The Subatomic Physics (GSC 19) Submissionfor the 2002 NSERC Reallocations ExerciseGSC 19 Steering Committee:P. Kalyniak (co-Chair), P.K. Sinervo (co-Chair), J.-M. Poutissou, and K. SharmaJanuary 1, 2002

11 A Vision for Canada’s Subatomic Physics ProgramSubatomic physics seeks to understand the nature and structure of matter at the most fundamental anduniversal level. As we deepen our knowledge of the origin and evolution of the universe we are led tore-examining our ideas about the very structure of space and time. This field of research represents afascinating intellectual challenge in which Canadians are fully engaged.Nature’s building blocks, particles called quarks and leptons, are characterized by their interactions viathe electromagnetic force, the weak force that governs some types of radioactive decay, and the strongforce that binds the quarks into nucleons. A beautifully elegant theoretical model has been developed,wherein all these forces share a common underlying nature while also exhibiting individualcharacteristics. This Standard Model has been experimentally verified with high precision. Yet manyquestions are left unanswered. We do not, for instance, understand the origin or pattern of masses of theelementary particles. This is likely tied to the unification of two of the forces into the electroweak forceat high energies. The concept of an underlying simplicity drives the search for evidence of furtherunification, which may have been in play during the extreme conditions at the origin of the universe. Atthe frontiers of theoretical investigation, superstring theories may provide a way to unify gravity, theforce that causes masses to attract, with the quantum description of particles and forces.While particle physics deals with unearthing a fundamental simplicity, nuclear physics confronts headon the complex many-body systems of protons and neutrons comprising the nucleus. A frontier innuclear physics is a detailed understanding of the nuclear reactions that fuel the stars and forge thechemical elements.Canadian subatomic physicists have developed a unique program, successfully integrating the study ofnuclear and particle physics. Our experimentalists have been leaders in the large international projectsCanada has been involved in and our theory community has made important contributions of bothformal and phenomenological work. The program has come about by identifying endeavours offundamental importance through a process of long range planning. In this context, the Canadiansubatomic physics community has three projects as its highest priorities, in fact, as its highlights.ISAC: The Isotope Separator and ACcelerator at the TRIUMF laboratory in Vancouver, now one of theworld’s most advanced radioactive ion beam sources, will make pioneering measurements of the nuclearprocesses that govern the forging of the heavier elements in the universe.SNO: The Sudbury Neutrino Observatory will make definitive measurements of the total number ofneutrinos coming from the sun. Neutrinos are weakly interacting particles that are produced in nuclearreactions and travel directly from the sun’s core to earth. SNO is focussed on solving the Òsolar neutrinoproblem,Ó the discrepancy between the observed and predicted solar neutrino flux. Considered one ofthe most important physics questions today, SNO has completed the first phase of three in its quest tounravel this difficult challenge. It is already a Canadian science success story, with the 2001 resultsproducing one of the most highly quoted particle physics papers.ATLAS: Canadians are part of a global collaboration constructing the ATLAS detector for CERN’sLarge Hadron Collider. The LHC will be the energy frontier for particle physics by 2006 when studieswill begin of the highest energy particle collisions ever produced in a laboratory. One of thisexperiment’s central goals is the discovery of the origin of mass, which the current paradigm associateswith the mechanism that differentiates the weak and electromagnetic force (electroweak symmetrybreaking) and a new particle called the Higgs boson. However, this experiment will advance ourunderstanding of particle physics on several fronts, including the search for new fundamental particlesand possibly even evidence for new phenomena such as extra space-time dimensions.The adventure of subatomic physics goes well beyond these three projects. We do not understand how it

2is that our universe seems to be full of matter and devoid of anti-matter. Do other forces or elementaryparticles exist? What is the nature of ÒDark Matter,Ó which appears to dominate the mass of our universeand determine its ultimate fate? Our community has the expertise and intellectual resources to addressthese questions. So the Canadian program includes a balance of other experimental initiatives alsoof great importance, and wherein we take leadership roles.Some of the most fascinating and profound questions in science today lie at the interface of astronomyand physics. These include experimental and theoretical issues that go to the heart of the origin, structureand evolution of the universe, such as the Dark Matter problem and the new concept of ÒDark Energy,Óboth needed to explain our most accurate measurements of the expansion and curvature of the universe.These questions, which capture the imagination of both the scientific community and the general public,lie within the realm of the emerging area of particle astrophysics. In Canada, we have an active andgrowing community working in this exciting area. This includes those applying particle physicstechniques to astrophysical problems as well as experiments that use astronomical phenomena to studyquestions related to particle physics, most notably SNO. However, the interdisciplinary field of particleastrophysics falls between the jurisdictions of NSERC Grant Selection Committees. Acknowledging itsscientific importance, our community advocates that particle astrophysics be recognized andencouraged as an intrinsic part of the subatomic physics research effort in Canada.2 The StrategyParticipation in subatomic physics research is part of CanadaÕs commitment to the community ofadvanced nations that value fundamental research. Our strategy to meet this commitment requiressupport of the vigorous renewal of subatomic physics underway in Canadian universities, with 26academic appointments in the last 5 years, 14 new appointments being planned for July 2002, and acomparable number expected over the subsequent five years. Subatomic physics requires particleaccelerators and detectors of a scale that exist only at national and international laboratories, shared byscientists from many countries collaborating over periods of a decade or more to construct the apparatusand jointly publish the results. Canada hosts two subatomic physics facilities that draw researchers fromCanada and around the world: the underground SNO facility, and the TRIUMF laboratory, home of thenew ISAC radioactive beam accelerator. As a second element of our strategy, we must continue tosupport SNO and ISAC as part of our contribution to advancing the field of subatomic physicsinternationally.Large, technically challenging international collaborations require careful management andcoordination. The Canadian subatomic physics community and NSERC have developed severalmechanisms to provide this level of strategic planning. Infrequent but large capital requirements arefunded not through the NSERC-wide major-equipment competition, but rather by an ÒenvelopeÓ fromwhich the Subatomic Physics Grant Selection Committee (GSC 19) also funds equipment, infrastructure,and operating support. Experiment operating funds are provided primarily through project grants togroups of researchers from several universities. To provide a focused effort, a community based long-range plan (LRP) has been employed. This reallocation exercise is linked to the third such LRP. It isforemost a scientific plan, identifying our goals and priorities. By focusing on a small number ofimportant projects, Canadian subatomic physics researchers have made visible and essentialcontributions in multinational collaborations. This selection strikes a balance between properlysupporting the highest priority projects and maintaining the intellectual breadth of the Canadianprogram. The LRP has also identified where we want to be positioned for opportunities in the nextdecade, carrying forward our strategy of selecting projects where Canadians are able and welcome totake on scientific leadership roles.International peer review is the primary mechanism for funding projects and researchers; GSC 19 has

3approximately half its members drawn from the very best of the international subatomic physicscommunity. The continued strategy of a strong peer-review process informed by the LRP providesCanada with the subatomic physics program that has the greatest impact at an international scale. Wenow see this in the recent scientific successes of two of our high priority projects, ISAC and SNO.Subatomic physics is technology-intensive, providing opportunities for training in instrumentation,integrated electronics, advanced computation, and data analysis. The tools developed for subatomicresearch have had important applications in research and industry and have had a major impact on thelives of the general public. Much of medical diagnostic instrumentation is derived from nuclear andparticle detector technology. The widespread availability of superconducting magnets for magneticresonance imaging was made possible by the development of superconducting material and magnettechnology for particle accelerators and detectors. Synchrotron radiation and neutron scattering facilitiesfor the physical and life sciences are direct applications of subatomic physics technology. The WorldWide Web was originally developed at CERN as a means for subatomic researchers to document andcommunicate their work. Our program must continue the strategy of supporting R&D of advancedinstrumentation.2.1 The New Subatomic Physics Long Range Plan (2002-06)The LRP is a scientific plan that lays out funding priorities to assist the GSC in making itsrecommendations. The Òstatus quo scenarioÓ gives our scientific plans for the case of constant funding.The LRP also identifies the consequences of decreased funding resulting from this reallocation exerciseand explores the new opportunities arising with an increase in our resources. In any scenario, subatomicphysics research requires detailed attention to the balance between operating funds and planning forcapital expenditures. The correct funding balance is critical to ensure our community can maintain itsreputation of being reliable collaborators who deliver on our international commitments and provide theintellectual leadership to direct each project to deliver on its scientific objective.Our present LRP concentrates resources on three highest priority projects, ISAC, SNO and ATLAS.These priorities exist in the context of other important investigations in subatomic physics at theinternational level. Consequently, the scientific program argued for in our LRP recognizes the need forbreadth and to plan for complementary projects in a longer term context. We describe the key elementsof the status quo scenario in the LRP, as that forms the basis for our reallocation requests.ISAC and Nuclear Physics: Nuclear astrophysics is the primary focus of the Canadian program at thenew ISAC facility at TRIUMF. ISAC’s radioactive ion beams allow the study of key reaction chainswhich otherwise occur only during explosive nucleosynthesis in stars. Our understanding of theproduction of heavy elements and of the nuclear structure of very unstable isotopes will be significantlyadvanced with this facility. ISAC has been specifically designed to measure, for example, theNeO191 5 ) , ( areaction rate that would provide a trigger for the evolution from the hot CNO (Carbon,Nitrogen, Oxygen) cycle to the synthesis of heavier elements such as Ne, Na and Al.The current stage of ISAC, ISAC-I, is restricted to isotopes with nuclear mass A less than 30 atomicmass units (u) and energies of 1.5 MeV per nucleon. The upgrade to ISAC-II, which will accelerateradioactive ions with A<150 u up to energies of 6 MeV per nucleon, has been approved and funded,with delivery of first beams expected in 2005. The ISAC-II nuclear astrophysics program will beexpanded beyond that of ISAC-I with the ability to study both nuclear reaction dynamics and structureunder extreme conditions. The beams at ISAC will also be exploited for sensitive tests of physicsbeyond the Standard Model.A small number of other important nuclear physics projects are also supported. At TRIUMF, theTWIST experiment will make the world’s most precise measurements of muon decay, a probe into

4possible new weak forces. Canadian nuclear physicists are studying the lack of mirror-symmetry innature and the detailed properties of the proton at the Thomas Jefferson National Laboratory in the U.S.and are making nuclear mass measurements, which are critical input to other experiments, at ArgonneNational Laboratory and at CERN.SNO and the Interface with Astrophysics: The Sudbury Neutrino Observatory has dominated thescientific scene with its first results. SNO is a unique facility consisting of a large acrylic vessel filledwith 1000 tons of heavy water, immersed in a much larger light water ÒshieldÓ, all located 2 kmunderground in the INCO Creighton nickel mine. The heavy water allows the detection of all neutrinotypes, a unique aspect of this experiment. In its first phase, SNO has measured a total solar neutrino fluxin excellent agreement with the prediction of the standard solar model, while also finding a deficit inelectron neutrino interactions. The interpretation is that neutrinos transform between different species asthey travel from the sun to the earth. Increasingly precise measurement of the parameters of neutrinooscillations continues, with the second phase of the experiment underway.SNO is just one project bringing together particle and nuclear physics techniques to observeastrophysical phenomena, an area of research known as particle astrophysics. Our LRP advocates thatwe take on this research area of growing global importance as an integral part of our subatomic physicsresearch program. On the theoretical front, there is an explosion of interest in linking our understandingof the origins and structure of the universe to the nature of its fundamental constituents and theirinteractions, in the form of superstring cosmology. A small experimental particle astrophysics programin Canada includes a Dark Matter search using a novel Canadian technology, and explorations of thephenomena of very high energy gamma rays. Continuing opportunities at the SNO site are beingexplored. The International CFI competition has invited a full proposal for the expansion of the SNOlaboratory into an International Underground Science Facility.ATLAS and Particle Physics: At the energy frontier, the ATLAS experiment is our best opportunity tofurther the understanding of interactions among the elementary particles and for the discovery ofphenomena that may exist beyond our current understanding. The Canadian group is designing,prototyping, and constructing key components of the ATLAS detector that measure the energy ofparticles produced in the collisions at the LHC. This includes the development of advanced electronicswhich must meet unprecedented radiation hardness standards. The status quo scenario of the LRP hasthe Canadian group meeting its international commitments with delivery of its contributions on scheduleand developing competitive analysis capabilities.An excellent and well rounded program of particle physics projects balances this top priority effort onATLAS. Canadian roles in the detailed experimental scrutiny of the Standard Model include the verysuccessful OPAL experiment using high-energy -+ee collisions at the LEP collider at CERN and theZEUS and HERMES experiments at the HERA e pcollider in Hamburg, Germany. A key test of ourunderstanding of the asymmetry between matter and antimatter in our universe is the study of CPviolation. Canadians have driven the search for the rarest particle decay mode ever measured, with theE787 K decay experiment at Brookhaven. We are also part of the BaBar team at the Stanford LinearAccelerator Center, which has confirmed CP violation in the B system. Canadians have leadership rolesat the current energy frontier facility, the Fermilab Tevatron where the top quark was first observed.Ideas and Technology for the Future: The subatomic physics community has identified in the LRPwhere it needs to be positioned for the future. Work continues on the development of the Dark Mattersearch technique. Instrumentation for the nuclear physics program of ISAC II must be developed andconstructed. R&D for instrumentation for the future international Linear Collider has begun; this facilityhas been identified worldwide as the next major initiative beyond the LHC. We are also looking todefine Canadian participation in an international accelerator-based second generation experiment to

5study neutrino oscillations.Financial Plan: The LRP included the development of a funding model for the next five years. Theplan for status quo funding is summarized in Table 1. The funding increases for ISAC, SNO andATLAS are important elements of this plan. However, support for SNO, for example, remains below thehistoric level prior to the 1995 NSERC cuts. Further, funding of ISAC science and of SNO is essentiallyÒflatÓ through the period of this reallocations exercise. The plan allows for only minimal support forparticle astrophysics. Operating support is constrained by the size of the envelope and by the need toplan for new initiatives and future capital expenditures. Support for theory does increase, but not evenenough to fund our researchers at the pre-1995 levels. Capital funding is projected, primarily for asecond generation rare K-decay experiment (KOPIO) and the ISAC-II program, with a small amount setaside for unidentified initiatives.12000-012001-022002-032003-042004-052005-06SNO Facility2,3252,3802,4002,4502,4502,500SNO Operating1,2611,2611,5001,5001,5001,500ISAC Operating8269791,0421,0601,0601,060ATLAS Operating1,3251,5902,0002,2002,4502,700Particle Astrophysics68201200200250250Theory Support1,9201,8802,1002,1902,2772,277Other Particle Physics3,9443,4163,4953,2303,0502,975Other Nuclear Physics1,8931,8301,7151,6251,3701,370R&D190359374320320320Infrastructure1,4911,5081,6101,6551,7001,745Capital4,3982,1832,8064,2404,5645,304Total19,64117,58719,24220,67020,99122,001Table 1: The financial summary of the Subatomic Physics Long Range Plan.2.2 Implementation of the Last Reallocations ExerciseThe last reallocations exercise was carried out in a context where our three highest priority projects hadlarge capital needs. Extremely difficult decisions, including the closure of facilities, were made in our1996-2000 LRP. A five-year spending plan was developed with a profile moving the capital costs ofISAC, SNO and ATLAS instrumentation forward, with the overall envelope being constrained tobalance over a five year period. In addition, the capital available for ATLAS only funded approximatelyhalf of the originally proposed Canadian contribution. The 1998 Reallocations Committee recognizedthat the subatomic physics submission emphasized fundamental and important questions in theinterrelated areas of nuclear and particle physics. They supported the community’s five year plan and itsspecific proposal to fund new projects and R&D aimed at positioning the Canadian subatomic physicscommunity for the future, with a net reallocations gain of $543K. We have now successfullyimplemented this plan, and the scientific benefits of this commitment are being realized.The period of implementing the last reallocations decisions coincides with the milestone of first deliveryof radioactive beam at ISAC, completion of SNO and the start of ATLAS detector construction.Recognition of the need for strong and timely support of the ISAC program resulted in the award of 1 The average operating support in the GSC 19 envelope ($14.121M) is subject to the Reallocation Exercise. This does notinclude expenditures on capital and infrastructure.

6reallocations funds for new detector systems (DRAGON - $227K; 4¹ positron detector - $163K) alongwith the associated operating funds. The ISAC scientific program is now underway, with the firstexperiments using accelerated Na beams producing scientific results. Support of the now fullyoperational SNO project has allowed the SNO team to obtain their first exciting and definitivemeasurements of the solar neutrino flux. The SNO results have had an extremely high profile both in thescientific literature and the popular media. It has been possible to expand the scope of the ATLASproject using the additional increases to the envelope during this period. Furthermore, as CanadaÕsannual capital spending for ATLAS have now begun to decline, increased operating funds have beenallocated to ATLAS to support installation of the Canadian detector components and the development ofphysics analysis tools.Total annual spending on ISAC, SNO, and ATLAS peaked at about $10M in 2000, of which $4.3M wascapital.Funding to develop the next generation of experiments has been extremely limited due to the capitalneeds of the large high priority projects in the program. Reallocations funding of a few projects with thepotential for tremendous future impact has begun to address this need. These include work on KOPIO,development of a novel detection system for Dark Matter (PICASSO), and work associated with theproposed search for states with exotic quantum numbers (TJNAF Hall D). Two projects aimed at afuture international Linear Collider have been funded through Reallocations awards. This facility will bethe highest priority for particle physics beyond the LHC, with the capability to precisely characterizediscoveries made at the LHC. Early participation in this important project is critical for Canadianscientists to make an impact in the future. Total spending in the categories of new projects and R&Dcommitted over the implementation period is approximately $1.1M, well in excess of the Reallocationaward for R&D funding. New funding has been crucial in meeting commitments to our national andinternational collaborations and in making progress towards our scientific goals. Reallocations fundstargeted for new initiatives put Canadian subatomic physicists in position to continue their leading rolesin this field of research.3 Specific Proposals3.1 Support for a Balanced ProgramOur top priority experimental projects are all forefront investigations with the highest scientific impact.At the ISAC facility, we have begun to use radioactive beams to explore on Earth conditions thatotherwise exist only in extreme astrophysical environments. By the end of the implementation period ofthis reallocation exercise, SNO will have greatly advanced our understanding of the neutrino sector. Atthat time, we will launch the investigation of electroweak symmetry breaking and explore possiblephysics beyond the Standard Model using the ATLAS detector at the LHC. These three priorities reflectinvestments by Canada ranging from 7 to 15 years in scope, and will ensure Canada’s leadership role insubatomic physics at an international level.The LRP also supports a balanced program of smaller excellent projects along with theoreticalinvestigations. This balance encourages scientific creativity while acknowledging our limited resources.Furthermore, it ensures that we maintain a healthy roster of experiments taking data during the lengthyconstruction periods of the largest projects. As supported in the last reallocations exercise, our LRP alsoincludes R&D funding for future projects. This support allows us to invest in developinginstrumentation with the promise of big scientific impact and it assures us a role in the future endeavorsthat we judge will be the most important global projects in subatomic physics.The LRP identified specific cuts that would have to be made in the event of a reduction of resources inthis reallocations exercise. These cuts, described in Section 4, focus primarily on R&D expenditures for

7future initiatives and would compromise our opportunities in the longer term. The future of Canadianresearch in subatomic physics must not be sacrificed. Support of our LRPÕs status quo scenario willposition us to achieve a set of important scientific goals by the end of this reallocation period. It willensure our continued progress in exploring the most fascinating questions in subatomic physics.We request the return of $1,412K per annum in support of a strong Canadian program in subatomicphysics with identifiable important achievements and goals, and provisions for continued excellence inthe long term. The total request is for $5,648K over four years.3.2 Maximize Science Return for Highest Priority ProjectsThe status quo scenario of the community’s LRP supports its highest priorities at a base level. However,under this scenario Canada would fall short of maximizing its scientific opportunities and fullyexploiting its considerable investments. We therefore request a level of support that would allow ourgroups to display greater leadership internationally in the three projects identified by the community asmost important for the field. Incremental additional funding for our high priority projects will have avery large impact, with Canadians directly responsible for extracting exciting scientific results in theselarge collaborations. This is a most cost-effective return on the large investments already made.ISAC and Radioactive Beam Science: The support of Canadian groups to exploit the ISAC facility inits first five years of operation is highly constrained. The number of experiments that can be done islimited in part by the number of investigators. Canadian universities are now hiring in nuclearastrophysics, recognizing the scientific opportunities that exist at ISAC and that are now attractinginternational collaborators, such as the study of the NeO1915 ) , ( a reaction. With the spectacular successof TRIUMF in developing this state of the art radioactive beam facility, a strong refocusing of theCanadian nuclear physics program has occurred with at least 24 FTE working in the ISAC experimentalprogram. Academic institutions have responded by creating and filling three new positions in 2001,with a further three currently advertised, the loss through retirements being only about 1 FTE. Thisgrowth necessitates funding beyond the LRP projections.We request operating support for these five additional experimenters at the level of $325K per annumfor a total of $1,300K. This represents an increase of 30% for this rapidly growing high priority area.SNO Physics Analysis: Funding for the SNO facility has been given the highest priority in the programover the last four years, slowly increasing in a context where overall operating support has fallen byapproximately 15%. This has allowed the group to commission the detector and deliver the firstdramatic physics results. However, operating support for the SNO university groups had to be severelyconstrained. Furthermore, because the Canadian groups have large operational responsibilities at theSNO site, their ability to focus on the analysis of the data and extraction of the large scientific potentialof SNO has been affected. Now, four new Canadian scientists are joining the team and will provide theCanadian groups with a capacity in data analysis comparable to that available to their foreign partners.The timing is excellent for analysis of the new Phase II data being taken with salt added to the water.We therefore request additional support for this very positive development, in the amounts of $120K,$160K, $200K, and $245K in successive years, to ensure that the augmented Canadian team has theresources needed to play leadership roles in the analysis of the new data being collected by SNO.Development of an ATLAS Analysis Capability: The LRP allocates sufficient support for the ATLASCanada collaboration to discharge its obligations with regards to the installation and commissioning ofthe parts of the detector provided by Canada. The upcoming period will be very intense, demanding asignificant presence at CERN. The Canadian ATLAS team must also be involved in the Data Challengenow being implemented at CERN, an important step in developing and testing the data analysis strategyand tools. The core of this effort will consist of 5.0 FTE professional researchers working closely with a

8team of ATLAS faculty members and students. This team will develop the Grid tools and the softwareinfrastructure necessary to support an analysis effort in Canada.2 We expect that the capital investmentin hardware will be obtained via CFI and NSERC equipment competitions.We request an increase of $360K per annum, a total of $1,440K, for the Canadian ATLAS physicsgroups to fund the professional staff required for the development of their simulation and data analysisteams during the period 2003-2006.3.3 Support of Particle AstrophysicsMany exciting scientific opportunities arise at the interface between astronomy, particle, and nuclearphysics. The solar neutrino measurement at SNO is currently the highest profile Canadian activity. TheSNO collaboration is also part of the ongoing global supernova watch and is considering long rangeoptions beyond its current scientific program. The PICASSO project is focused on detection of thepuzzling Dark Matter that appears to dominate the mass of the universe; it is planning to leverageCanadaÕs investment in SNO. The group has successfully developed a prototype of a novel Dark Matterdetector and proposes to mount an internationally competitive project. The expertise of SNO scientistsin building large, low background detectors has already proved to be an asset for the PICASSO program.Furthermore, the SNO site represents an environment with unique low radioactivity and cosmic-raybackgrounds for these future investigations. On another front, Canadians are leading members of asuccessful gamma ray observation project (STACEE). Gamma rays from extra-galactic sources havebeen observed with energies that imply high energy processes in nature. Their production is poorlyunderstood but is ultimately related to acceleration of elementary particles to energies far beyond whathas been achieved in the laboratory. As such, they may probe high energy physics at a scale not possibleon earth. A natural progression for this Canadian group is to join the next generation experiment,VERITAS.The existing group of Canadian particle astrophysicists is being strengthened through new academicappointments, one made in 2001 and four searches underway. Our LRP gave high priority to thedevelopment of new particle astrophysics projects. Partial capital funding was identified in the last yearsof the LRP for the next phase of the PICASSO experiment, which involves underground installation of aprototype detector at SNO. However, only in the scenario of increased funding to subatomic physics wasit possible to properly support either PICASSO or VERITAS.Given the strong interest worldwide and the growth in the Canadian community of particleastrophysicists, we request additional operating support of $330K per annum, a total of $1,320K. Thiswould approximately double the Canadian support for particle astrophysics beyond SNO.3.4 Strengthening of Subatomic Physics TheoryThe development of subatomic physics is critically dependent on the presence of a vibrant and activecommunity of theorists. The Canadian theoretical community has diverse interests and a record ofscientific impact of international calibre in areas such as heavy quark physics, theories beyond theStandard Model and string theory. Furthermore, the future looks very exciting. A period of significantrenewal among theoretical faculty has begun, with new appointments at nearly all the institutionsinvolved in subatomic physics. Several of these appointments have been in superstring theory, greatlystrengthening the Canadian role in this area of intense interest. In the past two years, 10 new theoryappointments have been made and an additional 5 searches are currently in progress. These represent a 2 Data Grids are geographically separated computing resources, configured for shared use with large data movement betweensites.

9turn over of 20% of the community. Additionally, the recently established Perimeter Institute willprovide new national opportunities for the exchange of ideas and collaboration among theorists.During the recent planning exercise, theorists identified their highest priority as the enhancement of theirresearch environment by improving their ability to hire top quality research personnel at the postdoctorallevel. The Canadian theory community is directly competing with researchers worldwide for a smallpool of extremely talented young researchers. A 20% increase in funding above the LRP status quoscenario is required in order to allow Canadians to make competitive postdoctoral appointments.We request an amount of $430K per annum, a total of $1,720K, to support new researchers and toimprove the research environment of subatomic physics theory in Canada.3.5 Advanced Technology Development for Future ProjectsIt is not uncommon for new experiments to set as their goal an improvement in sensitivity or precisionby several orders of magnitude over previous work. This requires the development of new advancedtechnologies. Canadian subatomic physicists have developed such advanced technologies at aninternationally competitive level, resulting in innovations such as extremely sensitive radioactivityassaying techniques, radiation-hard electronics, novel x-ray detectors, and gallium-arsenide charge-coupled readout devices. Many of these have possible applications in other areas, such as medicalimaging in the case of the x-ray detectors. This R&D is currently being supported by approximately$360K per annum made possible only through both the last reallocation exercise and the recent increasesto the NSERC budget.The LRP identified as high priority R&D on tracking detectors and accelerator alignment techniques fora future Linear Collider, a scaling-up of the PICASSO experiment to a 1-ton detector, new photontracking detectors for the KOPIO experiment, and a novel lead-scintillator calorimeter for a nextgeneration neutrino experiment. We estimate these R&D efforts will require $800K per annum over thenext four years. The LRP, however, was only able to identify $320K per annum in the status quoscenario.We therefore propose an additional investment of $480K per annum, a total of $1,920K. Without thisinfusion of R&D support, the long-term competitiveness of the Canadian program will be compromised.4 Consequences of No Reallocation FundingThe subatomic physics community has identified a prioritized program, focusing over the next five yearson maximizing the scientific return of ISAC and SNO, developing the Canadian contribution to theATLAS effort, maintaining breadth by strategically supporting a modest number of smaller projects, andselecting a small number of longer-term projects for R&D. In the case where the reallocation processreduces the resources to the community, the LRP identified a number of specific areas where we wouldbe forced to make cuts: Instrumentation for ISAC II would have to be delayed, jeopardizing our lead inthe radioactive beam research frontier. The PICASSO experiment could not be scaled up to aninternationally competitive project. The next generation rare K decay experiment, KOPIO, would haveto be significantly curtailed. These cuts would be a severe blow given Canada’s leadership in theseground-breaking projects.With these choices, we would be avoiding explicit cuts in our highest priority projects. However,reduced funding would limit the resources available for the computing facilities required for dataprocessing and scientific analysis of the very large data sets being collected in several of our currentexperiments. The community’s overall ability to perform the essential R&D for the next generationexperiments will be curtailed to the point of jeopardizing the future of Canadian subatomic physics.

105 The Importance of Subatomic Physics to CanadaThe primary objective of subatomic physics research is the pursuit of fundamental knowledge about ouruniverse, its origin and development. As such, this field represents one of the great challenges toCanadian minds but it also links to other fields of research where similar experimental or theoreticaltechniques can be applied. Thus it represents an excellent environment for developing problem solvingskills. It is also unique in the scale and breadth of collaborations, giving young researchers experience ininternational cooperation and management of large and long-term projects. The subatomic physicsrecord in the development of highly qualified personnel is particularly strong. Over the last five years,subatomic physics researchers supervised to completion over 100 Ph.D. candidates, and currently haveover 75 Ph.D. candidates under supervision. Over the same period, over 120 postdoctoral researcherswere supervised. These young people predominantly enter the work force in academic or researchpositions in not only subatomic physics, but also disciplines ranging from geophysics to financialmodeling to large scale computation and networking.As only one example of the impact of subatomic research on the health of Canadians, one can link thedevelopment of positron emission tomography, the imaging technology of choice for cancermanagement, to the technologies of isotope production separators, multi-element detector arrays, dataacquisition, image reconstruction and analysis and simulation techniques. These are all techniques thatoriginated in subatomic experiments over the last several decades. There are many other examples ofthis synergy in Canada, a very visible one being the MDS Nordion medical isotope manufacturingfacility adjacent to TRIUMF.The demands of subatomic physics experiments on data handling techniques are driving thedevelopment of new tools for global computing over the World Wide Web. Canadian groups areinvolved in the Grid computing development project, which has immense potential in business andcommerce. While the economic and societal impacts of this pursuit are open to speculation, Canadawould be notable if it were absent in the development of such technologies. In fact, Canada’s leadershipin developing a fully optical network across the country and the physical extent of the country makeGrid technologies particularly attractive.Working in large international collaborations prepares students for the global economy in aninternationally competitive environment. Most groups are multinational in composition and usemanagement techniques akin to the industrial world. All our programs are internationally peer reviewedand expose our students and postdoctoral fellows to reporting, scheduling and decision making in aglobal context.A strong fundamental research program has important feedback in other disciplines. The challenge toimprove our knowledge of the universe demands the development of new, sophisticated tools that filterinto other areas of important research. In the final analysis, however, being involved at the leading edgeof subatomic physics is what is important for Canada. The funding of our proposals would support aworld-class program in subatomic physics anchored on the recent remarkable achievements of a smallbut internationally competitive community.The last two years have seen tremendous successes by the Canadian subatomic physics community.SNO has shown incontrovertible evidence of solar neutrino oscillations. ISAC has produced its firstaccelerated radioactive beams, making TRIUMF the pre-eminent next generation facility of its type inthe world. Both of these developments have given Canadian physics very high visibility internationally,and are the result of the support received from NSERC during the last reallocation exercise. CanadaÕssubatomic physics program is poised to build on this impact with similar strong support from the 2002reallocation process.

11BibiliographyÒTo the Heart of MatterÓ, Report of the Canadian Subatomic Physics Five Year Planning Committee,June 2001.Draft Report, DOE/NSF High-Energy Physics Advisory Panel Subpanel on Long Range Planning forU.S. High-Energy Physics, October 2001.ECFA/DESY LC Physics Working Group Collaboration, J.A. Aguilar-Saavedra et al., hep-ph/0106315.American Linear Collider Working Group Collaboration, T. Abe et al., SLAC-R-570 (2001), 436p.,hep-ex/0106058 (part 1), hep-ex/0106056 (part 2), hep-ex/0106057 (part 3), and hep-ex/0106058 (part4).N. Akasaka et al., JLC design study, KEPK-REPORT-97-1.