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             Preface to the Preliminary Draft 
 
This preliminary draft of the Mid-Term Review of the LRP is being posted for comment by 
CASCA members only. It is not complete, and not intended for viewing by a larger audience at this 
stage. Tables and figures are not yet provided, and the full scope of the funds to be recommended is 
not included, pending a careful analysis and review, particularly with ACURA and HIA. This next 
stage will be undertaken after the preliminary document has been discussed, both on the MTR 
forum on the CASCA web page and at the CASCA AGM in mid June. 
 
           
1.   Summary of the MTR Recommendations 
 
We provide here a list of the recommendations in the order in which they appear in the document.  
 
A.1.  World Observatories: First Generation (2000-2010) 
 
(a)  ALMA 
 
The MTRC commends the HIA and its university collaborators for a successful start to Canada’s 
participation in ALMA, and reaffirms the LRPP’s strong recommendation that ALMA be 
Canada’s first priority for ground based facilities in this decade.             
 
The MTRC strongly recommends that the funds needed to complete the 3mm “first light” (band 
3) receivers be identified and that in addition funds be found for Canada’s participation in the 
operating costs.   
 
The MRTC commends HIA for its developing leadership in correlator technology and 
recommends that this strength be maintained to provide roles for Canada in future radio astronomy 
initiatives, including the SKA.  
 
(b)  The James Webb Space Telescope (JWST)  
 
The MTRC commends the CSA and the HIA for successfully initiating Canadian involvement in 
the  JWST, and recommends that a high priority be placed on securing more effective 
communication between CSA and Canadian astronomy community to ensure an effective scientific 
involvement in the JWST by all Canadian astronomers.  
 
A.2.  World Observatories: Second Generation (2010-2020) 
 
(a)   Square Kilometre Array (SKA) 

 
The MTRC reaffirms the original LRPP recommendation that Canada position itself to play a 
leadership role in the construction and use of the SKA. 
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The MTRC strongly recommends that the $12M required to complete the Phase B studies be 
allocated, and that the project be stringently managed to receive the periodic external reviews 
necessary to ensure its successful and timely completion for the technical down-select for the SKA. 
The first review should be conducted as soon as possible. 
 
(b)  Very Large Optical Telescope  (VLOT) 
 
The MTRC strongly recommends that Canada proceed with engagement as a 25% partner in the 
TMT project. Furthermore, with the exception of the ALMA project, the TMT should claim first 
priority for LRP funding in the current decade to ensure that Canada’s involvement stays on track.  
 
The MTRC recommends that the Canadian community undertake a vigorous and strategic 
initiative to raise the necessary capital and operating funds for a 25% share in the TMT under the 
forthcoming Federal government “Big Science” policy.  
 
The MTRC recommends that measures be taken to secure some of the operating funds for the 
TMT from Canadian operating support for existing facilities if they are approaching obsolescence.   
 
B1.   Ground-Based International Observatories 
 
(a) Gemini 
 
The MTRC reaffirms the LRPP recommendation that Gemini should be given highest priority for 
on-going operation and support of our international observatories. Accordingly, the shortfall in 
regular A-base funding should be met in the next five years by LRP funding. In the longer term, 
however, full Gemini support will have to be met by permanent allocations to the base budget. The 
need to increase the operations budget by $1.25M in 2008 for increased queue scheduling should be 
investigated by exploring the possibility of a corresponding reduction of the CFHT budget by about 
30%. 
 
The MTRC strongly endorses the acquisition of Canada’s share of the new “Aspen Process” 
instrumentation program beginning in 2006 and recommends that the required increase in support 
be allocated in full to maintain Gemini’s competitiveness. Canada should pursue at the Gemini 
Board a policy permitting some of the goals of the “Aspen Process” to be achieved in part by “in 
kind” development of instrumentation using new funding opportunities such as CFI, to offset the 
financial demands of these goals. 
 
(b) CFHT  
 
The MTRC recommends that the feasibility of a leaner survey mode of operation for the CFHT be 
explored for the period beyond 2008, permitting about 30% of Canada’s share of the operating 
funds to be transferred to the increased operating requirements for Gemini. If operating support for 
the TMT becomes acute when it begins operation, consideration needs to be given to ending 
Canada’s role in CFHT and transferring the operating support to TMT.  
 
(c)  JCMT 
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The MTRC reaffirms the LRPP recommendation to phase out Canada’s involvement with the 
JCMT if and when its commitments are completed, and to transfer the operating support to ALMA. 
If possible, a final decision should be taken only after the commissioning of SCUBA-2 on JCMT. 
Canada should endeavour to participate in continued use of SCUBA-2 by the consortium of its 
owners on JCMT or another sub-mm telescope after 2009 if it is deemed useful for the support of 
ALMA programs.  
 
B2  Space Based International Observatories 
 
C.   National Observatories 
 
(a) DRAO 
 

The MTRC recommends that the previously allocated NRC and LRP funding for the CGPS be 
continued at the current rate until 2007. 
 
(b)  DAO 
 
The MTRC recommends that the DAO telescopes continue to receive LRP support at the current 
level of  $50K/yr.  
 
D. People 
 
The MRTC re-affirms and re-iterates all of the LRP recommendations concerning support for an 
increase in prestigious post-doctoral fellowships supported through NRC-HIA and NSERC. 
 
The MRTC recommends that ACURA, representing all of the Canadian universities active in 
astronomy, engage NSERC to provide solutions to the problems of implementing the LRP 
recommendations on support for the prestigious postdoctoral fellowships, laboratories for 
experimental astrophysics, and increases in grant support to university faculty advocated in the 
LRP. 
 
.E. Computation 
 
(a)  CADC and Data Analysis  
 
The MTRC recommends that LRP support for the CADC be maintained at the current level of 
$300K per annum, and than NRC initiate an external review of the CADC to recommend how 
Canada should meet the demand for archiving of, and effective access to, data from all current and 
forthcoming LRP observing facilities. 
 
The MTRC recommends that CASCA initiate a review, through its subcommittees, of the data 
analysis requirements of all LRP facilities, then initiate a dialogue with NRC-HIA, ACURA, CSA, 
and industry to determine a coherent strategy for ensuring adequate facilities for analyzing the data 
from facilities described in the LRP.   
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(b) High Performance Computing and Theory 
 
The MTRC recommends that CASCA, perhaps initially through its subcommittee on computation 
and theory, set up a process to determine the structure of a proposal to CFI for an astronomy-
centered, cost-effective Tier 1 system, that is, a system at the highest level which is competitive 
with the leading systems worldwide. 
 
F. Outreach 
 
The MTRC commends both CASCA and the HIA for conducting a vigorous and successful 
program of education and outreach and recommends, in accordance with their existing plans, that 
this program be maintained and expanded.  
 
The MTRC re-iterates the need for 1.5% of funds for each project be directed toward related 
outreach activity, and recommends that the first priority on such funds be to establish the state-of-
the-art website recommended by the LRPP. The MTRC furthermore recommends that this site 
be maintained by a full time outreach officer based at HIA, funded from the 1.5% allocation noted 
above, and in collaboration with CASCA, CSA and ACURA. 
 
 
8.   Broader Issues 
 
A.   Management of astronomy in Canada 
 
The MTRC recommends that ACURA and HIA-NRC discuss mechanisms for instituting a new 
structure for the funding, developing and managing large facilities for Canadian  
astronomy. There should also be consultation with CSA. Account should be taken of the need to 
preserve the existing strengths within the current management structure and provide flexibility for 
individual university researchers to pursue their own interests in more modest astronomy projects. 
ACURA and NRC-HIA should also engage the other agencies,  NSERC and CSA, and CASCA in 
these discussions, and consider the role that CASCA could play in facilitating the entire process. 
The process needs to take account of the potential risk to the TMT however, in moving forward too 
quickly with such a plan. 
 
B.  Funding both the TMT and the SKA 
 
C.  Communication between Canadian astronomers and the CSA 
 
The MTRC recommends that the JCSA engage CSA in a discussion of the merits and feasibility 
of CSA providing end-to-end support of Canada’s space astronomy projects. It is important for this 
process to be aware of the broader issue of data analysis for all LRP projects, and that appropriate 
linkages be maintained with other CASCA committees on this subject. 
 
The MTRC recommends that CASCA and the CSA review the composition of the JCSA with the 
view to involve the broader astronomical community in its large space astronomy missions. The 
involvement of both observational and theoretical astronomers would be beneficial.  



 6

 
 
2. Introduction 
 
The Long Range Plan (LRP) document described the current sate of astronomy as an 
unprecedented golden age of discovery being driven by the advent of new technologies and 
powerful innovative research tools. The intervening years have seen, if anything, a quickening of 
the pace of these developments. The type of technological tools are also changing, with the need for 
high performance computing becoming an evermore serious requirement to model the complex 
behaviour of the universe now accessible with the largest telescopes. The development of 
technology for the construction of large aperture telescopes has proceeded so quickly that Canada 
has already become involved in an international project to build the TMT, the largest telescope in 
the world, well before the advent of the present mid term review of the LRP. This project is moving 
ahead quickly, gaining the support of the Canada Foundation for Innovation (CFI), which is now 
considering a follow up application for starting funds at the level of $10M. None of this was 
envisaged at the time the LRP was written. It is clear that Canadian astronomy is entering the age 
of “Big Science” driven by the need to build “World Observatories”. Canada’s excellent worldwide 
stature in astronomy, described in the LRP document, also continues unabated. The evidence for 
this can be simply stated by noting Canada’s rapid and second-to-none entry into partnership for 
the TMT, and the prospect that Canada’s solution for the technology for the SKA is among the two 
leading contenders.  
 
The challenge ahead for Canadian astronomy is to successfully engage in the “Big Science” 
initiatives while providing adequate opportunity for smaller more modest initiatives. Modest 
projects encompass some of the most fundamental research in astrophysics, are frequently required 
to support the research for the “Big Science” projects, and can lead to breakthroughs in technology 
which serve to enhance and accelerate the larger more expensive initiatives. Though the LRP is 
necessarily concerned primarily with the large international projects, the LRP and this mid-term 
review acknowledge and encourage initiatives on smaller scales as well. 
 
The LRP for Canadian astronomy was released in its unofficial form (English only) in November 
1999, and in its final form (both languages) at the CASCA Annual General Meeting in Vancouver 
in May 2000. It is essentially a prioritized list of initiatives for the succeeding ten years with a 
horizon stretched to fifteen years. The success in obtaining financial support for the initial five 
years of the Plan is attributable in part to the vision it projected, and in part to the vigorous efforts 
of the community in promoting it. Especially notable is the pivotal role of the Coalition for 
Canadian Astronomy, a linkage between the Canadian Astronomical Society, the universities, and 
industry, in getting the attention of the Federal Government. It is now time to examine the needs for 
the second five years. The LRP in fact called for a mid-course review, roughly five years into the 
implementation phase. This report is the result of the review, hereafter referred to as the Mid Term 
Review (MTR).  Put simply, the purpose of the MTR is to determine whether the LRP is on track, 
and to make recommendations to help ensure that it stays on track. The Mid Term Review 
Committee (MTRC) was struck by the Canadian Astronomical Society (CASCA) in February 
2004, with terms of reference outlined in the Spring Equinox 2004 issue of E-Cass, the Society 
Newsletter. These terms of reference are outlined below, with slight change of emphasis and some 
elaboration. 
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3.  Terms of Reference of the Mid Term Review 
   
Since the LRP began in 2001 with strong Federal Government support, NRC and CSA have made 
important commitments to begin achieving several LRP primary goals.  These include Canadian 
involvement in the James Webb Space Telescope and meeting the conditions for Canadian 
partnership in ALMA. 
 
But the LRP is, at minimum, a ten-year plan while the incremental funds are for a maximum of five 
years.  Not all LRP recommendations are funded and, in some cases, budgeted monies run out in 
March, 2005, e.g., for studies leading to Canadian partnership in projects such as the Square 
Kilometer Array and for a Very Large Optical Telescope, which were strongly recommended in 
the LRP.  Moreover, LRP funding for the first five years, 2001-2006, does not cover the full 
amount advocated in the LRP document for this period.   
 
Meanwhile, new factors such as the availability of CFI funds for national and international projects 
and the establishment of the Association of Canadian Universities for Research in Astronomy 
(ACURA) are changing the landscape for funding and managing large Canadian astronomy 
facilities. These new developments are timely since it is now clear that NRC-HIA is not able to 
cover the full scope of the LRP. The review report must project a vision which accommodates and 
exploits the benefits of these changes. It must recommend a course to refine and successfully 
complete the LRP, and to anticipate possible directions taken in the next decadal plan, whose 
committee is to be struck by the Fall of 2008.     
 
As a mid-course review, this is not intended to be as extensive or as elaborate a process as the 
original LRP, but it requires the same integrity, commitment to openness and involvement of 
Canadian astronomers.  The report builds on the original LRP and will be the tool by which the 
community will seek funding for the next phases of the LRP.  The MTRC, in consultation with the 
Canadian astronomical community, CSA, NRC, NSERC, ACURA and relevant industries, was 
requested to review progress toward the LRP goals, identify any serious implementation gaps that 
have emerged, and recommend strategies for the next five years.  The Panel was asked to identify 
areas in which little progress has been made, such as the establishment of instrument labs in 
universities, and how to sustain the operations of the international facilities in which Canada is, or 
will be, involved.  The scope of the review is to incorporate all initiatives outlined in the LRP, but 
not include a major revision or expansion of the plan that is inconsistent with the original goals.  In 
conducting the review, the Panel was asked to openly involve the community through procedures 
which make possible input from all members of CASCA.  
 
The Panel was requested to make a preliminary report available to CASCA members no 
later than May 31, 2004 and to provide an opportunity for discussion of that report during the 
CASCA Annual General Meeting (June 13-16).  The final version of the report should be 
completed by Sept. 30, 2004.  
 
4.  The Long Range Plan  in the First Five Years – an Overview 
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The original LRP called for an expenditure of approximately $150 M over 10 years, or about $15M 
per year to cover the costs of a prioritized list of astronomical projects, both ground-based and 
spaced-based. As part of the Plan, the Canadian Space Agency (CSA) asked the LRP Panel (LRPP) 
to rank various space astronomy projects, leading to Canadian participation in the James Webb 
Space Telescope (JWST), then referred to as the New Generation Space Telescope (NGST), as the 
principal priority.  Other important initiatives included a partnership in Herschel/Planck (then 
referred to as FIRST/Planck). Partnership in the Atacama Large Millimetre Array (ALMA) 
emerged as the principal priority for ground-based initiatives.  
 
As implementation of the plan unfolded in the first year, a number of developments emerged. In 
January, 2001, the LRPP was requested to update the Plan, taking into account advancing 
worldwide efforts in designing telescopes in the 20-30m class, and secondly, the unavailability of 
an international partner for the proposed wide-field eight metre telescope (WF8m). Accordingly, 
the revised plan called for immediate studies of a Very Large Optical Telescope (VLOT) and 
redirection of LRP funds designated for the WF8m and VLOT prototype development toward 
construction and operation of a VLOT. Design studies were begun immediately thereafter by NRC-
HIA and Canadian industry, which led to the VLOT Project Book in 2003. Second, NRC and NSF 
came to an understanding that Canada would participate in ALMA through an agreement between 
NRC-HIA and Associated Universities Inc. (AUI) which operates the NRAO. This agreement, 
termed the North American Program for Radio Astronomy (NAPRA) made provision for Canada to 
have access to all U.S. radio astronomy facilities (including ALMA) through a contribution 
equivalent to US$30M, mostly in the form of contributed hardware. Third, the Canada Foundation 
for Innovation (CFI), now able to fund international partnerships in infrastructure, emerged as a 
new potential source of funding for the LRP. This led to a new organization called the Association 
of Canadian Universities for Research in Astronomy (ACURA), comprising 21 universities to 
obtain support for large facilities and manage them. 
 
The emergence of the CFI International Fund led to a requirement by the federal government that 
part of the LRP should be funded through a CFI proposal. In 2001, NRC submitted a Cabinet 
Document requesting $35.9M for partial funding of the LRP. This included full support for ALMA 
receiver development for the first five years plus other initiatives in the LRP. Meanwhile, the 
University of Calgary submitted a CFI  proposal on behalf of a consortium of university 
investigators requesting about $30M for the support of NAPRA initiatives. These included the 
WIDAR correlator developed at DRAO for the EVLA, the ALMA site fee, and some ALMA 
software development. CFI did not fund he correlator project, but it did support funding at about 
$8M for the ALMA site fee and software development. NRC’s subsequent success in obtaining 
funds from Treasury Board for the additional $20M led to the signing of a separate MOU on 
ALMA in the summer of 2003. The present status is thus that about $55M was raised by NRC and 
$8M by the universities for the LRP. Though less than the $75M advocated in the initial LRP 
report, it has permitted a substantial start for the first five years.  
 
With the new opportunity provided by the CFI International Fund, ACURA in 2003 proceeded with 
an application for major funding to begin work on a 25% partnership in a VLOT, in collaboration 
with NRC-HIA, the Provincial Governments, and industry. VLOT was identified with a new 
project name – the Thirty Metre Telescope (TMT). The TMT project is advancing rapidly, after 
being favourably considered by CFI, and CFI is currently considering an application from ACURA 
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to begin the Detailed Design Phase (DDP). This development brings forth the exciting possibility 
that the time frame for VLOT is now much closer to JWST than originally envisaged, permitting a 
timely synergy between these two observatories. In May, 2004, NRC-HIA was authorized by the 
TMT international project to produce a straw man design for the TMT, a very significant 
development which recognizes NRC-HIA’s expertise in this area.    
 
5. Update on the Science Goals 
 
Since the completion of the LRP in 1999, there has been a further explosion in our knowledge of 
the properties of the universe, both on the largest and the smallest scales. In the past few years, 
astronomers have discovered the existence of “Dark Energy”, a mysterious component of unknown 
origin, comprising approximately 70 percent of the energy of the universe. This must now be added 
to the still mysterious “Dark Matter”, comprising 26 percent, and the ordinary “baryonic” visible 
matter which comprises only 4 percent. The structure of the Cosmic Background Radiation has 
been revealed on a great variety of spatial scales, largely but not exclusively, through successful 
space missions such as WMAP. This “imprinted” structure contains the key, not only to the origin 
of the universe itself, but the to the origin and evolution of its constituents – the galaxies and stars. 
The use of imaging bolometric detectors in the sub-mm waveband have permitted the detection of 
galaxies at their earliest formative stages. Large optical telescopes have witnessed the evidence of 
“first light”, when the first galaxies began to re-ionize the matter in the universe since it cooled 
after the “Big Bang”. This epoch will soon be detected using radio telescopes at metre wavelengths 
as well. 
 
On smaller and more local scales, the discovery of planets around other stars has continued 
unabated, and soon hundreds of extrasolar planets will be known. Such studies are now giving 
insight into the frequency of occurrence of other Solar Systems like our own and how they formed. 
To date, it has been possible to detect only planets with masses comparable to or greater than that 
of Jupiter. With increasing sensitivity and resolution possible with a new generation of telescopes, 
it will soon be possible to detect earth-like planets, and possibly evidence for life on these planets. 
In the infrared and sub-mm, new instruments are probing the processes leading of star and planet 
formation in our own Milky Way. The largest telescopes have probed the very centre of our Milky 
Way in the near infra-red to observe and measure the rapid motions of stars as they orbit the 
dynamical centre, confirming the presence of a black hole at the centre with a mass of several 
million times that of the Sun. 
 
The array of telescopes outlined in the LRP are poised to answer some of the questions raised by 
these discoveries, as well as others not mentioned. The reason is that these instruments provide for 
substantially increased sensitivity and resolution over a broad range of wavelengths. Such coverage 
is essential for example to detect and study the properties of galaxies at the time of their formation 
in the early universe.  The LRP instruments cover the wavelength range from metres in the radio to 
about 100 nanometres in the ultraviolet, a range of approximately seven orders of magnitude, 
permitting studies of a host of physical phenomena with unprecedented detail. 
 
The scientific topics described above must also be investigated by theoretical means using high 
performance computing methods. The sensitivity, resolution and quantity of the data from modern 
telescopes demand ever increasing computing power to model these phenomena adequately. All of 
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the scientific topics described above require computations to be carried out at high dynamic range 
involving extremely large numbers of interacting particles. This creates a demand for large 
computing systems dedicated for significant periods of time to simulating such phenomena as the 
formation of cosmic structure and subsequent formation of galaxies and clusters of galaxies. As in 
the case of large telescopes, technology is permitting increases in computing power by perhaps 
10% per year, while the cost per unit of computing power is decreasing. Thus high performance 
computing capacity for theoretical studies is keeping pace with the observational capacity of the 
largest telescopes, providing opportunities for thorough studies of cosmic phenomena . 
 
6. Implementation of the Mid Term Review 
 
In taking its first steps, the MTRC was faced with the task of producing a timely plan with a more 
limited scope than the LRP itself, and whose preparation would be as open as possible to the 
scrutiny and participation of the Canadian astronomical community. It was decided to hold one 
major meeting at NRC-HIA in Victoria on April 22-24 with invited participation by community 
members directly concerned with implementing aspects of the LRP. The meeting was web-cast  
with opportunity for live e-mail feedback, though for technical reasons, the web-cast appears not to 
have been very successful. An open discussion forum was also established on the CASCA website 
for discussing the review based on reports from Principal Investigators (PI’s).  On the basis of the 
meeting discussions and the feedback from the community, the MTRC prepared this preliminary 
report, dated May 31, 2004. Feedback from this report at the CASCA AGM and further feedback 
from the community through the CASCA website forum will be used to produce a final report by 
September 30, 2004, in time to promote funding for the remaining part of the LRP. 
 
The format of this report is based on Chapter 5 (The Plan) of the LRP document, which outlines the 
recommendations under various topic headings. Discussion of each new facility begins with a 
restatement of the LRP recommendations followed by an update on the work done since LRP 
funding. The discussion ends with new recommendations by the MTRC.  
 
7. Individual Projects 
 
A.1.  World Observatories: First Generation (2000-2010) 
 
(a)  ALMA 
 
The LRP contains the following recommendations concerning Canadian participation in World 
Observatories planned for the current decade (2000-2010): 

 
The LRPP strongly recommends that Canada should quickly join the Atacama Large Millimeter 
Array (ALMA) project. This should be Canada’s highest priority for participation in a major 
ground-based observatory. 
 
The LRPP recommends that the appropriate steps be taken to ensure the best possible route for 
Canada’s rapid entry into ALMA. There are international deadlines that must be met if we are to be 
partners in this project. As one possibility, the NRC should energetically investigate the creation of 
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strong, mutually beneficial links with the USA’s National Radio Astronomical Observatory 
(NRAO) towards this end. 
 
The LRPP strongly recommends the enhancement of the correlator and receiver groups, within 
NRC. This should be one of the highest priorities among modest size projects.  
 
The MTRC notes with pleasure that joining ALMA, the principal priority in the LRP, is being 
implemented. Both HIA and participating university astronomers are to be commended for securing 
initial funding for Canada’s participation in this world observatory. As outlined below, the 
principal contribution by Canada at this stage will be the “first light receivers”. Thus Canada’s role 
is critical to the goal of first light operations in 2006. This important role in ALMA speaks well for 
the international community’s confidence in Canada’s expertise in mm and sub-mm astronomy 
instrumentation. The MTRC views all of the ALMA developments in Canada as a successful start, 
and reiterates the LRPP view of ALMA as Canada’s top priority for ground based facilities.  
 
The second and third recommendations were carried out through the advent of the North American 
Program for Radio Astronomy (NAPRA). The NAPRA agreement between HIA and NRAO was 
signed in 2001, and constitutes an agreement by which HIA-NRC and the NRAO will cooperate in 
radio astronomy. Though intended as a means for Canada to become a partner in ALMA, it 
guarantees access by Canada to all U.S. radio astronomy facilities on the same basis as the U.S. 
astronomy community for a period of ten years, or five years into the operation of the EVLA 
(which ever is longer). Though there is now a separate agreement signed later for ALMA (see 
below), the major technological impact of NAPRA in Canada was the agreement that NRC-HIA 
provide the new correlator for the EVLA, now under development, at a cost of about C$20M.   
 
Below, we expand in more detail upon these developments: 
 
(i)   The present status of ALMA:   
 
By means of LRP funding from the NRC and CFI, Canada is now a participant in ALMA. ALMA 
is structured as a 50-50 partnership between Europe (via ESO) and North America (via the NSF). 
Canada has entered ALMA as a partner of the United States. ESO and NSF representatives signed a 
bi-lateral agreement on 26 February 2003, thereby bringing ALMA into existence and creating an 
eight member Board of Directors. Under its terms, Canada is assigned one of the four North 
American seats on the Board. On 16 June 2003, NRC and NSF signed an MOU formalizing 
Canadian participation on the ALMA Board, the ALMA Science Advisory Committee, and time 
allocation committees. The MOU defines our right of access to ALMA as follows: “Applications 
from scientists at Canadian institutes for ALMA observing time will be regarded on the same basis 
as applications from scientists in the United States.”  This agreement replaces the arrangement 
described in NAPRA which guaranteed Canadian access to ALMA for the period of NAPRA. 
Building of the access road and construction workers camp began on 6 November 2003. All the 
land issues in Chile were settled by 24 February 2004. Two competing 12 m prototype antennas 
have been purchased and are currently being evaluated at the VLA site in New Mexico. 
  
As of April 2004, Japan has the funding to join ALMA at a significant level, most likely providing 
12 four metre antennas forming a compact ALMA sub-array of small antennas. Negotiations to 
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formalize their contribution are ongoing. At this time, the assumption is that Japan’s contributions 
will not affect (i.e. decrease) the funding needed from Europe and North America. 
 
(ii)  Canada’s contributions to ALMA:  
 
In 2001, Canada negotiated an agreement with NRAO specifying our construction phase 
contributions. These are: (1) 64 band 3 (3mm) receivers (plus spares); (2) secondment of an HIA 
receiver expert to lead the Front-End IPT; (3) participation in software development (2.5 FTEs over 
5 years); (4) a contribution of expertise towards ALMA archive development (0.5 FTE over 5 
years); (5) a one-time cash contribution towards site infrastructure development in Chile. 
  
The allocation of the band 3 receivers to Canada is a major achievement. These will be essential for 
commissioning each antenna, as well as being workhorse receivers for the science. The HIA 
receiver team is now fully staffed (~14.5 FTEs involving more than 20 people). The receiver team 
successfully completed a Preliminary Design Review in March 2004, involving a panel of 
international experts. 
  
(iii) The funding picture for ALMA:  
  
Funding for Canada’s ALMA contributions has been secured through to FY2006-07. Sources of 
this funding are NRC ($17,420K for the band 3 receivers) and CFI ($7,926K for the site access fee 
and software development). The remainder of the funds are now required from NRC for HIA to 
complete the band 3 receiver construction and to pay for our contributions to science operations. 
HIA projects that its ALMA commitments will require ~C$12M from FY07-08 through FY11-12. 
Canada also has an obligation, through the MOU between NSF and NRC, to provide ~7.8% of the 
North American share of the operations budget. This is estimated to be C$3-4M/yr, after 2012. 
However, early science operations will begin in 2006, upon the arrival of the first three antennas. 
Accordingly, the operating costs will ramp up from 2007-08 to 2011-12, requiring ~C$10M over 
this five year period. The MTRC regards both the funding for the receivers and operations as 
essential. It must be further noted here that the operating funds will needed annually beyond 2011-
12, and that such funds should ultimately appear in the NRC-HIA A-base. 
 
The LRPP advocated that if Canada withdraws from the JCMT, staff effort and JCMT operating 
costs should be redirected to ALMA. The MTRC agrees with this strategy, with some qualification 
discussed later under JCMT. This would provide up to C$1.7M/yr. The following table gives a 
credible estimate of the Canadian ALMA operating costs from FY06-07, assuming “early science” 
begins in 2006, assuming a steady state operating cost of $3.5M, and assuming that JCMT 
operating costs are shifted to ALMA in FY 09-10: 
 
   06-07           07-08           08-09          09-10                10-11               11-12  
  $0.5M          $1.0M          $2.0M      $(1.3+1.7*)M    $(1.5+1.7*)M       $(1.8+1.7*)M  
 
* from JCMT 
 
To summarize the funding situation, from 2006-07 through 2011-12, the ALMA project requires an 
additional C$12M to complete construction and ~C$8.1 in new operating funding (assuming that 



 13

operating funds released from Canada’s withdrawal from the JCMT are applied to ALMA starting 
in 2009. 
 
As noted above, the EVLA correlator project is a collaboration between NRC and NRAO with the 
goal of improving, by an order of magnitude, key observational capabilities of the world's most 
powerful cm-wave telescope, the Very Large Array (VLA).  It  is part of the NAPRA agreement. 
The impact of the improvement will be transformative for the telescope, with roughly 35 different 
science areas to benefit, in some cases dramatically. Funding for the EVLA correlator is being 
provided directly from the Canadian Federal Government, through NRC, as an explicit component 
of the LRP. This amounts to approximately $C20M, running until FY 07-08, and the MTRC 
regards this component as completely funded.  
 
An important element of the EVLA work is the capability of the correlator group at the DRAO who 
developed the WIDAR correlator technology for this project. This correlator technology, with a 
very wide bandwidth and its primary feature, is now in demand by other radio observatories around 
the world. Accordingly, HIA has followed the third recommendation by providing additional 
support of $1.07M over the period of 2002-2006 to DRAO to support the correlator group. The 
MTRC recommends that this support be continued. In summary, the MTRC makes the following 
recommendations: 
 

The MTRC commends the HIA and its university collaborators for a successful start to Canada’s 
participation in ALMA, and reaffirms the LRPP’s strong recommendation that ALMA be 
Canada’s first priority for ground based facilities in this decade.             
 
The MTRC strongly recommends that the funds needed to complete the 3 mm “first light” (band 
3) receivers be identified and that in addition funds be found for Canada’s participation in the 
operating costs.   
 
The MRTC commends HIA for its developing leadership in correlator technology and 
recommends that this strength be maintained to provide roles for Canada in future radio astronomy 
initiatives, including the SKA.  
 
(b)  The James Webb Space Telescope (JWST) 
 
The LRPP made the following recommendations concerning the JWST (formerly the NGST) 
 
The LRPP strongly recommends that Canada, through the CSA, quickly join the Next Generation 
Space Telescope (NGST) project. This should be Canada’s highest priority for participation in a 
major, space-based, observatory.  
 
The MTRC notes the excellent support CSA has provided for Canadian participation in the JWST 
and other space missions. The funding available for JWST is $US50M, and this project is by far the 
largest space astronomy project undertaken by CSA.  In addition, Canadian participation has 
benefited from allocation of considerable resources from NRC-HIA which has contributed 
intellectual and technical skills leading to a much larger involvement by Canada than could be 
inferred from its 5% share in the project. The JWST is currently scheduled to be launched in 2011. 
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The JWST is now a slightly less ambitious project than originally envisaged in the LRP. For 
budgetary reasons, some decisions were made by the international project to de-scope the JWST, 
including a reduction in aperture from 8m to 6.5m and a de-scoping of the near-infrared camera 
(NIRCAM) in which Canada was strongly involved. Canada retains some involvement in 
NIRCAM and is currently responsible for FGS, the fine guidance sensor, with involvement of the 
industrial partner EMS Technologies.  
 
There appear to be no serious problems for Canadian participation in the project. However, both the 
CSA and the astronomy community acknowledge that better communication is desirable between 
them concerning the JWST. On smaller space astronomy projects where the Principal Investigators 
(PI’s) are the principal users, communication is generally excellent. Communication between CSA 
and astronomers is primarily through the Joint Committee on Space Astronomy (JCSA) which 
represents the astronomy community, and is heavily weighted in representation by project principal 
Investigators (PI’s).  The JWST however is in a different category. It is a very large project, and 
though the university community is not the primary driver, it will supply most of the users. These 
users must be fully prepared for the analysis of large data streams, and have the right tools at hand 
to do so. The issue is an important one, and of concern to large ground based projects as well. 
Accordingly, this topic is discussed further in section E and in Chapter 8.  
  
The MTRC commends the CSA and the HIA for successfully initiating Canadian involvement in 
the  JWST, and recommends that a high priority be placed on securing more effective 
communication between CSA and Canadian astronomy community to ensure an effective scientific 
involvement in the JWST by all Canadian astronomers.  
 
A.2.  World Observatories: Second Generation (2010-2020) 
 
(a)  Square Kilometre Array (SKA) 
 
The LRP contains the following recommendations concerning the SKA: 
 
The LRPP strongly recommends that the Canadian LAR concept be carried forward into 
prototypes for key component (phase B) studies. This study should be one of the highest priorities 
among moderate size projects. A rigorous review of the results as well as the science goals and 
design status of the SKA project should then be carried out (in approximately five years’ time). 
 
The LRPP recommends that a development envelope be established that would fund the 
construction of a LAR prototype, if recommended by the Phase B review.  
 
The LRPP recommends that Canada position itself now for entry into the construction of the 
SKA. 
 
These recommendations are being implemented, and considerable progress is being made in the 
development of a prototype LAR element for the SKA. Here we outline the state of progress, and 
recommend that this work continue with high priority. As emphasized in the LRP, "Canada is 
poised to play a leading role in the second generation of world observatories that will likely be 
constructed in 2012-2020, particularly in the unique and highly innovative LAR design concept for 
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the world Square Kilometer Array..."   The SKA continues to promise unprecedented discoveries in 
a wide variety of major scientific areas including strong-field test of gravity, the early universe 
including the Dark Ages, the origin and evolution of cosmic magnetism, the evolution of galaxies 
and large scale structure, as well as astrobiology and SETI.  The telescope will represent a 2-order-
of-magnitude improvement over existing radio telescopes, a breathtaking leap in sensitivity. 
 
The MTRC reaffirms the LRP’s strong support for Canadian participation in the SKA. It is 
currently anticipated that the selection of the design of the SKA elements will be made in 2007, and 
that construction will begin in 2012. Moreover, it strongly commends the Canadian SKA concept 
development team for its ingenuity in devising one of the design options for the SKA, namely the 
Large Adaptive Reflector (LAR).  The committee recognizes, as did the LRPP, the tremendous 
potential for major Canadian leadership in developing the SKA should the Canadian design be 
chosen.  The LAR technology is however unproven, and involves the successful integration of three 
high risk components – the reflector system, the aerostat, and the focal plane array. The studies 
must also be completed in time for the decision on the SKA elements by the international project. 
The MTRC is especially concerned that the time for the completion of the Phase B study (2008-09) 
is a year later than the planned date for this decision. The MTRC recognizes the need to nurture the 
development of this concept and strongly recommends that necessary resources be allocated, but 
that the project be stringently managed to accommodate these concerns.    
 
An amount C$12M  (including 30% contingency) is required for FY 04-05 through 08-09 for 
remaining LAR development work, and the MTRC strongly recommends that this be allocated. In 
light of the large expenditures, the risky nature of the project and the potential lack of convergence 
of the timelines noted above, the MTRC urges NRC to take the necessary steps to ensure that these 
studies are externally reviewed at periodic intervals. This would involve design reviews at critical 
stages to ensure that the project is on track, to ensure that it is adequately supported and fully 
assessed against the goal of achieving SKA compatibility. The MTRC urges that the first review be 
conducted as soon as possible. 
 
It should be noted that the LAR project is a prime example of the development of an extremely 
innovative idea involving a partnership among government, universities and industry. NRC-HIA is 
responsible for the concept, the electronics and testing, a university (McGill) is responsible for the 
aerostat technology, and industry (AMEC Dynamic Structures) is developing the reflector and 
actuator design. It is notable that this concept may prove to be practical also in building a large 
inexpensive single antenna aperture for purposes other than the SKA. Thus there is a potential 
technological spin-off from the Phase B study.  
 
The MTRC notes the Canadian SKA Steering Committee’s interest and enthusiasm for such a large 
reflector taking the role of an SKA science “pathfinder”, which would begin to investigate SKA 
related science at an earlier stage. This could put Canadian cm-wave astronomers at the forefront of 
their field and further enhance Canadian scientific and technical leadership in centimeter 
astronomy. Such a project would need a peer review, and a serious assessment of the potential for 
its draining effort away from the SKA. Accordingly, the current LAR studies should include the 
feasibility of building such a large reflector antenna, but the MTRC urges that the development 
work remain strongly focused on the SKA, the principal priority.  
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In summary, the MTRC makes the following recommendations concerning the SKA and LAR: 
 
The MTRC reaffirms the original LRPP recommendation that Canada position itself to play a 
leadership role in the construction and use of the SKA. 
 
The MTRC strongly recommends that the $12M required to complete the Phase B studies be 
allocated, and that the project be stringently managed to receive the periodic external reviews 
necessary to ensure its successful and timely completion for the technical down-select for the SKA. 
The first review should be conducted as soon as possible. 
 
 (b) Very Large Optical Telescope  (VLOT) 
 
The following recommendations concerning VLOT were made by the LRPP in January, 2001 as 
modifications to the recommendations in the original LRP document, in the light of developments 
concerning the WF8m and advancing work around the world on VLOT designs: 
 
The LRPP strongly recommends that funding to support a design team for a Very Large Optical 
Telescope (VLOT) be made available as soon as possible. This team will enable Canada to play a 
critical role in the design and construction of a VLOT whose diameter is envisaged to lie in the 20-
30 metre range. This telescope would be designed, built, and operated in cooperation with 
international partners. This should be onr of the highest priorities among the moderate sized 
projects. The design team should also have the extended mandate to simultaneously to design a 
future Extremely Large Optical Telescope (ELOT) that is far larger than the VLOT. The ELOT 
would appear at some time later in the century. This is critical if Canada is to continue to play a 
role in the long term development of world observatories, as is clearly documented in the LRP.     
 
The LRPP recommends that the WF8m project, discussed in the LRP, be dropped in favour of a 
larger diameter VLOT. The funding that was proposed for the WF8m project in the LRP, including 
funds for its design, construction, and operation, should be combined into the construction of a 
VLOT in the 20-30 metre range. 
 
The LRP recommends that up to half of the Prototype Development Envelope proposed in the 
LRP, be committed towards the design and construction of the VLOT. These funds should be 
released on the completion of a successful, mid-course review. 
 
In accordance with the LRP recommendation, NRC-HIA conducted an extremely successful design 
study of the VLOT.  The VLOT project book, outlining the Canadian view of a design for a twenty 
meter telescope was completed in October 2003, and 400 hardcopies were distributed. The 
subsequent development of the VLOT initiative has progressed much more rapidly than 
anticipated, and the recommendations on the VLOT have been met and exceeded. Canada has 
become engaged with the California Extremely Large telescope (CELT) project and has been 
renamed the Thirty Meter Telescope (TMT). As such, Canada, represented by ACURA in 
collaboration with NRC-HIA, is engaged in an equal partnership with Caltech, University of 
California (UC), Associate Universities for Research in Astronomy (AURA). Canada’s share is 
25%, which the MTRC agrees is appropriate to ensure that Canada will have access to telescope 
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time sufficient to maximize the return to Canada of the scientific and technical benefits, and to 
ensure an appropriate measure of influence in project management.   
 
The science goals of the TMT include the characterization of extra-solar planets, the discovery of 
the first light objects in the Universe, understanding star/planet and galaxy formation and revealing 
the nature of cosmological dark matter and energy. As noted in Chapter 5, there is strong 
complementarity with JWST, ALMA and the SKA. The TMT will be the premier telescope in the 
world when it achieves its full operation phase expected some time in 2015. 
 
The TMT is a large world project. A total of 60 people across the total partnership will eventually 
be involved in the first major phase of development of the telescope – the Design and Development 
Phase (DDP), which is expected to last for 4 years. According to the current plan, the international 
project office will be located in Pasadena and it will be fully occupied in the fall of 2004. The cost 
of this phase of the project is expected to be US$70M shared equally among the four partners. The 
organizational plan calls for a distributed project office with possibly four sites across Canada. 
These could include UBC (structural engineering, instrumentation), NRC-HIA (AO - with 
University of Victoria, observatory software, integrated modeling, site testing - with CFHT and 
UBC), University of Montreal (AO, instrumentation) and University of Toronto (administrative 
headquarters, Canadian science center, computational fluid dynamics).  
 
Advancement at an accelerated pace in Canada was made possible by opportunities presented by 
the CFI International Fund and the formation of ACURA. The application to CFI for a 25% percent 
partnership in the project received favourable consideration, pending a full development by 
ACURA of the management role by Canada. Accordingly, vigorous plans are underway to finance 
Canada’s share. To date, LRP funds expended on the VLOT project are as follows: 2001-02 
$0.18M, 2002-04 $1.5M/yr, 2004-05 $1.56M. The Detailed Design Phase (DDP) funds expected to 
be spent in Canada are  $4.7M in 2004, $5.9M in 2005, $7.1M in 2006, $5.7M in 2007 and $1.1M 
in 2008. The latter amount is lower than the other components since the construction phase is 
expected to begin some time in 2008. The current allocation of LRP funds runs out in 2005 so that 
the C$25M  needed for Canada’s share of the DDP phase will soon have to be found. It is expected 
that these funds will come from CFI and matching contributions. CFI is currently entertaining a 
$10M request (including matching funds) for their June board meeting to initiate the DDP.  
 
 Up to a total of C$50M could be available from CFI for this project if it is approved, requiring a 
60% matching component bringing the total to C$125M. This is half the total budget of $C250M 
needed for Canada’s share before full operation begins in 2015. The long term schedule for the 
TMT calls for a conceptual design review in April 2006, a September 2008 start on construction, 
first light for some segments in 2014 and full science operations in January 2015. Operating funds 
will be needed by 2014. It is expected that the Canadian share of the operating support will be 
about $25M/yr . By contrast the current Canadian payments for all operations in astronomy are 
about $11M, rising to $15M by 2010 as operating funds are required for ALMA. Clearly, by 2015 
consideration must be given to what existing operations may have to be given up to make the TMT 
possible. In any event, new operating support will have to be found to make the TMT possible for 
Canada. The Federal Government’s emerging policy on “Big Science” will play a significant role 
in the search for both capital and operating support. 
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The MTRC has the view that the TMT project requires urgent and full support of the Canadian 
astronomical community. Canada is poised to play a large role in this project, both scientifically 
and technically. For example, on the technical side, the TMT project manager, has authorized the 
system engineering group, under the leadership of NRC-HIA, to develop a straw man design for the 
telescope. This is an outstanding example of the confidence placed in the Canadian team, and a 
direct consequence of its VLOT studies to date.   
 
To recapitulate, the capital funds (Canadian dollars) required for this project are $25M for the DDP 
and about $225M for construction. The amount needed now is $10M to cover the first year of the 
DDP with $15M needed about a year from now to cover the rest until 2008. The science case and 
the strongly favourable indications from the CFI make a compelling case to move forward with the 
TMT with a high level of priority. Accordingly, the MTRC makes the following recommendations:  
 
 The MTRC strongly recommends that Canada proceed with engagement as a 25% partner in the 
TMT project. Furthermore, with the exception of the ALMA project, the TMT should claim first 
priority for LRP funding in the current decade to ensure that Canada’s involvement stays on track.  
 
The MTRC recommends that the Canadian community undertake a vigorous and strategic 
initiative to raise the necessary capital and operating funds for a 25% share in the TMT under the 
forthcoming Federal government “Big Science” policy.  
 
The MTRC recommends that measures be taken to secure some of the operating funds for the 
TMT from Canadian operating support for existing facilities if they are approaching obsolescence.   
 
B1.   Ground-Based International Observatories 
 
(a) Gemini 
 
The LRP contains the following recommendation concerning ground-based international 
recommendation: 
 
The LRPP strongly reaffirms Canada’s commitment to the Gemini project over the coming 
decade. Gemini should be given the highest priority for the ongoing operation and support of our 
international observatories. 

 
We begin by noting that a second recommendation in the original LRP document, concerning the 
WF8m, is obsolete since in the January 2001 addendum to the LRP, the WF8m initiative was 
discontinued in favour of the VLOT (see second LRPP recommendation in section A.2 (b)).  
 
The Gemini project was initiated early in the 1990s. Initially Canada was to have a 25% share of 
each of the twin 8m telescopes – one in Chile the other on Mauna Kea in Hawaii. Insufficient funds 
were available so that Canada’s share dropped to 15% while Chile, Argentina and Brazil joined the 
consortium in order to make up the difference. When Australia joined the consortium, Canada’s 
share dropped to 14.28%.   In 2000 Chile withdrew as a regular partner and negotiated repayment 
of its capital contributions. It maintained its 10% host share but freed up its 5% partner share. 
Canada used LRP and WESTAR funds to purchase its proportionate share of Chile’s time, thereby 
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restoring its 15% partnership in the consortium. The cost of the construction buyout was US$1.38M 
(LRP $1M, WESTAR $0.38M). The increase in operating funds amounts to US$190K/yr and this 
amount also came from LRP funds. Argentina has failed on several occasions to provide its 
commitment of funds to Gemini. Over the last few years the Canadian share of this has amounted 
to ~US$200K which NRC has covered.  
 
During the last several years Gemini has ramped up to about 70% science time at each telescope, 
which is considered full science operations. Gemini highlights from the Canadian perspective 
during the first five years of the LRP include the delivery of the GMOS imager/spectrographs for 
both telescopes (the workhorse instruments), the successful commissioning of ALTAIR and 
Vancouver’s hosting the first ever Gemini Science Meeting (May 2004). The MTRC notes that the 
instruments supplied by Canada to Gemini were all highly successful. They arrived on time, were 
put into successful operation immediately, and constitute  “real workhorse” instruments of the 
telescope. NRC-HIA is to be commended for its achievements in this area.   
 
In accordance with the allocation advocated by the LRP, the total contributions to Gemini 
operations out of LRP funds has amounted to US$2.38M, US$2.55M and US$1.48M in 2002, 2003 
and 2004 respectively. These were used to partially offset the growth in operating costs. The 
MTRC has a broader concern that there is a serious shortfall in the NRC-HIA A-base budget 
allocation for Gemini operations, and that a significant majority the commitments are being met by 
temporary measures. The LRP support has provided some relief for the shortfall, and the MTRC 
recommends that the shortfall be met ultimately by providing all the ongoing support needed in the 
A-base. The next five years will require continuing support from recommended LRP funds, but 
clearly the need is for more long term and A-base funding is essential. There is also a need  for 
looking at the bigger picture of facility support to see whether savings can be made, particularly in 
the light of increases in the Gemini operations budget driven by the increasing need for queue 
scheduling. 
 
Both Gemini telescopes are queue scheduled. In the original management plan for Gemini it was 
envisioned that there would be a 50-50 split between classical and queue-scheduled observations. 
Gemini is currently operating with a 90% queue, and thus Gemini is in need of increased operating 
funds if the queue mode is to remain a permanent fixture. Gemini is seeking additional funds for 
operations and management that will yield for it an annual budget of US$23M in 2008, in order to 
compete with other 8m class telescopes. The Canadian share would increase by ~C$1.25M per year 
by 2008. Given the increasing demand for operating funds for astronomical facilities, it is 
incumbent upon Canadian astronomers to seek all possible means to find these funds within 
existing operations. Accordingly, it seems reasonable to explore obtaining these funds from a 30% 
reduction in the CFHT operating budget by 2008, especially given that the funds would be used to 
increase accessibility to Gemini.  A reduction will be made to the JCMT budget under similar 
pressures, made possible by dedicating this telescope to large surveys with a limited complement of 
two wide field focal plane arrays (SCUBA-2 and HARP-B). Perhaps a similar strategy is possible 
with CFHT. We return to this point in section B1(b).  
 
A significant need for Gemini now is new instrumentation. In 2001 the Gemini Board initiated a 
process to define Gemini’s science and instrumentation goals for the next decade – the “Aspen 
Process”. This was a science driven process and involved wide community involvement and 
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consultation. The process culminated in an international meeting in June 2003 at Aspen, but there 
were also a number of pre-Aspen meetings in the partner countries. In Canada, this meeting was 
held in Montreal in May 2003 with about 25 participants. At Aspen about 90 astronomers attended, 
and the outcome led to the choice of an exciting complement of instruments. They include an 
Extreme Adaptive Optics Coronograph with Canada as part of an international team, and a High 
Resolution Near IR Spectrograph. In addition there are feasibility studies for two further 
instruments - a Wide Field Fiber-Fed Multi-Object Optical Spectrometer and a Ground Layer 
Adaptive Optics System.  Canada has submitted a proposal to build the latter. These 
design/feasibility studies are being funded through currently available instrumentation funds at 
Gemini, but the estimated price tag for the proposed instruments is in the range of ~US$70M.  The 
new input of funds will be needed beginning in 2006. The financial implications for Canada would 
be its share at a cost at C$14.7M over the period 2006-2011.  
 
The MTRC considers the “Aspen Process” instruments an essential enhancement for Gemini. The 
instruments are necessary to permit Gemini to participate in the science described in Chapter 5, and 
the emphasis on a powerful adaptive optics capability will enable astronomers to realize the full 
potential of the telescope aperture in achieving high sensitivity and resolution. These instruments 
were not envisaged in the LRP, but their consideration at this time is driven by the scientific need 
and the developments in worldwide technology in astronomical instrumentation. To not engage in 
this powerful enhancement at this time would be to risk placing Gemini in a secondary role in the 
exciting science emerging. It is also a stark reminder of the fact that it is not just telescope aperture 
that counts, but also how effectively the light is used.     
 
In light of the cost of these new instruments, it would be helpful if some of the cash contributions 
for new instrumentation could be replaced by “in-kind” production of instruments using CFI grants 
used to build the instruments in Canada. This would require a revision of the rules under which the 
Gemini Board governs contributions from partner countries, but seeking this kind of flexibility 
would be worthwhile to create greater flexibility in finding the necessary funds.  
 
In view of these considerations, the MTRC makes the following recommendations: 
    
The MTRC reaffirms the LRPP recommendation that Gemini should be given highest priority for 
on-going operation and support of our international observatories. Accordingly, the shortfall in 
regular A-base funding should be met in the next five years by LRP funding. In the longer term, 
however, full Gemini support will have to be met by permanent allocations to the base budget. The 
need to increase the operations budget by $1.25M in 2008 for increased queue scheduling should be 
investigated by exploring the possibility of a corresponding reduction of the CFHT budget by about 
30%. 
 
The MTRC strongly endorses the acquisition of Canada’s share of the new “Aspen Process” 
instrumentation program beginning in 2006 and recommends that the required increase in support 
be allocated in full to maintain Gemini’s competitiveness. Canada should pursue at the Gemini 
Board a policy permitting some of the goals of the “Aspen Process” to be achieved in part by “in 
kind” development of instrumentation using new funding opportunities such as CFI, to offset the 
financial demands of these goals. 
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(b) CFHT  
 
The LRPP made the following recommendation concerning the CFHT: 
 
The LRPP recommends that the MegaPrime camera, as well as the wide-field infrared camera, 
WIRCAM, be funded at CFHT. Recent developments at CFHT include the completion of the 
MegaPrime upper end and the installation of SKYPROBE which provides a wide-field view of the 
sky. SKYPROBE yields photometry across the images and allows for an estimate of the quality of 
the seeing conditions. It can provide calibrated extinctions down to ~0.5%. MegaPrime yields 
324M pixels in one exposure, and The Legacy Survey is now underway as the principal project 
using this instrument. In 2002 CFHT was one of the world leaders in adaptive optics technology, 
and is positioning itself to continue in this capacity. Accordingly, CFHT is upgrading its adaptive 
optics instrumentation to achieve still sharper images. The CFHT staff are also leading a project to 
link all the major summit telescopes together as an optical interferometer. In addition, the CFHT 
will soon be equipped with a new high resolution spectrograph will also soon arrive, and an IR 
array (WIRCAM) consisting of four 4k x 4k pixels yielding a field of view of 20 arc min on the 
sky.  
 
Financial support is a major issue for the CFHT. Operating costs were frozen in 1995 and at the 
current level of operation, the CFHT will suffer a deficit in 2004 and beyond. Canada has a 
substantial investment in CFHT and great care must be taken to continue to maximize the benefits 
of this investment for its remaining years of its useful life. While CFHT is still a frontier telescope, 
the over-subscription rate for Canadian time outside the Legacy Survey has been decreasing for the 
past few semesters. It seems reasonable to consider a leaner survey mode of operation for the 
CFHT using only one or two instruments (e.g. WIRCAM), following the example of the JCMT. As 
noted in the previous section, exploration of such possibilities is dictated by the increasing demand 
for operating funds by other astronomical facilities, such as Gemini’s need for increased support for 
queue observing by 2008. It seems reasonable to operate CFHT in a leaner survey mode beyond 
2008, and to continue operation this way until the TMT requires operating funds. CFHT has an 
important niche which should continue to be exploited until then, but continued CFHT operation 
should not stand in the way of the needs of the TMT in the middle of the second decade. 
Accordingly, the MTRC offers the following recommendation:   
 
The MTRC recommends that the feasibility of a leaner survey mode of operation for the CFHT be 
explored for the period beyond 2008, permitting about 30% of Canada’s share of the operating 
funds to be transferred to the increased operating requirements for Gemini. If operating support for 
the TMT becomes acute when it begins operation, consideration needs to be given to ending 
Canada’s role in CFHT and transferring the operating support to TMT.  
 
(c)  JCMT 
 
The LRPP made the following recommendations concerning the JCMT: 
 
The LRP recommends that as our various scientific and technical commitments to the JCMT are 
completed, priority for resources invested in the JCMT be given to the support of the ALMA 
project as needed. 
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The MTRC regards the strategy in this recommendation still appropriate as ALMA is now 
underway and will soon need operating support, and the tripartite agreement on JCMT comes to an 
end in 2009.  However, the MTRC also notes that JCMT will acquire SCUBA-2 in 2006, the most 
powerful wide-field submillimetre camera in the world. It will be a thousand times more powerful 
than its predecessor SCUBA, also on the JCMT. The latter instrument is already a key element of 
the success of the JCMT as the world’s most powerful sub-mm telescope. Its scientific importance 
and the support provided by JCMT staff are together responsible for creating a demand for the 
JCMT not only by radio astronomers but other astronomers as well, across the entire world.   
 
The new instrument, SCUBA-2, is being developed by an international consortium, with significant 
participation by Canadian universities through a grant from the CFI. SCUBA-2 became a prospect 
for Canada too late for consideration in the LRP, but Canada’s existing role in SCUBA-2 needs to 
be recognized and taken into account, especially since SCUBA-2 surveys are likely to complement 
the research programs to be carried out using ALMA. The final decision to withdraw from the 
JCMT should be taken only after SCUBA-2 has been commissioned and its role in ALMA science 
has been evaluated. If JCMT is closed in 2009, and the owners of SCUBA-2 (including Canada) 
together explore new opportunities to place this camera on a southern hemisphere sub-mm 
telescope for the support of ALMA projects, Canada should strive to be part of this effort. 
Accordingly, the MTRC offers the following recommendation:   
 
The MTRC reaffirms the LRPP recommendation to phase out Canada’s involvement with the 
JCMT if and when its commitments are completed, and to transfer the operating support to ALMA. 
If possible, a final decision should be taken only after the commissioning of SCUBA-2 on JCMT. 
Canada should endeavour to participate in continued use of SCUBA-2 by the consortium of its 
owners on JCMT or another sub-mm telescope after 2009 if it is deemed useful for the support of 
ALMA programs.  
 
B2  Space Based International Observatories 
 
Canada is involved in a number of space observatory projects, besides JWST discussed earlier, and 
our involvement in all of these is being conducted through the CSA. The following 
recommendations were made by the LRPP concerning Herschel/Planck, formerly known as 
FIRST/Planck, and space-based VLBI: 
 
The LRPP recommends that Canada, through the CSA, join and participate in the FIRST/Planck 
mission. 
 
The LRPP recommends that an ongoing presence in space-based VLBI be maintained. Canada, 
through the CSA, should continue its contributions to this field. 
 
The MTRC is pleased to note the strong participation by Canada in Herschel/Planck, as 
recommended in the LRP. The CSA is to be commended for making Canada’s participation 
possible, and extends its appreciation on behalf of the astronomy community for the effort needed 
to make this possible. Furthermore, it should be noted that Canada, through the CSA, is 
participating in a number of other smaller astronomical space observatories, including the highly 
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successful astro-seismology mini-satellite MOST, plus FUSE, ODIN, BLAST, UVIT and until 
recently, VSOP. It is clear that Canadian astronomers are well served by CSA in terms of 
developing in and participating in space-based astronomical facilities. The range and number of 
these projects is impressive. As for JWST, resources for data analysis may be inadequate and this 
problem needs to be addressed. We return to the topic of data analysis in  section E and Chapter 8. 
 
We note that Canada has decided to end its involvement with VSOP, the international space VLBI 
project. The work for this project was conducted primarily at DRAO, where the pressures to build 
the EVLA correlator, the LAR prototype for the SKA, and other projects require all the resources 
available. The MTRC concurs that VSOP is less important than the other initiatives and should 
continue without Canada’s participation at this time. 
 
Finally, the MTRC notes that, quite independently of the LRP, there appears to be an emerging 
interest and expertise in High Energy Astrophysics (HEA), which may fuel future space astronomy 
initiatives in this area. There have been at least eight hires within the past four years in Canada with 
interests in HEA. In addition, three of the fourteen Canada Research Chairs awarded in astronomy 
are in HEA. These developments have the potential to alleviate to some degree the shortage of 
scientists involved in space astronomy, and, perhaps more importantly, to lead the way to a new 
area of space astronomy in Canada.     
 
C.   National Observatories 
 
(a) DRAO 
 

The following recommendation was made by the LRPP concerning DRAO: 
 

The LRPP recommends that the planned Extended Canadian Galactic Plane Survey at DRAO be 
carried out until 2005. 
 
The CGPS has been a highly successful project that has had significant impact on our 
understanding of the galactic interstellar medium. It has served as an exemplary model for other 
countries and indeed has evolved into a worldwide collaboration, known as the International 
Galactic Plane Survey (IGPS).  Moreover, it has fostered extensive collaborative links between the 
NRC and universities, as well as the training of the next generation of Canadian radio astronomers. 
 
The LRPP recommended that the CGPS be carried out at DRAO until 2005. The existing LRP 
allocation for the CGPS is adequate to complete the section of the project originally envisioned in 
the LRP, so new additional funds are requested or required.  However, the CGPS team is seeking  
additional NSERC funding aimed at completing the survey of remaining section of the galactic 
plane visible from DRAO and merging the three international interferometric surveys (and the 
FCRAO CO surveys) into a single scientific database and image of the Milky Way. This is part of a 
collaborative project with scientists who will be using the Herschel telescope.  This extended IGPS 
project should take until 2007.  The committee endorses the extension of this project until 2007, 
subject to the award of the NSERC support. 
 
The MTRC recommends that the previously allocated NRC and LRP funding for the CGPS be 
continued at the current rate until 2007. 
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(b)  DAO 
 
The LRPP made the following recommendation concerning the DAO telescopes: 
 
The LRPP recommends that the two DAO 1.8 and 1.2 metre telescopes be supported over the 
coming decade. These facilities should be provided with the extra staff and support needed to 
maintain their scientific productivity. 
 
Funding for the DAO telescopes, though modest, has been very important. Canadians receive large 
allocations of time on these telescopes for long term monitoring, thesis projects or as test beds. The 
Plaskett 1.8m Telescope is also an important outreach telescope. The LRP recommendation for 
funding was $100K/yr whereas in fact $50K/yr has been allocated. Of this amount $25K/yr was 
used to hire two engineering co-op students, a short-term machinist and an IRAF programmer. 
About $15K/yr has gone towards augmenting operations. Recent upgrades include a closed cycle 
cooler, return of the Herzberg spectrograph from CFHT. Possible further upgrades are a new guide 
camera, an IFU for the Herzberg spectrograph and hardware to enable robotic operations. 
The 1.2m telescope is also productive – for example a 30 night run supporting MOST observations. 
These telescopes are still scientifically productive, and they do deserve modest LRP support.  
 
The MTRC recommends that the DAO telescopes continue to receive LRP support at the current 
level of  $50K/yr.  
 
D. People 
 
The LRP contains the following recommendations concerning people: 
 
The LRPP strongly recommends that at least six additional staff astronomers, of the highest 
caliber, be hired for the HIA. This must be one of the highest priorities in funding new people. 
There must be a concerted effort to rebuild the HIA staff both to fuel Canada’s participation in the 
coming world observatories and to maintain our present international commitments. The HIA 
should also play an increased role in front-rank research and leadership. 
 
The LRPP recommends that CITA be supported with the financial, human, and computational 
resources required to enhance its position as one of the world’s pre-eminent centres for 
astrophysical research. 
 
The LRPP strongly recommends that university laboratories for experimental astrophysics be 
created. This should be one of the highest priorities for modest size projects in the coming decade. 
They could be supported by NSERC, as well as other agencies, and by commitments of 
infrastructure and faculty positions from the host universities. 
 
The LRPP strongly recommends that postdoctoral fellowships of the highest international stature 
and levels of competitive funding, comparable to Hubble Fellowships, be established. This should 
be among the highest priorities in funding new people. Two new Fellowship programs should be 
established: 
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1. NSERC and CSA should jointly initiate a new fellowship program, featuring at least six, 

3 year postdoctoral fellows, awarded through the highest level international competition and 
funding, open to Canadians and non-Canadians alike, and to be tenable at any Canadian 
university or CITA. 

 
2. Similarly, NRC should initiate a similarly new Herzberg Fellowship program consisting           

            of a total of six, 3 year Herzberg postdoctoral fellows, tenable at any NRC astronomy       
      facility or laboratory. 

 
The LRPP recommends that NSERC continue its commitment to the proven, outstanding 
postdoctoral program at CITA. NSERC should also further increase the total funding to the 
individual operating grants program. It should use these extra funds to enable individual excellent 
Canadian researchers to support a post-doc within their group. 
 
The MTRC notes that the above recommendations on people are collectively the least successful in 
the LRP, though there is indeed some progress.  Several young scientific staff members of excellent 
caliber at HIA have been hired, partly through LRP funding and partly through NRC’s newly 
established New Horizons/New Opportunities Program. Though the latter program does not 
provide new base funding for new positions, it does provide three year term bridges to future 
retirements. The second recommendation, concerning CITA resources, has also been partially 
implemented since CITA has hired one additional astrophysicist since the LRP began, and is 
currently hiring another. In addition, the program of CITA postdoctoral fellows remains strong, and 
staff have competitive access to computational resources (see section E). Regarding the third 
recommendation on support for university labs in experimental astrophysics, CSA is supporting an 
Industrial Research Chair at the University of Montreal, hence strengthening Montreal’s capability 
in space-borne astronomical instrumentation. In addition, the University of Victoria has established 
an instrumentation laboratory in collaboration with HIA, with the support of a CFI grant. Regarding 
the fourth recommendation, the CSA has announced a new program of fellowships beginning soon 
at the level of $60K each. There will be six fellowships in all, in accordance with the figure 
recommended. These are all commendable activities which move astronomy part way along the 
path to a successful implementation of this part of the LRP. 
 
However, there is a long way to go in realizing the full scope of the LRP recommendations. The 
most acute problem is in the area of prestigious post-doctoral fellowships at NRC-HIA and 
supported by NSERC. The MTRC believes that such programs are needed as a key element of the 
overall success of the LRP, since it is demonstrable that the Hubble Fellowship Program in the U.S. 
has been an important factor in producing the most talented astronomers now using major 
international observatories.    
 
The MTRC notes several obstacles to implementing the LRP recommendations on fellowships and 
also on the establishment of university laboratories for experimental astrophysics. First, the NRC-
HIA base budget has been fixed for a period of eight years, and is already unable to fully support 
international astronomy facilities such as Gemini. Thus NRC-HIA cannot afford to introduce the 
fellowship program. With regard to NSERC support and involvement, considerable more effort 
must be expended by the community. NSERC requires a process to consider new fellowships and 
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resources for new university labs in experimental astrophysics, and to increase operating grant 
(now termed Discovery Grants) support to astronomy faculty. NSERC’s mandate is to support a 
broad range of research disciplines, and adjustments to the support of disciplines has been 
accomplished through a process of peer reviewed reallocation of support among disciplines. These 
adjustments are incremental, however, and do not address the problem. NSERC’s current 
consideration of envelope funding for astronomy (as in particle physics) may be one possible route 
to a long term solution. However, these processes do not generate new money for NSERC, and new 
money will be essential to accomplish the LRP goals. Astronomers need to engage NSERC in a 
strategic way to make the case to NSERC and the Federal government.  
 
It is the MTRC’s view that the goals of the LRP recommendations can all be achieved, but only in 
the context of other developments such as the emergence of CFI and ACURA. Though CFI is not 
the appropriate agency to provide the people support directly, CFI infrastructure support is now 
driving the demand for an increase in the highly qualified personnel (HQP). ACURA is currently 
the organization best positioned to engage the agencies in planning for the increases necessary to 
support the post-doctoral fellow program and the HQP necessary for university instrumentation 
labs. Such strategic planning needs to take account of the emergence of new government policy on 
“Big Science” and on a possible merging of the roles of HIA and ACURA in supporting and 
managing Canadian astronomy (see also Chapter 8). Ideally, CASCA and CSA should be involved 
as well, to ensure the broadest representation of community interests. 
 
The MTRC makes the following recommendations: 
 
The MRTC re-affirms and re-iterates all of the LRP recommendations concerning support for an 
increase in prestigious post-doctoral fellowships supported through NRC-HIA and NSERC. 
 
The MRTC recommends that ACURA, representing all of the Canadian universities active in 
astronomy, engage NSERC to provide solutions to the problems of implementing the LRP 
recommendations on support for the prestigious postdoctoral fellowships, laboratories for 
experimental astrophysics, and increases in grant support to university faculty advocated in the 
LRP. 
 
E. Computation 
 
The LRP included the following recommendations concerning Canada’s strategy for computing: 
 
The LRPP strongly recommends that the CADC host archives of data from upcoming space and 
ground-based observatories, and develop innovative data mining techniques for their exploration. 
This should be one of the highest priorities among the computational projects. 
 
The LRPP strongly recommends that funds be allocated toward the support and upgrade of a 
mid-range parallel computer plus a local user-support person. This should be one of the highest 
priorities among computational projects. Furthermore, this capability should be located at CITA to 
provide national high performance computing for modeling and simulations. 
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The LRPP recommends that the funding towards equipment grants in the country be substantially 
increased to enable researchers to keep pace with the huge volumes of data and computation that 
will shortly become standard in astronomy and astrophysics. 
 
The LRPP recommends that a sustainable, nationally funded multidisciplinary HPC network be 
established through initiatives made possible by the CFI program. 
 
The first recommendation, in many respects, stands apart from the final three: the activities of 
CADC are highly focused and provided as a service by NRC-HIA; the remaining recommendations 
are focused on research in universities and are somewhat, but certainly not exclusively, focused on 
support of theory. 
 
(a)  CADC and Data Analysis  
 
Since publication of the LRP, the CADC has met the recommendations of the LRPP and is 
proceeding to become one of the principal data archiving and data mining facilities worldwide. The 
focus has been in two distinct areas – the Canada-France-Hawaii Legacy Survey (CFHTLS) using 
MegaCam data, and data mining, now referred to as the Virtual Observatory. In both areas, 
financial support has been allocated by from LRP funds (at the recommended amount of $300K per 
annum) and capital support from NRC-HIA and the CSA. Financial contributions from the latter 
two sources amount to $2.4M to date since the LRP was implemented. The accomplishments of the 
CADC are impressive. Figures provided to the MTRC include, for 2003 alone, service to 402 
astronomers for 2732 requests involving 19,702 files and 9200 gigabytes of data. In addition, half 
of all data requested since 1986 have been delivered in the first four months of 2004! There is also 
evidence that the data are leading to well cited publications by the community. 
 
From these figures it is clear that the rapidly growing pace of  support needed by the CADC is 
being set by increasing need for computing capacity, data management, space and utility costs. 
These demands are outstripping NRC’s capacity to provide it.  There are about 20 CADC staff, 
with double occupancy required to provide office space for 8 of these. The major driver is the 
explosive growth in data worldwide. The CADC is also preparing to manage the data from LRP 
projects such as ALMA, TMT, JWST, in addition to its current role in managing data from HST, 
CFHT, CGPS and JCMT (soon to be augmented with data from SCUBA-2). 
 
The CADC has fulfilled the aspirations expressed in the LRP document, but there is clearly an 
emerging problem with managing the exponential growth of data. The MTRC considers that a 
fundamental reassessment needs to be conducted on how the CADC can meet the needs of the 
astronomy community it serves. NRC needs to fully assess the resources required in relation to the 
impact of the services provided by the CADC to the community. The spiraling costs dictate the 
need to consider if the services can be achieved at a more modest cost. An almost inescapable 
comparison is with the observing facilities themselves, where the large costs are met by 
cooperation at the international level. Is it feasible for the CADC to provide a Virtual Observatory 
comprising data for every facility in the world, or should the CADC participate in a world-wide 
Virtual Observatory with sufficient redundancy to ensure data security? Such a fundamental 
decision must be made internationally, but could begin with an external review of the CADC, and 
the MTRC recommends that such a review be conducted.  
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The problems faced by the CADC are coupled somewhat to the emerging problem of inadequate 
data analysis facilities connected with LRP projects, which is dealt with in the third LRP 
recommendation above. This is an equally critical and urgent issue, and the MTRC sees no 
progress in this area. Canada is not alone in grappling with the monumental flow of data 
anticipated. For example, U.S. radio astronomers are also grappling with the anticipated data flow 
from ALMA, since there is no funding for analysis of data from ground based telescope facilities 
similar to those provided by NASA for the HST, for example. The lack of adequate data analysis 
capacity will place Canadian astronomers at a competitive disadvantage in publishing their work  
using LRP facilities, and so will adversely affect their capacity to use telescope time effectively. 
Urgent action is required here and the MTRC thus offers the following recommendation: 
 
The MTRC recommends that LRP support for the CADC be maintained at the current level of 
$300K per annum, and than NRC initiate an external review of the CADC to recommend how 
Canada should meet the demand for archiving of, and effective access to, data from all current and 
forthcoming LRP observing facilities. 
 
The MTRC recommends that CASCA initiate a review, through its subcommittees, of the data 
analysis requirements of all LRP facilities, then initiate a dialogue with NRC-HIA, ACURA, CSA, 
and industry to determine a coherent strategy for ensuring adequate facilities for analyzing the data 
from facilities described in the LRP.   
 
(b)  High Performance Computing and Theory 
 
Next, we focus on high performance computing (HPC) associated with research in theory in 
astrophysics. Final drafting of the LRP coincided closely with the announcement of the first round 
of funding for HPC installations by CFI in the summer of 1999. The subsequent significant 
CFI funding of HPC has had important impacts on all three of the last recommendations. 
 
Although there was recognition in the LRP that the initial CFI funding would have important 
implications for HPC in astronomy, it would have been hard to predict the very substantial total 
investment that has been poured into HPC to date, over $240M (in all scientific disciplines) 
including provincial matching funds from 1999-2004. The $1.5M suggested in the LRP for mid-
range, or Tier 2, computing is now seen to be very conservative in comparison. The term Tier 2 
here refers to the three-layer pyramid outlined on pages 81-82 of the LRP  document, with a very 
large number of systems at the base - Tier 3 - representing desktops systems and small clusters, the 
mid-level - Tier 2 - containing a smaller number of installations with, at present, up to several 
hundred processors, and the top of the pyramid - Tier 1 - consisting of a very few large systems 
competitive with leading systems worldwide.] 
 
CFI investments since 1999 have established significant Tier 2 facilities and are generating a cadre 
of skilled computational scientists across many disciplines. These investments and facilities have 
been highly successful. The astronomy and relativity communities have been leaders in establishing 
and using many of the regional HPC consortia that have received much of this funding.  In 
astronomy the facilities have supported science activities, particularly modeling and simulation in 
key "Origins" areas including in cosmology, in galaxy, star and planet formation as well as in 
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relativity and they have also contributed to the analysis of rapidly increasing data volumes from 
current observatories. 
 
The installation of the CFI-funded HPC facilities represents a dramatic change in the computational 
landscape of Canada. The scale of investment coupled with the very short refresh cycle imposed by 
the technology has sharpened the need to develop a long-term national strategy for sustaining HPC 
and to ensure that an appropriate range of technology is available. 
 
(i) Present Situation and Challenges 
 
Computation, widely recognized as a "third way", standing alongside traditional theory and 
experiment, is of central importance to much of contemporary astrophysics: indeed, in many areas, 
it is better viewed as the crucial mediator between theory and observation.  
 
In several respects CFI funding has satisfied many of the current demands for HPC.  Two gaps, 
however, can be identified in the current HPC pyramid in Canada. First, there is a growing gap 
between the commodity hardware that is relatively easily purchased from individual NSERC grants 
and the Tier 2 HPC systems provided by the CFI major infrastructure grants. This territory is 
covered by NSERC equipment grants up to $150,000, and the other source at this level for HPC is 
typically CFI New Opportunities grants to new faculty. NSERC has had difficulty meeting the 
demand because of pressure to support new applicants. However, NSERC is addressing the 
problem of equipment grants, and this problem may soon be alleviated. The second gap is that there 
is no Tier 1 system available to Canadian researchers. 
 
Large-scale HPC has been a central theoretical driver in studies of cosmic structure for a decade or 
more and, more recently (but with at least equal significance), in modeling astrophysical turbulence 
in the ISM and star and planet formation. Predicting gravitational radiation from coalescing black 
holes, understanding supernovae core collapse and developing 3-D models of stellar structure all 
also depend critically on large-scale computation. Many of the key advances will depend on access 
to sustained Tier 1 capability. An abbreviated roadmap of key science which Canadian researchers 
are positioned to address with a Tier 1 facility includes: 
 
  2005: ~16TFlop* 
        - Precision (1%) cosmology in support of (e.g.,) weak lensing surveys 
        - 7003 simulations of coalescing black holes relevant to LIGO 
        - 20003 ISM simulations of global properties of galactic discs 
 
  2008: ~128TFlop 
        - Simulation of whole GMCs, resolving star-forming cores (104 linear range) 
        - 107 particle planetary agglomeration simulation: 105 years, 103 mass range 
        - Very large volume simulations of the first cosmic objects: to provide statistically useful                   
           estimates of large-scale correlations 
 
  2011: ~1PFlop 
        - High resolution 3-D, full radiative hydrodynamic simulations of stellar structure; full-physics       
           3-D simulations of supernova core collapse 
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        - Accurate calculation/prediction of galaxy fundamental properties (mass, luminosity, radius)   
           in cosmological volumes for comparison with large surveys 
        - Full correlation of Planck CMB data. 
  
* The performance figures here are appropriate for a system placing approximately 15th on the 
Top500 list upon installation. The figures extrapolate the 4TFlop performance of 15th place in the 
Nov 2003 list by assuming the yearly doubling in performance observed in the list since it was 
begun in 1993. The first entry assumes a Fall 2005 installation followed by machine replacements 
every three years - the effective competitive lifetime of such systems. 
 
In all of these key science areas the current state-of-the-art on even the largest supercomputers is 
often still many orders of magnitude short of what is required to conclusively represent the physical 
system being studied. The immediate result of this shortfall is a continual pressure to exploit the 
largest computers available in order to generate the most convincing models and results. The 
computational requirement for this kind of science is for a very specific type of computing, 
"capability computing", in which a single very large model spans several hundred or thousand 
tightly-coupled processors. This use of HPC requires specialized systems which can effectively 
support efficient execution of very large applications. Furthermore these applications frequently 
require large blocks of dedicated time and cannot effectively be supported in a general shared-use 
environment. 
 
The need to perform simulations of increasing complexity and resolution has led to pressure to 
track the dramatic improvement of the world's largest systems. Whilst responding to this reality 
may appear on the surface to be a somewhat unsophisticated attempt to "keep up with the Joneses", 
in reality it is simply a competitive necessity: large-scale, Tier 1 HPC is the necessary environment 
required to support internationally competitive science in some fields. Chapter 5 noted the need to 
keep pace with the ever increasing sophistication of observational data which need to be modeled 
in order to permit a deep understanding of such phenomena as the formation of planets, stars and 
galaxies. The ability to simulate these phenomena now requires HPC capacity at the Tier 1 level.   
 
Canada has an excellent track record in this type of large-scale computation with Canadian 
researchers making significant computations in several areas including cosmology, magneto-
hydrodynamics, planetary dynamics and numerical relativity. Canadian researchers have also 
developed a surprising number of packages, programs and numerical methods used by practitioners 
worldwide. 
 
Canada does not presently have a Tier 1 system of the type necessary for many of these researchers 
to compete at the international forefront. The lack of such a system may be a consequence of the 
relatively recent arrival on the Canadian scene of significant HPC of any type, and because 
generating the necessary matching funds required for national CFI initiatives poses challenges 
when a proposal crosses provincial boundaries. In any case, it is clear that the establishment of a 
specialized Tier 1 facility requires strong explicit action in the face of pressures to distribute 
resources geographically and to cater to the varying demands of multiple disciplines; pressures 
which tend to dilute the focus required to build an effective Tier 1 resource. 
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The C3 organization, which is a collaboration of HPC interests in Canada, is in the process of 
generating a strategy for long-term sustained support of HPC in Canada. The process is supported 
by the major Canadian funding agencies. This plan, which spans disciplines, recognizes the central 
importance of CFI funding to date in giving Canada a strong and successful presence at Tier 2. It 
recognizes the uncertain future of CFI funding and also recognizes the lack of Tier 1 facilities in 
Canada. The C3 report, expected Fall 2004, is anticipated to recommend committed support for the 
Tier 2 regional consortia and to establish a national Tier 1 facility although the details of where this 
would be established - and on what timescale - remain to be defined. 
 
The community consultations that accompanied development of the C3 plan demonstrated that 
Canadian astronomers play a leading role in driving the use of large Tier 2 facilities; astronomers 
are also demanding access to a Tier 1 facility in Canada and are positioned to use this level of 
capability in pursuing competitive research. This situation is mirrored in many other countries: 
astrophysics and relativity frequently consume close to 20% of cycles on Tier 1 facilities at many 
national centres whilst representing fewer than 2% of the community of scientists. In Canada the 
overall experience level of HPC across all disciplines is rapidly responding to the hardware and 
personnel investments, and astronomy is leading this growth. Astronomy has several researchers 
who regularly use Tier 1 facilities outside Canada and who are eager to lead a national agenda to 
drive the growth of Canadian HPC expertise across all disciplines. 
 
It is clear that even a modest addition to the amount  of $240M that has been invested in Tier 2 
facilities by CFI and provincial agencies would be sufficient to establish a Tier 1 facility in Canada, 
thereby completing a balanced HPC infrastructure pyramid. 
 
The key challenge in making recommendations in support of HPC is to satisfy the current 
competitive demands of astrophysics whilst being sensitive to the national HPC planning exercise. 
There are three relevant factors: i) Tier 2 systems, to which astronomy has good access, are 
presently well represented; ii) numerical astrophysics leads many disciplines in Canada in 
requiring, immediately, access to Tier 1 facilities; and iii) plans for sustaining Tier 1 and Tier 2 
HPC in Canada across all disciplines are now underway. 
 
The rapid evolution of HPC hardware drives a short planning cycle. It is recommended, therefore, 
that the community establish very quickly a committee of interested researchers, perhaps initially 
coordinated by the present members of the CASCA Theory and Computation committee, to 
determine the structure of a proposal to CFI (presently the only viable funding source for HPC) for 
an astronomy-centered, cost-effective Tier 1 system. It is anticipated that such a proposal would 
request $15-20M. The initial group should organize interested individuals to help determine 
proposed machine architecture, location, project leader, principal investigators etc. An effort should 
also be made to include individuals from other key disciplines as dictated by their requirements for 
Tier 1 capability. 
 
It is suggested that this proposal be viewed as a necessary, scientifically-motivated next step driven 
by the special needs of astrophysics for HPC. Simultaneously a dialogue should be established 
with the national HPC planning bodies and, well before the end of the life of the Tier 1 system 
proposed here, a discussion should take place to determine if astronomy's requirement for future 
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Tier 1 capability can be satisfied by merging with a national, multi-disciplinary Tier 1 facility. It is 
recommended that the astrophysics community demonstrate strong and explicit support for 
national HPC initiatives including assuming a leadership role in such activities. 
 
A final important point is that there is likely to be a growing gap in capability between the bottom 
of the Tier 2 facilities at regional consortia and the desktop systems which are now readily 
available and relatively inexpensive. This level of equipment is important to both theoretical and 
observational astronomers. There will be a continuing need for modest equipment grants from 
NSERC to fill this need.  
 
In summary, the MTRC makes the following recommendations: 
 
The MTRC recommends that CASCA, perhaps initially through its subcommittee on computation 
and theory, set up a process to determine the structure of a proposal to CFI for an astronomy-
centered, cost-effective Tier 1 system, that is, a system at the highest level which is competitive 
with the leading systems worldwide. 
 
F. Outreach 
 
The following recommendations were made concerning outreach activities in the LRP: 
 
The LRPP strongly recommends that a significant portion (1.5%) of any project budget be 
allocated towards the support of related outreach efforts. This should be one of the highest priorities 
among the outreach initiatives. The NRC and the CSA should maintain modern visitor centres that 
would further aid in the education and enjoyment of the public and the media. 
 
The LRPP strongly recommends that a concerted and sustained effort be made to establish a 
multi-tiered, effective outreach program that encompasses the public, educational institutions, 
amateur groups, planetariums, government, and the media. The Canadian Astronomical Society 
(CASCA) and the NRC, should create a state-of-the-art astronomical website. This should be one 
of the highest priorities among the outreach initiatives.  
 
The LRPP recommends that CASCA play a steering role in the area of educational outreach to 
schools.  It should allocate resources towards providing workshops and tools for teachers, 
maintaining a related website, and establishing a budget that could support an information officer 
who could coordinate these activities. 
 
The LRPP recommends that NSERC maintain and expand its Summer Undergraduate Awards. 
 
The MTRC is pleased to note that public interest in astronomy in Canada remains high. For 
example, there is increased public attendance at Canadian planetariums and a significant increase in 
membership of the Royal Astronomical Society of Canada (RASC). It is also gratifying to note the 
recognition received by the RASC for its outreach programs. It was a winner in 2003 of NSERC’s 
Michael Smith Award for sustained and outstanding achievements in science promotion. 
Furthermore, astronomy is now a compulsory “unit” in the grades 6 and 9 science curriculum, and 
there is an optional course in Earth and Planetary Science at the grade 12 level. 
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It is a pleasure to also note that significant progress has been made in responding to the LRP 
recommendations in this area, though much remains to be accomplished. Referring to first 
recommendation, the target of 1.5% of project budgets for related outreach efforts has not been 
reached. However, NRC did respond to the part of this recommendation by establishing the “Centre 
of the Universe”, a 660 square metre modern visitors centre at DAO. The facility is equipped with a 
Starlab planetarium, a 70 seat theatre, displays about Canadian astronomy, and some interactive 
exhibits.  
 
Regarding the second and third recommendations, there has been progress here as well, due 
primarily to the efforts of CASCA’s subcommittee on Education and Outreach and the efforts of 
HIA. CASCA received grants from the NSERC PromoScience Program and from the Ontario 
Youth Science and technology Awareness Program to support major new initiatives in astronomy 
education in Canada. These funds were supplemented by CASCA’s own funds and funds 
contributed by the WESTAR Corporation. Among the activities supported by these funds are a 
bilingual education website aimed primarily at grade 6-9 teachers, development of resource 
materials for the website, a program of teachers’ workshops at CASCA annual meetings, and 
increased cooperation with planetariums and science centres to promote Canadian astronomy. HIA 
also maintains a vigorous outreach program, including a series of weekly articles in both official 
languages on its own website and talks and guided tours of its own facilities, for example.     
 
These are the highlights, but there are many other outreach activities being undertaken by both 
CASCA and HIA, and plans exist to continue and expand these activities, which the MTRC 
heartily endorses. The MTRC also re-emphasizes that much more is required to achieve the LRP 
goals, and that this needs to be catalyzed by the addition of the resources advocated by the LRPP. 
The MTRC considers that the highest priority should be attached to developing and operating a 
website dedicated to the most exciting developments in research emerging from worldwide 
research facilities, and emphasizing Canadian contributions. This website should be second to none 
and be maintained daily by a staff member fully dedicated to this purpose. It should be the website 
that Canadian media automatically turn first to learn of the most recent developments in astronomy. 
Because of the resources required, it should be developed and maintained by HIA, in consultation 
with CASCA, using a portion of the recommended 1.5% of project funds directed toward outreach 
activity. The MTRC notes that this recommendation is primarily a restatement of the second LRP 
recommendation listed above.   
 
To summarize: 
 
The MTRC commends both CASCA and the HIA for conducting a vigorous and successful 
program of education and outreach and recommends, in accordance with their existing plans, that 
this program be maintained and expanded.  
 
The MTRC re-iterates the need for 1.5% of funds for each project be directed toward related 
outreach activity, and recommends that the first priority on such funds be to establish the state-of-
the-art website recommended by the LRPP. The MTRC furthermore recommends that this site 
be maintained by a full time outreach officer based at HIA, funded from the 1.5% allocation noted 
above, and in collaboration with CASCA, CSA and ACURA. 
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8.   Broader Issues 
 
In this section we discuss a number of issues which transcend the individual projects recommended 
in the LRP, but emerge from their collective consideration as important for the success of the LRP 
itself. We discuss these in turn: 
 
A.  Management of Astronomy in Canada 
 
The emergence of CFI as a major source of infrastructure support for Canadian universities led to 
the formation of ACURA as a powerful new agency acting on behalf of 21 universities to promote 
and receive funding for large astronomical facilities. ACURA also has strong links with NRC-HIA, 
CSA, and CASCA. ACURA is currently engaged in obtaining funds for the TMT and will manage 
Canada’s partnership in the TMT in collaboration with NRC-HIA. The situation is that there are 
now three organizations supporting and managing of major astronomy facilities in Canada, namely 
NRC, ACURA and CSA. The roles provided by these agencies are very different, though 
complementary, and stem from their different history and roles in providing the needs of the 
discipline. There are clear benefits to this situation in that close cooperation between these agencies 
bring complementary perspectives to the table and greatly increased potential for financial support 
at a time when NRC is unable to support all of the LRP projects. The difficulty is that the lack of a 
single management organization is potentially wasteful of resources, not conducive to establishing 
and maintaining clear and focused direction, and possibly unable to act in the long term on behalf 
of the community in engaging the funding agencies with a representative voice. Leadership by a 
single organization may be essential to avoid the divisions in the past involving the QEII telescope 
which preceded the establishment of the CFHT.  
 
The latter difficulty of course led to the establishment of CASCA, and CASCA has become a 
powerful voice in speaking on behalf of Canadian astronomers, especially in putting forth the LRP. 
It is highly respected by the Federal Government in this capacity. However, as Canada moves 
steadily forward into the era of “Big Science”, and the large amounts of money which this entails, 
the need for central management at a level that can engage the Federal Government at a different 
level is becoming urgent. This need is exemplified by the recent, though preliminary, success of the 
TMT, achieved in no small measure by the advocacy of the presidents of two major Canadian 
universities setting priorities within their own institutions.  
 
Both NRC and ACURA thus need to consider their respective roles and consider how to cooperate 
together and with CSA in this new era. The MTRC considers the present to be an important time to 
begin consideration of a new management structure for astronomy in Canada. It recognizes and 
takes account of a previous re-alignment of the management of astronomy in 1970 to consolidate 
government astronomy under NRC at a time when astronomy was split between NRC and the 
Federal Department of Energy, Mines and Resources. This time the re-alignment needs to take 
account of the emerging role of the universities, the need to preserve in full the world leading 
expertise and management skills currently within NRC-HIA, and the powerful access to astronomy 
in space provided through the CSA. What should emerge is a coherent national organization for 
astronomy and astrophysics. Such considerations will require the advice of outside experts who 
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have experience in the management of astronomy in other countries. Potential models for 
management include the formation of an organization patterned after AURA in the U.S. (already a 
model for ACURA) and/or an arrangement similar to that which manages TRIUMF, Canada’s 
national laboratory in nuclear and particle physics.  Some suggestions have already come forward 
to begin the process, including a White Paper by CASCA to the Federal Government and the 
establishment by NRC and ACURA  of a “blue ribbon panel” discussed by the HIA Advisory 
Board. Both mechanisms are potentially fruitful could be helpful in mutually reinforcing the issues.  
 
All this said, it is also important not to proceed so quickly as to “muddy” the process of fund 
raising for the TMT. There exists potential for a setback in the TMT if the Federal agencies  
decided to wait for a new organizational structure before making its decision to support the TMT. 
The MTRC considers it best to proceed with the TMT under the existing management structures, 
and use the experience gained to develop arguments for a new governing structure.  
 
In summary: 
 
The MTRC recommends that ACURA and HIA-NRC discuss mechanisms for instituting a new 
structure for the funding, developing and managing large facilities for Canadian  
astronomy. There should also be consultation with CSA. Account should be taken of the need to 
preserve the existing strengths within the current management structure and provide flexibility for 
individual university researchers to pursue their own interests in more modest astronomy projects. 
ACURA and NRC-HIA should also engage the other agencies,  NSERC and CSA, and CASCA in 
these discussions, and consider the role that CASCA could play in facilitating the entire process. 
The process needs to take account of the potential risk to the TMT however, in moving forward too 
quickly with such a plan. 
 
B.  Funding both the TMT and the SKA 
 
In the original LRP, both TMT and SKA were assigned equal priority for early studies, and it was 
envisaged that construction on either would not begin until the second decade of the plan. Now, the 
TMT is proceeding at an accelerated pace and the DDP for the TMT will soon begin, with the goal 
of a construction start well within the first decade of the LRP.  This is a crucial period for the TMT 
as it proceeds step by step to raise a total of $250M for the Canadian share in step with its partners. 
In assessing how the community should react to this development, and its impact on the SKA and 
other projects, account needs to be taken of the initial success of the TMT in obtaining CFI support, 
which may provide up to $50M for its 40% share of $125M, half the funding for the project. The 
MTRC takes the view that the Canadian community must not appear hesitant at any stage of the 
TMT to give it all the support possible to ensure that the full benefit of this early success is 
realized. 
 
The SKA still falls into the next decadal plan, with full MTRC support for the intensive studies 
required to put Canada in the best possible position to contribute effectively. It is impossible to 
predict at this time how the Canadian part of the SKA will fare in seeking the financial support it 
needs. What can be said, however, that it would have been extremely unlikely that both projects 
could have moved forward simultaneously.  Therefore, it could be considered in some way 
fortuitous that one project may proceed forward to construction in this decade, and the other 
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equally important instrument proceed in the next. Changing ground on decal timescales or less will 
always be present and this, in part, is why the LRP called for the MTR. Ideally, the SKA can take 
advantage of the timing to strengthen the opportunity for a strong Canadian involvement. 
 
 C.  Communication between Canadian Astronomers and the CSA 
 
Since its creation in 1989, CSA has been a partner with Canadian astronomers in a variety of space 
missions, and this continues to be the case. However, the interaction between CSA and the 
astronomy community has been limited to a relatively small number who are PI’s and coI’s on 
these missions. The CSA communicates with its science community primarily through its six joint 
committees of which the Joint Committee on Space and Astronomy (JCSA) is one. A problem with 
the JCSA structure is that the membership is almost entirely made up of PI’s of the missions. While 
this concentrates expertise at these meetings, it tends to isolate CSA from the broader scientific 
community. The need to fix this problem is acutely recognized on both sides, and the CSA is 
engaging the astronomy community on how best to do this. In particular, the CSA has asked 
scientists to articulate the role of CSA in their discipline. 
 
Although the concentration of CSA interaction with mission PI’s has worked reasonably well for 
smaller, dedicated space missions, it falls short in the case of a larger world facility such as the 
JWST. It is expected that a large fraction of Canadian astronomers will make use of JWST as they 
did for its predecessor, the Hubble Space Telescope. However, a different model for interaction 
between CSA and Canadian astronomers is needed to ensure the most effective benefit from this 
major partnership in JWST.   
 
These problems are linked with another one – the need to acquire sufficient data analysis capability 
to interpret the data from space astronomy facilities such as the JWST. This problem is not peculiar 
to space astronomy, however, as noted elsewhere in this report. The two issues together suggest the 
need for the CSA to consider fully supporting space astronomy projects in a completely end-to-end 
fashion, beginning with announcements of opportunity at the start and ending with support for the 
scientists in their interpretation of the data. This may require CSA to hire more astronomers on 
their complement of staff to provide communication and support as well, perhaps in the way HIA 
employs astronomers actively engaged in research. Though it perhaps not clear whether or not this 
is the key to the solution, or perhaps only part of it, it seems timely for the JCSA and the CSA to 
discuss such a re-orientation of CSA’s mission and for the CSA to assess its feasibility. In such 
discussions account should be taken of the larger issue of data analysis for LRP facilities discussed 
in section E of Chapter 7. Such support has been the norm for the HST and is increasingly the case 
for large ground based world and international observatories as well. 
 
The MTRC recommends that the JCSA engage CSA in a discussion of the merits and feasibility 
of CSA providing end-to-end support of Canada’s space astronomy projects. It is important for this 
process to be aware of the broader issue of data analysis for all LRP projects, and that appropriate 
linkages be maintained with other CASCA committees on this subject. 
 
The MTRC recommends that CASCA and the CSA review the composition of the JCSA with the 
view to involve the broader astronomical community in its large space astronomy missions. The 
involvement of both observational and theoretical astronomers would be beneficial.  
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