboratory in Minnesota, U.S.

CERN (Centre European pour la Recherche Nucleaire): The European 
Organization for Nuclear Research, based in Geneva, Switzerland.

CINP: Canadian Institute of Nuclear Physics

CLEAN (Cryogenic Low Energy Astrophysics with Noble gases): A Dark 
Matter experiment being installed at SNOLAB.

CLEO: An early experiment to study the properties of mesons with b quarks 
at Cornell University in the U.S.
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CLIC (Compact Linear Collider): An R&D project aimed at developing 
cost-effective technology for the International Linear Collider.

CMS (Compact Muon Solenoid experiment): A particle physics experiment 
at the Large Hadron Collider at CERN.

COUPP (Chicagoland Observatory for Underground Particle Physics):  
A Dark Matter experiment, based at the Fermilab in Illinois, U.S.

CPT (Canadian Penning Trap): The CPT spectrometer is designed to pro-
vide high-precision mass measurements of short-lived isotopes. It is located 
at the Argonne National Laboratory in Argonne, Illinois.

D0: Named for its location on the accelerator ring, an experiment to  
study proton-antiproton collisions at the Tevatron, located at the Fermilab 
in Illinois, U.S.

DEAP (Dark matter Experiment using Argon Pulse-shape discrimination):  
A Dark Matter experiment based at SNOLAB.

DESCANT (DEuterated SCintillator Array for Neutron Tagging): A neu-
tron detector array to be used at ISAC.

DESY (Deutsches Elektronen-SYnchrotron): A particle accelerator facility, 
based in Hamburg, Germany.

DRAGON (Detector of Recoils And Gammas Of Nuclear reactions): A 
detector designed to measure the rates of nuclear reactions important in 
astrophysics, based at ISAC-I.

EMMA (ElectroMagnetic Mass Analyzer): A device being constructed to 
study the products of nuclear reactions involving rare isotopes at ISAC-II.

EXO (Enriched Xenon Observatory): An experiment seeking to measure 
neutrinoless double beta-decay.

FAIR (Facility for Antiproton and Ion Research): An accelerator facility for 
studying nuclear structure and nuclear matter, based at GSI.

Fermilab: The Fermi National Accelerator Laboratory in Illinois, U.S.

FRIB (Facility for Rare Isotope Beams): A new user facility for nuclear  
science, operated by Michigan State University, U.S.

FrPNC (Francium Parity Non-Conservation): An experiment to study 
atomic parity non-conservation in francium, based at ISAC-I. 
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GRIFFIN (Gamma-Ray Infrastructure For Fundamental Investigations of 
Nuclei): A detector at ISAC-I for studying nuclear decays at high resolution.

GSI: The GSI Helmholtz Centre for Heavy Ion Research in Darmstadt, 
Germany.

Hyper-Kamiokande: A proposed project for a half-megaton water Cherenkov 
detector at the Kamioka Observatory in Japan.

IceCube: A high-energy neutrino detector embedded in the ice at the South Pole.

ILC (International Linear Collider): A proposed electron-positron linear 
collider, currently under research and development.

IPP: Institute of Particle Physics (Canada).

ISAC (Isotope Separator and ACcelerator): A rare isotope accelerator facility, 
based at TRIUMF. There are two experimental halls—ISAC-I and ISAC-II.

ISOLDE (On-Line Isotope Mass Separator): A facility for the study of low-
energy beams of radioactive isotopes at CERN.

Jefferson Lab: The Thomas Jefferson National Accelerator Laboratory in 
Virginia, U.S.

J-PARC ( Japan Proton Accelerator Research Complex): An accelerator 
facility for nuclear and particle physics research in Japan.

KEK (Kou Enerugi Kenkyu Kiko): A high-energy accelerator facility in Japan.

K2K (KEK to Kamioka): A long-baseline neutrino oscillation experiment  
in Japan.

LBNE (Long Baseline Neutrino Experiment): A proposed experiment to 
study neutrino oscillations between Fermilab and the Sandford Under-
ground Laboratory in North Dakota, U.S.

LEP (Large Electron Positron Collider): A retired high-energy electron-
positron accelerator based at CERN.

LHC (Large Hadron Collider): The world’s highest energy particle accelerator, 
based at CERN in Switzerland.

MAMI (Mainz Microtron): An electron accelerator facility, based in Mainz, 
Germany.

Majorana: An experiment whose objective is to study double beta-decay in 76Ge.
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MINOS (Main Injector Neutrino Oscillation Search): A neutrino oscillation 
experiment, based at Fermilab in Illinois, U.S.

MOLLER: An experiment to measure the parity-violating asymmetry in 
electron-electron (Møller) scattering at Jefferson National Laboratory in 
Virginia, U.S.

PEP-II (Positron Electron Project): An electron-positron collider facility 
based at the SLAC National Accelerator Laboratory in California, U.S.

PICASSO (Project In CAnada to Search for Supersymmetric Objects): A 
Dark Matter experiment based at SNOLAB.

QCD (Quantum ChromoDynamics): The theory describing the interac-
tions between quarks and gluons.

RCNP (Research Centre for Nuclear Physics): A national centre for nuclear 
physics, based in Osaka, Japan.

RHIC (Relativistic Heavy-Ion Collider): A high-energy heavy-ion collider 
facility based at Brookhaven National Laboratory in New York, U.S.

RIBF (Rare Isotope Beam Factory): A new user facility for nuclear science, 
located at RIKEN.

RIKEN: A Japanese organization that carries out high-level experimental 
and research work in a wide range of fields—including physics, chemistry, 
medical science, biology and engineering.

SLAC National Accelerator Laboratory: Originally a particle physics research 
center, SLAC is now a multi-purpose laboratory for astrophysics, photon 
science, accelerator and particle physics research based in Stanford, California.

SNO (Sudbury Neutrino Observatory): An experiment based in Sudbury, 
Canada, that proved, conclusively, that neutrinos change flavour (oscillate) as 
they travel from the Sun to the Earth.

SNO+: An experiment under construction at SNOLAB, whose objective is 
to use the infrastructure from SNO to study double beta-decay and lower-
energy solar neutrinos using a liquid scintillator instead of heavy water.

SNOLAB: An underground science laboratory specializing in neutrino and 
dark matter physics, based in Sudbury, Canada.

SPIRAL II: A heavy-ion accelerator facility in Caen, France.

SuperB: A next-generation B meson factory, to be built in Italy.

SuperCDMS: A proposal for a larger version of the CDMS experiment.
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Super-K (Super-Kamiokande): A water Cherenkov detector used for neutrino 
physics and proton decay, based at the Kamioka Observatory in Japan.

T2K (Tokai to Kamioka): A particle physics experiment studying neutrino 
oscillations, based in Japan.

TACTIC (TRIUMF Annular Chamber for Tracking and Identification of 
Charged particles): A device used in conjunction with TUDA.

TEVATRON: The second-highest energy particle accelerator in the world, 
located at Fermilab in Illinois, U.S.

TIGRESS (TRIUMF-ISAC Gamma-Ray Escape-Suppressed Spectrometer): 
A detector at ISAC-II for studying nuclear decays at high resolution.

TITAN (TRIUMF’s Ion Trap for Atomic and Nuclear science): An ion trap 
facility at ISAC for high-precision mass measurements of rare isotopes.

TRINAT (TRIUMF Neutral Atom Trap): A device to trap and study the 
radioactive decays of neutral atoms, based at ISAC-I.

TRIUMF: Canada’s national laboratory for particle and nuclear physics, 
based in Vancouver, Canada.

TUDA (TRIUMF U.K. Detector Array): A detector designed to measure 
the rates of nuclear reactions important in astrophysics, based at ISAC-I.

TWIST (TRIUMF Weak Interaction Symmetry Test): An experiment to 
measure the decay properties of muons to high precision.

UCN (Ultra-Cold Neutron): A CFI-funded facility to study neutron prop-
erties at high precision, to be sited at TRIUMF.

VECC (Variable Energy Cyclotron Centre): R&D unit of India’s Department 
of Atomic Energy; one of the constituent institutions of Homi Bhabha 
National Institute.

VERITAS (Very Energetic Radiation Imaging Telescope Array System):  
A detector for high-energy gamma rays from astrophysics sources, based in 
Arizona, U.S.

WIMP (Weakly Interacting Massive Particle): A class of hypothetical  
particles that is a candidate for the non-baryonic Dark Matter.

XEP (Xenon Electroluminescence Prototype): A prototype detector studying 
the gas-phase option for the EXO experiment.

ZEUS: An experiment at DESY studying electron-proton collisions at 
high energy.
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