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The following is an abbreviated version of the 1998 CITA
Annual Report. Due to space constraints, we have not
included more than a very brief summary of the scientific
activities at CITA in 1998. The full report is available on
request~from citadmin@cita.utoronto.ca! or on the web at
http://www.cita.utoronto.ca!.

1. FOREWORD
The Canadian Institute for Theoretical Astrophysics is a

nationally supported research center for studies in theoretical
astronomy and related subjects, hosted by the University of
Toronto and receiving research support from an NSERC col-
laborative special project grant as well as the Canadian In-
stitute for Advanced Research. CITA’s primary missions are
to foster interaction within the Canadian theoretical astro-
physics community and to serve as an international center of
excellence for theoretical studies in astrophysics. This report
has been prepared by John Dubinski and Doug Johnstone.

Research at CITA covers a broad range of fields in astro-
physical theory. In 1998 the areas of study included: • cos-
mology: early universe, inflation, cosmic defects, big bang
nucleosynthesis, microwave background anisotropies, large-
scale structure, gravitational lensing, galaxy formation, Ly-
man alpha clouds; • dynamics: galactic warps and bars, gal-
axy interactions and mergers, galaxies in clusters, globular
clusters; • intergalactic and interstellar medium: AGN winds,
Galactic HI distribution, molecular clouds, star-forming re-
gions, dust physics; • stars and compact objects: accretion
disks, protoplanetary disks, stellar winds, white dwarf cool-
ing, pulsar magnetospheres; • planetary systems: chaos,
planet migration, asteroid belt, extra-solar planets, Uranian
moons.

2. PERSONNEL
The research staff of CITA for the year 1998, along with

their primary research interests, is listed below.~Notes:†has
left CITA during 1998;‡joined CITA during 1998.!

2.1 CITA Faculty

• J. R. Bond, Professor and Director~Ph.D. Caltech, 1979!
- Cosmology: Very Early Universe, Evolution of Cosmic
Structure, Dark Matter, Cosmic Background Radiation, Par-
ticle Theory • P. G. Martin, Professor~Ph.D. Cambridge
1972! - Interstellar Matter; H2: Collisional Rate Coeffi-
cients, Galactic Plane Survey; H II Regions: Orion, Chemi-
cal Abundances; Dust: Interstellar Polarization• N. Murray
~Ph.D. Berkeley 1986! - Active Galactic Nuclei, Cataclysmic
Variable Stars, Solar System Dynamics, Solar Physics• L.
Kofman ~Ph.D. Tartu 1985! - Cosmology, Very Early Uni-
verse, Inflation, Large Scale Structure• U. Pen,~Ph.D. Prin-

ceton, 1995! - Cosmology, Simulations, Sunyaev-Zeldovich
Effect, Galaxy Spin Correlations, Damped Lyman Alpha Sys-
tems

2.2 Senior Research Associates 1998

• J. Dubinski,~Ph.D. Toronto 1991! - Galaxy Dynamics
and Formation, Cosmology, Parallel N-body and Hydro
codes• A. Lazarian,~Ph.D. Cambridge 1995! - Alignment of
Interstellar Dust, Microwave Emission from Dust, Molecular
Clouds, Interstellar Turbulence, Star Formation, MHD: Re-
connection and Dynamo• D. Yu. Pogosyan~Ph.D. Tartu
1990! - Cosmology, Large-scale Structure, Microwave Back-
ground Radiation, Interstellar Medium

2.3 Research Associates 1998

• P. J. Armitage,~Ph.D. Cambridge 1996! - Accretion
Disks, Black Holes, Star Formation, Computational Hydro-
dynamics• S. Basu,~Ph.D. Illinois 1993! - Star Formation,
Interstellar Medium, Solar Physics• A. R. Crittenden,~Ph.D.
Pennsylvania 1993! - Cosmology, Large-scale Structure, Mi-
crowave Background Radiation, Cosmic Defects• B. J. Glad-
man‡, ~Ph.D. Cornell 1996! - Solar System Formation,
Kuiper Belt Observations, Globular Cluster Systems, Mete-
orite Transport• B. M. S. Hansen,~Ph.D. Caltech 1996! -
Stellar Evolution: White Dwarfs and Pulsars, Globular Clus-
ters, Planetary Formation and Dynamics, Gamma Ray
Bursts • D. Johnstone,~Ph.D. Berkeley 1995! - Destruction
of Circumsteller Disks, Molecular Clouds, Star Formation,
Galactic ISM, Globular Clusters• L. Knox, ~Ph.D. Chicago
1995! - Cosmology, Early Universe, Large Scale Structure,
Cosmic Microwave Background• M. Y. Lyutikov, ~Ph.D.
Caltech 1998! - Plasma Astrophysics, Pulsars, GRB, Chaos
in Planetary Systems, Inflation• S. J. Magorrian,~D.Phil.
Oxford 1995! - Galactic Dynamics• C. Murali, ~Ph.D.
UMass-Amherst 1996! - Galaxy formation, Galactic struc-
ture and dynamics, ISM• P. Natarajan,~Ph.D. Cambridge
1998! - Gravitational lensing, clusters of galaxies, accretion
physics and active galactic nuclei, the growth of black holes
and the physics of galaxy formation.• S. Prunet,~PhD Orsay
1998! - Cosmology, Large Scale Structure, Microwave Back-
ground, ISM: Microwave foregrounds• R. Scoccimarro,
~Ph.D. Chicago 1996! - Cosmology, CMB, Large Scale
Structure, Numerical Simulations, Weak Lensing• T.
Souradeep,~Ph.D. IUCAA 1995! - Cosmology, Large-scale
Structure, Microwave Background Radiation, Early Uni-
verse• A. L. Van Waerbeke,~Ph.D. Toulouse, France 1997!
- Cosmology, Gravitational lensing, Large-scale structure,
Quasars: Evolution

Although the bulk of the support for CITA’s research
staff comes from our NSERC Collaborative Special Program
grant and from research grants to individual faculty mem-
bers, support in 1998 also came from an NSERC Postdoc-
toral Fellowship~Gladman!.
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Changes In 1998Four new research fellows joined CITA
in 1998: Priyamvada Natarajan~Cambridge!, Simon Prune-
t~IAS, Orsay!, Ludovic van Waerbeke~Toulouse! and Alex
Lazarian~Cambridge! as senior associate. They joined senior
research associates Dmitry Pogosyan and John Dubinski, and
research fellows Phil Armitage, Shantanu Basu, Brad
Hansen, Douglas Johnstone, Lloyd Knox, Chigurupati Mu-
rali, and Roman Scoccimarro.

A number of our research fellows left during the past
year. Rob Crittenden took up a 5 year SERC position at
DAMPT but returned in the 1998-99 academic year to CITA
as an RA. Tarun Souradeep took up a post doctoral fellow-
ship at the University of Kentucky, Brett Gladman took up a
position at l‘Observatoire de Nice, Lloyd Knox became a
senior RA in Chicago, and John Magorrian left for a post
doctoral position at Cambridge.

2.4 National Fellows 1998

A program started in 1988 solicits nominations from uni-
versities across Canada for ‘‘CITA National Fellows.’’
These are research fellows who are jointly supported by
CITA and the nominating university; although they work
primarily at the nominating university, visits to CITA and
collaboration with CITA staff are encouraged. CITA Council
awards these fellowships using the same selection criteria as
those for CITA research fellowships. The National Fellows
in 1998 were:

• S. Ansoldi~Ph.D. Trieste!, held at University of Victoria
and University of Alberta~1998-2000! • E. Pierpaoli~Ph.D.
International School of Advanced Studies!, held at Univer-
sity of British Columbia ~1998-2000! • P. Wiegert ~Ph.D.
Toronto!, held at York University~1998-2000! • R. Ouyed
~Ph.D. 1997, McMaster!, held at St. Mary’s University
~1997-1998!.

2.5 Supervised Graduate Students

Faculty and research fellows have been involved in the
supervision of several graduate students from the University
of Toronto:

• D. Ballantyne ~Peter Martin!, Astronomy • A. Dirks
~Dick Bond!, Astronomy • P. Greene~Lev Kofman!, Physics
• J. Karr ~Peter Martin!, Astronomy • C. Kerton~Peter Mar-
tin!, Astronomy • R. McNaughton~Norm Murray!, As-
tronomy • M. Ruetalo~Dick Bond!, Astronomy • K. Verner
~Peter Martin!, Astronomy • P. Zhang~Ue-Li Pen!, As-
tronomy

2.6 Summer Student Research Program

CITA instituted a highly successful summer student re-
search program in 1996 which has brought undergraduates
from a number of Canadian universities to CITA to work
with Faculty and Research Associates. Summer 1998 partici-
pants were:

• Frederic Bealieu~U. Montreal! • Momar Dieng~Macal-
ester! • Michael Forbes~University of British Columbia!
• Philip Komljenovic ~York U.!

3. CITA VISITORS
CITA has a vigorous visitors program bringing a number

of Astronomy and Physics faculty members from other Ca-
nadian universities and from abroad for both extended stays
and shorter visits.

3.1 Senior Visiting Fellows 1998

• Hugh Couchman, University of Western Ontario • Dick
Henriksen, Queen’s University • Kim Innanen, York Univer-
sity • Lorne Nelson, Bishop’s University • Ralph Pudritz,
McMaster University • Larry Widrow, Queen’s University

3.2 Long Term Visitors

• T.T. Chia, Singapore • G. Ferland, Kentucky • P.A.M.
van Hoof, Kentucky • D. Verner, Kentucky • D.H. Zhang,
China

3.3 Shorter Term Visitors

In addition there were over eighty short term visitors to
CITA in 1998.

4. CIAR AND CITA
The Canadian Institute for Advanced Researchsup-

ports a number of Programs chosen for their high intellectual
promise and interdisciplinary character. The CIAR Cosmol-
ogy and Gravity Program has nodes at UBC~Fellows Bill
Unruh and Matt Choptuik!, at the University of Alberta~Fel-
lows Valery Frolov and Don Page!, at the University of Vic-
toria ~Fellow Werner Israel and Scholar Julio Navarro!, at
the University of Toronto~Fellows Ray Carlberg and Simon
Lilly ! and at CITA, where Dick Bond and Lev Kofman are
CIAR Fellows and Ue-Li Pen is a CIAR scholar. There is
also a large distinguished network of CIAR Associates of
this Program around the world. The Program is in its third
five year period and Scott Tremaine is the Director. The
academic interaction between CIAR Fellows and other CITA
visitors and researchers, and the administrative cooperation
between CITA and CIAR in attracting excellent cosmolo-
gists, continues to make Toronto and Canada a lively place
for research in theoretical cosmology.

5. SACKLER VISITING ASTROPHYSICIST
CITA received a generous gift from the Raymond and

Beverly Sackler Foundation to endow theRaymond and
Beverly Sackler Visiting Astrophysicist Program. Each
year CITA invites an internationally distinguished scholar
conducting research in theoretical astrophysics to give two
lectures at the University of Toronto. The researcher also
meets informally with faculty and postdoctoral fellows at
CITA as well as researchers and students in the Department
of Astronomy and other departments. The visit is intended to
be the highlight of the academic year at CITA.

The first Raymond and Beverly Sackler Visiting Astro-
physicist~1997! was Sir Martin Rees from Cambridge Uni-
versity. The second Sackler Visitor was Peter Goldreich of
Caltech who visited in September 1998 and gave a public
lecture entitled ‘‘Planet Formation.’’
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6. CONFERENCES SUPPORTED BY CITA
CITA supports scientific workshops and meetings in

Canada on subjects of interest to theoretical astrophysics.
Meetings supported by CITA in 1998 were:

• New Views of the Magellanic Clouds/ IAU 190, July
12-17, 1998~Victoria!, Organizer J. Hesser. • New Perspec-
tives on the Interstellar Medium, August 22-28, 1998~Nara-
mata!, Organizes T. Landecker and A.R. Taylor. • Gravita-
tional Collapse Leading to Star Formation, October 4-6,
1998~Toronto!. Organizers D. Johnstone and S. Basu. • 13th
Kingston Meeting on Theoretical Astrophysics: Galaxy For-
mation and Cosmic Star Formation History, October 15-17,
1998 ~Hamilton!. Organizers R. Pudritz, A. Babul, P. Bas-
tien, R. Carlberg, M. Rees, M. West. In addition, a collabo-
ration between CITA, McMaster, Waterloo, and Queen’s
University has produced an active Star Formation Group in
the Southern Ontario region which meets monthly to discuss
current research topics.

7. FACILITIES
CITA occupies the 12th floor of the McLennan Physical

Laboratories at the downtown campus of the University of
Toronto.

CITA researchers have access to several powerful com-
puters. CITA and CITA grantholders own a 45% share of an
eight-processor, 4-gigabyte SGI Origin 2000 system, and
63% of a pair of older Compaq AlphaServer 2100 systems
~one with four 200MHz EV4 processors and 256 megabytes
of memory, one with four 250MHz EV5 processors and 1
gigabyte!. There is also a dedicated cluster for dynamics cal-
culations, funded by Martin in collaboration with M. Duncan
~Queen’s!, and K. Innanen~York!; this comprises 20 inex-
pensive but powerful Alpha PCs running Linux. Two addi-
tional Alpha PCs, owned by grantholders, are dedicated to
computation. A major step upward in our computing is about
to occur thanks to a ‘‘Canadian Fund for Innovations’’ grant,
which will amplify our raw parallel computing power by
more than tenfold.

Desktop computing resources include 17 Intel-based per-
sonal computers running Linux; six Compaq Alpha worksta-
tions; two SGI Indigo workstations; one Sun Ultra 1 work-
station; six X terminals with colour screens; and a handful of
older systems~SGI Personal IRISes, first-generation SUN
SPARCstations!. Two smaller Compaq Alpha systems serve
as time-sharing systems for the X terminals and for other
use. All of these systems are networked together, and much
computation is done on the powerful desktop systems, singly
and in concert.

All of these systems are supported by a Sun Ultra 5 back-
end file and network server, with about 200 gigabytes of
disk. CITA’s network is fully switched, with 10 and 100
megabit connections to offices~depending on the computers
present! and a 100 megabit link to the campus network and
the Internet.

Researchers also have access to a number of peripheral
devices, including a high-quality dye-sublimation colour
printer; several inkjet colour printers; a high-speed black-
and-white laser printer, capable of double-sided printing; an
optical scanner; and Exabyte, DLT, and DAT tape drives.

8. CITA COUNCIL
CITA is both an Institute within the School of Graduate

Studies of the University of Toronto, and a non-profit corpo-
ration ~CITA, Inc.!. Relations between the two CITAs are
governed by a Letter of Agreement between CITA Inc. and
the University of Toronto that was signed in 1989. The CITA
Council consists of seven members, five selected from the
CITA Inc. membership of over 50 researchers in co-
operation with the Canadian Astronomical Society~of which
they must also be members!, and twoex officio: the Director
of CITA and the Dean of the School of Graduate Studies of
the University of Toronto or his designate.

Members of CITA Council for the second half of 1998
were:

• Richard Bond, CITA Director • David Clarke, CAS rep.,
St. Mary’s University • Hugh Couchman, University of
Western Ontario • David Hartwick, University of Victoria
• Kim Innanen, York • Donald Moggridge,~Vice-Dean,
School of Graduate Studies, University of Toronto! • Ralph
Pudritz, McMaster University

9. SCIENTIFIC OVERVIEW 1998
The research program at CITA encompasses all the major

areas in astronomy broken down in the main categories of
cosmology, galaxies, interstellar medium, stars and planets.
In this report, we review the main activities at CITA during
1998.

9.1 Cosmology

In the 1990’s, cosmology has evolved into a mature, de-
tailed science pushed forward by an enormous amount of
observational data. Research in cosmology at CITA covers
most areas of current interest including studies of the early
universe and the origin of the primordial density fluctuations,
the connection to the cosmic microwave background~CMB!
temperature fluctuations and the nonlinear evolution via
gravitational collapse into galaxies, clusters of galaxies and
large-scale structure.

Inflation continues to be a lively area at CITA, especially
how matter arose at the end~Kofman! and its inpact on
density fluctuations, both leading to observable tests. The
alternative defect induced structure formation theory has also
been much explored~Pen!.

A large effort at CITA has centered around establishing
and calculating the cosmological constraints that precise
measurements of the CMB fluctuations will allow~Bond,
Crittenden, Knox, Pogosyan, and Souradeep!. Bond,
Knox, andSouradeephave been studying how well one can
reconstruct the primordial power spectra and the inflation
potential from measurements to be done with Plank and
MAP, while Bond, Pogosyan, and Souradeephave devel-
oped a completely general method for calculating CMB
anisotropy in models with non-trivial topology. Understand-
ing the effect of foreground emission on the high quality
observations now available is particularly important and
CITA has a number of researchers involved in this pursuit
~Knox, Prunet, andScoccimarro!.
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Cosmologists at CITA are building new tools and tech-
niques for interpreting the coming deluge of new CMB data.
The band-power method developed byBond has been re-
fined and should become the standard method for the presen-
tation of power spectrum constraints by observers~Bond and
Knox!. Various pixelization schemes for use with Planck
and other experiments have been also been analyzed~Crit-
tenden!. Given the detail expected in these future high pre-
cision measurements of the CMB it is imperative to under-
stand all possible secondary sources of anisotropy including
the impact of inhomogeneous reionization on the cosmic mi-
crowave background~Knox and Scoccimarro!. CITA re-
searchers are also involved with the experiments themselves.
Knox is a co-investigator on the MSAM Tophat balloon-
borne experiment to measure CMB anisotropy and is also
involved in analysis of the Python data set taken by the south
pole telescope.Crittenden is aiding the establishment of the
Cambridge Planck Analysis Center~CPAC! at the University
of Cambridge.

The size and depth of galaxy redshift surveys will in-
crease dramatically in the next few years and new statistics
on the large-scale distribution of galaxies will be available
for direct comparison to cosmological theories. CITA re-
searchers are advancing the Cosmic Web paradigm~Bond,
Kofman and Pogosyan! and studying the observability of
these structures by weak-lensing~Van Waerbeke!, second-
ary CMB fluctuations such as the Sunyaev Zel’dovich effect
and x-ray emission~Bond, Kofman, Pen, and Pogosyan!.
Other studies at CITA include: analysis of gravitational in-
stability in mildly non-linear regimes~Scoccimarro and
Couchman!; simulations of Lyman-alpha absorption at high
redshift ~Bond!; and development of sophisticated N-body
and hydrodynamic codes for simulating the complex inter-
play between gravity, gasdynamics, atomic physics and mag-
netic fields ~Bond, Pen, Dubinski, and Couchman!. The
main problems that are being tackled with these codes are
the evolution of the Lyman-a forest, the formation of galaxy
clusters, and the study of galaxy interactions in merging
pairs and in clusters. The recent acquisition of a multi-
processor Silicon Graphics Origin supercomputer has aided
in these studies and has offered high-resolution simulated
views of formation of galaxies in clusters.

9.2 Galaxies

Understanding the complexity and richness of Newtonian
mechanics and gravity in stellar systems such as galaxies and
dense star clusters is another major focus of research at
CITA. There are many open problems on the dynamics of
disk galaxies, galactic dark halos, globular clusters and ga-
lactic nuclei. CITA dynamicists have been working on vari-
ous problems including: the gravitational response of galax-
ies and globular clusters to tidal perturbations~Dubinski and
Murali !, warps and azimuthal distortions in disk galaxies
~Dubinski!, using interacting galaxies to constrain dark halo
mass ~Dubinski!, using the observed spin of galaxies to
probe the gravitational field~Pen!, the modeling of spectro-
scopic and photometric data from galactic nuclei to search
for giant blackholes~Magorrian !, globular cluster systems

around ellipticals~Gladman!, and micro-lensing by MA-
CHOS in simulated dark halos~Dubinski andWidrow !.

Both analytical and numerical N-body methods are being
applied to the studies of galaxies and clusters. Analytical,
linear calculations are more appropriate for studying the cu-
mulative effect of many, low amplitude perturbations such as
expected in interaction of globular clusters with low-mass
blackholes~Murali !. CITA researchers~Dubinski andMu-
rali ! have compared an analytical, linear response calcula-
tion of a tidal perturbation on a spherical system with a 1
million particle N-body simulation and while the agreement
is good, the discreteness of the N-body system introduces
new effects which may be important for globular cluster evo-
lution.

9.3 The Interstellar Medium

At CITA, active research on chemical processes in the
ISM continues. Fundamental analysis of collision cross-
sections between hydrogen molecules in ISM settings will
aid in determining the rate of excitation of this most abun-
dant molecule~Martin and Mandy!. Determination of the
chemical enrichment of star-forming clouds from observa-
tions of spectral lines has resulted in constraints on the iron
content within the Orion nebula~Martin !.

Computations of the collapse of magnetized cloud cores
and the initial growth of stars produce a dynamic mass ac-
cumulation rate an order of magnitude larger than predicted
by equilibrium theory~Basu!. Magnetic fields in the Galaxy
may also aid in the formation of dense star-formation sites
based on models of the Parker instability, a process which
funnels initially diffuse gas into small dense regions~Basu!.
Combining theory with multi-wavelength observations, is
leading to insights on the modes of star formation and the
environment surrounding star-formation sites.

CITA researchers are active in the ongoing DRAO Cana-
dian Galactic Plane Survey~CGPS! ~Basu, Johnstone, Ker-
tin, and Martin !, modeling the evolution and structure of
Galactic chimneys and superbubbles~Basu, Johnstone,and
Martin !, studying the interstellar environment around com-
pact HII regions~Kertin andMartin !, and constraining the
accuracy of kinematic distance measurements~Johnstone!.

Turbulence in molecular clouds is an important pressure
support mechanism and yet the input mechanism and the
eventual decay are not well understood. Researchers at CITA
are examining several aspects of turbulence, including mea-
suring turbulence in HI~Lazarian andPogosyan!, theoreti-
cal understanding of the non-linear interaction of waves
~Lyutikov ! and determining decay rates and energy loss
~Basu and Murali !. Another area of research is theoretical
modeling of the emission and polarization properties of dust
grains, required to understand the high sensitivity observa-
tions now possible~Lazarian!. Additionally, the new con-
tinuum bolometer~SCUBA! at the JCMT has provided a tool
for probing the cold, dense interstellar medium where stars
form at sub-millimeter wavelengths~Martin, Johnstone!.
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9.4 Stars and Compact Objects

While much is understood about the basic structure and
evolution of stars, there are still many fundamental questions
left unanswered. A number of the questions relate to associ-
ated circumstellar material occupying disk-like structures
around many stars. Research at CITA has focused on warps
in these disks, the interaction of stellar magnetic fields with
disks, accretion through disks, and disk destruction.

Some disks produce distinct emission line features which
can be attributed to disk winds providing insight to their
energetics and structure. Using recent Hubble Space Tele-
scope images of the Orion star-forming region, the hostile
environment around massive stars has been analyzed
~Johnstone!. Nearby young stars have their protoplanetary
disks heated and evaporated by the energetic neighbor
~Johnstone!.

The stellar graveyard also provides many astrophysical
enigmas. White dwarf cooling models provide age estimates
for milli-second pulsars, allowing for a determination of their
evolution. The most detailed white dwarf models are being
computed at CITA~Hansen!. Other research focuses on the
retention and evolution of neutron stars in globular clusters
~Hansen!, the mass-transfer history of compact objects in
binaries~Hansen!, and the implementation of fundamental
plasma physics methods to study pulsars~Lyutikov !. Accre-
tion disks around black holes have been investigated by
Armitage andNatarajan in order to understand the observ-
ability of the accretion process and the warps induced in the
disk.

9.5 Planetary Systems

The Solar System poses both a local concern and a rich
source of observational data. CITA continues to provide
leading research in this field conducting both analytic and
detailed numerical simulations. Recent results include an un-
derstanding of the chaotic nature of the outer asteroid belt
~Murray andLyutikov !, the possibility of a long-lived belt
of mass between Uranus and Neptune, the tidal-disruption of
Earth-crossing asteroids~Gladman!, and the evolution of
long-period comets~Wiegert andMurray !.

Investigations into the formation of planetary systems has
concentrated on the inward migration of planets through in-
teraction and ejection of planetesimals, providing a mecha-
nism for the creation of short-period planets~Hansen and
Murray !. Other studies include the formation mechanism
for planets around pulsars~Armitage andHansen!.

CITA researchers have also been involved in the discov-
ery and followup analysis of the two new moon’s discovered
around Uranus~Gladman!. The new moons appear to be on
retrograde orbits around the planet and one has a highly el-
liptical path. The diameters, deduced from brightness and an
assumed albedo, are 60 and 120 kilometers.

PUBLICATIONS
The publication list includes all papers published or sub-

mitted in 1998 by the CITA staff, or by visitors if a substan-

tial portion of the work was done at CITA. Some papers
published in this period were included as ‘‘submitted’’ or
‘‘in press’’ in the 1997 annual report.
Aghanim, N., Prunet, S., Forni, O., Bouchet, F.R. 1998,

‘‘Moving gravitational lenses: imprints on the cosmic mi-
crowave background,’’Astron. Astrophys., 334, 409.

Armitage, P.J. 1998, ‘‘Turbulence and Angular Momentum
Transport in a Global Accretion Disk Simulation,’’Ap. J.
Lett., 501, 189-192.

Armitage, P.J. 1999, ‘‘Disc Dispersal around Young
Stars,’’ in Proc. ofAstrophysical Discs, ed. J.A. Sell-
wood, and J. Goodman,~ASP Conf. Ser. 160!, p. 176-
185.

Armitage, P.J., Clarke, C.J. and Tout, C.A. 1999, ‘‘Accre-
tion Disc Evolution in Single and Binary T Tauri Stars,’’
M.N.R.A.S., 304, 425-433.

Armitage, P.J. andHansen, B.M.S.1999, ‘‘A Propagating
Mode of Planet Formation in Massive Discs,’’Nature,
submitted.

Armitage, P.J. and Livio, M. 1999, ‘‘Black Hole Formation
via Hypercritical Accretion during Common Envelope
Evolution,’’ Ap. J., submitted.

Armitage, P.J. and Murray, J.R. 1998, ‘‘Simulations of Spi-
ral Structure in the Accretion Disc of IP Pegasi during
Outburst,’’ M.N.R.A.S., 297, L81-L85.

Armitage, P.J. and Natarajan, P. 1999, ‘‘Lense-Thirring
Precession of Accretion Disks around Compact Objects,’’
Ap. J., in press.

Armitage, P.J. and Natarajan, P. 1999, ‘‘The Blandford-
Znajek Mechanism and Emission from Isolated Accreting
Black Holes,’’ Ap. J. Lett., submitted.

Armour, M.-H., D.R.Ballantyne, G.J.Ferland, J. Karr , &
P.G. Martin 1999, ‘‘Emission-line Helium Abundances
in Highly Obscured Nebulae,’’P.A.S.P., in press.

Bally, J., Sutherland, R.S., Devine, D., andJohnstone, D.
1998, ‘‘Externally Illuminated Young Stellar Environ-
ments in the Orion Nebula: Hubble Space Telescope Plan-
etary Camera and Ultraviolet Observations,’’A. J., 116,
293.

Basu, S.1998, ‘‘Constraints on the Formation and Evolution
of Circumstellar Disks in Rotating Magnetized Cloud
Cores,’’ Ap. J., 509, 229-237.

Basu, S. 1999, ‘‘The Formation of Protostellar Disks in
Magnetized Cloud Cores,’’ in Proc. of 8th Annual Mary-
land Astrophysics Conference,Accretion Processes in As-
trophysical Systems, eds. S. S. Holt and T. R. Kallman,
~Woodbury: AIP Press!, p. 505-508.

Basu, S., Johnstone, D., andMartin, P.G. 1999, ‘‘Dynami-
cal Evolution and Ionization Structure of an Expanding
Superbubble: Application to W4,’’Ap. J., 516, 843-862.

Bercik, D. J.,Basu, S., Georgiobani, D., Nordlund, A., and
Stein, R. F. 1999, ‘‘Solar Magneto-Convection,’’ in Proc.
of Tenth Cambridge Workshop onCool Stars, Stellar

Systems, and the Sun, eds. J. A. Bookbinder and R.
Donahue,~San Francisco: ASP!, p. 568-572.

Bernardeau, F., Mellier, Y. andVan Waerbeke, L. 1998, ‘‘
V from Weak Lensing Survey,’’ in Proc. ofWide Field
Surveys in Cosmology, ed. S. Colombi and Y. Mellier
~Frontière!, p. 183.
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Bond, J.R 1998, ‘‘Cosmic Microwave Background Over-
view,’’ Class. Quantum Grav., 15, 2573-2587

Bond, J.R 1998, ‘‘Cosmic Microwave Background Theory,’’
Proc. National Acad. Sci. US,95, 35-41.

Bond, J.R., Crittenden, R., Jaffe, A.H. andKnox, L. 1999,
‘‘Computing Challenges of the Cosmic Microwave Back-
ground,’’ Computing in Science and Engineering, vol. 1,
no. 2, 21.

Bond, J.R., Jaffe, A.H. 1999, ‘‘Constraining Large Scale
Structure Theories with the Cosmic Background Radia-
tion,’’ Phil. Trans. R. Soc. London, 357, 57-75

Bond, J.R., A.H. Jaffe andKnox, L. 1998, ‘‘Estimating the
Power Spectrum of the Cosmic Microwave Background,’’
Phys. Rev. D57, 2117.

Bond, J.R., A. H. Jaffe andKnox, L. 1999, ‘‘Radical Com-
pression of Cosmic Microwave Background Data,’’Ap.
J., in press.

Bond, J.R.,Kofman, L. Pogosyan, D., Wadsley, J.W. 1999,
‘‘Theoretical Tools for Large Scale Structure,’’ in ‘‘Wide
Field Surveys in Cosmology,’’ Proc. XIV IAP Collo-
quium Conf., ed. S. Colombi & Y. Mellier,~Paris: Edi-
tions Frontieres!, p. 17

Bond, J.R., Pogosyan, D.andSouradeep, T.1998, ‘‘Com-
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