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The following is an abbreviated version of the 1996 CITA S. Tremaine, Professor and Direcioo June 30 (Ph.D.
Annual Report. Due to space constraints, we have noPrinceton 1975- Stellar Dynamics, Galactic Structure, So-
included more than a very brief summary of the scientificlar System Formation and Dynamics, Comets
activities at CITA in 1996. The full report is available on
rquest(from_ citadmin@cita.utoronto.¢aor on the web at Changes In 1996
http://www.cita.utoronto.ga

Scott Tremaine finished his second term as Director on

1. FOREWORD June 30, 1996. Dick Bond became Director 05 year term

The Canadian Institute for Theoretical Astrophysics is aeginning July 1.
nationally supported research center for studies in theoretical
astronomy and related subjects, hosted by the University 0f 2 Senior Research Associates 1996
Toronto and receiving research support from an NSERC col-
laborative special project grant as well as the Canadian In- R. A. Malaney (Ph.D. St. Andrews 1986- Nuclear-
stitute for Advanced Research. CITA’s primary missions aréNeutrino Astrophysics and Cosmology
to foster interaction within the Canadian theoretical astro- D. Yu. PogosyariPh.D. Tartu 199p- Cosmology, Large-
physics community and to serve as an international center ¢fcale Structure, Microwave Background Radiation
excellence for theoretical studies in astrophysics. This report
has been prepared by Doug Johnstone, John Dubinski, a@s Research Associates 1996
Robert Malaney.
Research at CITA covers a broad range of fields in astro- P. J. Armitagé, (Ph.D. Cambridge 1996- Accretion
physical theory. In 1996 the areas of study included: Disks, Star Formation, Computational Hydrodynamics
cosmology: early universe, inflation, cosmic defects, big S. Bast, (Ph.D. lllinois 1993 - Star Formation, Inter-
bang nucleosynthesis, microwave background anisotropiestellar Medium, Solar Physics
large-scale structure, gravitational lensing, galaxy formation, B. C. Chaboyer, (Ph.D. Yale 1998- Stellar Evolution,

Lyman alpha clouds; Stellar Populations, Galaxy Formation
intergalactic and interstellar medium: dust physics, mo- J. Chiand, (Ph.D. Stanford 1993- Broad Line Regions
lecular clouds, star-forming regions; of QSOs; Line Emission from Cataclysmic Variables
dynamics: galactic warps, globular clusters; S. Colombl (Ph.D. I.A.P., Paris 1993- Cosmology,
stars and compact objects: accretion disks, stellar windg,arge-scale Structure, Statistics, N-body Simulations, Per-
white dwarf cooling, stellar ages; turbation Theory
planetary systems: chaos, asteroid belts, long-period com- R. G. Crittendeh, (Ph.D. Pennsylvania 1993 Cosmol-
ets, extra-solar planets: ogy, Large-scale Structure, Microwave Background Radia-
tion, Cosmic Defects
2. PERSONNEL J. Dubinski, (Ph.D. Toronto 19911- Cosmology, Galaxy

The research staff of CITA for the year 1996, along with DynamicsTand Formation, Parallel N-body and hydro codes
their primary research interests, is listed bel¢Motes: 'has A. Jaffe (Ph.D. Chicago 1994 Cosmology, Large-scale

left CITA during 19967joined CITA during 1996. Structure, Statistics, Particle Astrophysics .
D. Johnstone,(Ph.D. Berkeley 1995- Destruction of

2.1 CITA Faculty Proto-l_DIanetary Disks, Star Formation, Globular Clusters,
Galactic ISM

J. R. Bond, Professor and Direct@fter June 3D(Ph.D. B. M. S. Hanseh (Ph.D. Caltech 1996- Stellar Evolu-
Caltech, 1979- Cosmology: Very Early Universe, Evolution tion: White Dwarfs and Pulsars, Globular Clusters, Galactic
of Cosmic Structure, Dark Matter, Cosmic Background Ra-Halo
diation, Particle Theory M. J. Holman,(Ph.D. MIT 1994 - Nonlinear Hamilto-

N. Kaiser, ProfessofPh.D. Cambridge, 1982 Cosmol- nian Dynamics, Solar System Dynamics, Asteroids, Comets,
ogy, Early Universe, Large Scale Structure, Galaxy Forma-Extra-solar Planets
tion, Galaxy Clusters, Gravitational Lensing L. Knox, (Ph.D. Chicago 1995 Cosmology, Early Uni-

P. G. Martin, ProfessofPh.D. Cambridge 1972 Inter-  verse, Large Scale Structure, Cosmic Microwave Back-
stellar Matter; H,: Collisional Rate Coefficients, Galactic ground
Plane Survey; H Il Regions: Orion, Chemical Abundances; S. J. Magorrian,(D.Phil. Oxford 199% - Galactic and
Dust: Interstellar Polarization Stellar Dynamics

N. W. Murray, Assistant ProfessdPh.D. UC Berkeley C. Murali*, (Ph.D. UMass-Amherst 1996 Stellar Dy-
1986 - Active Galactic Nuclei, Cataclysmic Variables, Solar namics, Globular Cluster Evolution, Milky Way Structure,
System Dynamics, Helioseismology Galaxy Formation
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J. R. Murray, (Ph.D. Monash 1995- Computational These are research fellows who are jointly supported by
Fluid Dynamics, Smoothed Particle Hydrodynamics, Magne-CITA and the nominating university; although they work
tohydrodynamics, Fluid Instabilities, Magnetic Fields in the primarily at the nominating university, visits to CITA and
Early Universe, Accretion Disks, Cataclysmic Variables  collaboration with CITA staff are encouraged. CITA Council

K. P. Rauch,(Ph.D. Caltech 1995- Stellar Dynamics, awards these fellowships using the same selection criteria as
Relativistic Astrophysics, Active Galactic Nuclei, Gravita- those for CITA research fellowships. The National Fellows

tional Lensing in 1996 were:

D. C. Richardsor, (Ph.D. Cambridge 1993 Solar Sys- M-H. Lee (Ph.D. Princeton 1991 held at Queen’s Uni-
tem Formation and Dynamics, Planetary Rings, Fractal Ag-versity (1995-1997.
gregates, Tree Codes, Data Visualization D. Craig (Ph.D. 1996, UC Santa Barbaraheld at the

R. Scoccimarrh (Ph.D. Chicago 1996- Cosmology, University of Alberta(1996-1998.
Large Scale Structure, Non-Linear Dynamics, Perturbation Y. Gusev(Ph.D. 1996, Manitoba held at the University
Theory of Alberta (1996-1998.

T. SouradeegPh.D. IUCAA 1995 - Cosmology, Large- M. Hudson(Ph.D 1993, Cambridgeheld at the Univer-
scale Structure, Microwave Background Radiation, Earlysity of Victoria (1995-1997.
Universe

J. R. Toumé& (Ph.D. MIT 1993 - Solar System Dynamics, 2.5 Supervised Graduate Students
Galactic Dynamics

J. C. Tsai' (Ph.D. MIT 1993 - Clusters of Galaxies, Dust
in Elliptical Galaxies, Star Formation

G. Wilsorf, (Ph.D. Durham 1996- Weak Gravitational
Lensing by Clusters of Galaxies, Cluster Luminosity Func-
tions

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 also came from NSERC Postdoctoral Fellow-
ships(Chaboyer, Johnstone, Richardson 2.6 Summer Student Research Program

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

M. Casey(Norm Murray), Astronomy
H. Dahle(Nick Kaisen, Astronomy

C. Kerton(Peter Martin, Astronomy

J. Wadsley(Dick Bond), Astronomy

P. Wiegert(Scott Tremaing Astronomy

CITA instituted a highly successful summer student re-
Changes In 1996 search program this year, which brought undergraduates
from a number of Canadian universities to CITA to work

Eight new staff joined CITA in 1996: P. J. Armitage \ih Faculty and Research Associates. This year's partici-

(Cambridge University S. Basu(Michigan State Univer-

- . ; - pants were
S|_ty), _R. G. Crittenden(University of Pennsylvanja J. Du- David CharbonneadToronto
binski (UC Santa Crug B. M. S. Hansern(Caltech, C. Mu- Mike Gladders(University of Victorig

rali (UMass-Amhergt R. Scoccimarro (University of Brian Ingalls(Dalhousie

Chicago, and G. Wilson (University of Durham. They Martin Landriau(Universitede Montral)
joined senior research associate Robert Malaney, and re- Ariel Phillips (McGill University).

search fellows Matthew Holman, Douglas Johnstone, Lloyd In addition, Dave Ballantyne was a co-op undergraduate
Knox, John Magorrian James Murray, Kevin Rauch andstudent from Victoria in the Fall.
Tarun Souradeep. Dmitry Pogosyan became a Senior Re-

search Associate. 3. CITA VISITORS

A number of our research fellows left during the past h , . o
year. Brian Chaboyer took up a Hubble Fellowship at the CITA has a vigorous visitors program bringing a number

University of Arizona, James Chiang took up a PostdoctoraPf Astronqmy th Physics faculty members from other Ca-
Fellowship at the Naval Research Laboratories, Andrewhadian universities and from abroad for both extended stays
Jaffe took up a Postdoctoral Fellowship at the Center fofd Shorter visits.

Particle Astrophysics at Berkeley, Derek Richardson took up . o

a Postdoctoral Fellowship at the University of Washington,3-1 Sénior Visiting Fellows 1996

Jihad Touma took up the Harlan J. Smith Postdoctoral Fel- Hugh CouchmarfUniversity of Western Ontarjo

lowship at the McDonald Observatory at Texas, and John pjck Henriksen(Queen’s University

Tsai became an analyst for Long-Term Capital Management. \jichael West(Saint Mary’s University

Stephane Colombi took up a faculty position at the Institut

d’Astrophysique de Paris. He will return as a long term visi-3 Long Term Visitors

tor to CITA.
H. Bi, Johns Hopkins University

M. Fich, Waterloo
P. Goldreich, Caltech

A program started in 1988 solicits nominations from uni- M. Mandy, University of Northern British Columbia
versities across Canada for “CITA National Fellows.” R. Pudritz, McMaster

2.4 National Fellows 1996
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L. Widrow, Queen’s University Kingston Meeting: Computational Astrophysics, October
1996, Halifax(organizers: D. Clarke and M. West
3.3 Shorter Term Visitors

In addition there were over sixty short term visitors to 7. FACILITIES

CITA in 1996. CITA occupies the 12th floor of the McLennan Physical
Laboratories at the downtown campus of the University of

4. CIAR AND CITA Toronto.
The Canadian Institute for Advanced Research CITA’s primary compute servers are Digital Alpha sys-

(CIAR) supports a number of Programs chosen for theitems. A 64 Mbyte 3000/400S and a 256 Mbyte 3000/500S
high intellectual promise and interdisciplinary character. Thavere the first two acquired1993. CITA and CITA
CIAR Cosmology Program has nodes at UBllows Bill ~ grantholders also own a 63% share in a pair of four-CPU
Unruh and lan Affleck at the University of AlbertdFellows  AlphaServer 2100 systeni256 Mbyte and 1024 Mbyjeac-
Valery Frolov, Werner Israel and Don Pagend at CITA, quired in late 1994. The larger system was upgraded from a
where Dick Bond and Nick Kaiser are CIAR Fellows. There model 4/200 to a 5/250 in 1996, approximately doubling its
is also a large distinguished network of CIAR Associates oftomputational power for most applications.

this Program around the world. The Program went through The compute servers are supplemented with a network of
its second five year review and received an excellent ratin§our Alpha workstations, eleven Silicon Graphics Indigos
by an international review committee. The CIAR Board and Personal IRISes, eight Sun SPARCstations, a Pentium
voted to continue the Program for another five year periodfunning linux, and approximately a dozen X terminals. The
On July 1, Scott Tremaine joined the Program as theéSGI systems are used to support research activity demanding
IMASCO Fellow and became its Directorrfa 5 year term, 3—D scientific visualization. The disk capacity available to
taking over from Bill Unruh, who had served two times as the network currently exceeds 100 Gbyte.

Director. In recognition of expanded interests of the Fellows, All CITA offices have been provided with fiber-optic and
the Program was renamed Cosmology and Gravitation. Theategory 5 copper cabling, to provide a framework for
academic interaction between CIAR Fellows and other CITAhigher-bandwidth network connections. A 100Base-TX hub
visitors and researchers, and the administrative cooperaticid three fully-switched 10Base-T hubs were installed in
between CITA and CIAR in attracting excellent cosmolo-1996, replacing our old thinwire network. We now have a
gists, continues to make Toronto and Canada a lively placéirect fiber connection to a campus router.

for research in theoretical cosmology. Acquisitions include a Tektronix dye-sublimation color
printer, for producing high-quality color prints and transpar-
5 SACKLER VISITING ASTROPHYSICIST encies; a Canon bubblejet printer, for low-cost color output;

CITA has recently received a generous gift from the Ray-an HP LaserJet 5 Si/MX printer, for high-spehd double-

mond and Beverly Sackler Foundation to endow Buy- sided printing; an _HP color scanner,. for digitizing image_s
o L and OCR processing of textual data; and a DLT tape drive

mond and Beverly Sackler Visiting Astrophysicist Pro- for hiah- d. hiah- itv back

gram. Each year CITA will invite an internationally or high-speed, high-capacity backups.

distinguished scholar conducting research in theoretical as-

trophysics to give two lectures at the University of Toronto.g. CITA COUNCIL

The researcher will also meet informally with faculty and 1A is both an Institute within the School of Graduate

postdoctoral fellows at CITA as well as researchers and stusy,dies of the University of Toronto, and a non-profit corpo-

dents in the Department of Astronomy and other departiaiion (CITA, Inc.). Relations between the two CITAs are

menFs. The visit is intended to be the highlight of the aCagoverned by a Letter of Agreement between CITA Inc. and

demic year at CITA. o the University of Toronto that was signed in 1989. The CITA
The first Raymond and Beverly Sackler Visiting Astro- cqyncil consists of seven members, five selected from the

physicist will be Sir Martin Rees from Cambridge Univer- ~ita |nc. membership of over 50 researchers in co-

sity. He will visit CITA from Jure 9 - 11; among his other  oneration with the Canadian Astronomical Sociéf/which

activities he will give a public lecture titled “How Much they must also be memberand twoex officia the Director

Can You Believe of What Cosmologists Say?” of CITA and the Dean of the School of Graduate Studies of
the University of Toronto or his designate.
6. CONFERENCES SUPPORTED BY CITA Members of CITA Council for the second half of 1996

CITA supports scientific workshops and meetings inwere:
Canada on subjects of interest to theoretical astrophysics. Richard Bond, CITA Director

Meetings supported by CITA in 1996 were: John Britton (Vice-Dean, School of Graduate Studies,
The Kuiper Belt, June 7-8 1996, Toronf@rganizers: M.  University of Torontg

Holman and S. Tremaine Hugh Couchman, University of Western Ontario
Cosmology: The Big Picture, August 8-10 1996, Igaluit, Werner Israel, University of Alberta

(organizers: G. Starkman and S. Tremaine Richard Henriksen, Queen’s University

The Naramata Summer School on the Interstellar Me- George Mitchell, St. Mary’s University, Chair
dium, August 25-29, 1996, Pentictofmrganizer: A. Gray Ralph Pudritz, McMaster University
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9. SCIENTIFIC OVERVIEW 1996 at a redshifz=0.82. The determined masses are somewhat
The research program at CITA encompasses all the majdtigher than predicted by galaxy kinematics and X-ray halos

areas in astronomy broken down in the main categories dp clusters. The technique is still undergoing refinements and

cosmology, galaxies, interstellar medium, stars and planet§lolds the promise of being an independent measure of the

In this report, we provide a brief summary of the scientific large-scale structure.

activities at CITA in 1996. The full report is availab{from

citadmin@cita.utoronto.ca and on the web at http://9.2 Galaxies and Stellar Dynamics

www.cita.utoronto.ch 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 still many open problems on the dynamics
In the 1990's, cosmology has evolved into a mature, deof disk galaxies, globular clusters and galactic nuclei. Re-
tailed science pushed forward by an enormous amount afearch focuses on the effect of dark halos on galactic disks
observational data. Research in cosmology at CITA coverand interacting galaxiesDubinski), stability analysis and
most areas of current interest including studies of the earlglistribution functions for observed galactic disiichon),
universe and the origin of the primordial density fluctuationsand the evolution of stellar clusters in the center of galaxies
(Bond, Knox, Levin, andSouradeep, the connection to the with massive black hole¢Tremaine, Rauch and Magor-
cosmic microwave backgroun@MB) temperature fluctua- rian). CITA researchers are determining black hole masses
tions and the nonlinear evolution via gravitational collapsein a systematic way and the distribution is found to correlate
into galaxies, clusters of galaxies and large-scale structurewell with galaxy total mass and brightne§Eremaine and
Bond, Crittenden, Jaffe, Knox, Pogosyan and Magorrian). The evolution of globular clusters and Galactic
Souradeep are involved in establishing and calculating the satellites also continue to be investigat@ademaine, Mu-
cosmological constraints that precise measurements of thali, West, andJohnstone.
CMB fluctuations will allow. Measurements from future sat-
ellites and ground-based experiments will constrain the fun9.3 The Interstellar Medium
damental cosmological parameters and the topology of the
universe.Knox is a co-investigator on the MSAM Tophat
balloon-borne experiment to measure CMB anisotropy.

9.1 Cosmology

At CITA, active research on chemical processes in the
ISM continues(Martin and Kertin ). Fundamental analysis

The size and depth of galaxy redshift surveys will in- of collision cross-sections between hydrogen molecules in

: : .. ISM settings will aid in determining the rate of excitation of
crease dramatically n the r_1ext few years an_d new Stz_itlsuc%is most abundant molecule. Determination of the chemical
?onr tgi?egr%i':]ciﬁsg'st;guéfgmgOgaig;'?ﬁevg'rlile:e g;ﬁ:a?fenrichment of star-forming clouds from observations of

P . 9! ' spectral lines has resulted in constraints on the iron content
searchers are advancing the Cosmic Web paradigomd

; Y within the Orion nebula.
andPogosyan and studying the observability of these struc- . .
tures by weak-lensing, secondary CMB fluctuatidsin- Computations of the collapse of magnetized cloud cores

yaev Zel'dovich effedt and x-ray emissiorBond, Wads- and the initial growth of stars produce a dynamic mass ac-

. . . cumulation rate an order of magnitude larger than predicted
ley, and_Po_gosyar_). Otht_a_r S‘L.’d'es at CITA m_clude, anglysus by equilibrium theory(Basu). Magnetic fields in the Galaxy
of gravitational instability in mildly non-linear regimes

(Scoccimarro, Colombi, Couchman andPichor), simula- may also aid in the formation of dense star-formation sites

) : . based on models of the Parker instability, a process which
3323;;;3’;?%“&2"’;3 aﬁ?gﬁ;potllos’; a;.rs"tgchatrggf\lm_%‘;gd 223 . funnels initially diffuse gas into small dense regid#isy.
' velop phisti y yCombining theory with multi-wavelength observations, in-

drodynamic codes for simulating the complex interplay be.'cluding the neutral hydrogen radio survey of the Galactic

tween gravity, gasdynamics, atomic physics and magnet'?’lane(CGPS being undertaken at DRAO, is leading to in-

gﬁgééﬁggg’ar\:)va_gséeﬁa}]ﬁ I\/Irglgrl?r/ﬁs[)tﬁzltnjfeh bl\éliilar'l?clkle d sights on the modes of star formation and the environment
' P 9 surrounding star-formation sitéMartin, Basu, Johnstone,

with these codes are the evolution of the Lymaferest, the Kertin , and Ballantyne). Pogosyanhas drawn attention to

formation of galaxy clusters, and the study of galaxy inter- . .. .. , i : .
. . . . . statistical properties of large-scale filamentary structure in
actions in merging pairs and in clusters. Some of these COdetﬁe Galactic neutral hydrogen

have been adapted for parallel processibybinski) and
can take advantage of a multi-processor architecture.
Gravitational lensingKaiser, Squires and Wilson) pro-
vides an independent method for mapping the mass distribu- While much is understood about the basic structure and
tion of clusters of galaxies and the large-scale structure. Thevolution of stars, there are still many fundamental questions
mass of a cluster acts as a distorting lens according to Eideft unanswered. A number of the questions relate to associ-
stein’s theory of general relativity and images of distantated circumstellar material occupying disk-like structures
background galaxies are stretched and sheared in a predieround many stars. Research at CITA has focused on warps
able way. TheKaiser and Squires method for using this in these disks, the interaction of stellar magnetic fields with
distortion to determine the mass distribution has been apdisks, accretion through disks, and disk destructiarmit-
plied to several galaxy clusters including one massive clusteage, J. Murray, and Johnstong. As disk material flows

9.4 Stars and Compact Objects
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towards the star, it heats, producing an outburst of luminosArmitage, P.J. and Clarke, C.J., “The Ejection of T Tauri
ity. Recent CITA research provides evidence that superout- Stars from Molecular Clouds and the Fate of Circumstel-
bursts occur when the disk becomes tidally unstable. Some lar Disks,” MNRAS, in press.

disks produce distinct emission line features which can bérmitage, P.J. and Livio, M., 1996, “Accretion Disks in
attributed to disk winds, providing insight to their energetics Interacting Binaries: Simulations of the Stream-Disk Im-
and structuréN. Murray andChiang). Using recent Hubble pact,” ApJ, 470, 1024-1032.

Space Telescope images of the Orion star-forming regionarmitage, P.J. and Pringle, J.E., “Radiation Induced Warp-
the hostile environment around massive stars has been ana-ing of Protostellar Accretion Disks,” ApJL, submitted.

lyzed. Nearby young stars have their protoplanetary disk8aldwin, J.A.,...,Martin, P.G., ...,1996, “Physical Con-
heated and evaporated by the energetic neighbour ditions in Low lonization Regions of the Orion Nebula,”
(Johnstone. ApJ, 468 L115-L119.

Detailed stellar structure and evolution models are providBasu, S, “Self-Similar Evolution of Supercritical Cores,”
ing insight into the ages of globular clusters, the oldest in proc. of 7th Annual Maryland Astrophysics Confer-

known constituents of the Galaxy. Stellar seismology is ence,Star Formation, Near and Fareds. S. S. Holt and
opening a new vista on the astrophysics of stars. Research at| G, Mundy, AIP, in press.

CITA has been performed in conjunction with observationsgasy, S, “A Semi-Analytic Model for Supercritical Core
from the Global Oscillation Network GrougfGONG) Collapse: Self-Similar Evolution and the Approach to
(Chaboyer). The stellar graveyard also provides many astro-  protostar Formation,” ApJ, submitted.

physical enigmas. White dwarf cooling models provide agegasu, S, Mouschovias, T. Ch., and Paleologou, E. V., “Dy-
estimates for milli-second pulsars, allowing for a determina-  namical Effects of the Parker Instability in the Interstellar

tion of their evolution(Hansen. Medium,” ApJL, in press.
Bharadwaj, S., Munshi, D. anBouradeep, T., “Skewness
9.5 Planetary Systems in the Cosmic Microwave Background Anisotropy from
Inflationary Gravity Wave Background,” Phys. Rev. D,

The Solar System poses both a local concern and a rich
source of observational data. CITA continues to provid
leading research in this field, conducting both analytic an?iB
detailed numerical simulations. Recent results include an un-
derstanding of the chaotic nature of the outer asteroid belt
(N. Murray and Holman), the possibility of a long-lived
belt of mass between Uranus and Neptuyr®Iman), the
tidal-disruption of Earth-crossing asteroidRichardson),
and the evolution of long-period come{§remaine and
Wiegert).

In the last two years the notion of extra-solar planets ha%O
been supported with more than a dozen observations of ki-
nematic planetary signatures around nearby stars. At CITAB
the theoretical implications of these discoveries have been
the topic of detailed research. New insight into the possible
formation of the proposed extra-solar planetary system SJBO
Peg has been developed to explain its small orbital radius
(Richardson). Several postulated planets have eccentricities
and research at CITA has focused on mechanisms by whicE
initially circular orbits might grow elongated due to the prox-
imity of a binary star companiofiTremaine, Holman, and
Touma). The stable regions for planetary orbits within bi-
nary and multiple stellar systems has also been investigate
(Holman andWiegert).

submitted.
ond, J.R. andA.H. Jaffe, “Cosmic Parameter Estimation
Combining Sub-Degree CMB Experiments With COBE,”
to appear in the proceedings of the XXXIth Moriond
meeting,Microwave Background Anisotropies.
Bond, J. R, Pogosyan, DandSouradeep, T, “Constraints
on Compact Hyperbolic Spaces from COBE,” Fro-
ceedings of the XVIlith Texas Symposium on Relativistic
Astrophysics ed. A. Olinto, J. Frieman, and D. N.
Schramm,(World Scientifig, in press.
nd, R, Kofman, L.,Pogosyan, D.1996, “How filaments
Are Woven into The Cosmic Web,” Natur880, 603.
oothroyd, A.l., Keogh, W.J. Martin, P.G., and Peterson,
M.R., 1996, “A Refined H Potential Energy Surface,” J.
Chem. Phys.104, 7139-7152.
ttke, W.F., Jr.Richardson, D.C, Love, S.G. “Produc-
tion of Tunguska-Sized Bodies by Earth’s Tidal Forces,”
Plan. and Space Sci., in press.
ottke, W.F., Jr.Richardson, D.C, Love, S.G. “Can Tidal
Disruption of Asteroids Make Crater Chains on the Earth
and Moon?,” Icarus Notes, in press.
un, Y.-l., Grillmair, C.J., Faber, S.M., Ajhar, E.A,
Dressler, A., Kormendy, J., Lauer, T.R., Richstone, D.,
and Tremaine, S.1996, “The centers of early-type gal-
axies with HST: Il. Empirical models and structural pa-
PUBLICATIONS rameters,” AJ,111, 1889-1900.

The publication list includes all papers published or sub-Chaboyer, B, Kernan, P.J., Krauss, L.M., and Demarque, P.
mitted in 1996 by the CITA staff, or by visitors if a substan- 1996, “A Lower Limit on the Age of the Universe,”
tial portion of the work was done at CITA. Some papers Science?271, 683 — 689.
published in this period were included as “submitted” or Chaboyer, B, Demarque, P., and Sarajedini, A. 1996,
“in press” in the 1995 annual report. “Globular Cluster Ages and the Formation of the Galactic
Antia, H.M., Basu, S.Chaboyer, B, etal, (21 authors, Halo,” ApJ, 459 558 — 569.

GONG inversions teaim “The Seismic Structure of the Chaboyer, B.1996, “Halo Star Evolution,” inStellar Evo-

Sun from GONG,” inlAU Symposium No. 181: Sounding  lution: What Should Be Done?eds. A. Noels, D.

Solar and Stellar Interiorsin press. Fraipont-Caro, M. Gabriel, N. Grevese and P. Demarque
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(Liége: Institut d’Astrophysiquie 345 — 358. Gough, D.O., Kosovichev, A.G., ..Chaboyer, B, et al,
Chaboyer, B. 1996, “The Age of the Universe’Nuclear (26 authors, GONG inversions teaffThe Seismic Struc-
Physics B Proceedings SupplemesitB, 10. ture of the Sun,” Science272 1296 — 1300.
Chiang, J., andMurray, N. 1996 “Reverberation Mapping Hansen, B.M.S.and Phinney, E.S., “The Pulsar Kick Ve-
and the Disk-Wind Model of the Broad-Line Region,” locity Distribution,” MNRAS, submitted.
ApJ, 466, 704-712. Hansen, B.M.S.and Phinney, E.S., “Stellar Forensics I:

Chiang, J., and Murray, N., “Cataclysmic Variables as a Cooling Curves,” MNRAS, submitted.
Laboratory for Studying Disk Winds in AGNs,” in Proc. Hansen, B.M.S.and Phinney, E.S., “Stellar Forensics Il
of Mass Ejection From AGN Workshopd. N. Arav, I. Millisecond Pulsar Binaries,” MNRAS, submitted.
Shlosman, and R. Weymann, in press. Holman, M. J., “A Long-lived Belt between Uranus and
Chiang, J., andMurray, N., “The Disk Wind Model of the Neptune,” Nature submitted.
Broad Line Region of Active Galactic Nuclei,” in Proc. Holman, M. J. andMurray, N. W., 1996, “Chaos in High-
of IAU Conf. 163, Accretion Phenomena and Associated order Mean Motion Resonances in the Outer Asteroid

Outflows in press. Belt,” AJ, 112 1278.

Christensen-Dalsgaard, J., Dappen, W., Chaboyer, B, Holman, M., Touma, J.;Tremaine, S, “Chaotic Variations
et al, (33 authors, GONG modeling tearfiThe Current in the Planet Orbiting 16 Cygni B,” Nature, in press.
State of Solar Modeling,” Scienc@72, 1286 — 1292. Jaffe, A.H., “Hy and Odds on Cosmology,” Apdi71, 24,

Colin, P., Carlberg, R.G. an@€ouchman, H.M.P, 1996, 1996.

“Evolution of Clustering in a Flat and Open Universe,” Jaffe, A., Knox, L., andBond, J. R, “Data Compression
ApJ, submitted. for CMB Experiments,” in Proceedings of the XVIlith

Colombi, S, Bernardeau, F., Bouchet, F.R., and Hernquist, Texas Symposium on Relativistic Astrophysied. A.
L., “Extended Perturbation Theory for the Local Density  Olinto, J. Frieman, and D. N. Schramm\Vorld Scien-
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