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THE HERZBERG INSTITUTE OF ASTROPHYSICS
Plans for 1989/90 through 1991/92

Director: D.C. Morton - Assistant Director: B.H. Andrew

PREAMBLE

The Herzberg Institute of Astrophysics was started as an NRC division
in 1975 by combining the Space Physics and Spectroscopy Sections from
Physics with the Planetary Sciences Section, the Radio Astronomy Section,
the Algonquin Radio Observatory, the Dominion Astrophysical Observatory and
the Dominion Radio Astrophyical Observatory from Electrical Engineering.
(Both the DAO and DRAO had come into the Division of Electrical Engineering
from the Department of Energy, Mines and Resources in 1970.) The High
Energy Physics Section was transferred from Physics in 1987.

There are now five research fields 1n which the HIA is involved - opti-
cal astronomy, radio astronomy, solar system physics, molecular spectros-

‘copy, and high energy physics.

Nowadays, most of the research of concern to HIA requires large facili-
ties and teams of scientists that cannot be supplied by a single Canadian
university. Furthermore, to study a particular phenomenon, a scientist
often requires a variety of measurements covering wide ranges of particle
energies and/or frequencies in the electromagnetic spectrum. Collaborative
projects and the use of facilities in other countries are now common prac-
tice in astrophysics, space physics, and high energy physics. .

In response to its objectives the HIA is providing Canadian scientists
with the facilities, infrastructure and expertise to work at the frontiers
of research, including participation in leading international projects. The
laboratory and administrative infrastructure of NRC make the operation of
facilities, both national and international, a most appropriate role for the
Council. The facilities are open on a competitive basis to all Canadian re-
searchers, and to foreign scientists as well, thus ensuring Canadian access
to foreign facilities which complement our own. '

With such a mandate to provide expertise and facilities for Canadian
science, it is imperative that HIA has first-class scientists and supporting
technical staff. We must maintain our reputation as research 1leaders to
have the confidence of the people we are trying to help, and the interna-
tional groups with whom we wish to collaborate. Furthermore, to be familiar
with the latest techniques and to keep our facilities competitive, we our-
selves must use both our own and other facilities for front-line science.

As is the normal practice worldwide, NRC does not levy user fees for
its facilities. The work usually has no immediate commercial value and
charges to university users would only result in a transfer of funds from

" NSERC to NRC. Moreover, Canadian scientists benefit immensely from being

able to use facilities in other countries on the same basis.



STRATEGIC OBJECTIVES

1. Within the domain of NRC's responsibilities, to support the operation
of National Scientific Facilities for the benefit of the Canadian scientific
community, and ' : ' _

2. As a comp1ement to the support of National Scientific Facilities, to
maintain a core of excellence in fields such as astrophysics, solar-system
physics, molecular spectroscopy and high-energy physics.

g ey O WS S 4 R am

o hE



. § - .
. N ) 4
\ R

-3 -
HERZBERG INSTITUTE OF ASTROPHYSICS

The Institute has 104 professional, 60 technical, and 23 support posi-
tions for a staff target of 187 on 1 April 1989. There are also 5% VP term
employees. The necessary budget for 1989/90 is $3209K operational, $724K
minor capital and $190K major capital.

1. ACTIVITIES

The activities of HIA are described in detail in the operational plans
for each planning unit. This section gives a short summary of the principal
facilities now supported by HIA or being considered.

1.1 OPTICAL ASTRONOMY (including infrared and ultraviolet wavelengths)

1.1.1 CANADA-FRANCE-HAWAII TELESCOPE (CFHT): This telescope with a
3.6 m mirror on Mauna Kea, Hawaii is suitable for optical and infrared
astronomy from 0.3 to 20 ym. The operating costs currently are shared 44.8%
by Canada, 44.8% by France, and 10.4% by Hawaii, with the Canadian contribu-
tion and the funds for three staff astronomers coming from NRC's Office of
National Facilities. HIA provides scientif1c and technical support, includ-
ing instrument development.

1.1.2 DOMINION ASTROPHYSICAL OBSERVATORY (DAO): The facilities in
Victoria include 1.8 and 1.2 m telescopes, each with modern instrumentation,
a precision microdensitometer for measuring photographic plates, an instru-
ment development laboratory, a major computing centre for data analysis, and
a Data Centre to distribute archival data from space astronomy.

1.1.3 PROPOSED LYMAN FAR ULTRAVIOLET SATELLITE EXPLORER: This is a
NASA satellite to obtain far ultraviolet spectra of stars, galaxies and
QSO's with a resolution of 3x104, particularly in the wavelength range 910
to 1150 A. These wavelengths contain important transitions of D I, H2, HD,
and 0 VI, which will not be accessible with any other satellite. HIA scien-
tists are involved in NASA's phase A study and the Space Division has indi-
cated that Canada would participate with about $20M 1n hardware 1f the mis-
sion were selected.

1.1.4 PROPOSED LARGE TELESCOPE COLLABORATION: Telescope technology

now seems able to construct and mount mirrors 8 to 10 m in diameter. Al- °

ready a California consortium is building a 10 m telescope in Hawaii, and
the European Southern Observatory has funds to build four 8 m telescopes to-
gether 1in Chile. Such telescopes will be the leading instruments for
ground-based astronomy beginning in the early 1990's. Thus Canadian astron-
omers, with the help of NRC, are searching for possible partners in a large
telescope.

One such collaboration could be with the U.S. National Optical Astrono-
my Observatory, which is seeking funds to build one 8-m telescope on Mauna
Kea, and a second in Chile. HIA has been discussing with NAE possible
wind-tunnel tests of various enclosures that might be used for such a tele-
scope.
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The heads of the science agencies of Canada, France, Germany, Italy,
Japan, the United Kingdom and the United States meet annually to discuss
common probiems. Canada is represented by Dr. L. Kerwin of NRC. At the May
1988 meeting in Venice they formed a Joint Working Group on Ground Based

Astronomy to consider possible cooperative projects. This Working Group,

which includes the Director of HIA, is preparing a report for consideration
by the agency heads in Oxford on 5 May 1989. It is expected that this
report will recommend that international collaboration in the construction
and operation of a 1large optical telescope would be particularly appro-
priate.

1.2 RADIO ASTRONOMY

1.2.1 JAMES CLERK MAXWELL TELESCOPE (JCMT): This 15 m dish, also on

Mauna Kea, Hawaii, is optimised for wavelengths from 3 to 0.3 mm to study
molecules in space. The operating costs are shared 55% by the United King-

dom, 25% by Canada, and 20% by the Netherlands. The University of Hawaii is.

~allocated 10% of the observing time  in return for providing the site.
Canada's participation in the JCMT, including a 1laboratory for instrument
development and five NRC staff posted overseas, is the responsibility of the
Radio Astronomy Section in Ottawa.

The lTow atmospheric absorption and outstanding image quality at 4200 m
on Mauna Kea make this one of the worid's best astronomical sites. Canada's
participation there permits our astronomers to be research leaders in many
aspects of optical, infrared and radio astronomy.

1.2.2 DOMINION RADIO ASTROPHYSICAL OBSERVATORY: The facilities in
Penticton incliude an aperture-synthesis telescope consisting of four 9-m
antennas, being upgraded to seven, a 26-m telescope, an instrumentation
laboratory and a major computer system for data analysis.

1.2.3 PROPOSED RADIOASTRON SATELLITE: This Soviet satellite would
supplement ground-based radio telescopes to extend the baselines available
for interferometers and produce maps of cosmic radio sources with
resolutions as small as 36 microarcsec. HIA scientists are participating in
the initial discussions and the Space Division has indicated that Canada
could provide recording terminals and correlators to be used on the ground
to acquire and process the data.

1.3 SOLAR SYSTEM PHYSICS

1.3.1  SPACECRAFT: HIA staff in both the Planetary Sciences and
Solar-Terrestrial Physics Sections are collaborating with Canadian univer-
sity researchers on several space missions, providing specific expertise and
making teams large enough to permit Canada to have a significant role in
these projects. They include the auroral imager on the Viking satellite
flown in 1986, for which data analysis is cont1nu1ng, a second auroral
imager to be flown on the Russian Interball satellite in 1990; the Oedipus
rockets with tethered instruments to study the auroral 1onosphere in 1989
and 1991; WINDII (Wind Imaging Interferometer) on the UARS satellite for
1991; and WAMDII (Wide Angle Michelson Doppler Imaging Interferometer) on
the NASA shuttle for 1992,
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1.3.2 CANOPUS: This is an array of instruments at 15 stations ‘in
northern and western Canada and a computer system in Ottawa operated by HIA
and the Space Division for scientists in six universities to study aurora
from the ground. The equipment consists of radars, photometers, all-sky
imagers, magnetometers, riometers (to measure absorption of the radio noise
background), and tellurometers (to measure earth currents induced by the
aurora). The Space Division of NRC is providing project management for
procurement, installation, and operational support while HIA has the overall
scientific. responsibility for the facility and contributes much technical
support. HIA and several universities divide specific responsib111t1es for
the various component parts.

1.4 MOLECULAR SPECTROSCOPY

, This group maintains excellent Iaboratory facilities, which are used by
external researchers as well as NRC staff members. Much of the work relates

-directly to astrophysics or atmospheric physics.

1.5 ELEMENTARY PARTICLE PHYSICS
1.5.1 OMNI-PURPOSE APPARATUS FOR LEP (OPAL): This detector for the

~large electron-positron (LEP) collider at CERN in Geneva will investigate

elementary particles at energies up to 200 Gev. Canada covers 9% of the
OPAL costs and 8 other countries share the remainder. By participating in
the construction and operation of this detector, Canadian scientists will
have a part in experiments with one of the world's leading facilities in
particle physics without the high cost of being a member of CERN.

1.5.2 PROPOSED SUDBURY NEUTRINO OBSERVATORY (SNO): A consortium of
28 scientists from six Canadian institutions including NRC, three
universities from the United States and one from the United Kingdom has
proposed placing 1000 tonnes of heavy water and an array of photomultipliers
6800 feet deep in a Sudbury mine to detect cosmic neutrinos.

The facility would provide critical information regarding the serious
discrepancy between models of solar energy generation and the neutrinos
recorded by existing detectors in the United States and Japan. The SNO
instrument would be exceptional because of its ability to detect different
types of neutrinos and measure temporal changes 1in the neutrino flux.
The facility would cost some $48M over five years, and would make use of
$300M worth of heavy water to be lent by AECL.

2. FUTURE DIRECTIONS AND PRIORITIES

In all Sections of HIA there w111 be much emphas1s on providing facili-
ties and instruments for research and expertise and leadership in the com-
munity. These objectives require that each Section maintains a core of
active researchers. )



2.1

2.2

2.3

OPTICAL ASTRONOMY

CFHT‘users_will\meet in May 1989 to discuss future instrumentation. It

is expected that they will recommend that additional capital funds be

provided for certain critical enhancements to the Telescope s capabili-
ties.

HIA will continue discussions with the U.S. National Observatory re-
garding collaboration on large optical telescopes. We anticipate a
plan including funds for new CFHT instrumentation as well as a share in
the proposed 8 m facilities will be submitted to the Canadian Astrono-
mical Society in June 1989. If this plan is accepted. it will form the
basis of requesting the necessary funds from the Government.

DAO will give priority to the operation of its telescopes and the
Canadian Astronomy Data Centre and to the development of advanced
instrumentation, particularly for the CFHT. Funds are requested so
that DAO can obtain an infrared array detector. :

If NASA selects the Lyman Satellite for flight, HIA will coordinate the
scientific aspects of Canada's participation.

RADIO ASTRONOMY

The Radio Astronomy Section in Ottawa will concentrate on the construc-
tion of sensitive recéivers for the JCMT. This work will include the
development of array rece1vers in collaboration w1th the University of
Alberta.

DRAO will give priority to the completion and operation of the seven-

-antenna synthesis array.

DRAO also will design-and build two correlators for the Radioastron
project, if participation in this space interferometry experiment is
approveéd.

HIA will encourage Oanadian radio astronomers to consider the relative

benefits of future radio astronomy projects such as the proposed
100-antenna array at Penticton for imaging diffuse extended structures
at centimetric wavelengths, or submillimetre interferometry on Mauna
Kea, or possible successors to the Radioastron missions.

SOLAR SYSTEM PHYSICS

The two HIA Sections will make the Canopus network fully operational as

soon as possible.

The Sections also will honour their commitments to international rocket
and satellite missions.

' - ‘ "-. -‘ -: -
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2.4

2.5

3.

MOLECULAR SPECTROSCOPY

The Section will continUe'1ts investigations of molecules, including
species relevant to JCMT and atmospheric research, and will provide
spectroscopic facilities for external scientists. :

ELEMENTARY PARTICLE PHYSICS

The HEP Section will give priority to operating the OPAL detector at
CERN, and obtaining significant scientific results ahead of the compet-
ing detectors.

If the funds are allocated, the HEP Section also will continue investi-
gations relating to the Sudbury Neutrino Observatory, w1th the goal of
taking a leading role. :

HIGHLIGHTS FROM THE PAST YEAR 1988/89

For the second year in a row, an HIA scientist has been elected a

Fellow of the Royal Society of London. This year it was Dr. Sidney van den
Bergh of the DAO.

3.1
[ ]

3.2

OPTICAL ASTRONOMY v
The DAO occupied its extended and refurbished building.

The Canadian Astronomy Data Centre has become operational and has been
received enthusiastically by a growing number of users.

The DAO has entered into three instrumentation projects, two with the

. University of Montreal to design a High Resolution Camera for the CFHT

and a High Resolution Telescope, and one with the CFHT to build a
multi-object spectrograph. This spectrograph will be the first CFHT
instrument with major contributions from both Canada and France.

With support from the President's Fund, DAO is add1ng an astrometry
capability to its precision microdensitometer.

RADIO ASTRONOMY

The Radio Astronomy Section has delivered its first instrument to the
JCMT. This acousto-optical spectrometer is the only reliable spectral
analyzer at the telescope, and has demonstrated the capability of the
Ottawa group to the international partners.

Canadian use of the JCMT has increased each semeSter the telescope has
been scheduled, and in the latest round, Canadian users received,

_ through the competitive allocation process, an amount of telescope time

that exceeds Canada's nominal share. Many of these users come from
outside the traditional Canadian radio astronomy community.



- 8-

e At DRAO, the continuum correlator, one of the most complex sub-systems
for the upgraded telescope, has been contracted to industry. The array
has been recabled, and by the end of FY 88/89 antennas 6 and 7 will be

~ mounted and mechanically steerable.

© 3.3 SOLAR SYSTEM PHYSICS

e The anogu system is now operating under the new data-collection soft-
ware written by HIA staff to replace the unsat1sfactory code from the
contractor.

e One Oedipus and two ERRRIS rockets were launched from Norway and Sweden
to provide direct measurements of the plasma associated with parallel
electric f1elds and radio aurorae respectively.

e The EX0S-D satell1te was launched by Japan carry1ng an ion mass spec-
trometer provided by HIA.

3.4 MOLECULAR SPECTROSCOPY

e Bomem Inc. is incorporating an NRC modification into its spectrometer

to produce a new higher-resolution model.

- 3.5 HIGH ENERGY PHYSICS

. Thé zed and vertex chambers of the OPAL detector were completed and
tested at CERN. The OPAL detector is the only one of the four LEP de-
tectors that 1s on schedule, on budget, and meeting specifications.

e The SNO proposal was reviewed by an international panel, and given the
highest recommendation for funding.

4. SITUATION ANALYSIS'

Issue 1. Level of resources

While HIA continues to have several notable successes each year, the
present state of equilibrium is 1nherently unstable.

HIA is responsive to and is part of the facility-using community, and
that community exerts constant pressure for new or improved facilities and

greater services. Meanwhile the budget is constrained and the staff comple-
ment continues to decrease. In addition, HIA's flexibility to respond is

restricted because so much of its distribution of resources is determined by
international commitments such as the JCMT, OPAL, and space payloads. Al-
ready HIA has dropped all activities not directly related to our objec-
tives. There are no further resources to be found within HIA without reduc-
ing the services expected by the community.
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The financial resources available to HIA, including some supplements by
the Space Division, are barely sufficient, and staff members are stretched
to their limits in several areas. Cracks are bound to appear. In every
area the story is the same, as the detailed operational plans show. The
Section Heads all have the same complaint, barely enough or not enough mon-
ey, and too few staff members to cope with the work load.

So the real issue is this. How is NRC going to fulfill its mandate in
national facilities for science,'given the rising expectations of the client
coomunity? That community is increasingly ready to sidestep NRC and deal -
with the government through NSERC, seeking resources to operate national
facilities through university consortia. How does HIA present itself as a
credible alternative if it has insufficient resources to respond to communi-
ty needs?

Issue 2. Long term future

What will be the shape of HIA in ten years? The present grouping of
disciplines and their geographical distribution were determined largely by
the conglomerate nature of HIA's formation. Nobody would have designed a
division that way from scratch. Yet none of the sections would now fit well
into any other division in the new NRC. They are related in their studies.
of basic physics. and astrophysics and in their provision of fac1lit1es and
expertise for univers1ty scientists.

There are problems in aimost every'area, some of which might be solved
by a realignment of resources, but these realignments are difficult because
of commitments and because of the geographically scattered nature of the
division.

The problems are particularly acute in radio astronomy, solar,System
physics, and elementary particle physics.

Radio Astronomy: The question of the long-term role that DRAO will
play in radio astronomy will have to be considered. The expanded synthesis
telescope will have a productive 1ife of about a decade, but the Observatory
will need a new direction after the turn of the century. There is a pro-
posal for a new aperture-synthesis telescope to be constructed at Penticton,
but  this could only proceed if it receives the support of the Canadian
astronomical community. The Observatory could, however, continue 1in an
instrumentation support role for radio astronomy, even in the absence of an
operational on-site telescope. There is some urgency in defining, as best
as can be foreseen at the moment, the long-term future of the Observatory
since decisions will soon have to be made regarding the long-overdue exten-
sion to the DRAO office and laboratory building. The group at DRAO is
enthusiastic, motivated, competent and effective, and their efforts should
be directed into areas best supporting the radio astronomy community. More-
over, DRAO has a highly visible presence in the interior of British Columbia
that is consistent with the government's decentralization policy.

The 1long-term future of the Radio Astronomy Section in Ottawa seems
assured through its association with the JCMT, though the past responsibili-
ty for ARO continues to haunt it. Although there would appear to be some
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scientific benefit in bringing the two radio astronomy groups into physical
proximity at one location, there are practical reasons why this should not
be done, at least immediately. 'Both the Radio Astronomy group and the DRAO
group are fully committed at the moment and disruptions could be costly.
Moreover, a rapid move from Ottawa could impact on the fragile morale of the
Radio Astronomy Section. But the situation might be different in the longer
term, when DRAO will be looking for new challenges. For example, it could

make sense to combine the groups with the JCMT as the basic instrument and

submillimeter interferometry as a central research technique. Any
changeover in 1location, or organization, would have to be gradual and
bridging resources would be necessary. .

Should the solar radio group also move to Penticton or remain in Ottawa
jsolated from the rest of the Division's radio expertise? The answer de-
pends on what happens at ARO and whether the solar interferometer can be
kept operating.

Solar System Physics: Despite the fact that the government has pro-
vided modest but dependable funding for space science research as part of
its industry-oriented space program, the future of most aspects of solar
system physics in Canada is in doubt simply because few young scientists are
choosing the subject and universities are not making appointments in this
field. Should HIA try to fill the gap or follow the trend?

In these circumstances Space Division funding could be diverted to
space astronomy, where the demand is growing, and some of the HIA space
expertise could be shifted in this direction too. However, there remains
some basic level of space physics activity in Canada which ought to be
maintained by the government because of Canada's unique geographic position
close to the north magnetic pole and the auroral zone. '

The challenge will be to determine the appropriate size of this activ-
ity, and to allow the two HIA groups to evolve to it without interrupting
existing services or taking on commitments that will last longer than they
can or should be supported.

Elementary Particle Physics: In elementary particle physics, the
problem is that of scale. The group could have a solid future as a centre
of instrumentation expertise for Canadian particle physics, but it is too
small to be credible in that role at the moment. ,

Issue 3. The future of the Algonquin Radio Observatory

After the resurfacing of the ARO 46 m telescope was cancelled, NRC, on
the community's advice, diverted the ARO funding to the JCMT. A low level
of funding was guaranteed for three years to keep ARO viable while a search
was made for an agency willing to take over or pay for the operation of this
still useful centimeter telescope. The funding comes from the HIA budget,
and HIA cannot afford to maintain it beyond the deadline of 1990 March 31.

The search for paying clients has so far been unsuccessful. The like-
liest candidate to date is the NASA program to search for extraterrestrial
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intelligence (SETI), which has a strong interest in using the ARO 46 m, but
is as yet unfunded. L

The Department of Energy, Mines, and Resources, along with York Un1ver-
sity, still uses the telescope occas1ona11y for geophysical 1long-baseline
interferometry, and is anxious to continue to do so, but is unable to pro-
vide the necessary funding to support the full operat1on of the telescope.

Meanwhile, HIA continues to monitor the solar radio flux at ARO with
the solar patrol dish and the solar interferometer. These observations are
distributed worldwide and are used extensively for geophysics. If ARO
closed, the solar patrol could be moved to Ottawa, ‘but the interferometer
would have to be closed down. -

A committee representing un1vers1ty, NRC, government, and industry
interests has been set up to recommend a pian for the future use of ARO to
the Vice President (Science).

It is probable that the question of NASA-SETI funding will not be
resolved by the end of the period of guaranteed support. NRC would then

‘have to decide whether to continue some basic level of interim support until

the question could be settled. If no client .can be found, NRC will have to
decide whether to close down ARO permanently and face the costs of disman-
tiing the telescopes and buiiding. The observatory grounds revert to the
province if they are not being used by NRC, and it is unliker that the
province would be content to have the telescopes mouldering in a Provincial
Park 1ike some Mayan ruin. However, NRC has no legal obligation to restore
the site to its natural condition. :

Issue 4. The eventual shape of HIA

Does it make sense to keep HIA in the scattered condition that history
has bequeathed 1t? Should the Division, or most of it, be brought together
in the same place? While the virtues of relocation are sometimes over-
stated, few would maintain that HIA's present configuration is designed to
maximise effectiveness.

If there were to be some centralization, where should it be? Ottawa
seems to be excluded by government policy. Victoria might be a good choice,
being the site of the biggest non-Ottawa section, and a moderately sized
city where local services are available. However, if Victoria were to be
the site, why amalgamate the two radio astronomy groups in Penticton? And
if the Radio Astronomy Section moved to Victoria, what would happen to
Penticton if it had no new telescope to follow the synthesis array? :

Finally, 1f there were to be a consolidation, which parts of HIA should
come together, and which remain as they are? Should it all take place
quickly, or gradually over ten years? How could it be handied without a
major disruption of the work of HIA?

HIA is discussing these 1long-range questions with the commun1t1es it
serves and with NRC management.
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ADDITIONAL RESOURCES REQUESTED

Staff

HIA has adhered to the pos1t1on controls assigned to it as a result of

the cuts to the NRC budget. As a consequence of these decreasing staff
levels, a number of critical needs have developed. The requirements are
given according to category (temporary, bridging, continuing) but the
priorities given are ranked independently of category.

a

b)

a)

b)

Temporary PY's

Extending the terms of the two OPAL RA's through FY 90/91 and FY 91/
92. The RA's are needed to make the best scientific use of the detec-
tor when it starts operations. NRC has a duty to provide a scientific
reward for the time they have invested in.developing the equipment.
The RA's will have to commit themselves to other appointments now if
their terms cannot be extended beyond the fall of 1989. (Priority 1)

Programmer for DAO. A programmer is needed for 2% years beginning
1 October 1989 to help the CADC through the initial crucial period when
it begins to handle Space Telescope data. (Priority 4)

Telescope Operator for DRAO. A 2-year term is needed immediately to
take over the duties of the present telescope operator while she pre-
pares essential -software for the operation of the full array.
(Priority 3) '

Temporary needs therefore are

FY 89/90 FY 90/91 FY 91/92
- 2.5 PY - 4 PY 3 PY

Bridging PY's

Computer Manager for DRAO. HIA can provide the continuing position

when the present manager retires, but a bridying PY is needed for -
- FY 89/90 to ensure a smooth transition by bringing in the replacement

early to Iearn the job. (Priority 5)

Bridging needs therefore are  FY 89/90
. 1 PY

Continuing PY's

VCOmputer Manager for DAO. DAO desperately needs a manager to take over

the operation of its computer systems so that scientists are freed to

- apply their expertise to data analysis software. (Priority 2)

This need could also be met through a contract with a local company if
funds were made available.

Secretary at Sussex Drive. The secretary HIA supplied to the Office of

‘National Facilities was replaced by a secretary whose term expires in

March 1990. HIA administrative support is at dangerously low levels
and the loss of this position would severely damage administrative
operations. (Priority 6)
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Continuing needs therefore are . FY 89/90 FY 90/91 and onggrds,
: ' : ' 1 PY 2 PY

The total high priority PY needs in HIA are therefore

FY_89/90 FY 90/91 FY 91/92  FY 92/93 and onwards
45  6PY BPY - . 2PV

Additional staff needs_are noted in the Section reports.
Financial |

HIA cannot meet its basic commitments with the budget initially allo-
cated in FY 88/89 and now again in FY 89/90. Only the supplements to the FY
88/89 budget allowed it to survive.

Table B 1ists the survival levels for each Section, without any allow-
ance for contingencies. These levels are, if one combines operations and
minor capital, $3641K in FY 89/90, and $3551K in FY 90/91. The shortfalls
inherent in the present allocation are as follows

, ’ - FY 89/90 FY 90/91
Amount by which the present allocation is short $144K $104K

‘of the minimum requirement

Amount by which the present allocation is short $436K '$388K
of the minimum requirement plus an 8% contingency

In addition, funds are needed to operate and upgrade the DAO Data
Centre and other DAO computers. About $25K per year in operations is needed
for maintenance contracts, and minor capital of $225K is needed in FY 89/90
and FY 90/91 to complete the conversion to distributed work stations.

Another $75K to $150K -a year is needed to purchase computer support
services if no NRC PY s are available (see staffing priorities 2 and 4
above).

The highest priorities for new projects are

1. IR Array Detector: $190K in operations and $40K in minor capital over

the next three years to obtain detector chips and build a system.

2. Sudbury Neutrino Observatory: $211K in operations and $294K in minor
capital are needed over the next two years to continue the development
of this important project.

The high priority financial needs are therefore

_ FY 89/90 FY 90/91
Minimum shortfall : $144K $104K
~ Shortfall plus 8% contingency $436K $388K
Computer maintenance : - $ 25K $ 25K
Distributed work stations $225K $225K
Computer support services - $ 75K $150K
IR array detector $ 90K - $ 70K
Sudbury Neutrino Observatory $300K $205K
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5. DIVISIONAL STRUCTURE

Totrector

Asst. Director

Administrative
Manager

Dorinion Radio
Astrophysical Astronomy Radio

Observatory Section  Astro- Section Physics
' o physical Section
Observatory :

Dominion Planetary Solar
Sciences Terrestrial

Molecular High Central

Spectroscopy Energy Services

Section Physics
Section -
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HIA STAFF LEVELS ON 1 APRIL AT EACH FISCAL YEAR
(14 Feb 1989 for FY 88/89)

1991/92

1988/89 1989/90 | 1990791 1992/93
HIA+VP .| HIA+VP | HIA+VP | HIA#VP| HIA+VP
cY CY+1 CY+2 CY+3 CY+4
Director's Office 3 | 3 3 | 3 3
National Facilities 3 3 3 2 2
DAO (3 RA) 42+1 40+1.5 40+1 39 39
Radio Astronomy (1 RA) 24144 24+4 23 23 23
DRAO (1 RA) 24 24 22 21 21
Planetary Sciences (1 RA) 19 18 17 17 17
Solar-Terr. Physics(1 RA)-}.  18% 18 18 18 - 18
Spectroscopy (6 RA) 20 20 21 21 21
G. Herzberg 3 3 3 3 K
{High Energy Physics 13 12 10 10 10
(2 » 0 RA) o =
Central Services 21 22 21 21 21
TOTAL = TARGET 19145 | 187+5.5 | 181+1 178 178
Additional Staff Required: . :
HEP RA's for OPAL - - 2 2
DAQ Computer Manager 1 1 1 N
DAO Programmer 1 1 1
DRAO Computer Manaqer 1 :
DRAO Telescope Operator 1
Sussex Secretary 1 1 1
89-02-20




89 Feb 10

B - SUMMARY OF HTA REQUIREMENTS

’ TAINLE 1989 JAN 1 DOLLARS
ANNUAL PROGRAMME REVIEW . 1988/89 1989/90 1990/91 1991/92 ‘ 1992/93
’ ' ‘ and Tater years -
op CAP  M.CAP op CAP  M.CAP oP - CAP  M.CAP oP CAP  M.CAP op CAP M.CAP |
K $k  CONTR.| $K $K  CONTR.| 9K $K  CONTR.] $K $K CONTR.[ $K $K  CONTR.
cY $K Cy+l  $K CY+2 3K cY+3 $K . - CY+3 K
Director's Office 76 3 65 7 65 7 65 7 65 7
Administration 234 26 - 230 30 230 25 -+ 230 25 230 25
Supplies 184 180 180 1 180 180
Travel Overcommitment 20 1 -
DAD Base | 1652 392 1 655 120 655 120 655. 120 655 120
Radio Astronomy Base | 302+« 223 190 60 190 60 {190 60 190 60
JCMT Contribution 770 ' 900 950 960 - 950
Solar Studies . h0 10 50 10 50 10 50 10
ARD Maintenance 125 10 .
DRAO Base + Antennas 6 & 7 304 a0 50 | 320 110 190 | 310 10, 500 330 160 310 170
Planetary Sciences 155 35 175 35 176 35 175 35 “175 35
. Solar-Terrestrial Physics 257 a5 250 50 250 50 250 50 250 50
Spectroscopy 240 140 225 155 225 155 - | 225 155 1 225 155
G, Herzherq 14 3 15 3 15 3 15 3 i 15 3
. }
High Enerqgy Physicst 421 47 491 50 491 100 491 100 I 491 100
Total 2949 994 297 670 2836 715 2856 725 P2866 735
Reserve 8% 238 59 2217 57 228 58 229 59
TOTAL 2949 994 3209 724 3063 172 3084 783 3095 794
Initial Allocation 2800 697 27%0 697 2750 697 2750 697
Shortfall -409 -27 -313 -75 -334 -86 -345 - -97
Extra Resources Requested
Radio Ast. Relocations : 100 100. 100
DAQ Data Center & Computers 100 225 ; 175 225 175 125
DAO IR Array Detector 70 20 60 10 60 10
SNO Developments ;100 200 §m 2
Maior Capital project : : : .
‘DRAO Building ' oo 2400 1600 20

- 9L -

*Includes 19K for 1 partial salary al AROQ,
these figures reflect the expected $100K/yr increase for (IFP heqinninqg lqnqlqn
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HERZBERG INSTITUTE OF ASTROPHYSICS

TABLE 1 Divisional Summary by Financial Classification

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS_

. ' . 89/90 90/91 91/92 92/93
° Staff Targets - ' 187 181 - 178 . 178
VP Terms ' 5% 1
Expenditures ($K)
' e Operations 3209 3063 3084 3095
- e Minor Capital - 724 772 783 794
e Major Capital: 190 500
¢ Grants & Contributions ' ’
e Shortfall ' © =436 -388 -420 - -442
° Total Expenditures : 3687 - 3947 3447 3447
Monies-In ($K)
¢ Joint Research Projects. 646 42
e Contracts-In 5 _ 5 5 5
e Financial Arrangements 120 120 . 120 120
e Grants & Contributions _ .
- @ Computer Usage 108 150 150 - 150
e Rent 15 15 15 15
e Total Monies-In 894 - 332 290 290

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
~ PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

_ 89/90 90/91 91/92 92/93
e - Staff Targets 3% 5 5 2
Expenditures ($K) ‘ ,
e Operations 270 446 335 225
e Minor Capital 445 329 10
e Major Capital ' '

. Total Expenditures 715 775 - 345 225

Monies-In ($K)

' e Contracts-In
e Financial Arrangements
e Grants & Contributions

. Total Monies-In
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HERZBERG INSTITUTE OF ASTROPHYSICS

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

Expenditures & Staff

DAO*

Radio Astronomy*
DRAO

Planetary Sciences
Solar-Terr. Physics
Spectroscopy .
High Energy Physics
Director's Office
Reserve 8%

Shortfall

o Total Expenditures

* Includes VP Term Positions

‘ _qu—_iss-I!i ,(;$'K).

DAO

Radio Astronomy
DRAO

Planetary Sciences
Solar-Terr. Physics
Spectroscopy

High Energy Physics
Director's Office
Reserve 8%
Shortfall

e  Total Monies-In

* Includes VP Term Position

89/90  90/91
$ ST $K ST

775 414 775 41
445 28 310 23
650 24 960 22
210 18 210 17
300 18 300 18
398 23 398 24
541 12 591 10
512 28 507 27
292 0 284 0
436 0 -388 O

CTABLE 2 Divisional Summary by Planning Unit

3687 . 1924 3947 182

89/90 90/9]

$K ST $K
140 47
521 10

5 5
108 150
120 120
894 332

91/92
$K ST
775 39
310 23
490 21
210 17
300 18
398 24
501 10
507 26
286 0
420 0
3447 178
91/92
$Kk ST
5
10
5
150
120

290

92/93
$K ST
775 39
310 23
510 21
210 17
300 18
398 24
591 10
507 26
288 0
-442 0
3447 178
92/93
$K ST
5.
10
5
150
- 120
290
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HERZBERG INSTITUTE OF ASTROPHYSICS

TABLE 2 (cont'd)  Divisional Summary by Planning Unit

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PRDJECTIDNS FOR
- PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

89/90  90/91 91/92  92/93
$K ST $K ST $K St $K ST

Expenditures & Staff

DAO 415 1} 470 2 245 2 125 1
Radio Astronomy o 100 100 100
DRAO _ 2 ‘

Planetary Sciences : ‘

Solar-Terr. Physics _ .

Spectroscopy , '

High Energy Physics"’ 300 206 2 : 2
Director's Office o o 1 1 1

e  Total Expenditures =~ 715 34 775 5 345 5 225 2

,Monies;In.($K)

DAO

Radio Astronomy

DRAO

Planetary Sciences
Solar-Terr. Physics
Spectroscopy

High Energy Physics
Director's Office

e  Total Monies-In
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SUPPORT OF OPTICAL ASTRONOMY

~ PREAMBLE

. Astronomy differs from other physical sciences in several important
respects:

The combinat1ons of temperatures, densities and pressures in the ob-

- jects being studied span a range far greater than those whlch can be

produced in any terrestrial laboratory.

Astronomers cannot experiment on their objects; they must often wait -

years or decades to observe natural changes which can give clues to
the nature of the underlying physics.

With ongoing improvements to their ancillary instrumentation, optical
telescopes can have productive 1ifetimes approaching a century.

Observing objects through the eérth 's atmosphere severely lim1ts the

angular resolution and energy or wavelength range observable. The
development of space-based observatories has greatly expanded our
knowledge of the universe and increased the need for ground-based
telescopes to provide supporting data.

These space facilities, as well as the construction of large ground-
based telescopes, have turned astronomy into big science. -

The Canad1an astronomy community is dispersed across the country in a
number ' of university groups of 1 to 20 scientists. Competitive

~ Canadian participation in modern astronomy would be difficult without

the expertise and support which can only be provided by national
facilities.

Astronomy has remained one of Canada's pre-eminent sciences since
1918 when the world's largest telescope at the time was opened in
Victoria.

Optical telescopes also are useful for infrared astronomy and many
optical techniques are appropriate for ultraviolet astronomy from
space. Thus, most IR and UV astronomers consider themselves part of
the optical commun1ty.

The only HIA section dedicated to supporting optical astronomy -and

~the related areas of infrared and ultraviolet astronomy is . the

Dominion Astrophysical Observatory located in Victoria, B.C.

NS Wy S N W N W Gw S BN S M M A o
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OBJECTIVES

To provide expertise and support for optical, infrared, &nd ultraviolet
astronomy in Canada by '

operat1ng telescopes and facilities for use by the community;

designing and deve]oping telescopes and their instrumentation to meet
the needs of the astronomy community;

.developing computer systems and programs for data processing and

analysis, and for the collection and distribution of archival data,

-maintaining a core of 1nf1uentia1 sc1ent1fic and engineering exper-'

tise; and

supporting the sc1entif1c 1nfrastructure, and providing public infor-

mation.
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DOMINION ASTROPHYSICAL OBSERVATORY (DAO)
Section Head: J.E. Hesser '
This group consists of 25 professional, 9 technical, and 6 support positions

for a staff target of 40 on 1 April 1989. In addition there are 1% VP term
positions in this group, one of which is a revenue PY.

1. ACTIVITIES

Each of the activities of the DAO corresponds to one of the bbJec-‘

‘tives. The activities are National Facilities (subdivided into telescopes,

the data centre, measuring instruments, and the library), Instrumentation,
Computing Systems and Data Analysis, Sc1ent1f1c Research, and Support of the
Scientific Infrastructure.

1.1 NATIONAL FACILITIES (8.7 professional, 6.9 technical, 2.6 support,
¥ VP term, $310K) .

~ To meet its objectives in this area, the DAO

operates two telescopes, of 1.2 m and 1.8 m diameters,

is developing an archival astronomy data centre,

provides specialized measuring instruments,

houses the largest collection of astronomy-related books and periodi-
cals in Canada.

During 1988 wOrking visits to DAO were made by 48 scientists, 1ncludihg
extended visits by 11 sabbatical and summer researchers.

1.1.1 TELESCOPES: More than.half the available'telescope time at DAO
is used by Canadian and foreign visiting scientists, including many graduate
students. These telescopes compliement the CFHT, and are used for programs
which: :

- are not suitable for the CFHT, or do not require a large aperture;- or

- involve the development and testing of‘1nstrumentat10n for the CFHT.

To facilitate university faculty research, DAO staff also provide ser- '

. vice observing, in which the requested observations are made when external
users cannot travel to Victoria.

 The telescopes and other facilities are frequently; used by foreign
astronomers (principally from the US), thus helping Canadian scientists to
~gain access to facilities in other countries on a quid pro_quo basis.
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1.1.2 CANADIAN ASTRONOMY DATA CENTRE (CADC): This Centre is being
developed to provide Canadian astronomers with access to data from space-
based observatories (none of which is Canadian) as well as the CFHT, and
adv1ce on processing these data.

The major data file will be from the Hubb!e Space Telescope, which is
expected to be launched in December 1989. For this mission, the Space
Division has agreed to cover the cost to NASA of making a copy for Canada.
This is the first copy NASA has agreed to release to a country not contribu-

ting to the hardware development..

1.1.3 MEASURING INSTRUMENTS: Photographic plates remain an extremely
effective medium for collecting astronomical data, because a large plate has
many more sensitive elements than any electronic detector. Computerized
analysis of plate information requires first converting it to digital form.

- DAO has a collection of over 100,000 astronomical spectrograms which
are frequently consuited and re-analyzed, and a complete collection
of the major sky survey photographs on glass plates.

- DAO operates one of Canada's two precision astronomical microdensi-
tometers, which are necessary to convert the photographic information
into ana]ogue form.

1.1.4 LIBRARY: Because DAO has been in existence for 70 years, its
1ibrary has an unusually complete collection of books, journals, and sky
survey atlases. This collection is frequently consulted by astronomers in

Canada and the northwestern USA.

1.2 INSTRUMENTATION (6.0 professional, 1.6 technical, 1.4 support, 1 VP
term, $115K) : ‘ .

Because astronomical instrumentation is very specialized, it is not
normally available commercially, so in most cases it is designed and pro-
duced by observatory and university groups. To meet its objectives, DAO has
developed expertise at an internationally recognized level in:

- optical, mechanical, and electronic design; and
- mechanical and electronic fabrication.

1.3 COMPUTING SYSTEMS AND DATA ANALYSIS (1.2 professional, 0.5 technica1,
0.6 support, $215K)

DAO must support a Broad range of computer services because they are
now essential for all of the Observatory's objectives. These services
include: '

design and engineering of optical systems and instrumentation,
reduction and interpretation of data,

acquisition, retrieval and transm1ssion of data from archives, and
astrophysical modelling.



- 24 -

1.4 SCIENTIFIC RESEARCH (8.1 professional, 1.2 support, $120K)

Original scientific and technical research is the basis of DAO's excel-
lent international reputation and is central to achieving its service objec-
tives. DAO staff members publish more than 60 research papers annually.

The breadth and depth of scientific interests enables DAO to provide
leadership and guidance in areas of astronomy ranging from stellar astro-
‘physics to massive black holes, and to respond to community needs for inno-
vative instrumentation and analytical techniques. For example, DAO staff
astronomers have distributed widely software written for sophisticated data
reduction tasks first tackled in their research.

1.5 SCIENTIFIC INFRASTRUCTURE (1.0 professional, 0.2 support, $15K)

DAO staff members serve on the executive and editorial boards of most
major national and international scientific bodies. These include the
International Astronomical Union, the Canadian Astronomical Society, the
Royal Society, the Royal Astronomical Society of Canada, the Amer1can
Astronomical Society, and the Astronomical Society of the Pacific.

DAO staff members also support a vigorous public information program in
Victoria and respond to numerous official and unofficial inquiries for
astronomical data.

2. FUTURE DIRECTIONS AND PRIORITIES

DAO priorities and directions reflect advice from the NRC Associate
Committee on Astronomy and the Canadian Astronomical Society. A User's
Committee covering all aspects of DAO activities and reporting to the
Director of HIA will be established early in 1989.

Listed below are the primary projects for the next few years.
2.1 NATIDNAL FACILITIES
FY 89/90

~ o Complete the conversion of the 1.8 m telescope and dome to computer
control, and install a larger control room with greatly improved ther-
mal insulation, and a roof which will facilitate maintenance of the
telescope.

e Explore the optical design of a polarimeter system for the coudé spec-
trographs of the DAO and CFHT with the Universities of Western Ontario,
and Montreal, and Brandon University.

e Participate in the prelaunch system tests for the Hubble Space fele-
scope in preparation for the acquisition, cataloging, storage and dis-
tribution of HST data.
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Implement the archiving system for CCD images from the CFH Telescope.

Acquire and install additional catalogs, such as the NASA Catalog of IR
observations, within the CADC system.

Learn and develop methods of analysis of HST data, sd that DAO may
assist Canadian astronomers in process1ng these data.

Complete the 1nsta11ation of the DAO stellar. photometry software within

the main HST data analysis system, and develop algorithms suitable for
treatment of undersampled 1mages.

Conduct a workshop on CADC services at the 1989 CASCA meeting at the
University of Montreal. -

Complete and distribute to the scient1f1c community the first edition
of a DAO/CADC Facilities Manual.

Longer Term:
If the requested additional funds become available, operate the

Astronomy Data Centre so that Canadian astronomers have access to all
archival data from the HST through computer networks.

"INSTRUMENTATION

FY 89/90 . ‘
Under contract to the CFHT, continue the design and fabrication and
project management of the multi-object spectrograph (MOS) in collabora-
tion with French scientists and engineers. .

Part1cipate with NASA and Canadian industries in engineer1ng studies

- for the ym satellite.

Longer Term

Contribute s1gn1f1cant1y to the des1gn of the next generation optical

- telescope for Canada and assist in the development of other proposals

for new optical facilities.

If the requested additional funds are provided; construct detectors to
enhance DAO expertise and .to extend significantly the spectral range
and data collection efficiency of the DAO telescopes.

Highest priority will be given to a 1-2.5 micron infrared array for use
on the 1.8-m telescope. Implementation of an IR array at DAO would:
(1) foster research in some of the most rapidly developing areas of
modern astronomy; (2) enhance productivity by offering a unique survey
capability unaffected by bright moonlight; and (3) develop instrumenta-
tion expertise at DAO. The DAO has been invited to join a U.S. univer-
sity consortium which is negotiating for the latest technology chips



from the developer, Rockwell International Inc. The consortium's pro-
gram is expected to deliver to each participant one array in FY 1989/90

- and one four times as large in FY 1990/91.

As a second priority DAO proposes to build a-large-format (2048 x 2048
pixel) low-noise CCD system that would more than quadruple the effi-
ciency with which the Victoria telescopes can record spectral informa-
tion for faint objects. The engineering experience would be useful in

o developing a mosaic of large-format CCDs for imaging at the CFHT.

2.3

2.4

2.5

The IR array and large ccb would keep the DAO telescopes performing at-

internationally recognized standards of excellence.

COMPUTING SYSTEMS AND DATA ANALYSIS

FY 89/90 and 90/91

Continue the conversion of the VAX VMS-based computer system to a dis-
tributed workstation configuration based primarily on Unix machines.
This conversion began in FY 1988/89 with a special year-end Vice-Presi-
dential allocation, and requires the remaining $450K.

SCIENTIFIC RESEARCH

Continue research on topics including the distribution and”physica1

characteristics of quasars, distances to nearby galaxies, properties of
star clusters in galaxies, muitiple star systems, and publication of -

the 8th Edition of the “Catalogue of the Orbits of Spectroscopic Binary
Stars", which is a critical compilation of data for over 1400 systeme.

SCIENTIFIC INFRASTRUCTURE
FY 89/90

- Plan and host the 1989 “Kingston Meeting" on theoretical astrophysics,

and the Northwest Regional Astronomy Conference (on active galaxies).

3. RESULTS FROM THE PAST YEAR 1988/89

An office building extension started in 1987 August was officially

opened in 1988 July by the Minister. The extension approximately doubled
the floor space to provide needed accommodation for the library, computers,
electronics and photographic laboratories, as well as offices for visiting
scientists. This ended more than a decade of severe crowding and is enab-
1ing DAO to attract an increasing number of visiting scholars.
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NATIONAL FACILITIES

“Major modifications to the dome of the 1.8-m telescope will be complete

in 1988/89, and will enable the final stages of computer control to be
1mplemented. :

The CADC became operational and now has 85 users outside DAO (equiva- -

lent to 25% of the CASCA membership). CADC's proposal to archive digi-
tal images from the CFHT's CCD detectors was approved by the CFHT Board
of Directors.’

CADC staff demonstrated remote access to its facilities during the
CASCA meeting at Trent University. They also organized at DAO a work-
shop on the IRAF software environment which was attended by some 40
astronomers from across Canada.

For the third year in a row, an open house was held in the fall for new
students at area universities to -acquaint them with DAO facilities.

INSTRUMENTATION

In collaboration with the University of Montreal, and with partial
financial support from CFHT, an experlmental Very High Resolution
Camera was developed to explore how to improve further the angular res-
olution of CFHT images. Two successful observing runs at CFHT (includ-
ing visitor use) have led to suggestions for minor improvements to the
apparatus which will be completed in 1988/89. These runs confirmed
that further adjustments of the CFHT optics are now necessary.

A new, specialized multi-object spectrograph, for the Cassegrain focus

. of the CFHT was begun as a joint effort by Canada and France. The DAO

is responsible for overall project management, mechanical design and
fabrication of the multi-object portion of the instrument, and elec-
tronic control. The spectrograph should be coomissioned in 1990.

Special studies for the proposed High Resolution Telescope were made
for the University of Montreal.

Investigations of the detectors and the optical design of the Lyman
satellite telescope were performed for the ESA study.

DAO assisted scientists at Laval University, NASA, Simon Fraser Univer-
sity, the University of British Columbia, the University of Calgary,
the University of Il1linois, the University of Montreal and the Univer-
sity of Toronto with optical design work.

COMPUTER SYSTEMS AND DATA ANALYSIS

Four Sun workstations were ordered using funds made available from the
Vice President's reserve, for the first phase of DAO's computer
development plan. ‘
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With funding from the Division of Informatics, DAO joined BCNet, wh1ch
provides access to the very large US networks.

SCIENTIFIC RESEARCH

Discovery of a significant range in the ages of the oldest star clus-
ters of the Milky Way galaxy that challenges long-held assumptions that
these clusters were formed at the same epoch;

Evidence for a possible supermassive black hole in the nucleus of the
relatively nearby Sombrero Galaxy; .

Observations which support the concept that many of the properties of
the most luminous galaxies result from mergers between galaxies;

AnaIysis of a statistically complete sample of quasars which shows that
while some clustering 1is evident, the distribution is remarkably
smooth, in contrast to the spatial distributions of galaxies;

Lack of any obvious concentration of luminous spiral galaxies in sur-
vey in the direction of the proposed enormous mass concentration called
"Great Attractor", thereby casting doubt on the interpretation of the
velocity data from which the existence of the mass was inferred. ’

Prestigious national and international awards that honoured two,DAb
staff astronomers, including one who was elected a Fellow of the Royal
Society, London.

SCIENTIFIC INFRASTRUCTURE

A major contribution to Canadian computer networking was made by CADC
staff through the NRCNET 1n1t1ative.

ICanada was represented by DAO staff members at various meetings aimed

at exploring possible collaborations with Russ1an, American, European
and Japanese space astronomers.

Under PRIS management .a professional team designed a new public display
gallery for the dome of the 1.8 m telescope. The display should be in
place in FY 1988/89 and will describe NRC as well as HIA and DAO activ-
ities. In FY 1987/88 9000 of the 25,000 people to visit the Observa-
tory were given personally conducted tours by Observatory staff, large-
1y on volunteered time.

SITUATION ANALYSIS

Staffing concerns represent the single biggest issue at DAO. Over the

past two years concerted efforts have ensured that each section member's
efforts are focussed on the highest priority tasks. Many redeployments have
been necessary. Furthermore, the APR objectives served as the focus of the
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interviews for the Personal Performance Reviews conducted at DAO in December
1988 and January 1989. Nevertheless, the options are limited. The Observa-
tory is understaffed for what the community and the Council expect of it.

The shortage of staff is particularly serious at the Canadian Astronomy
Data Centre, now that the Hubble Space Telescope has the definite launch
date of 11 December 1989.

The formal proposal for the "Space Telescope Canadian Data Analysis
Facility” was submitted to NRC's Program Selection Committee in 1984-85.
This proposal called for resource levels of 7 PY's (including 2 RA's at the
Space Telescope Science Institute in Baltimore), an operations budget of
$160K/yr, a minor capital budget of $25K/yr, and major capital acquisitions
of $750K for computing facilities and $500K for additional accommodation.
It was noted that the costs of acquiring HST data were highly uncertain, but
these were estimated at $100-200K/yr.

This proposal received an A rating from the PSC, but the NRC Council
later took the unusual action of overriding the PSC recommendation, and
raised the rating to A+. The Canadian Astronomical Society and the Joint
Subcommittee on Space Astronomy have maintained their strong support for
this project.

The resources actually provided were the major capital for hardware
acquisition, and accommodation in the new DAO building extension. If the
Space Division funds the HST data acquisition, the DAO budget can probably
accommodate other CADC operations costs excluding equipment maintenance con-
tracts. However, of the 7 PY's required, NRC has provided only 2, plus a
term position for a programmer which runs out on 30 September 1989. Exper-
ience shows that the original PY estimate was close to the real needs.

Already DAO has provided about 1.8 PY's. Some additional help is needed,

particularly with computer expertise that cannot be found by reassigning
additional people now on the DAO staff. The most needed positions are a
computer system manager and two programmers. Without these extra staff
there is the very serious risk that the DAO will fail to provide the basic
services Canadian astronomers are expecting in their use of HST data, and
that we shall lose the excellent reputation we now enjoy with the U.S. Space
Telescope Science Institute.

Another consequence of the staff shortages at DAO is an accelerating
decrease in scientific research upon which DAO's ability to meet its service
objectives ultimately rests.

There is considerable pressure on the financial side too. In FY 88/89,
the DAO met its essential expenses only by converting some minor capital to
operations, and by eliminating its computer hardware and software mainte-
nance contracts. Similar measures will be taken in 1989/90, but cannot con-
tinue much longer if we are to have reliable and up-to-date facilities.
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5. ~ ADDITIONAL RESOURCES REQUESTED
5.1 NATIONAL FACILITIES -

- Staffing

The highest pr1or1t1es for additional staff relate to the CADC and the
Observatory's. computers.

a) In FY 1989/90' a brofessional systems manager for the networked

computers.

b) Beg1nn1ng 1 October 1989, a term programmer for at least 2% years while
~ the CADC becomes operat1ona1.

c) Beginning in FY 1990/91 another computer programmer for the CADC.

Alternatively, many of these services could be obtained from private-

sector contracts if funds were available. For this purpose we are request-
ing additional operating funds of $75K in FY 1989/90 and $150K in the next
" two _years and then $100K/yr.

Financial

DAO's computer communication costs have been rising as CADC services

become more popular. DAO will probably have to make CADC users pay, .al-
though in the US NASA and the NSF are providing free communication to sci-
entific groups.
5.2 INSTRUMENTATION

Staffing

Critical contributions by a designer, a machinist and an e]ectrbnics

technician at present are being covered by casual appointments, and a .

revenue position with costs recovered from the CFHT and the HRT design
contracts. One more HIA pos1t1on would give more stability to the
instrument efforts.

Longer term goals include a continuing position in three years or so to
succeed the present interim leader of the Instrumentation Group.

Financial

Exploitation of the opportunity to join the U.S. consortium developing
new IR arrays with Rockwell (see 2.2, above) will require approx. $70K
additional operations money and $20K minor capital in FY 1989/90 and $60K
and $10K, respectively, in FY 1990/91 and FY 1991/92.
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5.3 COMPUTER SYSTEMS AND DATA ANALYSIS

Staffing

See Section 5.1.

Financial

Towards the end of FY 88/89 the Vice President allocated $155K in minor
capital to initiate the major computer system upgrade. The balance of the
request ($450K) is necessary over the next two years.

DAO needs at least $25K per year to restore some of the cancelled main-
tenance contracts during FY 89/90 and to take out basic maintenance on soft-
ware for the Sun work stations.

5.4 SCIENTIFIC INFRASTRUCTURE
Staffing _
In 1989 DAO will lose one of its most recognized younger scientists to

a foreign university; the ‘1oss exacerbates the decline in scientific effort
referred to in Section 4. A replacement is extremely important.
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 TABLE 3 Planning Unit Summary by Financial Classifigg;ioh

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

| 89/90
o  Staff Targets 0
VP Terms 1.5
Expenditures ($K)
e Operations 655
e Minor Capital 120
e Major Capital
. Total Expenditures 775
Monies-In {§K)
o Joint Research Project 135
e Contracts-In
"o Financial Arrangements
e Grants & Contributions
e Rent 5
. Total Monies-In 140

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR °

'~ 90/91

40
1

655 -

120

775

a2

5

47

655
120

775.

5
5

655
120

775

5
5

PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

89/90

. Staff Targets
Expenditures ($K)
¢ Operations
e Minor Capital
e Major Capital

e  Total Expenditures

Monfes-In ($K)

e Contracts-In .
‘e Financial Arrangements
. o Grants & Contributions

. Total Monies-In

1k

170
245

415

90/91

2

235
235

470

91/92

2

235

10

245

92/93
1

125

125

- R

N . .
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DOMINION ASTROPHYSICAL OBSRVATORY

Table 4 Planning Unit by Projects for 1989/90
(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS'

EXPENDITURES-

- v RECEIPTS
I Project ST Ops Minor Major Total | | Revenue Fin. G&C Total
- Code , Cap Cap Exp Arrang.
10000 104 195 10 205 5 | 5
15000 15 250 50 - 300 _ ‘ .
16000 6 100 . 55 155
17000 10 110 5 115 135 \ 135
---------------------------------------------------------------------- TOTAL
*41% 655 120 775 140 140

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
' PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

——EXPENDITURES - RECEIPTS
I Project ST Ops Minor Major Total | | Revenue Fin. G&C Total
Code Cap Cap Exp Arrang.
10000
15000 '
16000 1, 100 225 325
17000 70 0 20 90
---------------------------------------------------------------------- TOTAL
170 245 415

10000 DAO Research in Astronomy [Activity I, Application 1]
' (scientific research, scientific infrastructure)

15000 DAO National Facility [Activity IV, Application 1]
(telescope measuring instruments,library, computer systems,

: "~ data analysis)

16000 Canadian Astronomy Data Centre (CADC) [Activity IV, Appl1cation 1]

17000 Instrumentation [Activity IV, Application 1] (DAO, CFHT,
University of Montreal)

*Includes 1.5 VP PY's.
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SUPPORT OF RADIO ASTRONOMY

PREAMBLE

Radio astronomy is a generic term that describes observations of
natural electromagnetic emissions from the universe at_wavelengths from
more than 10 m to less than 1 mm, a range approaching 105. The instrumen-
tation problem is quite different from that of ground-based optical and
infrared astronomy, which only has to cope with a wavelength range less
than 104. Radio telescopes come in a variety of shapes, sizes, and confi-
gurations that reflect different compromises with the limitations imposed
by mechanical feasibility. There is a much greater tendency for radio
telescopes to be optimised for specific purposes, particular types of

observations, or certain ranges of wavelength. A modern radio telescope

typically costs tens of millions of dollars.

Because of the cost and variety of telescopes, much radio astronomy 15

carried out on an international scale, with each active country contribut-

ing to the world pool of instrumentation according to its ability and pre- -

dominant interests.

Radio telescopes come in two basic types, single dish parabolic re-
flectors and aperture synthesis arrays. The technologies and signal pro-
cessing techniques associated with the two types are quite different, as
are the techniques associated with different wavelength regimes.

Canadian radio astronomers have a strong interest in galactic astron-
omy, so the national observatories reflect that interest. Canadian extra-
galactic astronomers are served by foreign observatories just as foreign

astronomers have access to Canadian telescopes in the unofficial gquid pro -

quo that is prevalent internationally.

There are two HIA sections which support and operate national facili-
ties for the radio astronomy community. Both sections have identical
objectives, but the application and interpretation of these objectives
reflect different scientific interests and are based on different technolo-
gies. .

, The Radio Astronomy Section is located in Ottawa. The research commu-
nity it supports and participates in has as its main interest molecular
astronomy, i.e. the physics and chemistry of molecules in space. Such
astronomy is best served by single dish antennas operating at the high fre-
quencies where most of the molecular line emissions occur. The Section
provides telescopes, instrumentation, and data systems for this field.

The Radio Astronomy Section also operates the Ottawa River Solar
Observatory, and two solar radio telescopes at the Algonquin Radio
Observatory (Lake Traverse, Ontario) that have been providing basic solar
data for several decades. '
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The Dominion Radio Astrophysical Observatory (DRAO) is located near
Penticton, B.C. The users served by this national facility are mainly
interested in the physical processes in the diffuse interstellar medium as
evidenced by synchrotron continuum radiation from electrons orbiting in -
magnetic fields, by thermal continuum emission from regions of ionised
hydrogen, and by 1ine emission from the electron spin-flip in atomic hydro-
gen. These emissions occur at relatively low frequencies, so that aperture
synthesis techniques are needed for acceptable angular resolution.

DRAO's main instrument is an aperture synthesis telescope that is
uniquely suited to studies of the low density interstellar medium. DRAO is
a centre of expertise in the aperture synthesis technique.

The Observatory also has a 26 m diameter antenna that observes radio
spectral lines at decimeter wavelengths. In addition, DRAO extends the
daily coverage of the solar flux monitor with a solar radio telescope
identical to one at ARO. :

OBJECTIVES
To support radio astronomy in Canada by

- operating radio telescopes and facilities for use by the astro-
nomy community .

- developing instrumentation and systems for signal detection and
processing

- developing computer systems and software for data processing and
analysis

- designing and developing new or improved telescopes to meet the
evolving needs of the community

- maintaining a core of scientific and engineering expertise

- supporting the scientific infrastructure - and providing public
‘ 1nformation.
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RADIO ASTRONOMY SECTION

Section Head: 'J. M. MacLeod

This group consists of 15 profesSional and 9 technical positions, for a
staff target of 24 on 1 April 1989. In addition there are 4 VP term posi-
tions ending on 31 March 1990 for the maintenance of ARO. -

1.  ACTIVITIES

Each activity corresponds to one of the objectives. The activities are
operating telescopes and facilities, developing instrumentation, developing
new or improved telescopes, conducting scientific research, and supporting
the science infrastructure.

1.1 TELESCOPES AND FACILITIES: (2.5 professional, 2.0 technical, $10K*)

Canada is a partner with the United Kingdom and the Netherlands in
operating the world's largest submillimeter telescope, the 15-m diameter
James Clerk Maxwell Telescope on Mauna Kea, Hawaii. The costs are shared
55% from the UK, 25% from Canada, and 20% from the Netherlands. Available
observing time is allocated in the same proportions, on average.

The Radio Astronomy Section supports the JCMT as a National Facility
for Canadian astronomers. Four members of the Section have been posted to
Hawaii to provide on-site operational support, and one has been posted to

-Edinburgh, the headquarters of the facility. Several members of the Section

participate in various committees related to the telescope.

1.2 INSTRUMENTATION: (5 professional, 3 technical, $55K*)

As part of the JCMT Agreement, HIA maintains a well-found lab to devel-
op and test receiving systems and instrumentation for the JCMT. Construc-
tion costs and some development costs are borne by the JCMT Development
Fund. HIA bears the cost of the well-found 1ab.

1.3 NEW OR IMPROVED TELESCOPE SYSTEMS: (0.1 professional)

The Section played a significant role in the ESA study of the orbiting
radio telescope Quasat and w111 have a small part in the similar Soviet
Radioastron.

*In addition, there is an annual contribution to the JCMT organization of
25% of operating costs (about $750K) and 25% of the Development Fund
(about $250K).

N s N e

i G 0NN NS e =m

B



G WS R R W o0 an e NS R R TN N a G S N e

- 37 -

1.4 SCIENTIFIC RESEARCH: (5.4 professional, $185K)

The Section carries out active research in radio-astronomy to keep up
with scientific and technical progress in the field and to maintain its
credibility with its international partners and the community it serves.
Section astronomers specialize in research on the chemistry and physics of
interstellar molecular clouds and benefit from laboratory information pro-
vided by the HIA Spectrocscopy Section.

The Ottawa River Solar Observatory at Shirley's Bay is an advanced

optical facility which is used for studying dynamic phenomena on the surface -
of the Sun and their relationship to the 11-year cycle of solar activity.

1.5 SSCIENTIFIC INFRASTRUCTURE: (2 professionals, 4 technical, 4 VP Terms,
195K)

Daily radio observations of the sun at 10. 7 cm wavelength have been

" made with a 1.8 m diameter telescope for ever 40 years. These observations

constitute the longest continuous record of the solar radio flux and are
recognised as the best indicator of solar activity. For the past 20 years
these measurements have been augmented by high resolution observations with
the ARO solar interferometer that locate active regions on the sun. These
data are of considerable use in assessing solar effects on radio communica-
tions, space missions, geophysical exploration, and long distance power
transmission. The information is transmitted daily to the Department of
Energy, Mines, and Resources in Ottawa and to the National Geophysical Data

Centre of NOAA in Boulder, Colorado, which redistributes it to many inter-

national users. The Section also mails monthly solar reports to 90 users in
Canada and abroad. _ .

The time of sunrise or sunset at a particular location and date often
is required for a court case or for another government agency. During 1988,
there were approximately 400 requests from 100 separate agencies for infor-
mation of this nature.

The 46-m telescope at ARO has been mothballed since 1987 April 1 while
its future is considered. A staff of four at the observatory carries out
mechanical and electrical maintenance on the telescope, which is still used
occasionally for geophysical very-long-baseline interferometry. The four
positions have been guaranteed only until 1990 March 31.

2.  FUTURE DIRECTIONS AND PRIORITIES
2.1 TELESCOPES AND FACILITIES

The section has an ongoing commitment to provide the best possible ser-
vice to meet the needs of Canadian JCMT users. However, the operation of
the telescope is the responsibility of the Royal Observatory, Edinburgh, so
that operational objectives cannot be determined for the telescope by the
section alone.



- 33.-

~ 2.2 INSTRUMENTATION

Very sensitive receivers are required for the JCMT. The Section will

provide a receiver using a high performance superconductor-insulator-super-

conductor (SIS) mixer for the important band between 330 and 375 GHz. The

initial effort will concentrate on a single-beam receiver, to be followed by
- a multi-beam receiver.

2.3

FY 89/90

345 GHz SIS RECEIVER: The Section has entered into a collaboration
with the University of Kent and the Rutherford Appleton Laboratory
(RAL) in the UK, to build a single-beam SIS receiver for the JCMT.
Kent will supply lead-alloy SIS junctions to RAL for integration into
waveguide mixer blocks and installation into a prototype receiver,

which will be tested on the JCMT before the end of 1989/90. Meanwhile,

the RA Section will build a phase-locked local oscillator system for
330-360 GHz which will be incorporated in the prototype along with a
higher frequency mixer from Kent and RAL, with telescope tests expected
in early 1990.

SIS JUNCTIONS AND PLANAR ARRAYS: A second collaboration involving the
Radio Astronomy Section, the University of Alberta, and the DAO has
begun research on the construction of niobium nitride SIS mixers, which
appear to be more rugged than lead alloy devices and operate at much
higher frequencies. The primary goal is to incorporate a NbN mixer: and
an IF amplifier on the same substrate as a wideband planar antenna.

Goals for 1989/90 will be to measure the current-voltage characteris-

‘tics of the NbN junctions at microwave frequencies, to construct

scaled-up models of high efficiency planar feeds, and to determine the
optimum design.

~ Longer Term

345 GHz SIS RECEIVER: The longer term goal of this project at HIA is
to produce a receiver of standardized JCMT design for the frequency

range of 330-375 GHz. The f1rst test observations should occur in late .

1991.

PLANAR ARRAY PROJECT: The goal is to construct planar arrays of NbN
SIS junctions, perhaps 8 x 8 elements, along with the planar feeds to
permit using these arrays on the JCMT as submillimeter cameras. Obser-
vations of extended sources of submillimeter emission will be possible
in a fraction of the time presently required. The timescale envisioned
for this project is 5 to 6 years.

NEW OR" IMPROVED TELESCOPE'SYSTEMS

Study the requirements for using the JCMT as one element of a submilli-
meter VLBI array in the mid-1990's.

i . B . . - .
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SCIENTIFIC RESEARCH
FY 89/90

The spectrum of the dense gas clouds associated with IRC +10216 will be
observed with the JCMT from 223 GHz to 270 GHz to attempt identifica-
tion of the numerous lines expected: The excitation of a number of
species in the molecular envelope of this carbon star should then be
understandable.

During 1989/90 a large number of asteroids will be observed at 5 wave-
lengths with the JCMT, and for the brighter ones information will be
obtained at different phases of their rotations. It may well be possi-
ble to determine which asteroids are metallic.

The dynamics of a cloud of gas which appears to be falling into the
nucleus of the peculiar galaxy Centaurus A will be studied with the
Very Large Array in New Mexico, using radio em1ss10ns from OH and for-
maldehyde.

SCIENTIFIC INFRASTRUCTURE
FY 89/90 | | |
A major modification and upgrade of the solar radio teIescopes is con-

centrating on replacing the ARO control computer in early 1989 and com-
pleting the installation of a dual-horn system for absolute calibra-

tions.

In the past, sunrise-sunset information has ‘been provided free of
charge. A decision has been taken to charge users for the service. A
fee scale w111 be worked out in early 1989.

Longer Term

The receiving systems at the ARO solar flux monitor and the interfero-
meter will be replaced with modern equipment. The DRAO solar flux mon-
itor will have its receiver repltaced, and will have a new control com-
puter, identical to the ARO computer. Absolute calibration of the
solar flux will be carried out on a routine basis, using the new dual-
horn calibration system.

MAINTENANCE OF THE'ALGONQUIN RADIO OBSERVATORY
FY 89/90 |
The goal will be to maintain the 46-m telescope in such a condition

that it can be used for irregular geophys1cal very-long -baseline obser-
vations when required.
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Longer Term

e The goal is to find one or more outside agencies which will pay enough

for the use of the Algonquin Radio Observatory to keep it working. Two
candidates at present are the NASA program to search for signs of ex-
traterrestrial intelligence (SETI) and the French Vesta space probe
project. The Department of Energy, Mines, and Resources would continue
to be a partial user of the 46 m telescope.

3. RESULTS FROM THE PAST YEAR 1988/89

3.1 TELESCOPES AND FACILITIES

Since JCMT operations began in 1987 September, the Canadian participa-
tion has grown dramatically. The percentage of available time granted to
Canadian programs on a competitive basis has increased from 12% to 29%, and
the number of Canadian proposals per semester has gone from 15 to 36. New
users, mostly young astronomers, are coming to the JCMT from universities
all across the country, and from outside the traditional groups of Canadian
radio astronomers.

e The full complement of four staff members stationed in Hawaii was
achieved. Section members working in Hilo for the JCMT are now con-
sidered a key part of the operation and maintenance team.

3.2 INSTRUMENTATION

. AOS-C: The Canadian acousto-optical spectrometer was delivered to
Hawaii in August, and installed on the JCMT in November. It has great-
1y improved the quality of spectra, and is now the only reliable spec-
trometer on the telescope.

¢ Phase- Locked Local Oscillator for 330-360 GHz: Al1l the required compo-

nents for this system were ordered, and a computer program to remotely
control it has been wr1tten. , .

e Planar Antennas for SIS Arrays A scale model of a very efficient,

extremely broad-band planar antenna has been constructed and tested.,

The interactions among several such antennas mounted together have been
studied.

3.3 NE“ OR IMPROVED TELESCOPE SYSTEMS

e  QUASAT, a proposal to launch a satellite for very-long-baseline inter-
ferometry was not selected by the European Space Agency. Nevertheless,
the work done by the RA Section and a private contractor supported by
the Space Division left ESA with a very favourable view of Canadian
capabilities. Discussions have begun with Sov1et astronomers on the
similar Radioastron.
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3.4 SCIENTIFIC RESEARCH

e. The proposal to survey the submillimeter spectrum of the envelope of
the carbon star IRC +10216 has achieved long-term status on the JCMT.
Approximately 8% of the spectrum has been surveyed and several uniden-
tified l1ines have been detected.

¢ The nebula L723, which initially appeared to be quadrupo]ar, has been
shown to be a bipolar nebula with a very large opening angle for its
outfiow lobes.

e Initial observations of asteroids with the JCMT have detected 11 ob-
Jects, and spectra of several have been observed at five different
wavelengths, including 350 microns, the shortest radio wavelength at
which asteroids have been detected.

e The nearness of the large radio galaxy Centaurus A has made it possible

: for details of the spatial distribution of its molecular gas to be
studied with the Very Large Array. A cloud of gas which is falling
into the nucleus has been shown to be internal to the galaxy.

° A new system was installed on the ORSO photoheliograph for measuring
the positions of solar events and for automatically acquiring preselec-
ted target areas on the sun. Software developed for the solar image-
processing system is now making possible 2-dimensional spectroscopy of
solar flares photographed at ORSO.

3.5 SCIENTIFIC INFRASTRUCTURE

* A new Computer control and data logging system for the solar radio flux
monitor was installed at ARO.

e An additional index of solar activity has been developed by combining
observations from the flux monitor and the 32-element interferometer to
eliminate the bright compact sources and provide a better measure of
the widely distributed thermal activity.

4., SITUATION ANALYSIS
4,1 TELESCOPES AND FACILITIES

The high cost of posting Section members to Hawaii and Edinburgh has
now been paid for the present three year cycle. However, in FY 90/91, addi-
tional funds will be required to move four people from Hawaii to Ottawa and
a further four from Ottawa to Hawaii. Attempts will be made to spread out
the postings over several years.

After 1% years of operation, the JCMT 1s still not performing as well

as it might; primarily because of a lack of low-noise receivers. If the SIS

prototype receiver being built by HIA, Kent and RAL is successful, the most
important frequency range will be covered with a competitive instrument.
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4.2 INSTRUMENTATION

Proposals for new instrumentation for the JCMT are initiated in each of
the three contributing countries, channeled through two committees of the
-JCMT, and then approved by the JCMT Board, before money from the Development
Fund is finally granted. The six-month cycle of this process causes delays
in obtaining approval and financing for instruments.

4.3 SCIENTIFIC INFRASTRUCTURE

The future of the solar radio program is tied closely to the future of

ARO. If ARO continues to operate beyond March 31, 1990, as the result of

.outside financial support, it is expected that the solar radio telescopes
will remain based at ARO and DRAO. If, however, ARO is permanently closed
down, the solar flux monitor will have to be moved to a new location close
to Ottawa, and the interferometer probably will be closed.

At present, there are four VP term positions to cover maintenance of
the observatory until 1990 March 31. A committee with representatives from
- NRC, U. of Toronto, York U., EMR, and other Canadian institutions is explor-
ing options for the future of ARO beyond this deadline.

5. ADDITIONAL RESOURCES REQUESTED

5.1 TELESCOPES AND FACILITIES

Financial

The requirement to move four families between Ottawa and Hawaii every
three years, on the average, and to move one family between Ottawa and
Edinburgh every three years, will cost approximately 10 x $30K = $300K for a
three year cycle, or about $100K per year above the regular Section budget.
5.2 INSTRUMENTATION

Staffing

The highest priority staffing requirement in the Section is a continu-
.ing position for an electronics technologist to build electronic circuits
for the JCMT.

_Finane1a1

- $50K in minor capita1 to finish equipping the Section as a well-found
laboratory for the JCMT. - ‘
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5.3 SCIENTIFIC INFRASTRUCTURE

Staffing

e A one year term position in 1989/90 for a technologist who will have

- primary responsibility for the maintenance of the solar radio telescopes.

Financial

An additional $30K of minor capital is required for the solar astronomy
budget for 1989/90 in order to purchase critical components for the solar
radio upgrade (receiver components) and to purchase components for a mirror
stabilization system for ORSO which will enable useful data to be taken on
windy days. :

e A client agency willing to pay the operating costs of ARO beyond 31
Mar;h 1990. ' :
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Planning Unit Summary by Financial Classification

(A) PROJECTIONS BASED ON

APPROVED RESOURCE LEVELS

89/90 90/91
e  Staff Targets 24 23
VP Terms 4 N
- Expenditures  ($K)
e Operations 365 240
- o Minor Capital - 80 70
e Major Capital
K fqta] Expenditures 445 310
Monies-In ($K)
® Joint Research Projects 511
e Contracts-In o 5 5
.« Financial Arrangements
e Grants & Contributions ,
e Rent 5 5
.. "thal Monies-In 521 10 -

91/92

23

240
70

310

5
10

240
.70

310

5

10

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
- PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

e  Staff Targets
Expenditures ($K)

* Operations
¢ Minor Capital
e Major Capital

. Total Expenditures

- Monies-In ($K)

e Contracts-In

89/90  90/91

100

100

¢ Financial Arrangements
e Grants & Contributions

) Total Monies-In

91/92

100

100

92/93

100

100
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RADIO ASTRONOMY SECTION

Table 4  Planning Unit by Projects for 1989/90
(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

—EXPENDITURES:

—RECEIPTS

| Project ST Ops Minor Major Total | | Revenue Fin.  G&C Total l
Code ~ Cap Cap Exp ‘ ‘ Arrang.
70000 5.5 155 30 185 - 5 5
71000 6 50 10 - 60 . _
75000 4 = 125 10 135 5 5
76000 8 25 30 55 511 ' 511
77000 4.5 10 - 10 : :
S P R TOTAL
28 365 80 445 521 521

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
: PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

—_— EXPENDITURES ——— RECEIPTS
| Project ST Ops Minor Major Total | | Revenue  Fin.  G&C Total
- Code Cap Cap.  Exp Arrang.

70000
71000
75000
76000
77000

70000 Ottawa Research in Radio Astronomy [Activity I, Application 1]
, (new or improved telescope systems, scientific research)
71000 Solar Astronomy [Activity I, Application 1] (scientific infrastructure)
75000 ARO Maintenance [Activity Iv Application 1] (part of scientific
“infrastructure)
76000 JCMT Instrumentation [Activ1ty IV, Application 1] (instrumentation)
77000 JCMT Support [Activity 1V, Application 1] (telescopes and facilities)
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DOMINION RADIO ASTROPHYSICAL OBSERVATORY

Section Head: L.A. Higgs

This group consists of 13 professional, 7 technical, and 4 sUpport positions
for a staff target of 24 on 1 April 1989.

1.  ACTIVITIES

Each activity corresponds to one of the objectives. The activities are
operating telescopes and facilities, developing instrumentation, implement-
ing computing systems and data analysis, developing new or improved tele-

scopes, conducting scientific research, and supporting the science infra-

structure.

1 1 TELESCOPES AND FACILITIES (5.3 professional, 3.5 technical, 2.0
support, $200K)

DRAO is a National Facility for research in radio astronomy. Its prin-
cipal instrument is an aperture synthesis telescope which now operates with
four 9-m antennas on a 600-m east-west baseline, at two continuum frequen-
cies (408 and 1420 MHz) and at 128 spectral-line frequencies around 1420
MHZ.

The 26-m antenna of the Observatory serves as a complementary instru-
ment for the synthesis array, providing information on the largest angular
scales, to which the array is insensitive.

The present synthesis array is a uniqhe facility for hydrogen-line’

spectroscopy and the study of 1low-brightness, extended regions of radio
emission. It complements larger arrays, such as the U.S. Very Large Array,
which do not provide information on spatial structures in the 0. 1 to 3-
degree scales to which the DRAO instrument is sensitive.

DRAO also operates a solar patrol telescope that makes daily observa-
tions at 10.7 GHz, as part of the HIA effort in monitoring the radio flux
from the sun.

1.2 INSTRUMENTATION (0.8 professional, $50K)

Aside from the development work related to the synthesis telescope
(1.4), Observatory staff are continually improving the instrumentation of
the facility by adding new capabilities, or designing and developing better
components and techniques. DRAO is a centre of expertise in aperture-
synthesis techniques, radio-frequency and antenna engineering, correlation
techniques, and the detection of weak signals. In FY 89/90, DRAO will start
the development of correlators for the Radioastron project of the USSR, if
the necessary resources are provided by the Space Division of NRC.
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1.3 COMPUTING SYSTEMS AND DATA ANALYSIS (1.5 professional, 0.8 technical,
0.2 support, $120K)

Aperture synthesis requires major computer resources for image forma-
tion, image reconstruction (converting the observed image to that which
would have resulted from a completely filled aperture), and image proces-
sing. DRAO provides expertise and software tools to users for all phases of

" the analysis.

1.4 NEW OR IMPROVED TELESCOPES (1.7 professional, 2.7 technical, 0.2

- support, $190K)

‘DRAO staff members are in the process of expanding the synthesis tele-
scope from four to seven antennas and to two polarizations. The expansion
should be completed by 1991. The upgraded telescope will cut the time of an
observation from 35 days to 12 days, double the sensitivity, and increase
the dynamic range by a factor of at least ten.

Part of the work is being carried out in collaboration with universi--
ties (particularly the University of Alberta), which welcome the opportunity
to provide graduate students with real problems and experience in modern
technology.

1.5 SCIENTIFIC RESEARCH'(2.7 professional, 1.4'support, $80K)

DRAO staff members have an active program of research in the arees

particularly suited to the DRAO instrument, and have made substantial

contributions to galactic astronomy.

1.6 SCIENCE INFRASTRUCTURE (1.0 professional, 0.2 support, $10K)

DRAO staff members participate broadly in professional affairs, serving
as committee members of professional societies, acting as referees and
editors, and organizing symposia.

As a visible NRC facility in a tourist area, the Observatory presents a
modest public information program highlighting the role that NRC plays in
supporting astronomical research in Canada.

2. FUTURE DIRECTIONS AND PRIORITIES

For the next two years, the first priority for DRAO will be the comple-
tion of the expansion of the synthesis array from four antennas to seven.
During this period, the telescope will be kept operational but at a somewhat
reduced level of activity. The second priority, over the next three years,

will be the design and construction of a building addition that will provide

laboratory, library and office space adequate for the requirements of the
observatory for the next decade. The challenge in 1989/90 will be to arrive
at a final design which meets DRAO's needs, especially that of maintaining a
radio-quiet environment.
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Growth of the DRAO radio-astronomy instrumentation laboratories, in
close collaboration with Canadian universities, will be a goal for the next
decade. The research in instrumentation carried out at DRAO is an important
complement to the research in astronomy itself, in that both are necessary
if a National Facility is to be kept at the research forefront.

As part of the instrumentation effort, DRAO is expecting to undertake a
collaborative project with the Institute for Space and Terrestrial Science
(ISTS) at York University to provide recording terminals and correlators for
the Soviet Radioastron project that will put a radio telescope in earth
orbit to be used with ground-based telescopes for interferometry. Canadian
participation will be funded by the Space Division of NRC. The signing of
an agreement between the Soviet Union and Canada covering many areas of co-
operation in space research, approval by the Space Division, and a contrac-
tual agreement between the Soviet Institute of Space Research and DRAO+ISTS

are prerequisites for this project to proceed.

In the decade following 1990, the expanded synthesis array will be used

‘to its fullest potential in serving the user community, including mapping in

a systematic way the northern Galactic plane.

During FY 89/90, detailed plans - for a successor to the - synthesis

. telescope will be finalized. The current design consists of 100 steerable

12 m dishes on fixed mounts spread over an area 2 km in diameter. The
instrument's wide field of view and sensitivity to large-scale structure
would fill the gap between the Very Large Array in the United States and
single large dishes. The goal is to construct the new instrument over a
5-year period beginning in 1995.

The DRAO Users Committee established in 1988 w111 be a strong influence
in determining future priorities.

Specific goals in the short and Tonger terms are:-

2.1 TELESCOPES AND FACILITIES
1989/90:

e shut down the four antenna array in December 1989 to prepare for the
start of five-antenna observations in April 1990;

o construct and test the continuum correlator for the five-antenna
synthesis array;

e complete the delay system for the seven-antenna array;

. connect the RF signals from the last two antennas to the telescope
control building;

e design the prototype of the new ASIC-based spectral correlators;



2.2

b:4g -
accept delivery of a new automated solar patrol telescope from the
Radio Astronomy Section in Ottawa by March 1990; :
upgrade the motor control system of the 26-m telescepe.
Longer Term: |
maintain regular operation of a reliable, well calibrated, facility for
aperture-synthesis observations during the current expansion phase, now
in its fifth year;

maintain the 26-m rad1o telescope to complement the synthesis tele-
scope; .

maintain an observational capab111ty on the 26-m telescope for OH and
HI lines;

expand the synthes1s array to seven antennas by installing three new
antennas, along with new continuum and spectral correlators and all the
other associated electronics; and _

bring the synthesis telescope into operation again as a fully function-
ing system. This will require the installation of greatly expanded
computing facilities, consist1ng of a network of workstations clustered
with .a central node.

INST'RUMENTATION

FY 89/90

design and construct a combined 18 cm and 21 cm receiver box with a
wide-band feed for the 26-m telescope;

complete agreements between NRC and IKI (Moscow), and between DRAO and -
ISTS on Radioastron;

prepare new trailer accommodations and shielded laboratory 'space for
three staff members of the Radioastron project: and

hire new staff members for Radioastron.
Longer Term
produce two correlators fof Radioastron, one to be used in the Soviet

Union, the other to be established in Canada as a facility for Canadian
scientists using the instrument. The target for delivery of the corre-

- -lators is early in 1993 for a launch in 1995.

" The project must be fully funded by the Space Division, except for 0.5

PY which DRAO will contribute from its ongoing staff to this project.
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COMPUTING SYSTEMS AND DATA ANALYSIS
FY 89/90

study the feasibility of incorporating the large body of DRAO software
into a standard, widely used software skeleton, such as AIPS or IRAF;

install a powerful new UNIX workstation and

place an order for a new main computer for DRAO, for delivery early in
FY 90/91. :

Longer Term

maintain and improve the user-friendly data reduction system.

SCIENTIFIC RESEARCH

‘continue an active research program in the general area of the phys1cs

of the 1nterstellar medium; and

systematically map the northern Galactic plane, providing a database’

for future research.  In the coming three years, two to three fields
per year are targetted for publication, with the remainder of the 24
field survey being completed when the seven-antenna array is available.
NEW OR IMPROVED TELESCOPES

FY 89/90

hold an 1nternational workshop to investigate the scient1f1c potential
and engineering problems of the proposed major new synthesis telescope.

~ Longer Term

study the best tradeoff between scientific performance and engineering
costs for a proposed new synthesis telescope for Canada, and lay the
groundwork for initial feasibility studies.

RESULTS FROM THE PAST YEAR 1988/89

One of the largest problems facing DRAO staff over the past decade has

been a critical shortage of laboratory, library and office space. With the
approval of an expenditure of about $4.3M on a bu11ding addition, this dif-
ficulty finally has been addressed.
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TELESCOPES AND FACILITIES

Two of the operational targets noted in the 1last APR hdve been
attained: (i) the array has been recabled and the construction of the
continuum correlator has been contracted to industry; (ii) by the end
of the current fiscal year antennas six and seven will be mounted and
mechanically steerable.

The 26-m telescope is now nearing 30 years of use and several sub-sys-
tems are in need of upgrading. In the past year, the computer control
system has been replaced. :

INSTRUMENTATION

Most instrumentation effort has been devoted to the expansion of the
synthesis telescope (3.5). In addition, a new broad band feed for the
26-m telescope was designed and developed.

COMPUTER SYSTEMS AND DATA ANALYSIS

A software system for screen editing of synthesis telescope data was-
implemented on the VS 2000 workstation, and enhanced graphics software
for the presentation of astronomical data was developed.

SCIENTIFIC RESEARCH

Research programs continue to yield exciting new discoveries, facili-
tated mainly by the wide-field 408 MHz observations. In the past year,
an extremely bright flaring radio source was detected in the Cygnus X
radio complex, and two new morphological types of radio source were
found in the same general region from follow-up observations made using
the U.S. Very Large Array. One probably is the result of a stellar-
wind and the other may represent a supernova remnant with a bipolar
structure.

In 1985, the staff of DRAO began a long range program of systematic
observations of the northern Galactic plane, involving 408 MHz and 1420
MHz observations at 24 field centres. To date, four of these have been
observed and two papers are in press.

SITUATION ANALYSIS

The major factor affecting the planning and operation of DRAO,

especially the development of the observational National Facility, is still
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the lack of adequate staff. The effective operation of the existing four-
antenna array requires at least two additional permanent staff members and
the expanded array will probably require a further two. The provision of
two, two-year term positions starting in 1988 has improved the manpower
situation during the building phase but the staffing situation must still be
described as critical.

“The research effort of the Observatory is increasingly being eroded by
commitments to the operation and upgrade to the Facility. ‘A balance must be

found that keeps the scientific staff active in research while providing the

required services to the telescope users.

The protection of the radio quiet environment of DRAO will be great-
ly enhanced if the land transaction, now in the final stages of contract
negotiation, comes about. This will prevent development in the major portion
of the Nhite Lake Basin.

5. ADDITIONAL RESOURCES REQUIRED
5.1 TELESCOPES AND FACILITIES
Staffing

April 1989: A telescope operator/computer analyst. A second telescope
operator is urgently needed to provide back-up to the current operator/ana-
lyst to allow continuous telescope operation with ongoing software develop-
ment. A person is currently filling this role in a 4-month casual posi-
tion. Although an ongoing position is needed, even a one-year term would
speed the upgrade. (Priority 1)

April 1990: An electronic/electrical technologist. The Observatory is
critically short of technologists in all areas of expertise. The most
urgent need is someone for general electronics and electrical work to ensure
smooth operation of the facility and adequate receiver maintenance.
(Priority 2) '

April 1990: A digital engineer. An engineer on a two-year term
appointment is currently taking a large portion of the development load in
the area of digital electronics but there will be a continuing need for an
engineer after the telescope enters into its operational phase. (Priority 3)

Financial:

A careful analysis of the funding requirements for a national facility
of the complexity of DRAO indicates that effective operation of the seven-
antenna array is impossible below a funding level of $380K for operations
and $190K for minor capital beginning in FY 92/93. Leading to this level
state, the following funds are needed to complete and commission the array:
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| FY 89/90  FY 90/91 FY 91/92 FY 92/93
Operations  $350K 350K . 360K " 380K
Minor capital 4 175K 175K 180K 190K

A survival status, that does not take full advantage of the investment..in
the expanded array, can be maintained with '

Operations $320K | 310K 330K 340K
Minor capital 140K 150K . 160K 170K

5.2 INSTRUMENTATION
Staffing

April 1990: A digital technologist. A two-year term position for a
digital technologist has eased somewhat the serious manpower problem in the
area of digital electronics, but a synthesis telescope depends upon complex
digital instrumentation. There is an ongoing requirement for at least one
(and probably two) digital technologists. (Priority 2)

5.3 COMPUTING SYSTEMS AND DATA ANALYSIS
Staffing

April 1989: A computer analyst. The present manager of the DRAO com-
puter systems will reach retirement age in April 1990. We would like to
hire his replacement with one year of overlap to maintain continuity. This
is a very important position in the DRAO organization and great care must be
taken in the selection of a successor. Consequently a bridging position for
one year is requested. (Priority 1) ‘
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DOMINION RADIO ASTROPHYSICAL OBSERVATORY

TABLE 3 Planning Unit Summary by Financial Classification

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

e  Staff Targets

Expenditures ($K)

e Operations
e Minor Capital
e Major Capital

e  Total Expenditures

Monies-In ($K)

Joint Research Project
Contracts-In
Financial Arrangements
Grants & Contributions
Rent

. Total Monies-In

(B) MOST URGENT- ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR .

89/90
24

320
140
190

650

5

5

- 90/91

22

310
150
500

960

5
5

330
- 160 .

490

5
5

340
170

510

5
5

PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

e - Staff Targets
Exgenditures‘(iK)
e Operations
e Minor Capital
e Major Capital

e - Total Expenditures

Monies-In ($K)

o Contracts-In :
e Financial Arrangements
* Grants & Contributions

° Tota] Monies-In

89/90

2

'90/91

91/92

- 92/93

ol TS e

\
!
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DOMINION RADIO ASTROPHYSICAL OBSERVATORY

Table 4 - Planning Unit by Projects for 1989/90

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

——EXPENDITURES

| , — - RECEIPTS '
| Project ST Ops Minor Major Total I | Revenue = Fin. G&C Total|
Code Cap Cap Exp o -Arrang.
20000 5.3 80 10 90 |
25000  18.2 240 130 190 560 5 5
26000 .5 ‘ . -
---------------------------------------------------------------- =ee—-~=TOTAL
24 320 140 190 650 5 5

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

EXPENDITURES

- | RECEIPTS . -
| Project ST Ops Minor Major Total I l Revenue  Fin. G&C Total|
Code : Cap Cap  Exp Arrang.
20000
25000 2
26000

20000 DRAO Research in Astronomy [Activity I, Application 1]
(scientific research and scientific infrastructure)

25000 DRAO a National Facility [Activity IV, Application 1]
(telescopes and facilities, instrumentation, computing
systems, data analysis and new or improved telescopes)

26000 DRAO Radioastron Correlator [Activity IV, Application 1]
(part of instrumentation)
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SUPPORT OF SOLAR-SYSTEM PHYSICS

* PREAMBLE

Charged particles and magnetic fields ejected from the sun interact

with the earth's upper atmosphere to cause aurorae and magnetic storms.
These interactions are particularly intense in the auroral oval which is
located about 20° from the north magnetic pole and stretches across Canada
. from the Yukon to Newfoundland.

_Rockets, satellites and ground based measurements are used to study
these effects. Now that the rocket range at Churchill has been closed,
Canadian scientists are totally dependent on international collaborations
for all space missions, except for a few rocket flights in which Canada has
paid for the launch costs at a foreign range. Typically a satellite exper-
iment takes 10 to 15 years from conception to publication of the data,
and a rocket experiment 4 years, while ground-based arrays have a useful
life in excess of 10 years.

The research community in Canada consists of some ten small groups in

universities across the country, plus the two Sections now in HIA. These .
HIA Sections have made major contributions to Canada's reputation for sci- -

ence in space, and have collaborated extensively with university research-
ers in assembling teams of sufficient size to part1c1pate in large interna-
tional projects. :

The planning for space science in Canada, the funds for industrial
contracts to design and build the hardware, and the management of projects
is provided by the NRC Space Division under the terms of the government's
Space Plan. A central core of scientific expertise is provided by HIA.

The two Sections in HIA often work together on the same project, but
the nature of the phenomena between the earth and the sun, and the differ-
ing techniques used to study them have led to different emphases.

The Solar-Terrestrial Physics Section studies the more distant inter-

planetary medium and magnetosphere where measurements can be made in situ

with satellites.

The Planetary Sciences Section studies the upper atmosphere nearer the
earth, which is not directly accessible to satellites. Here, remote sens-
ing techniques and rocket experiments are very effective.

The fonosphere which lies between is naturally. the sUbject of joint
study by the two sections because it is the boundary layer that couples the
two regions.

Both sections are located on Sussex Dr, in Ottawa.



- 57 -

OBJECTIVES

To provide scientific and techn1ca1 sapport to faci]ities maintained
by NRC for university scientists study1ng solar-terrestr1a1 and
upper atmospheric phenomena; -

To provide a core of federal government expert1se in a f1eld of -
national importance;

To provide access tp international space research through joint par-
ticipation with foreign 1aboratories in internationa] programs;

To provide expertise to Canadian fndustry in the development of in-
strumentation for space science'

To provide a national centre of expertise in solar-ferrestrial'and‘
upper atmosphere physics, whose staff can maintain continuity and
join with university groups in teams large enough to part1c1pate in

}major projects.
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PLANETARY,SCIENCES SECTION
Section Head: A.G. McNamara

This group consists of 9 professional 9 technical, for a staff target of 18
onl Apri] 1989. _

1. ACTIVITIES

1.1 OPTICAL AURORA, AIRGLOW, AND MAGNETOSPHERIC PROCESSES (4 professional
4.5 technical, $100K)

1.1.1 CANOPUS: The Canopus ground network is part of the Canadian
Space Program. It will be used on many international projects, including
the International Solar-Terrestrial Physics (ISTP) program in which NASA,
ESA, Japan and the Soviet Union will launch satellites from 1992 to 1996.
Th1s will be the most important study of the magnetosphere to date and the
major effort of the next decade. The data from ground based arrays are
crucial in the full interpretation of muiti-sateliite observations.

~Section staff are part of the University/NRC/EMR science team respon-
sible for the science planning of Canopus. One Section member is the over-
all Project Scientist and three others have major responsibilities for BARS
(Bistatic Auroral Radar System), MPA (Meridian Photometer Array), DCS (Data
Collection System), and for the interpretation and monitoring of the incom-
ing data streams.

1.1.2 SONDRESTROM'RADAR/OPTICAL GROUND CAMPAIGN: This project fis
based on the incoherent scatter radar facility at Sondre Stromfjord in
Greenland and its associated optical observatory. The Section has been
involved with a joint program of optical observations with the University of
Michigan since 1983. ,

1.1.3 SATELLITE AURORAL IMAGERS: The Section has played an important
role in the development of UV satellite cameras with fast time resolution
for two magnetospheric sateilites. The first was the Swedish scientific
satellite, Viking, which flew in 1986 and the second is the Soviet Interball
polar mission to be launched in 1991. The Space Division has given prelimi-
nary approval for a similar camera to be flown on the Swedish satellite,
Freja, designed to give more direct correlation between the fine structure
of the aurorae and the incoming particle streams. These are joint projects
with Canadian university scientists. '

1.1.4 WINDII - a wind imaging interferometer - is designed to fly on
the NASA UARS satellite in 1991, which will obtain simuitaneous measurements

of key atmospheric parameters including wind, temperature, and composition

over a wide range of altitudes. WINDII will provide the data for the upper
end of the altitude range.

1.1.5 WAMDII - a wide angle Michelson Doppler imaging interferometer
- s designed to fly on the Shuttle in 1991. It will measure atmospheric
winds, temperatures, and emission intensities over a period of a few days

with very high spatial and temporal resolution to study both large and smail

scale features in the mesosphere.
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1.1.6 GEMINI is a new component of our continuing aeronomy program.
The name for this rocket has-been derived from the basic objectives, the
study of General Excitation Mechanisms in NIghtglow. The Science Team in-
volves personnel from the Universities of Saskatchewan and California at
Berkeley, with HIA in the lead role. The major funding for the program will

be provided by the NRC Space Division, leading to a launch from White Sands
in the fall of 1992,

The Gemini experiment is intended to develop a rocket instrument for
high resolution airglow and auroral spectroscopic imaging and to use that
technology to further our understanding of the chemistry of the quiet, ter-
restrial lower thermosphere, and improve our capab111ty to provide imaging
detectors for orbital flights.

1.2 IONOSPHERIC PLASMA MICROSTRUCTURE AND INSTABILITIES' AND IONOSPHERIC-
MAGNETOSPHERIC COUPLING (3.5 professional, 4.5 technical, $80K)

Plasma 1nstab111£1es in the ijonosphere are driven by electric fields
and current flows. These instabilities generate micro-scale 1rregularit1es
ranging from centimeters to meters in the electron density.

1.2.1 BARS (Bistatic Auroral Radar System) consists of two unattend-
ed, computer controlled,continuously operating radars located at Nipawin,
Saskatchewan, and Red Lake, Ontario. - Each radar measures the position and
Doppler shift of the auroral scattering centres in its beams. The data re-
sult in a high resolution (20 km x 20 km) map of ionospheric-magnetospheric

electric fields over an area of nearly 200 000 square km at intervals of 30
seconds.

‘The major objective is to map electric fields for correlative studies
with spacecraft observations. Another goal is to understand the complex
plasma mechanisms causing the auroral scattering in the E-region.

1.2.2 ROCKETS: Plasma probes in rockets have been built for the di-
rect measurement of plasma density fluctuations. These experiments are car-
ried in NASA payloads called ERRRIS for launches in Sweden in 1988 and
1989. The project is designed specially for radar aurora studies and is
supported by simultaneous coherent and incoherent radars operated by Cornell
University and by EISCAT.

Similar_plasma probes have been built for the Canadian Oedipus-A and -B
rockets each consisting of a 1 km tethered double probe to measure natural
and artificial stimulation of the plasma medium. These will be launched in
Norway in 1989 and 1991. :

1.2.3 Ultra-low-frequency (ULF) waves are hydromagnetic waves in the

~ jonosphere-magnetosphere system which transmit significant amounts of energy

from the magnetosphereic cavity to the ionosphere where it is dissipated in
Joule heating. The purpose of these studies is to understand this mechanism
of energy flow as a part of the solar-terrestrial energy budget. Both
theoretical and observational work is underway in collaboration with DSIR
New Zealand, and Canadian colleagues.
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1.2.4 MWISP/HF - This 1s.a.waves-inispace-plasmas instrument, built
for NRC by Canadian Astronautics Limited, and will be launched on the Shut-
tle as part of the test of the Orbital Maneuvering Vehicle in 1995.

1.3 COMETS AND METEORS (1.5 professional, $30K)

The overall scientific objective is to understand the significance of
the smaller members of the solar system, particularly comets and asteroids.
There is increasing evidence that their interactions with the earth have had
a crucial effect on the origin and development of 1ife on earth.

1.3.1 COMETS: The objective of this program is to determine the
physical properties of comets from high-resolution CCD images recorded with
the Canada-France-Hawaii Telescope. Direct analysis, modelling, and corre-
lation with ground-based and spacecraft data are employed to deduce the mor-
phology, kinematics, and production rates of gas and dust.

1.3.2 ASTEROIDS: This recent program in collaboration with the Radio
Astronomy Section is a JCMT study of the surface properties of asteroids,
particularly their thermal properties and mechanical conditions. It
complements our studies of large meteoritic bodies since asteroids are
recognized as the parent bodies of meteorites.

1.3.3 METEORS AND METEORITES: Debris from comets and asteroids is

observable on the Earth as meteorites and meteors, particularly meteor show-

_ers. Physical properties and statistics of occurrence are determ1ned.

2.  FUTURE DIRECTIONS AND PRIORITIES

‘Collaboration with foreign scientists is essential if Canadians are to
participate in space missions and to have access to the diverse array of
sophisticated instruments required to study complex geophysical phenomena.
Therefore, first priority must go to keeping our existing international com-

mitments to both the schedules and the performance of the equipment we pro-

vide.

, ‘The international agreements include the Interball and Freja Imagers,
the ERRRIS and Oedipus and Gemini rockets, the shuttle flights of WINDII and
WAMDII, and the data analysis for Viking.

The Section's support of Canopus also must continue; it represents a
commitment to a large group of Canadian university scientists, as well as
“being an essential component of all the international solar-terrestrial
satellite programs in which Canada is participating.

The current projects occupying a major portion of the staff and finan-
cial resources are (1) Canopus, (2) Viking+Interball+Freja, and (3) the roc-
ket payloads ERRRIS, Oedipus and Gemini. Canopus and Viking+Interball+Freja
have about 10 year lifespans and ERRRIS and Oedipus about two or three
years. All of these are cooperative projects with Canadian universities
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and/or foreign countries. -As the shuttle launches of WINDII, WAMDII, and
WISP approach, some effort will return to writing software for operations
and data analysis.

Active accumulation of meteor data has been terminated and some final
comet observations are being made at the CFHT. These areas of research will
be phased out over the next five years as the analysis and publication of
the results are completed.

At present the only new project undertaken is an imaging spectrograph
to observe airglow on the Gemini mission.

2.1 OPTICAL AURORAE
FY 89/90

e High priority will be given in 1989 to completing the installation of
the Canopus instruments, and acquisition of data from all sites. Field
calibration of the Canopus photometers is to be -undertaken to ensure
that the measured intensities are accurate. Cooperative measurements
will be made with the Japanese satellite EXOS-D which will be launched

-in February 1989 and will be viewing the northern polar cap in the fall
of 1989."

The Canopus DCS software must be converted to run under Version 5 of
the operat1ng system.

e Construction of the Interball imager is well under way by the prime -
contractor, Canadian Astronautics Ltd. : .

e The Gemini imager optics will be opt1m1zed and mechanical and electron-
ic designs will be completed. Some of the fabrication work will be
submitted to the HIA machine shop. Additionally, long-lead-time com-
ponents will be ordered as funds become available. Some imager assemb-
ly could occur and development of the science instrument software will
begin.

2.2 IONOSPHERIC PLASMA

FY 89/90

* The BARS radars have been operational in the standard background mode.
for nearly two years. During 1989, particular effort will be directed
toward achieving improved reliability for the EX0S-D campaign period.

e Digitized datd from the 1988 cooperative radar campaign with the Uni-
versity of Saskatchewan will be used to study the radar frequency
dependence of the Doppler shift of type III echoes.

e Using Canopus BARS data, we will study events having a range-time-
intensity signature which suggests a relationship with ULF waves.
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" The second ERRRIS rocket campaign for the study of radar .aurorae, will

be conducted in Sweden with two payload launches during February and
March 1989. Data analysis will commence as soon as the digital tele-
metry tapes are received from NASA - probably in early summer.

The OQedipus-A launch is scheduled from Norway during January 1989.

‘Analysis of the data will start as soon as possible because any modifi-
~ cations seen to be necessary for the Oedipus-B launch in 1991 must be

known early in the schedule.

COMETS AND METEORS
FY 89/90

CFHT data obtained on comets will be analyzed in four areas: the onset
of coma development. in Comet Halley, Comet Halley near opposition in
November 1985, dust in Giacobini-Zinner, Comet Halley at large helio-
centric d1stances, both pre- and post-perihelion. Other studies will
include our observations of several faint comets covering a wide range
of activities near the cometary nucleus.

More observat1ons of asteroids are scheduled in 1989 u51ng the JCMT at.
millimeter wavelength.

Analysis of the MORP fireball data from 1971-1985 will continue. Theo-
retical calculations and computer modelling of comet streams is in pro-
gress in cooperation with several Czechoslovakian and Canadian lnstltu-
tions.

RESULTS FROM THE PAST YEAR 1988/89
OPTICAL AURORAE

The full complement of four meridian scanning photometers of the Cano-
pus array were in operation during the past year and data were collect-
ed via satellite telemetry. Much of the software development during
the year was concerned with data from a single station. The concepts
for the expansion to merged multi-station data and some aSSOC1ated code
were developed. ,

The contractor's DCS software proved to be unsatisfactory, so that a
new program with enhancements to the monitoring capability was written.
by HIA staff. .

In the analysis of Viking results steady progress has been made in
developing software for quantitative interpretation of the image pairs
from the two cameras. The comparison between visible region spectral
ratios observed from the ground with Canopus photometers and the ratios
in the signals from the two cameras has made for two good ground-satel-

. lite simultaneous observations.
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The Viking camera design was analysed to determine the best choice of
photocathode and filter for use in the Interball imager and recommenda-

tions were made to the contractor.

IONOSPHERIC PLASMA .

BARS was operating well during the first half of 1988. In June, a
severe 1ightning strike on the power 1ine at the Red Lake radar did a
lot of damage to the equipment, and partial operation was not restored
until September. An intermittent problem still continues in the VAX

. computer on site.

A number of papers on the radar scattering characteristics have result-
ed from the analyses of BARS and of campaign data by scientists at HIA,
the University of Saskatchewan, and the University of Western Ontario.

Our cooperative radar campaign in August 1988 in Manitoba was carried
out and digitization of the data is now under way at the University of
Saskatchewan.

"Three manuscripts reporting results obtained during previous CW radar

campaigns have been submitted for publication and one is now in press.
One paper on the ULF work is now in press and another will be soon.

Preliminary analysis of plasma probe data from the 1988 ERRRIS rocket
flight is nearly completed in cooperation with the NASA project scien-
tist. Instruments for the second ERRRIS campaign were built and have
been shipped to Sweden. The Oedipus-A plasma probe experiemnt was also
built and sent to Norway. - '

An on-board imager was built for the Oedipus payload. It employs an .
intensified CID TV camera mounted on the aft payload. This TV experi-
ment may lead to the use of a re1at1ve1y inexpensive means of determin- -
ing aspect of sounding rockets.

COMETS AND METEORS

The CFHT database obtained on Comets Halley, Giacob1n1—21nher and
others is now being analyzed. Progress has been made on calibration
and reduction of the images.

In August 1988, five asteroids were observed at 1 mm wavelength using
the JCMT with usefu1 results. . :

Analysis of the large data base on meteor fireballs has revealed that a
high proportion of meteorites are from recognizable asteroids.

Three papers were pub11shed in 1988 and five more are in press for
1989.
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4. SITUATION ANALYSIS

~ The Section's current and future projects are clustered around two
major themes: the optical studies of upper atmospheric emissions, and the
~ electromagnetic studies of the auroral and magnetospheric plasma. There are
‘four scientists working on optical auroral projects and four, including an
RA, on auroral plasmas.

. The sizes of these groups are barely adequate for the tasks of simul-
taneously managing the facilities and maintaining scientific credibility
through active scientific research. The current staff levels must be main-
tained in these areas, and proper credit must be given to individuals who
sacrifice personal publications in order to support the facilities.

Although the presently available resources roughly balance the Sec-
tion's commitments, significant swings are 1ikely in the future. Because of
both the hazardous nature of space flights and the erratic scheduling and
funding of space ventures, all planning contains major elements of uncer-
tainty. _

Since Canada has no launch capability of its own, Canadian scientists
are almost totally dependent on the whims and budgets of their. internation-

al partners.. To ensure a lively future for Canadian space science, the.

Section must respond to all appropriate missions by joining science planning
groups and working on several design teams knowing that very few will result
in flights. _

4.1 OPTICAL AURORAE

e Canopus continues to be a major load for the four scientists involved
in the daily monitoring of the health of the MPA and BARS instruments

and the integrity of the data. The greatest load is in the development -

and maintanance of Canopus software.

e There is a potential shortage of scientific manpower in Canopus.

Section scientists associated with the MPA and BARS are working almost’

exclusively writing software, overseeing data collection and archiv-
ing. When the relevant satellite projects reach the data taking stage,
full participation in the magnetospheric-ionospheric science will
require a group of scientists with available time.

e The staff needed to analyse the results from the Viking imager is not
sufficient. Consequently, the inftial financial and scientific invest-

ment in the program is unlikely to provide the return to NRC which-

could be realized. Proper use of the Viking results demands the
efforts of at least two research associates dedicated to interpretation
of the images. - ,

e Before submitting the Gemini proposal, an extensive analysis was made
of the impact of the proposal on the Section's resources. The main re-
“quirement was for technical officers, of which we had an adequate num-
ber with the appropriate skills. The Space Division is buying the

!
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hardware. The add1t1onal travel can be handled within the present sec-
“tional budget. GEMINI will use five Technical Officer PY's and between
~.one-half and one Research Officer PY in 1989.

4.2 COMETS AND METEORS

The Section recognized some four years ago that it would have to dis-
continue its meteor work in order to give priority to space activities.
First the meteor radar and optical observations were terminated and the
Shiels and Springhill sites closed. Then,the prairie. meteorite network
(MORP) of 12 stations was closed. ‘

Currently, the equivalent of 1.5 scientists are making the final obser-
vations of comets with CFHT, and are analyzing the large libraries of meteor
and MORP data. Recently one of the meteor scientists has been spending a
large fraction of his time with the Canopus project.

5. ADDITIONAL RESOURCES REQUESTED

The most urgent future problem is that four of the eight scientists
will probably be retiring within the next five years. Replacements must be.
planned. It takes time to fill a vacated position with a recruit of the
desired quality. What is needed is the flexibility to anticipate a vacancy
by hiring a good recru1t if one becomes available.

A related problem is the need to get young scientists into the Section

_to provide the stimulus and vigor of youth. The youngest permanent scien-

tist in the Section is now 51 years 0l1d! The situation should be remedied
with the replacement of retiring staff in the next few years.

The current level of financial support appears to be adequate for all

'sectionaI activities. Additional RA PYs are desirable as noteq below.

5.1 OPTICAL AURORAE

Two new Research Associates to ‘add to the present four Research Offi-
cers. ' :
5.2 IONOSPHERIC PLASMA

One new Research Officer to add to the present three Research Officers
and one Research Associate. '
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PLANETARY SCIENCES SECTION

TABLE3 ~  Planning Unit Summary by Financial Classification -

(A)"PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

o | 89/90
o Staff Targets 18
Expenditures ($K)
e Operations = 175
e Minor Capital - .35
e Major Capital _ ' .
o Total Expenditures 210

Monies-In ($K)

e Contracts-In ~
- o Financial Arrangements
~* Grants & Contributions

e  Total Monies-In

90/91°  91/92  92/93

'V VAV
175 175 175
35 35 35
210 210 210

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

e Staff Targets
Expenditures ($K)

‘e Operations-
e Minor Capital
e Major Capital

o ~ Total Expenditures

Monies-In .
¢ Contracts-In
¢ Financial Arrangements
¢ Grants & Contributions

e  Total Monies-In

89/90

90/91 91/92 - 92/93
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' PLANETARY SCIENCES SECTION
Table 4 P]annihg Unit by Projects for 1989/90

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

—EXPENDI TURES— ~ RECEIPTS
| Project ST Ops Minor Major Total I | Revenue Fin. G&C Total
Code ~Cap - Cap Exp . Arrang.
80000 18 175 35 210
- - D D D D D D D G D D - D D D D D G T e T e G e D S D D G e - - ot TOTAL
18 175 35 210

(B) MOST URGENT_ADDITIONALARESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

EXPENDITURES

- RECEIPTS— -
| Project ST Ops Minor Major Total I | Revenue = Fin, G&C Total
Code _ Cap Cap Exp Arrang.
---------------------------------------------------------------------- TOTAL

80000 Planetary Science Research [Activity I, Application 1]
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SOLAR TERRESTRIAL PHYSICS SECTION

Section Head: J.R. Burrows _

This group consists of 12 professional, 6 technical, for a staff térget of

18 on 1 April 1989.

1. ACTIVITIES

1.1 $GLOBAL MAGNETOSPHERIC PHENOMENA (6.1 professional, 2.7 technical,
170K) :

1.1.1 MAGNETOSPHERIC ION COMPOSITION: A study of the sources, ener-
gization and transport of magnetospheric plasma inferred from satellite
measurements of ion composition, energy spectra, and flux anisotropies, par-
ticularly at middle and high latitudes.

These investigations depend on data from NASA [ Dynamlcs .Explorer 1
satellite, the NRC Suprathermal Ion Mass Spectrometer (SMS) launched in
February 1989 on the Japanese EX0S-D satellite, and a proposed Cold Plasma
Analyser for the Swedish Freja satellite to be launched in 1992. :

1.1.2 ELECTRIC CURRENTS IN THE MAGNETOSPHERE: A study of the large
- scale electrodynamical coupliing of the magnetosphere and jonosphere by cur-
rents at auroral and polar latitudes, inferred from magnetic field measure-
ments made in situ by satellites, and remotely by the Canopus array of
ground instrumentation.

1.2 SMALL-SCALE PROCESSES IN THE IONOSPHERE AND MAGNETOSPHERE (1.6 profes- _

stonal, 0.7 technical, $30K)

1 2.1 COUPLING PROCESSES: A study of the interface region between the
ionospheric and magnetospheric ptasmas by in_situ measurements from sounding
rockets, to determine the role of . electric fields and plasma wave
instabilities in coupling the two plasmas at the interface. This study
consists of two NRC rocket campaigns in Norway, named Oedipus A and B, in
1989 and 1991. -

- 1.2.2 . E REGION INSTABILITIES: A study of wave-particle interactions
between intense meter-scale plasma waves and ambient and precipitating ions
and electrons in the upper electrojet region (110-120 km), by in situ
measurements from sounding rockets, and remote radar measurements. This
study, named ERRRIS, consists of two NASA campaigns in -Sweden, in 1988 and
1989.

1.3 COSMIC RAYS OF GALACTIC AND SOLAR ORIGIN (4.3 professional, 2.6 techni-
cal, $100K)

1.3.1 HELIOSPHERIC MODULATION: . A study of how cosmic rays from
galactic sources are affected by the interplanetary magnetic field as they
propogate through the heliosphere to the earth's orbit. Measurements span-
ning several solar cycles continue with neutron monitors at three Canadian
sites, and since 1976 with a horizontal muon hodoscope in Ottawa.

- -
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1.3.2 THE THREE-DIMENSIONAL HELIOSPHERE: An NRC instrument in the
Ulysses spacecraft will measure the propogation and acceleration of solar
cosmic rays during a five year mission, out to Jupiter and over the poles of
the sun, where no spacecraft has been before.

1.3.3 ACCELERATION MECHANISMS IN SOLAR FLARES: A joint NRC and
University of Chicago instrument will measure the isotopic composition and
energy spectrum of solar cosmic rays, using the TIROS-I sateliite in a low
altitude, polar, geocentric orbit.  Variations in the isotopic abundance
will be used to infer properties of the solar flare sites and acceleration
processes. The three year mission will be launched in late 1990 or early
1991. :

2. FUTURE DIRECTIONS AND PRIORITIES

The Section's future direction and priorities are: (1) to maintain and
enhance viable research groups in each of the three areas of solar-
terrestrial research where the section currently has internationally recog-
nized expertise; and (2) to maintain a balance between participation in
international collaborations and purely Canadian projects.

The rationale and implications of these goals are discussed more ful]y
in the Situation Analysis, section 4. .

2.1 GLOBAL MAGNETOSPHERIC PHENOMENA
FY 89/90 |

e Studies of magnetospheric ion composition will give priority to the
EXOS-D satellite while studies with the older Dynamics Explorer data
will continue as manpower permits. Nearly a year will be needed to
shake down data processing and achieve a good understanding of the SMS
instrument's measurements.

e During FY 89/90, the Section will complete the design phase of the pro—
posed Cold Plasma Analyzer for the Swedish Freja sateliite.

e In the Section's support of the Canopus array, the priority item is
completing fabrication, calibration and deployment of magnetometers to
the twelve sites. Anomalies in the operation of the riometers and tel-
lurometers must also be resolved. All instrumentation must be opera-
tional to support correlative studies with the EX0S-D satel]ite in the.
fall of 1989.

e Planning for the proposed Focus mission with the US Air Force
Geophysical Laboratory (AFGL) will continue at a low level. Focus is a
small satellite for magnetospheric studies at high latitudes. If
approved by NASA, AFGL and NRC, 1t 1ikely will follow the Freja
mission. '
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2.3

Longer Term

“Analysis of EX0S-D data will cdntihue for about three years after the

1989-91 operational phase is completed.

The launch of the Freja satellite is currently scheduled in 1992. This
activity will demand more of the section's staff during the 1989-91
period.

Further correlative studies between CANOPUS and the EX0S-D and Freja
missions are projected for 1990-1993, and with satellites in the
International Solar-Terrestrial Program during 1993-96. :

SMALL-SCALE PROCESSES IN THE IONOSPHERE AND MAGNETOSPHERE
FY 89/90

The main emphasis will be on analysis of data from the ERRRIS and
Oedipus-A rockets during 1988 and 1989. Work will start on instrumen-
tation for the Oedipus B 1991 rocket campaign.

COSMIC RAYS OF GALACTIC AND SOLAR ORIGIN
FY 89/90

A prime goal is to maintain the quality of data from the three remain-
ing neutron monitor stations at Goose Bay, Inuvik, and particularly
from the Deep River site, since its data are sent monthly to the World
Data Center A for Solar-Terrestrial Physics for publication and global
distribution.

As soon as manpower is available, a design will be developed and proto-
typed for a data-readout based on a micro-computer to replace the
twenty-five year old punch paper tape. The planned system includes
telephoned data transmission directly to a computer in Ottawa, which
will significantly reduce manpower requirements for data processing in
future.

Consultations with DOE/AES will be undertaken for the permanent closing
and dismantling of the Alert station site. .

Preflight preparations for the Ulysses mission will continue 1n Europe..

and will consume about one person-year of effort.

Calibration, spacecraft integration tests and software development are
the principal activities planned for the TIROS-I solar flare particle

- experiment during 1989-90. These will require about a two PY effort.

Work on the Sudbury Neutrino Observatory is expected to continue at a
low level during 1989-90. The section's contribution is in the plan-
ning of quality control and background radiocactivity in project materi-
als.  Project activity beyond 1990 is uncertain.
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In order to check the effects seen during the past solar cycle opera-
tion and analysis of data from the horizontal muon hodoscope for galac-
tic cosmic ray measurements will continue at a 0.2 PY level until the
end of FY 1995/96, beyond the next reversal of the solar magnetic
field. Dr. Bercovitch will continue to supervise its operation and do
the data analysis as a guest worker after his retirement.

Longer Term ‘ )
Following the scheduled October 1990 launch of Ulysses, data processing

and scientific analysis shouid proceed at a level of two PY/year for
the five year duration of the mission, in order to obtain a significant

- scientific yield from this project, to which NRC has been committed

since 1977. However, it 1is unlikely that more than one person-

year/per year can be allocated from the section's present staff.

Following launch of the TIROS&I satellite in 1990 or 1991, operations
and scientific analysis will require about one PY/per year for the
three year mission and one year post-mission period.

RESULTS FROM THE PAST YEAR 1988/89

GLOBAL MAGNETOSPHERIC PHENOMENA

The Suprathermal Ion Mass Spectrometer (SMS) was completed, flight
qualified, calibrated and integrated into the Japanese EXOS D satellite
for launch in early 1989.

Mission planning and instrument definltion studies of the proposed
joint Focus mission were continued by staff in HIA, the Space Division,
and Canadian universities.

A proposal to provide a cold plasma analyzer for the Swedish Freja

. satellite was prepared jointly by HIA and the University of Saskatche-

wan staff and submitted through the Space Division to the Swedish Space
Corporation. It has accepted the proposal, subject to final mlssion'
approval. Instrument design studies are underway.

Four magnetometers have been installed at Canopus sites during 1988 and
software for data analysis continues to be developed.
SMALL-SCALE PROCESSES IN THE IONOSPHERE AND MAGNETOSPHERE

A1l instrumentation was completed and 1ntegrated into the rocket for
the Oedipus A campaign of January 1989.

A1l instrumentation was completed and integrated into the two rockets
for the ERRRIS campaign of February, 1989,

Prelimlnary analy51s of the data from the 1988 ERRRIS sounding rocket
has been completed in co-operation with co- 1nvestlgators from NASA and
Cornell University.
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3.3 COSMIC RAYS OF GALACTIC AND SOLAR ORIGIN

e The flight spare unit of the cosmic ray experiment for the Ulysses mis-
sion was reassembled and tested, following extensive rework of its Data
Processing Unit. Requaiification of the unit and integration into the
engineering model spacecraft is scheduled for March, 1989.

e Design, construction and calibration of the prototype detector system
for the TIROS-I satellite have been successfully completed. Some
fl1ight hardware has been delivered to the University of Chicago and the
remainder is scheduled for early 1989.

. Data processing for the neutron monitor at Alert was suspended in

August, 1988, due to a lack of personnel to cope with equipment mal-
functions at the station.

4. SITUATION ANALYSIS

The Section's work has been driven strongly by four negative and one
positive factor. The negative factors are

1) the eomplete absence “of any Canadian programmatic framework for con--

ducting solar-terrestrial research in  space from the takeover of
DRB/DRTE by DOC in 1969 until the formation of the Canada Centre for
Space Science (CCSS) in 1980.

2) the ciosure of the Churchill ResearCh Range in 1984 which seriousiy

disrupted independent Canadian research of the upper atmosphere and

near space environment at auroral and polar latitudes;

3) the Chailenger space shuttle accident 1in January, 1986, which has
delayed the launch of the Ulysses mission, and is still causing uncer-

tainty in NASA's planning of various future international programs in -

- which the section might participate,

4) the staff attrition which has hampered work efficiency, contributed to
serious work overload and resulted in considerable staff stress and
symptoms of burnout.

The one positive factor is the establishment of the CCSS, which later
became part of the Space Division; it has permitted new pianning initiatives
and the gradual build-up of new research projects to the point where scien-

tific productivity and publication should start to grow in the next two.

years.
Finding Room for Science

‘ During the past four years, STP staff have been almost entirely occu-
pied in preparing instrumentation for three international satellite missions
and three bilateral rocket campaigns, and in implementing the instrumenta-
tion and software components of the Canopus network. Work on the ground-
based cosmic ray equipment has been restricted to a bare minimum of mainte-

X
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nance and routine data processing. Only a small amount of the staff's time
has been available for data analysis and scientific interpretation.

Balancing International and Domestic Projects

A suitable balance between international and domestic projects is an
important factor in planning viable research for the Section. Most programs
for study of the space environment require international - collaborations,
because there is no domestic capability for launching satellites or sounding

‘rockets. Consequently, it is essential to have critically sized groups that

can maintain a world-class capability, both scientifically and technologi-
cally, in those areas of space research which the section has developed
during the past two decades.

However, domestic projects are also important because greater control
is possible in selecting research objectives, in scheduling projects and in
committing resources. One such major project is the Canopus network, main-
tained by NRC for university and government scientists studying solar-
terrestrial phenomena. The Section provides scientific and technical
support to some of the facilities. Other smaller projects are the hori-
zontal muon hodoscope and the ground-based neutron monitoring stations.

Staff Concerns

_ The average age of the Section's 17 continuing staff has decreased
slightly from 50.0 one year ago, to 49.7 at 1 June 1989, but 10 staff are
aged 50 to 57. This situation has implications for the planning of future
research, when projects typically have a time scale of 10 years. This age-
distribution already is resulting in an increased incidence of physical
impairments, which 11m1t the type of work assignments and decrease working

efficiency.

During the past few years, work requirements have resulted in a number
of staff deferring or limiting vacation leave. At present, five of the
staff have more than 50 days of leave credits with an aggregate total of
over 400 days. This situation will tend to constrain the capability of the
Section to respond to any further emergency situations related to project
deadlines. ' '

5. ADDITIONAL RESOURCES REQUESTED

The team of NRC/HIA laboratory personnel engaged in the technical and
scientific development of space instrumentation is of a sub-critical size,
compared to similar laboratory groups in other countries. In order to main-
tain the momentum of current initiatives, two additional continuing posi-
tions are needed in the group; the first for a technical officer and the
second -for an engineer.

Solar-terrestrial research requires instrumentation carried on satel-
lites and sounding rockets which is never available commercially. An in-
depth capability is needed in-house for considerable development before con-
tracting out flight hardware construction to Canadian firms.
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A wide variety of speciai problems must be solved in designing a seien-

tific instrument to function in the space environment and within a partic- -
ular spacecraft. The present small team of scientists and technologists

cannot maintain adequate expertise in all of the areas, and at the same time
cope with the extreme peaks in work loading that occur as the result of the
rigid demands of the spacecraft schedules.

The firms who undertake instrumentation contracts cannot provide an
adequate core of -basic expertise because of their endemic staff turnover

problem. An adequate core of technological expertise must be .maintained

within the NRC laboratories if a viable activity in space 1nstrumentation is
contemplated for the long term. :
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. Staff Targets

Expenditures ($K)

- Operations
e Minor Capital
- Major Capital

e  Total Expenditures

Monies-In ($K)

e Contracts-In
e Financial Arrangements
- e Grants & Contributions .

. Total Monies-In

Planning Unit Summary by Financial Classification

" (A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

89/90 90/91 = 91/92  92/93

18 18 18 18
250 250 250 250
50 - 50 50 50

300 300 300 300

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

o Staff Targets

* Expenditures ($K)

e Operations
e Minor Capital
e Major Capital

° Total Expenditures

Monies-In (%K
. o Contracts-=In v
e Financial Arrangements
e Grants & Contributions

) Total Monies-In

89/90 190/91 191/92 92/93
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SOLAR-TERRESTRIAL PHYSICS SECTION

- Table 4 Planning Unit by Projects for 1989/90
(A) "~ PROJECTIONS BASED ON.APPROVED RESOURCE LEVELS

EXPENDITURES

—— - — — I\ECEIPTJ -
| Project ST Ops Minor Major Total I | Revenue Fin. G&C Total |
Code: , Cap Cap Exp Arrang.
50000 18 250 50 300
- - e —————————— e e, e e e e i e e e e e TOTAL
' 18 250 ° 50 300 S

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR '
PROPOSED NEW INITIATIVES (Other needs are d1scussed in the text)

' ——EXPENDI TURES- . ' RECEIPTS —_—
| Project ST Ops Minor Major Tota1 I I Revenue Fin. G&C Total |

Code Cap Cap Exp Arrang.

50000 Research in STP [Activity I, Application 1]
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SUPPORT OF MOLECULAR SPECTROSCOPY

PREAMBLE

The interpretation of observations of stars, the interstellar medium,
planets and the atmosphere of the earth all depend heavily on the basic
understanding of the spectroscopy of the gaseous species present. Similar-
1y, many industrial and environmental applications and university research
projects depend on the spectroscopy of gases. .

During the past 50 years NRC has developed an outstanding expertise in
the spectroscopy of molecules and molecular ions, which continuées to enhance
the Council's international reputation and has external applications as well
as relevance to other HIA activities, in particular the participation in the

~James Clerk Maxwell Telescope.

Research and instrumentation on molecular spectroscopy change on time
scales of one to five years so that longer term planning may require signi-
ficant revision. _ ,

" The only HIA section dedicated to providing support and expertise in
molecular spectroscopy is the Spectroscopy Section located in Ottawa. -
OBJECTIVES
The objectives are
- to provide spectroscopic expertise and laboratory facilities 1n sup-
port of research 1in molecular structure, astrophysics, and atmo-
spheric physics; -

- to provide expertise and state-of-the- art 1nstrumentation in support
of the Canadian spectroscopic community;

- to collaborate with Canadian manufacturers of spectroscopic instru-
mentation as required to improve their products; and

- to conduct front line research in order to maintain credibility in
the above endeavours.



- 78 -

SPECTROSCOPY SECTION

‘Section Head: J.W.C. Johns

This group consists of 13 orofe551onal and 7 technical positions, plus 2
professional and 1 support position in the Office of the Distinguished

’ Research Scientist for a staff target of 23 on 1 April 1989.

1. ACTIVITIES

The section's activities are readily divided into sub-projects on the
: basis of experimental techniques as follows:- ) :

1.1 MICROWAVE AND SUB MILLIMETER WAVE SPECTROSCOPY (3 professional, 1

technical, $110K)

Study of rotational spectra of simple molecular species likely to be of
astrophysical interest and in particular to maintain a laboratory faC1lity
closely matched in capability to the JCM Teiescope. _

1.2 INFRARED SPECTROSCOPY (5 professional, 2 technical, $110K)

Study of vibration-rotation spectra simple molecular species (including
fons and dimers) 1likely to be of -interest to astrophysics and atmospheric
physics.

1.3 VISIBLE 'AND ULTRAVIOLET SPECTROSCOPY (5 professional, 3 technical,

1 support $110K)
~ Study of electronic spectra of simple molecuiar species (including ions
and excimers). ,
1.4 ELECTRON SPECTROSCOPY (2 professional, 1 technical, $68K)

Study of energy levels of negative ions, neutrals and positive ions of
atoms and simple molecules by electron impact. :

THEORETICAL SPECTROSCOPY: Two theoreticians have been included in the
above numbers. As need arises they give support to .any of the sub-projects
101-10407 .

2. FUTURE DIRECTIONS AND PRIORITIES

The section will continue to place strong emphasis on:

e the study of the spectra of'small, relatiVely light, molecules, simple
clusters (dimers), radicals and molecular ions, which are of importance

o
.
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in astrophysics and in the atmospheres of pianets including the earth;

maintaining state-of-the-art experimental facilities;

theoretical studies aimed at understanding observed energy levels and
transition intensities as we]] as predlcting new spectra of interest
for experimental study.

MICRONAVE AND SUB-MILLIMETER WAVE SPECTROSCOPY

The spectrometer has been modified to reach 370 GHz, the region of
greatest interest for the JCM telescope. However, coverage is still
not as complete as we would 1ike, so we will add one or two klystrons
in FY 89/90.

INFRARED SPECTROSCOPY

The difference frequency laser and diode laser spectrometers are still
amongst the most sensitive instruments available for detecting  and
characterizing new molecular or ionic species. The work is very fruit-
ful and will be continued. ‘

A quadrupole mass spectrometer will be added in FY 89/90 to a]low-iﬁ
situ monitoring of ion concentrations.

The modified ultra-high resolution Bomem spectrometer has now been in
operation for about one year. Some small problems remain which seem to
be connected with the very high resolution attained. We will work
closely with Bomem Inc. in order to find solutions. : :

Another, unrelated, prob1em js that the cooled 50 cm base path absorp-

~tion cell is not long enough for the study of some dimer molecules. A

new 2-m cell (capable of attaining a path of 80 m) has been designed.
Construction should be completed in FY 89/90.

Two very long path cold cells already in use for much of the dimer work
are interfaced to a medium resolution Bomem fnterferometer. Some of
the experiments planned for this apparatus can make use of higher reso-
lution. We hope to upgrade the interferometer during FY 89/90.

VISIBLE AND ULTRAVIOLET SPECTROSCOPY

This region is covered by a high resolution interferometer and -the
large 10-m vacuum grating spectrograph. No major changes for these
instruments-are planned.

Development of sources will continue,'emphasizing the use of free jet.
expansions to obtain very low temperatures.

In addition, we plan in FY 89/90 to develop a new laser induced plasma
source for the generation of strong very short wavelength continua
necessary for the observat1on of absorption spectra.
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2.4 ELECTRON SPECTROSCOPY

3.

The loss of an order of magnitude in the observed signal-to-noise ratio
was traced to increased cooling-water temperatures during the summer

" months.

A refrigeration system will be installed to enable year-round data col-
lection.

RESULTS FROM THE PAST YEAR 1988/89

The spectroscopic equipment operated by the Section continues to be in

demand by collaborators from all over the world. 1In 1988, eleven projects
involved partners at Canadian universities and twenty-four projects involved
researchers from foreign institutions.

3.1

3.2

MICROWAVE AND SUB—MiLLIMETER WAVE SPECTROSCOPY

The frequency range of the spectrometer has been extended up.to 280

GHz, and to 370 GHz under favorable condit1ons by utilizing the fourth.

harmonic from the tripler).

Two new free radicals have been detected: one is probably NSz and the
other has beeén shown to conta1n C, S and N. ‘

INFRARED SPECTROSCOPY

Science Results:

Emission spectra observed from the hot spots of Jupiter were assigned
to the 2vz - vz and possibly the 3vz - vz vibration-rotation bands of
H3 .

Hydrogen dimers were shown 1ast year to be 1mbortant in the interpreta-
tion of spectra of the atmospheres of Jupiter and Saturn. Spectra of

‘most of the possible isotopermers have now been obtained.

Laboratory low temperature long path spectra of Nz cast doubt on pre-
vious speculation that oceans of 1iquid Nz may exist on Triton.

An extensive far-infrared spectrum of the HC] d1mer has been observed.
The analysis led to the identification of one of the low frequency in-
termolecular modes at 160 cm-1.

Two new ions of astrophysical signficance, HOS{i* and H2c0H+, were posi-
tively identified by infrared spectroscopy, using a difference-frequen-
cy laser.

‘ . : . -
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COmmercial Applicat1on5°

The modified ultra-high-resolution Bomem Fourier transform spectrometer
proved to be better than the original instrument, even when operated at
moderate resolution. Originally Bomem Inc.r(Quebec) decided not to
market a high resolution option for their spectrometers, but the loss
of several sales during 1988 to Bruker (West Germany) has prompted them
to change their mind. Bomem is now negotiating to buy the drawings
from NRC in order to provide its customers with our modification.

VISIBLE AND ULTRAVIOLET SPECTROSCOPY
Science Results:

Spectra obtained from a free jet expansion source al]owed analysis of
the Herman infrared quintet band system (C" 5 - A z+g) of N2 for
the first time. The A' state is particularly 1mportant for the under-
standing of recombination of ground state nitrogen atoms and is also
believed to be involved in the Lewis-Rayleigh afterglow.

New Techniques: N
A new emission source has been developed for the excitation of spectra

by Penning ionization. It consists of a supersonic jet of metastable
atoms crossed by a similar jet of molecules to be excited.

}The source is particularly suited to Fourier transform spectrometers

sincé there is none of the sputtering or sparking typical of conven-
tional hollow cathode lamps.

Cool (about room temperature) spectra of several ions (COp*, CSp+, CS*
and Hp0%) have already been obtained.

ELECTRON SPECTROSCOPY

Work on improving the spectrometer continues. In particular, high vol-
tage drivers for the‘quadrupole mass spectrometer are nearly complete.

In the meantime, work on Xenon has resulted in a new understanding of
the mechanism of excitation by electron impact and in the way negative
ions, excited states of the neutral species and positive ijons are pro-
duced.

SITUATION ANALYSIS

The most pressing problem is matching the skills of the technical offi-

~cers with the needs of the experimental scientists. Some of the TO's who

have been with the Council for many years are not skilled with modern elec-
tronics, computers or lasers. Consequently, one of the leading scientists
in the Section still does not have the TO support that he deserves.
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TABLE 3 - - Planning Unit Summary by Fingncig] Classification

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

o Staff‘Targets
Expenditures ($K)
] Operations.

e Minor Capital

e Major Capital

e  Total Expenditures

Monies-In ($K)

e Contracts-In
* Financial Arrangements
e Grants & Contributions

e  Total Monies-In

89/90

23

240
158

398 -

90/91 91/92  92/93

24 24 24
240 260 240
- 158 158 158
398 398 398

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING. PROJECTIONS FOR
PROPOSED NEN INITIATIVES (Other needs are discussed in the text)

. Staff Targets
Expenditures ($K)
. Operaﬁions
e Minor Capital
o Major Capital

e  Total Expenditures’

Monies-In ($K)

e Contracts-In
e Financial Arrangements
~ o Grants & Contributions

e  Total Monies-In

89/90

90/91 91/92 - 92/93
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SPECTROSCOPY SECTION |
Table 4 Planning Unit by Projects for 1989/90

(A) PROJECTIONS BASED ON-APPROVED RESOURCE LEVELS

EXPENDITURES— a B e RECEIPTS
| Project- ST Ops Minor Major Total l | Revenue Fin. G&C Total
Code Cap | Cap Exp - Arrang.
-40000 23 240 158 - 398
------------------------ e e e oo TOTAL
23 240 158 398

(B) MOST URGENT -ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

EXPENDITURES : ' REGEIFTS

| Project ST Ops Minor Major Total | | Revenue  Fin.  G&C Total

Code , Cap Cap Exp v - Arrang.

40000 Research in Speefroseopy [Activity I,'Applicat1on 1]
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SUPPORT OF ELEMENTARY PARTICLE PHYSICS

PREAMBLE

The general objective of research in high-energy physics or elementary-
particle physics is to understand the building blocks of nature and the
forces that hold them together to form the familiar protons, neutrons, and
atoms. At present we think that the elementary particles are quarks (up,
down, strange, charm, etc.) and leptons (electrons, muons, tauons, and their
associated neutrinos). She binding forces are caused by the exchange of the
photon, the W¥, W~ and ZY bosons, and the gluons. These particles and their
forces are all tied together through a comprehensive theory called the
Standard Model. Work in this field is extremely active and is making re-
markable progress in understanding the fundamental nature of matter and
energy. o , .

Front-line research in high energy physics requires large and expensive
facilities such as the Large Electron-Positron (LEP) accelerator nearing
completion at CERN g§1B) and the Superconducting Super Collider proposed for
the United States ($6B) The experiments on these accelerators are carried

out by large teams of up to 500 physicists over 10 to 20 years. The appara--

tus for these experiments is large, sophisticated and expensive, a typical
detector may cost $100M.

The experimental community in Canadian universities is relatively
small, being made up of groups at McGill, Montreal, Carleton, Toronto, York,
UBC, and Victoria amounting to a total of about 80 physicists. In addition
there are more than 100 theorists also working in the field but scattered
over more universities. The support for this community is also small by
world standards, being about $8M/yr.

The overall program in Canada is very highly regarded and recent re-
sults from initiatives involving Canadian groups have been very successful.
Currently, Canada is involved in new projects which are at the frontiers of
high energy physics, so that one can expect the Canadian contribution to
continue to be of high quality.

University experimenters have many responsibilities besides their re-
search, and their graduate students have to complete their degrees on a time
scale short compared with the length of these projects. Therefore the uni-
versities require a dedicated infrastructure to carry out the necessary
engineering, technical, and management work to participate in this field.
This 1infrastructure requires professional staff working full time on the
projects. It is in this area that the current NRC group plays a major role
and where additional resources would strengthen the Canadian contribution in
the field.

Another aspect of the field is that Canada is using the large facili-
ties and programs in other countries in a parasitic mode. The USA spends
about $600M/yr on elementary-particle physics and has at least four large
laboratories working on it. Canada has had free access to these facilities
and has therefore received very good treatment from the host countries.
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There has been some criticism since most of our money goes directly to the
experiments and almost none to supporting the facilities.

NRC support for high energy physics is supplied by the HIA High Energy
Physics Section, which is housed in the Physics Department of Carleton
University, Ottawa. The HEP Section has a very close working re]ationship
with the Carleton High Energy Physics group.

OBJECTIVES

The objectives of the High Energy Physics Section are:

To assist the Canadian community by providing the infrastructure
necessary to . carry out research programs in elementary-particle
physics at large internationa] facilities.

To provide a full-time professional staff to give the continuity and
stable base necessary to carry out a Canadian program.

To provide the community with an advanced instrumentation group to
help in the construction of hardware and provide expert technical.
advice.

To maintain a high quality staff by carrying out research in elemen-
tary particie physics.

To prov1de a source of information and advice on deveiopments in par-
ticle physics to assist the Federal Government -in formulating policy
in this field.
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HIGH ENERGY PHYSICS SECTION
Section Head: C.K. Hargrove -

This group consists of 10 profess1onal and 2 technical positions for a
staff target of 12.on 1 April 1989.

1. ACTIVITIES
- 1.1 OPAL (7.4 professional, 1.5 technical, $541K)

The European community is constructing a Large Electron Positron (LEP)
collider at CERN in Geneva. This ring with a 27 km circumference will be
operated initially at or close to the mass of the z0 particle where it will
produce about one z0 per second as opposed to previous accelerators which
produce a few a year.

The Omni-Purpose Apparatus for LEP (OPAL) is one of four detectors to
look at the decay products of these particles. It is being constructed by a
collaboration of 22 1nst1tutions from nine countries.’

NRC has led Carleton University and the University of Montreal into
this collaboration, the Canadian component of which now involves 23 physi-
‘cists from these institutions and 11 graduate students. Canada's direct
contribution, in addition to salaries, is about $9M, or approximately 10% of
the total cost of the detector, and is being funded by NRC and NSERC.

Canada is responsible for a pressure chamber 8 m long by 4 m diameter,
24 zed chambers, the vertex chambers, and some of the data acquisition hard-
ware. The zed chambers are attached to the inside wall of the pressure
chamber where they measure particle positions in the axial or z direction,
and the vertex chamber is at the centre of the detector, enclosing the col-
lision area.

1.2 TAGGED PHOTON SPECTROMETER

The Section provided specialized data acquisition software to a collab-
oration of scientists from Carleton University and the University of Toronto
and their American .colleagues who used a Tagged Photon Spectrometer at
Fermilab in I1linois. This experiment measured the production and decay
processes of mesons and hadrons which contain the higher mass charmed
quarks. :

1.3 SUDBURY NEUTRINO OBSERVATORY (SNO) (2.6 professional, .5 technical)

A collaboration of 28 scientists in seven Canadian and five U.S. and
U.K. institutions has developed a proposal to study neutrines from the sun
and from supernovae in the low background environment of a deep Canadian
mine. Neutrinos of various energies should reach the earth from several
steps in the chain of nuclear reactions which power the sun.
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Past measurements of the electron neutrinos from the decay of 88 in the
sun -indicated the arrival of, at most, a third of the number expected by the
theory of stellar structure. The proposed Cerenkov detector containing 1000
tonnes of heavy water, 6800 feet deep in the Creighton mine near Sudbury,

. Ontario will be able to detect various types of neutrinos with high sensi-

tivity and hence' tell whether the neutrinos have changed enroute to the
earth, as suggested by some theories. The continued absence of neutrinos
would have the most profound implications for either our models of solar
energy generation or our understanding of the physics of neutrinos.

The detector also should be sensitive enough to detect realtime
changes in the neutrino flux from either solar variations or galactic super-
novae.

2. FUTURE DIRECTIONS AND PRIORITIES

The top priority of the Section over the next five years must be the

‘commissioning and operation of the OPAL detector at CERN. NRC has commit-

ments to Canadian university scientists and the international consortium
that must be honoured.

To fulfill its mandate to the Canadian high energy physics community,
the Section must perform research in new instrumentation techniques for
particle physics, and keep aware of new opportunities in - high energy
phy51cs. )

The Section has made a commitment and a very sign1f1cant contr1bution
to the SNO collaboration, which should be continued when final approval and
funding for the experiment is received.

2.1 OPAL
FY 89/90.

The Canadian equipment and software for OPAL are on schedule for the
planned turn on of LEP on 17 July 1989. As soon as useful data are avail-
able some physics must be extracted quickly, since OPAL is in competition
with the other three LEP experiments.

Longer Term

The OPAL experiment will remain the top priority for the Section. This
facility will take data at or around the energy of the 20 for at least five
years beginning in 1989. Around 1995 it is expected that the LEP machine
will be upgraded in energy to nearly double its 100 GeV 1imit so that the wt
and W~ bosons can be produced. The study of the decays of this boson would
require at least another five years. Therefore, the exploitation of OPAL is
very likely to continue to the year 2000 or beyond. During this time the
HEP Section will be expected to participate in operations, maintenance, the
extraction of the physics, and possible upgrades to the hardware required by
new technological developments.
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2.2 TAGGED PHOTON SPECTROMETER
FY 89/90 . -

- The Section is in the process of concluding this experiment. This will

be the last year of serious data -analysis, and the final results will be

_published in FY 89/90 and FY 90/91.
2.3 SNO
FY 89/90
If funds are provided, the Section will continue development work on
the final detector. We will investigate the water purification system, and
the feasibility of using reflectors and discrete neutron detection methods.
: 'we plan to build a medium sized test detector and use it to calibrate
~ the Monte Carlo programs, as well as use it as a testbed for the se]ect1on
of the final components of SNO.
~Longer Term

. It is hoped that SNO will be funded fully within the next year. Since
NRC has a responsibility for national facilities, it would be a natural ex-

tension for the Section to take responsibility for the infrastructure for

this project if the Canadian collaborators agree and the resources of the
Section are increased accordingly.

3. RESULTS FROM THE PAST YEAR 1988/89
3.1 OPAL DETECTOR

_ The 24 zed chambers, the vertex chamber and the pressure vessel were
tested and installed at CERN 1n preparation for the start of data taking in
the third quarter of 1989.

The: programs to analyze the data from the OPAL detector are now written

and are being debugged and improved. Al1 the Canadian items have met their
specifications and are on schedule.

3.2 TAGGED PHOTON EXPERIMENT

The past year has seen a sustained analys1s effort for Fermilab Exper1-
ment E691, a study of charmed-particle photo-production at the Tagged Photon
Spectrometer.- The high statistical accuracy of the charm samples collected
by E691 have provided many opportunities to study the detailed physics of
heavy quark systems.

~ For example, lifetimes of the DO, D+ and D(s)* mesons have been pub-
~1ished which are more precise than the average of all previous measurements
combined. A study of p0-p0 mixing has set an upper limit of 0.5% and E691
was among the first experiments to observe the charmed baryon Sigma(c).
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Other physics topics that have either been published or are under in-
vestigation include Cabibbo-suppressed and semi-leptonic D decays, excited
charm mesons and the dynamics of charm photo- production.

3.3 SNO FEASIBILITY

The SNO proposa1 received a strong endorsement from a high-level inter-
national committee. While awaiting a decision on the funding, the collabor-
at1on 1s cont1nu1ng studies towards a final des1gn.

NRC staff have run Monte Carlo simulations on the effect of the timing
accuracy of the photomultiplier tubes, have investigated their response to
1ight at various incidence angles, and have searched for a reflecting mater-
ial that will not deteriorate in water.

4.  SITUATION ANALYSIS

OPAL Staffing

The original proposal for OPAL to the Program Selection Committee of
NRC stated that the Section staff required an increase of 4 PYs for the life.
of the project. To date NRC management has provided one 4-year, two 3-year-
and one 2-year position, all research associates. Two RAs are now in
positions which disappear on 31 March 1990. o

The HEP Section has done everything possible to provide the additional
support for OPAL, first by using its one retirement for a permanent position
for-a third RA, and secondly by stationing more permanent staff from Ottawa
in Geneva. However, two serious problems remain:

a) two RAs, who have worked extremely hard on the OPAL equipment, must
leave at the start of the operational phase just when NRC needs their
experience on the project, and before they receive any scientific
return for their efforts; and-

b) in order to keep the equipment operating 24 hours a day, NRC's commit-
ment to OPAL requires a minimum staff of four based at CERN.

- To meet the minimum requirement for OPAL, HEP still needs at least two
of the four originally requested PYs to continue beyond 1 April 1990. The
present two RA's could be extended to their 5-year 1imits, and then new ones
recruited.

OPAL Vertex Detector

Although the vertex chamber delivered to OPAL meets its specifications,
the intense radiation so close to the LEP collision volume greatly increases
the risk of failure. Since so much time is needed to disassemble and reas-
semble the complete OPAL detector during the scheduled shutdowns of LEP, any
major repair of the vertex chamber would be impossible. Consequently, funds
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are needed from NRC and NSERC to construct a replacement chamber. The new

chamber also will include modifications that can increase its resolution
significantly. .

SNO -Staffing

At present the Section has one full-time permanent professional working
on SNO and two professionals who have committed 30% of their time to the
project. The project has been given one additional full-time permanent posi-
tion, which will be filled in FY 89/90. The Section will reallocate the
equivatent of one technician to the project.

To be able to accomplish the work that we feel that NRC should do as a
minimum, the project will require one research associate as soon as pos-
sible, a technician starting in FY 1989/90, and an additional professional
physicist starting in FY 1990/91. The additional staff will be required
throughout the 4-year construction period and the 2 or more years of data
taking.

Pending the decision on funding the complete SNO project, some re-
sources were obtained from the general HEP budget and from the National

Facilities budget in 1988/89, but these have not been sufficient for any..

progress on the medium size test detector.

This situation cannot persist in the new fiscal year, without affecting

NRC's position in the project. Thus, a substantial budget request has been

“submitted to construct a pilot plant for the water purification and monitor-

ing system, to construct and operate the medium test detector (MTD) at the

NRC Linac, and to continue further participation in the project. The budget
does not include funds for any final detector components.

Continued Support for Canadian Particle Physics

~ The development of instrumentation for new experiments must be receive
a higher priority once OPAL becomes operational.

If NRC accepts that the role of the HEP Section is to provide instru-
mentation, coordination, and continuity for particle physics in Canada, it
must give serious consideration to at least doubling the size of the group,
even for the present level of community act1v1ty. ‘At the current size of
seven permanent professionals, the group is too small to carry out its role.

The Superconducting Super Collider

The Superconducting Super Coltider (SSC) is in the final stages of:

approval. Its site in Texas has now been selected. With a circumference of
80 km this accelerator will be the largest single instrument ever built. It
is ;xpected to cost $US6B to construct and have an annual operating budget
of $US250M.

The project is so large that the U.S. Department of Energy (DOE) has
asked other countries, including Canada, to participate in its construction

up to about 25% of the total. When completed it will be the major facility
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in high energy physics and at the cutting edge of this field for the forsee-

~able future. , -

The presence of the- SSC will have a major impact on particle physics in
Canada, regardless of our mode of participation. However, the infrasturcture
to cope with a major SSC prOJect does not exist in the university com-
munity.

If NRC is to contribute to this infrastructure, the HEP Section would
have to grow to at least 20 professionals to be credible. An alternative
would be to establish a fully equipped particle physics institute to prov1de
a focal point for the university commun1ty.

5.  ADDITIONAL RESOURCE REQUIREMENTS

5.1 OPAL

Staffing

As indicated above, the Section requires the extension of two RA posi-
tions from 1 April 1990 until the end of OPAL in order to meet its commit- .
ments to the operation of the detector. ‘

F1nanc1al

The estimated costs to NRC to construct the replacement vertex chamber
are an additional $50K in FY 89/90 and $150K in FY 90/91, all in operations.

5.2 SNO

Staffing

The Section requires an -additional RA position for the SNO project, an

additional technician starting in FY 89/90 and an additional professional

starting in FY 90/91.
Financial

The Section needs substantial funding for the SNO project to get the
NRC effort back on track within the collaboration. The estimates are $211K,

- for operations and $294K for minor capital spread over FY 89/90 and FY

90/91. These costs assume that the effort expands some, that we will be.
performing development work in the water purification system, and that the
MTD will be designed and built.
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HIGH ENERGY PHYSICS SECTION , _
TABLE 3 Planning Unit SummaryAby Financial CIassificatigﬁ

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

o | 89/90  90/91  91/92  92/93

o . . Staff Targets 1 ' 12 10 - 10 10
Expenditures ($K) , :

e Operations ' 491 491 491 491

¢ Minor Capital 50 100 ~ 100 - - 100

e Major Capital ‘ :
e  Total Expenditures ' 541 591 591 591
Monies-In ($K)

e Contracts-In

e Financial Arrangements

e Grants & Contributions . ~ S

e Computer Usage : 108 150 150 150
e  Total Monies-In | 108 150 150 150

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
PROPOSED NEW INITIATIVES (Other needs are discussed in the text)

89/90 90/91  91/92 92/93
e  Staff Targets | S 2 2
" Expenditures ($K) '
e Operations 100 111
e Minor Capital 200 94
e Major Capital _ . '
o . Total Expenditures . 300 205

Monies-In ($K)
e Contracts-In
o Financial Arrangements
e Grants & Contributions

. Total Monies-In
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HIGH ENERGY PHYSICS SECTION

Table 4 o Pianning Unit by Projects for 1989/90

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

RECEIPTS—

v ——EXPENDI TURES — ' ‘
| Project @ ST Ops Minor Major Total | I Revenue* Fin. G&C Total
- Code Cap Cap Exp - - Arrang.
30000 8.9 491 50 541 108 108
31000 3.1
e e e e e e S e i e e TOTAL
12 491 50 541 108 108
*Computer usage by Carleton University
(B) PROJECTIONS FOR PROPOSED NEW PROJECTS
- -EXPENDI TURES——— — RECEIPTS—————=
| Project ST Ops Minor Major Total I I Revenue Fin. G&C Total
Code Cap Cap Exp Arrang.
30000 - |
31000 ..100 - 200 300
------------------- -- e - TOTAL
100 200 300

30000 HEP, OPAL [Activity IV, Application 1]
31000 HEP, SNO [Activity IV, Application 1]




- 94 -
MANAGEMENT, ADMINISTRATION, AND CENTRAL SERVICES
Director: D.C. Morton, Assistant Director: B.H. Andrew

Administrative Manager: M.C. Storr

This group consists of 5 professional, 11 technical, and 12 support posi-

tions for a staff target of 28 on 1989 April 1. These totals include 1%

professional and 1 support position assigned to the Office of National
Facilities.
MANAGEMENT OBJECTIVES

- To lead the division's planning of programs and budgets and to pro-
vide overall direction to program and operational activi;ies.

- - To provide overall scientific and technical leadership.

- To consult with the relevant parts of the scientific community.

- ADMINISTRATION OBJECTIVES

- To administer and apply divisional policies, practices, and manage-
ment systems. . ‘

- To provide the clerical administrative, financial, and common tech-
nica] services necessary to carrying out the mandate of HIA.

- To provide the division with expertise in the regulations that govern
its affairs, and in the policies and practices of NRC.

- To prov1de 1iaison with NRC central administrative and financial ser-
vices.
1. ACTIVITIES

1.1 $MANAGEMENT AND DIRECTION (2 3 professional, 1.5 support positions,
72K)

The Directbr and Assistant Director decide upon the overall program

definition and balance, and the budgetary allocations that are best suited

to the division's pursuit of its objectives within the changing context of

Canadian science. They are responsible for the satisfaction of the divi-
sion's client - the science community of Canada - and for consulting that
community in developing plans to serve its present and future needs. In
these activities, they are assisted and advised by the division's Section
Heads and professional staff members.

: ~The Director and Assistant Director must also advise and assist NRC
senior management to approve and provide appropriate responses to the com-
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munity's needs for facilities, to 1nfonn and advise the government, and to
apply government policies.

The Director has the ultimate responsibiiity and authority for all
activities carried out by the division, and is specifically concerned with
the scientific and technical direction of the division. To these ends the
Director must be an active scientist, must keep abreast of the latest scien-
tific and technicai development, and must participate in studies of new
projects.

The Assistant Director substitutes for the Director in his absence, and
also is concerned with the operation of facilities and equipment, liaison
with and services to users, and with the division's management and adminis-
trative affairs.

1.2 CLERICAL, ADMINISTRATIVE AND FINANCIAL SERVICES (0.4 professional 10.5
support positions $400K)

- Under the direction of the Administrative Manager, clerical, adminis-
trative and financial services staff members supply the division with infor-
mation, support, and services in the areas of personnel policy, pay and
attendance, administrative policies and procedures, travel, and financial.
systems, payments, and accounting.

They also provide necessary services in the area of purchasing and sup-
plies; and prov1de secretarial and general clericai support.

Many of these serv1ces also must be provided by local staff at DAO and
DRAO. (Administrative staff members at these observatories are not included
in the totals at the start of this section.)

Administrative staff are expected to keep their counterparts in central

‘administration informed of divisional concerns, and to be informed of NRC

policies and procedures as they apply to divisional activities.

1.3 sFOMMON TECHNICAL SERVICES (0.2 professional 11'technical positions,
40K)

Under the direction of the Administrative Manager, technical services
staff members supply the division with services in mechanical design, draft-
ing, machining, electronic consulting and construction, and instrument
construction. - . '

1.4 sINDUSTRIAL LIAISON, SAFETY,. AND TRAINING (0.1 professional positions,
0K)

- The Administrative Manager acts as the divisional Industrial Liaison
Officer and supplies advice and expertise on contracting. He also acts as
the Divisional Training Officer and Co-ohairman of the safety program.
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FUTURE DIRECTIONS AND PRIORITT§§

MANAGEMENT AND DIRECTION
FY 89/90

The Director will continue his research including studies of the
interstellar gas and quasi-stellar objects, and the compilation of
atomic spectral data relevant to these investigations.

The Director will continue to participate in the studies of new
projects, including a large optical telescope on the ground and an
ultraviolet telescope in space.

In order to improve management coordination, HIA is instituting weekly
planning and review meetings among the Director, Assistant Director,
and Administrative Manager, and frequent meet1ngs among these three and
the seven Section Heads.

The NRC Personal Performance Review will be fully in effect; all staff
members will be reviewed.

The Director, “Section Heads, and perhaps some senior staff members will
participate 1n a lnanagement training -course being organized by the
Science Divisions. .

To improve communications, the Director, Assistant Director and Admin-_ .
"jstrative Manager will put into effect a policy that will see each of

them visit the Victoria and Penticton sections at least two times per
year.

Following the APR exercise, this document will be used as the basis for
preparing flow charts that show the schedules, milestones, outputs, im-
pacts, and objectives of all HIA activities. A common format is being
developed by the Science Divisions for these project plans.

Longer Term

In hiring, HIA will emphasize 1mprovements in its ability to provide
services in the French language.

CLERICAL, ADMINISTRATIVE AND FINANCIAL SERVICES

FY 89/90

HIA at Sussex will standardize its computer support systems by moving
from word processors to a PC based text system.

HIA will complete Phase 2 of its Stores computerization program by im-
p1ement1ng automated processing of standard forms and documents. This
program is compensating for past staff reductions in the Supply Office
and Stores.
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The possibility of 1ntegrat1ng the Stores of the three divisions that
occupy the Sussex building will be studied as part of the NRC plan to
modernize the Sussex laboratories.

2.3 COMMON TECHNICAL SERVICES

2.4

3.1

3.2

Longer Term (Sussex Dfive)

The PC's in the text system will be networked.

"HIA Will develop a computerized version of its stocked item catalogue.

HIA will rep]ace 1ts aging milling equ1pment and electronic instru-
ments. .

INDUSTRIAL LIAISON, SAFETY AND TRAINING

HIA will explore ways of maintaining and upgrading the expertise of its
staff members. One possible vehicle is use of the National Technologi-
cal University which uses earth satellite transmissions to feed lec-
tures to subscribing institutions with a receiving system.

RESULTS FROM THE PAST YEAR 1988/89

MANAGEMENT AND DIRECTION

By the end of FY 88/89 we will have completed the rearrangement of
space to create an administrative area that incorporates the offices of
the Director, Assistant Director and Administrative Manager, the travel
and personnel offices, and the secretarial pool. Better coordination
and some efficiencies are expected. :

The Assistant Director should achieve C-level bilingual status by the
end of FY 88/89. Lunch time refresher courses attended by the
Administrative Manager, several Section Heads, and central support
staff have been terminated by cutbacks at the language school.

HIA has accelerated the French language training schedule for Section
Heads and senior scientists.

Two sections of HIA have been instructed in the Personal Performance
Review procedures, and the supervisors have completed the first round
of interviews. . '

A divisional newsletter has been started to encourage a feeling of com-
munity among the scattered sections,

CLERICAL, ADMINISTRATIVE AND FINANCIAL SERVICES

The computerized inventory cbntrol system in Stores is almost complete.
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3.3 COMMON TECHNICAL SERVICES

e The Design Service was upgraded'by the addition of a state-of-the-art
CAD system. ‘ '

e the Instrument Development Service was introduced to the CAD/CAM pro-
- cess with the addition of a new computer controller for a milling ma-
chine, . Members were trained in its use.
3.4 INDUSTRIAL LIAISON, SAFETY, AND TRAINING
e Central Services staff members received 300 person-hours of CAD/CAM
training and -372 person-hours of French language training.

4. SITUATION ANALYSIS

Thirty-seven percent of the division's staff are located outside Ottawa

at Hilo, Hawaii; Victoria, B.C.; Penticton, B.C.; Algonquin Park, Ontario; .

and Edinburgh, Scotiand. Another 7% are located at Carleton University.

The main research 1instruments of many of the staff are in Hawaii, and

Geneva, Switzerland and for others research is through collaborative space

missions. Travel is essential but causes pressure on the budget and inevi-

table absences from the home bases. The administrative, communications, and
management problems are magnified by these grographically scattered respon-
sibilities.

"The division as a whole continues to feel the strain of limited re-
sources, particularly personnel resources, that is common to most parts of
NRC. Many staff members work long hours of unpaid overtime to fulfill HIA's
numerous commitments and still keep involved in research.

Frustrations often arise from a sense of missed opportunities. There

is always a temptation to take on too much. There can also be a latent anx-

jety caused by not having enough time and money to do the best possible job.

Another cause of frustration is the perception that NRC in particular,

and science in generaj, are not properly recognized by the federal_

government.

Support staff have to take on additional duties as their numbers de-
crease. It has been a long time since anyone saw a secretary reading a book
in this division. » :

At the director level there is the common and growing burden of bureau-
cratic chores imposed both by NRC and externally. Nowadays a director could
keep fully occupied dealing with the paper that comes across his desk from
outside, without ever undertaking any initiatives of his own.

The problem is exacerbated in HIA because the scattered division and
the heavy emphasis on involvement with the science community mean that both
the Director and Assistant Director spend considerable time in travel sta-
tus. In addition, the Assistant Director also serves as Director of ‘the

.
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Office of National Facilities for Science, and so devotes only about half
his time to HIA. Also there are no professional officers, other than the.
Director's research assistant, to assist the Directors or the Administrative
Manager, as there are in many other divisions.

Section Heads, too, who are meant to be the working level scientific
managers, spend an ever increasing proportion of their time on bureaucratic
and administrative chores, to the point that it may be difficult to persuade
people to accept these posit1ons in future.

Still, people remain surprisingly cheerful in spite of it all. The
Vice-President always seems able to throw us a lifebelt just when it seems
we are going to sink. Nevertheless, a major annual planning exercise such
as this APR seems largely po1nt1ess when the resources in the system permit
little more than survival.

On the plus side, there is just enough-of a sense of progress in all
areas, and enough good results, to keép everyone encouraged. Each section
has at least one recent significant success.

The monthly Directors meet1ngs that were instituted this year for the.
Science Divisions by the Vice-President (Science) are also proving to be a
boon, since they provide a forum for examining common issues, and a means
for taking joint actions to resolve problems and explore opportunities.

5. ADDITIONAL RESOURCES REQUESTED

, One professional position (to be shared with the Office of National
Facilities for Science) and one permanent position for one of the two term
positions of the divisional secretarial pool which disappear on 31 March
1989 and 31 March 1991, : _
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- TABLE 3 Planning Unit Summary by Financial Classification

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS -

K Staff Targets

Expenditures ($K)
- e Operations -~
e Minor Capital
e Major Capital

e  Total Expenditures

Monies-In ($K)
e Contracts-In
¢ Financial Arrangements
e Grants & Contributions

. Total Monies-In

£ 89/90

28
475
37

512

120

120

90/91 91/92
27 26
475 475
32 32
507 507 -
120 120
120 120

507

120

120

(B) MOST. URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR

PROPOSED NEW INITIATIVES (Other needs are discussed in the text)
89/90

e Staff Targets
Expenditures ($K)
] Operations
- o Minor Capital
e Major Capital

. Total EXpehditures

Monies-In ($K)

‘o Contracts-In
o Financial Arrangements
e Grants & Contributions

e  Total Monies-In

/

90/91

1

1

91/92

92/93
1



- 101 -

DIRECTOR'S OFFICE

‘Table 4 ~ Planning Unit by Projects for 1989/90

(A) PROJECTIONS BASED ON APPROVED RESOURCE LEVELS

| ————————EXPENDI TURES—=— RECEIPTS
| Project ST Ops Minor Major Total | I Revenue Fin. G&C Total

Code o Cap Cap Exp - Arrang.
99000 . 28 475 - 37 512 - B 120 120
e e e e e m S e S m——————————————— TOTAL
28 475 37 512 120 120

(B) MOST URGENT ADDITIONAL RESOURCES REQUIRED, INCLUDING PROJECTIONS FOR
PROPOSED NEw INITIATIVES (Other needs are discussed in the text)

EXPENDITURES

RECEIPTS

. |.Project ST Ops Minor Major Total | | Revenue Fin. G&C Total

Code ACap Cap Exp Arrang.

99000 Director's 0ff1ce/Administration [Activity I (50%) and Act1v1ty IV (50% :
Appl1cation 1]






