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This report covers the period 1 October 1999 to 31 August
2001.

1. PEOPLE
The teaching and research staff consisted of Full Profes-

sors: Marvin Leventhal~chair!, Michael A’Hearn ~Distin-
guished University Professor!, J. Patrick Harrington, Mukul
Kundu, Lee Mundy, Dennis Papadopoulos, William Rose,
James Stone~new promotion!, John Trasco~associate direc-
tor!, Virginia Trimble ~visiting!, Stuart Vogel, and Andrew
Wilson.

Associate professors: Douglas Hamilton~new promotion!,
Andrew Harris, Eve Ostriker~new promotion!, and Sylvain
Veilleux ~new promotion!.

Assistant professors: Stacy McGaugh, Coleman Miller,
Chris Reynolds~new appointment!, and Derek Richardson
~new appointment!.

Instructors: Grace Deming~new permanent rehire status!,
Beth Hufnagel~now at Anne Arundel Community College!,
Ramon Lopez~now at University of Texas, El Paso!, and
David Theison.

Professors Emeriti: Roger Bell, James Earl, William
Erickson, Frank Kerr~d. 2000!, and Donat Wentzel.

Senior Research Scientists: Roger Bell, Charles Good-
rich, Carey Lisse~new promotion!, and Surjaial Sharma.

Associate Research Scientists: Keith Arnaud, Suchitra
Balachandran, Lucy-Ann McFadden, Gennady Milihk, Ed-
ward Schmahl, and Stephen White.

Assistant Research Scientists: Wan Chen~now at Global
Internetworking Technologies, Inc.!, Thejappa Golla, Tilak
Hewegama, John Hillman~new promotion!, Timothy Liven-
good ~now at the Challenger Center!, Michael Loewenstein,
Grzegorz Madjeski~now at Stanford University!, Chee Ng,
Marc Pound~new promotion!, Peter Teuben~new promo-
tion!, and Mark Wolfire.

Research associates and assistants: Dennis Chornay, John
Cordes, Moijsuini Das, Siobhan Dinyes~now teaching,!,
Fred Finkbeiner, Vladimir Garaimov, Andrew Gibb, Edwin
Grayzeck, Una Hwang, Sophia Khan, Stephen Kortenkamp,
Virgil Kunde, Craig Markwardt, Stephanie McLaughlin, Al-
exander Nindos~now at Univ. of Ioannina, Greece!, Conor
Nixon, Kevin Rauch, Anne Raugh, Ian Richardson, Leslie
Sage ~shared with Nature!, Robert Samuelson, Takayoshi
Sano, Patrick Shopbell~now at California Inst. of Technol-
ogy!, Mikhail Sitnov, David Smith, Philip Sprangle, Jo-
hannes Staguhn~now at Goddard Space Flight Center!, Yui-
chi Terashima, Neal Turner, Gretchen Walker, Elizabeth
Warner, Dennis Wellnitz, Friedrich Wyrowski, and Andrew
Young. Many of the research staff are headquartered at
GSFC.

Visiting and Adjunct faculty: Stephen Holt~Olin College
of Engineering!, John Lyon, Richard Mushotzky~GSFC!,
and David Neufeld~Johns Hopkins!.

Recipients of PhD degrees and their current affiliations
are Yanga Fernandez~Inst. of Astronomy, U. Hawaii!, Jie
Zhang ~Naval Research Lab!, Sven Geier~ISOMAX at
Caltech!, Neil Nagar ~Oss. di Arcetri!, Kristen Miller ~UC
Santa Barbara!, Laura Woodney~Lowell Observatory!, Kip
Kuntz ~GSFC and U. Maryland Baltimore County!, Kartik
Sheth~Caltech!, and Chin-Fei Lee~National Research Coun-
cil fellow at Jet Propulsion Lab!.

MS degrees were earned by Heather Fleming, Barbara
Mattson, Stephanie McLaughlin, Donna Pierce, and Yuxuan
Yang.

2. SERVICE AND RECOGNITION
Asteroid 12494 became Doughamilton, joining Asteroids

Wellnitz, A’Hearn, McFadden and Orosz~the maiden name
of Elizabeth Warner! in being named for department mem-
bers. Hamilton and Veilleux received NSF five-year CA-
REER awards, and Associate Research Scientist Wolfire a
NASA five-year LTSA award. Veilleux also holds a five-year
Cottrell Scholarship from the Research Corporation. Intra-
mural research grants went to Hamilton and Associate Prof.
Ostriker. A’Hearn was named a Distinguished University
Professor. Instructor Theison was recognized for exception-
ally meritorious contributions to students by the University’s
Parents Association and was also honored as an outstanding
teacher by student groups. Associate Research Scientist Mc-
Fadden was the Barringer Lecturer at Univ. of Arizona and
visiting Prof. Trimble the Klopsteg Memorial Lecturer of the
American Association of Physics Teachers.

Assistant Prof. McGaugh was selected as a Distinguished
Fellow of the Flint Northern Alumni Association, Prof.
Kundu a Senior Fellow of the Center for Global Partnership,
and Trimble a Foreign Associate of the Royal Astronomical
Society. A paper by Prof. Emeritus Wentzel received first
prize in the Andean Contest for Technical Translation; re-
search scientist Nixon became a Chartered Physicist; associ-
ate research scientist Schmahl shared in a NASA Group
Achievement Award to the HESSI Imaging Hardware Team;
and Prof. Rose was listed in Who’s Who in the World.

Staff member Barbara Scott was elected to the Executive
Council of the University Senate and McFadden to the ex-
ecutive committee of the Astronomy Section of the American
Association for the Advancement of Science. A’Hearn com-
pleted a term as President of Division III~Planetary System
Sciences! of the International Astronomical Union and also
completed a term as Chair of the Committee on Small Body
Nomenclature. Trimble completed a term as Vice President
of the Union and was elected President of Division VIII
~Galaxies and the Universe!. Department members also held
offices and served on committees in the American Astro-
nomical Society, the American Physical Society, and other
professional organizations.

Prof. Kundu started his 34th year as a member of the
editorial board ofSolar Physics. In other editorial service,
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Prof. Papadopoulos continued on the plasma physics board
for Cambridge University Press; Hamilton helped with
Icarus, A’Hearn with Earth, Moon, and PlanetsandInterna-
tional Comet Quarterly, and Trimble withReviews of Mod-
ern Physicsand several other journals.

Graduate student Zoe Leinhardt and research assistant
Stef McLaughlin gave talks at meetings of the Division for
Planetary Sciences of the AAS. Invited talks and colloquium
presentations by department members totaled more than 200.
Some of the more out-of-the-way locations were Yerevan
~Veilleux!, Warsaw ~Goodrich!, Vatican City ~McGaugh!,
Valencia ~Trimble!, Udaipur ~Kundu!, Torino ~Richardson!,
Tokyo ~Teuben!, Taipei ~Stone and Harris!, Stockholm~Wil-
son!, Ringberg~Mundy, Stone!, Korea~Sage!, Elmau Castle
~Ng!, Crete~Papadopoulos!, Bologna~Miller !, Banff ~Stone!,
and Bad Honef~Vogel!, and among the least exotic locales,
Cleveland, OH ~Hamilton!, Newark, DE ~Ostriker!, and
Towson, MD ~Wolfire!. On the high seas, Theison gave in-
vited talks on board the all-sail warship U.S.S. Constellation
and on board the skipjack Minnie V. for the Living Class-
rooms Foundation. Some of the invitations were not entirely
a surprise, because Maryland astronomers also served on the
scientific organizing committees for many of the same con-
ferences and others, most out of the way, perhaps, Isla
Mujeres~Wilson!, St. Petersburg~Sharma!, Tubingen~Lanz!,
and Turku~Trimble!.

Virtually every astronomically-oriented NAS/NRC, NSF,
and NASA mission or review panel has had at least one
Maryland member. A few examples include the relatively
recent groups charged with reviewing the status of planetary
sciences, plasmas, and space sciences by NAS/NRC
~A’Hearn, Stone, and Kundu respectively!; the missions
Chandra ~Young, Arnaud, Wilson!, RXTE ~Miller, Dave
Smith!, HST ~Harrington!, SOFIA and FIRST ~Harris!,
HAAPP ~Papadopoulos, Milikh!, SEUS~Wilson!, and SIRTF
~A’Hearn!; and peer review panels for the NSF programs in
planetary ~Hamilton! and extragalactic astronomy~Stone,
McGaugh!, the interstellar medium~Wolfire!, advanced tech-
nology and instrumentation~Trimble!, and the physics fron-
tier centers~Stone!, and for an equally wide range of ground-
based observatories and programs, including NRAO
~Mundy!, ALMA ~Vogel, Mundy!, NAIC ~A’Hearn!, La
Palma ~Veilleux!, the AIPS11 consortium ~Mundy!, the
Gruber Foundation~Trimble!, and the America-Leiden
Friends of Astronomy~Wilson!.

The department hosted the Tenth and Eleventh Annual
October Astrophysics conferences, jointly organized with
Goddard Space Flight Center, on Cosmic Explosions and
Young Supernova Remnants, respectively, bringing the series
to an end. The prime mover on the GSFC side, sometime
Adjunct Prof. Stephen Holt has moved on to Olin College.
Most of the work on the Maryland side was done by Prof.
Trasco and staff member Susan Lehr. Future conferences on
other topics in high energy astrophysics are planned for other
locations in the Washington area.

3. EDUCATION AND OUTREACH
About 1300 students each year fulfill a science breadth

requirement within the astronomy department. The Univer-

sity Observatory was, as always, open to the public two
nights a month, and about 2100 people attended in 2000-01,
hearing talks by graduate students, research staff, and teach-
ing faculty, and looking through the 20‘‘ and other telescopes
when weather permitted. Walker, who is also a member of
the public outreach team~headed by McFadden! for the
Deep Impact Mission scheduled extra open nights~and days!
in association with eclipses and other events visible from the
College Park area.

Prof. Emeritus Donat Wentzel continued to coordinate the
program of IAU Teaching for Astronomy Development, di-
recting projects in Vietnam, Central America, and Morocco.
Instructor Dave Theison was named a Fellow of the Lilly
Center for Teaching Excellence, and graduate students
Mathew Knight and Kevin Walsh were designated Distin-
guished Teaching Assistants by the Center.

Hamilton coordinated an online Astronomy Workshop,
with interactive tools used by grade schools, high schools,
and colleges around the country. His Solar System Collisions
page had 50,300 visitors last year. Miller coordinated an as-
tronomy Q&A program for high school students in Pocatello,
Idaho, and Lowenstein and other department members lo-
cated at GSFC participated in their on-going ’’ask an as-
tronomer‘‘ web-based service.

McFadden continued to serve as vice-president of the
Explore-It-All mobile science center and to direct the Col-
lege Park Scholars program in Science, Discovery and the
Universe, which now has a component, taught by Warner, in
which the honors undergraduates interact with high school
freshmen.

McLaughlin, Warner, and Lisse participated in family
night at Glenallan Elementary School, and more senior men-
tors at the K-12 level included Richardson~as part of Project
ASTRO!, McGaugh~on the use of StarLab Planetariums!,
Schmahl, Ostriker, and A’Hearn.

Instructors Grace Deming and Dave Theison spoke at the
summer 2000 ASP symposium, Cosmos in the Classroom.
Theison also served on the organizing committee. Theison
was one of three science educators appointed to the Mille-
nium Speakers Bureau of the Maryland Humanities Council
and has given over a dozen invited talks throughout the state.
Hamilton and Trimble were appointed to the Second Century
Speakers Board of the AAS. Members of the department
gave public talks in India, Chile, Spain, and the Netherlands,
and for more than 50 community and amateur astronomy
groups in the US, in cities from Baltimore to Boise and Ber-
keley.

Maryland astronomers helped communicate science to the
public as media advisors, and sometimes performers, at, on,
or through AAS press conferences~Wilson!, the Osgood File
~A’Hearn!, Adler Planetarium~Miller !, NPR Science Friday
~McGaugh!, the Discovery Channel, BBC~Papadopoulos!,
Discovery Canada, and Washington DC radio and TV chan-
nels ~McLaughlin!, PBS, and the Canadian and Australian
radio networks~Trimble!, and print media from the Prince
George’s Journal~Ostriker!, the front page of the Laurel
Leader ~Theison!, San Jose Mercury, and Danbury News
Times, to Science News~Vogel and Miller!, Nature, Science,
and the New York Times.
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4. STUDENT RESEARCH
Fred Berendse is working on instrumentation and data

analysis at Goddard Space Flight Center. The instrumenta-
tion work is being done with P. J. Serlemitsos and S. M.
Owens on a 20- 40 keV bandwidth mirror for balloon flights
and he has been predicting and characterizing the perfor-
mance of the grazing-incidence mirror and its constituent
graded multilayer foils. He is also looking for X-ray syn-
chrotron radiation from supernova remnants, including Cas A
and RCW 86, using data from the ASCA and RXTE X-ray
satellites. Such emission will provide evidence that shocks
can accelerate particles to at least TeV energies.

Nicholas Chapman has begun work with Mundy on
modelling and analysis of the Herbig-Haro jet HH212. Such
objects provide information about the loss of mass and an-
gular momentum from very young stars.

K. W. Flynn and D. C. Richardson have developed a
numerical method for efficiently simulating the tumbling
motion of arbitrarily shaped asteroids. The asteroids are
treated as gravitational aggregates but the constituent par-
ticles are ’’glued‘‘ together into a rigid body. This eliminates
the overhead of handling interparticle collisions. The princi-
pal application of this technique is for long-term stability
studies of binary asteroid systems. Richardson is collaborat-
ing with groups in Europe and the United States to under-
stand the origin of asteroid binaries, which now appear to be
fairly common in our Solar System.

Woong-Tae Kim’s thesis project with Dr. Ostriker is a
study of gravitational instability as a mechanism for structure
formation in disk galaxies, using both semianalytic methods
and time-dependent numerical simulations. They have shown
that nonlinear, nonaxisymmetric growth of structure in outer
disks is subject to threshold behavior, confirming the long-
standing empirical model. Critical values of the Toomre Q
parameter for gravitational runaway are found to be similar
to observed star formation threshold values. Their work has
also shown how gravitational instabilities acting in galactic
nuclei where velocity shear is weak are qualitatively quite
different from outer-disk instabilities. They also investigated
local, gravitational instabilities within magnetized, spiral
arms. They found that as a natural consequence of magneto-
Jeans instability or swing amplification occurring in com-
pressive and expansive flows in spiral arms, spurs form pref-
erentially in the direction perpendicular to the arm. These
spurs undergo fragmentation to form gravitationally bound
clumps within arms as well as in interarm regions, possibly
evolving into bright arm/interarm HII regions, as seen for
example in an optical image of M51.

As part of a collaboration with J. Stone, L. Mundy, and
studentC.-F. Leeon studying the structure and kinematics of
protostellar outflows, Ostriker has developed an analytic
model for jet-driven outflow shells. This model is consistent
with the results of numerical simulations, and explains the
spur-like features seen in position-velocity diagrams of ob-
served CO outflows.

Z. M. Leinhardt and D. C. Richardson are using a ‘‘Be-
owulf’’ cluster of PCs to parameterize asteroid collision out-
comes with the aim of incorporating the results into planet
formation simulations. This will reduce the huge uncertain-

ties of models of asteroid collisions extrapolated from labo-
ratory experiments and will provide a more realistic recipe
for planet formation. In earlier work, Leinhardt and Richard-
son found that accretion of fragmented bodies of comparable
size is relatively inefficient at the low collision speeds typical
of the early planet-forming environment. This may hamper
planetesimal growth somewhat unless the largest bodies
grow primarily by sweeping up the very smallest bodies.
Work is underway to characterize collision outcomes be-
tween bodies of different size in order to quantitatively as-
sess this process.

Lisa Mazzuca’s research focuses on star formation in the
central inner kiloparsecs of spiral galaxies, especially the
starburst properties and evolution of star formation in cir-
cumnuclear rings. The goal is to determine the ages of the
individual regions that are bright in H-alpha and to determine
whether there is an age gradient along the rings.

Donna Pierce is working on a thesis in cometary chem-
istry and spectroscopy with Prof. A’Hearn. She is currently
examining echelle spectra from C/1996 B2~Hyakutake!,
looking for evidence of chemical species not previously seen
in comets. This is part of a study of chemical reactions in
order to examine the possible influence of concave surface
topography on cometary jets and chemical species they con-
tribute to the coma. This could impact our understanding of
the origin and formation processes of chemical species in
comets.

Amanda Proctor is completing a project with Doug
Hamilton concerning the orbital evolution of the Jovian
moons Amalthea, Thebe and Io. Early in Solar System his-
tory, Io was formed closer to Jupiter than it is today; it has
slowly moved outward to its present position under the in-
fluence of planetary tides. During this outward migration,
many of Io’s resonances swept across the locations of the
small inner satellites Thebe and Amalthea. The team is test-
ing their hypothesis that the current inclinations of these sat-
ellites are a signature of these events; if correct, this puts
constraints on the initial radial position where Io was
formed. Proctor is continuing and extending this work with
Hamilton for her senior honors project.

Xi Shao has completed his thesis in the area of space
weather. Variations in the density and flow velocity of the
solar wind and, most important, the direction of the inter-
planetary magnetic field cause significant changes in the
magnetosphere and ionosphere and on the ground, which can
cause disruptions to power distribution systems, wired, and
wireless communications. A three-dimensional global
magneto-hydrodynamic~MHD! model is used to study the
magnetosphere-ionosphere system driven by the solar wind
and to predict these changes called space weather.

The code, commonly called LFM~for its developers J. G.
Lyon, J. A. Fedder, and C. Mobarry! couples a 3D MDH
magnetospheric model with a 2D electrostatic ionospheric
model. Information on the solar wind driving comes from
satellite data or physics-based models. The overall goal is to
improve understanding of the physical properties of the
Earth’s magnetosphere and its coupling to the ionosphere
and to be able to simulate events in real time. Progress has
been made in three areas magnetospheric substorms,
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magnetosphere-ionosphere coupling, and the behavior of the
magnetosphere with a steady northward IMF.

Kartik Sheth , Stuart Vogel, Andrew Harris and Peter J.
Teuben, in collaboration with colleagues at UC-Berkeley,
STScI and NRAO, continued their involvement with the
BIMA key project, BIMA SONG. SONG~CO Survey of
Nearby Galaxies! is the first, systematic imaging survey of
molecular gas kinematics and morphology in the inner disks
of 44 nearby spirals at high spatial~ 300 pc! and velocity~
4.1 km/s! resolution. The survey has many scientific objec-
tives including study of disk structures such as spiral arms
and bars, relationship between star formation and molecular
gas and role of molecular gas in nuclear activity. The pre-
liminary results from this survey have already been pre-
sented at various conferences and first papers are being pre-
pared for journal publication.

Sheth continued his thesis research on molecular gas
properties of barred spirals under the supervision of Vogel. A
study of the molecular gas distribution in barred and un-
barred spirals showed that an expected secular evolutionary
trend from late to early type bars was not seen in the mo-
lecular gas distribution. These results were presented at the
’’Science with ALMA‘‘ conference in October 1999.

Sheth and Vogel, using a subsample of barred spirals from
BIMA SONG, have found a systematic azimuthal offset be-
tween the stars and the gas in bars. The observations suggest
that the bar dust lane is involved in triggering star formation
activity, contrary to the widely-help opinion that the bar dust
lane is too hostile an environment for star formation. These
results were presented at the ’’Galaxy Disks and Disk Gal-
axies‘‘ conference and at the IAU conference in summer of
2000.

Sheth and Vogel, in collaboration with Christine Wilson
~McMaster University! and Thomas M. Dame~Harvard-
Smithsonian CfA! compared the giant molecular clouds in
the Milky Way and the two nearest spirals, M31 and M33.
Their study revealed that the molecular clouds in all three
galaxies were similar, indicating that while global distribu-
tion of molecular gas may vary dramatically from galaxy to
galaxy, the cloud formation and destruction is probably con-
trolled by local physics. These results were presented at a
workshop on ’’The Interstellar Medium in M31 and M33‘‘ at
Bad Honeff in Germany in summer of 2000.

Yuxuan Yang has completed a project on X-ray imaging
and timing of the Seyfert galaxy NGC 4151 using data from
the ROSAT High Resolution Imager. He has begun work
with A. Wilson analyzing Chandra X-ray data on Seyfert
galaxies and radio galaxies, especially the jet of radio galaxy
M87.

Ke Zhang is working with Doug Hamilton on the early
history of Neptune and Triton. The lack of midsized Neptu-
nian satellites is often attributed to the presence of retrograde
Triton, an object that was presumably captured from helio-
centric space. They are working analytically and performing
numerical integrations to determine the probable fates of an
early Neptunian satellite system. Were these objects eaten by
Triton, tossed into Neptune, or ejected entirely from the sys-
tem? Triton’s initial capture orbit is hypothesized to be ex-
tremely elongated, with the orbit circularizing slowly over

time under the actions of planetary tides. They are also seek-
ing to determine the effects of such a captured Triton on very
distant satellite, which are themselves probably captured ob-
jects. This research will formZhang’s second-year project.

5. FACULTY RESEARCH

5.1 Education and Scientometrics

Grace Deming and Beth Hufnagel received funding from
the NSF to investigate the reliability and validity of the As-
tronomy Diagnostic Test~ADT!, a 33-question assessment
designed for non-science majors taking a course in introduc-
tory astronomy. During 2000 and 2001, pre-test results from
5346 students and post-test results from 3842 students were
collected as part of the ADT National Project. A wide range
of class sizes, different institution types, and classes spread
over 30 states are included in this sample. The analysis com-
pleted by the Ontario Institute for Studies in Education gave
an acceptable degree of internal consistency. Validity was
established using results from a pool of 44 experts and analy-
sis of 50 student interviews. Invited talks on the ADT were
presented at the Canadian Astronomical Society~BH! and
the American Association of Physics Teachers.

Dave Theison has investigated a number of ways of en-
riching and improving the teaching of non-technical as-
tronomy to both university students and the public. These
include the use of science fiction, reading assignments out-
side the usual framework of textbooks, and astrobiology~es-
pecially the Martian environment!. With respect to the last,
Theison’s interactive and multidisciplinary exhibit known as
‘‘The Mars Room’’ continues to attract teachers and students
from all disciplines to the Undergraduate Library. A popular
open house destination during campus-wide Maryland Day
activities, ‘‘The Mars Room’’ was also selected to be one of
six Maryland Day activities featured at a Preview Dinner
held at the President’s Residence.

V. Trimble has examined several topics in the history of
astronomy and the astronomical community. Some surprises
include~a! the near-constancy for most countries of the ratio
of professional astronomers to the Gross Domestic Product
~where else do India and Japan look identical, and the two
parts of China almost the same?!, ~b! a sudden increase in the
last decade in the fraction of astronomers entering tenure-
track jobs~etc.! who were born outside the US from 25%
~stable since the middle of the 19th century! to 50%,~c! the
very different order in which different kinds of sources were
discovered by X-ray, optical, and radio techniques, and~d! a
leveling off in the time new professional astronomers
~tenure-track faculty and IAU members! have taken to earn
their PhDs at six years, after a monotonic rise from four
years to nearly seven over many decades.

5.2 Space Plasma Physics and the Sun

5.2.1 Theoretical Space Plasma Physics

K. Papadopoulos, C. C. Goodrich and X. Shao have con-
tinued their work on the global modeling research. Over the
last few years, they have made very significant advances in
the understanding of the Earth’s magnetosphere and those of
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the outer planets. These advances have resulted from three
fundamental improvements in their global MHD code, writ-
ten by their collaborator, J. Lyon~Dartmouth College!, in-
cluding extension of the range of the code to several hundred
Re downstream of the Earth, and implementation of a rotat-
ing dipole and semiconducting ionosphere.

The SPP group continued their activity in the Active Au-
rora Research Program~HAARP!. Professor Papadopoulos is
the chairman, and Dr. Milikh is the executive secretary of the
scientific committee, whose objectives is the study of the
scientific uses and of the wide range of applications created
by the HAARP project. K. Papadopoulos, G. Milikh and A.
Sharma in cooperation with P. Guzdar and N. Gondarenko,
from Physics Department of UMD presented a diffraction
model of the pattern of ionospheric irregularities detected by
the WIND satellite. They also developed a model of the self-
focusing instability due to the interaction or powerful radio
wave with the ionosphere. R. E. Lopez, M. Wiltberger, J. G.
Lyon, C. C. Goodrich, K. Papadopoulos conducted 3-D
MHD simulations to investigate the behavior of the high-
latitude convection and the polar cap variations during two
events characterized by sudden southward IMF turnings. R.
L. McNutt, Jr., J. Lyon and C. C. Goodrich conducted simu-
lations of the heliosphere. The interaction of the solar wind
with the very local interstellar medium depends strongly on
charge exchange between the neutral and ionized hydrogen
outside of the heliosphere. A. S. Sharma, M. I. Sitnov, and K.
Papadopoulos studied critical behavior of the magnetosphere
during substorms. The study of time series data has shown
clear evidence of the critical behavior of the magnetosphere.
This is of importance for both understanding the underlying
physics of substorms and for their practical forecasting using
phenomenological data-derived models.

M. I. Sitnov, A. S. Sharma, and P. N. Guzdar investigated
structure and stability of the magnetotail current sheet. Lin-
ear stability of the tearing mode in the collisionless magne-
totail current sheet, with finite normal component of the
magnetic field, continues to be a subject of persistent debate
for more than two decades.

J. Edwards, A. S. Sharma, M. I. Sitnov and Y. Kamide
studied average mutual information of geomagnetic indices
and magnetometer data and its implication for storm-
substorm relationship.

5.2.2 Solar Radio Physics

The solar radio physics group consists of Drs. Kundu,
White, and Garaimov and Zhang. Research over the past two
years has been concerned with four main areas:~1! small
scale energy release on the Sun,~2! quiet Sun,~3! solar
flares, and~4! solar active regions. The studies have used the
Nobeyama Radio Heliograph~NoRH!, VLA and BIMA
along with Yohkoh/SXT, SOHO-EIT imaging data and other
relevant data.

Small Scale Energy Releases.Using Yohkoh ~Japanese
satellite! Soft X-ray imaging experiment along with Nancay
~France! meterwave imaging data they have detected non-
thermal processes~as evidenced by metric type III bursts and
type IV continuum bursts! occurring in X-ray bright point
flares,X-ray jets and X-ray plasmoid ejections, and studied

their properties in the radio domain. They also detected and
studied thermal microwave emission~at 17 GHz! from coro-
nal X-ray jets and XBP’s.

Quiet Sun.With the availability of high spatial resolution
~2’’ arc! data~temperature, density! on polar plumes and in-
terplume regions from several SOHO experiments~EIT,
UVCS, etc.!, they have revisited the question of interpreting
the so-far-unexplained radio brightening observed in polar
regions in the frequency range 17 - 87 GHz. The combined
data set permitted them to make a critical study of the polar
microwave brightening and to conclude that the patchy polar
emission originates from heights below about 80,000 K
layer.

Solar Flares.Using BIMA array at 3mm wavelength they
showed for the first time that solar flares of all sizes, that is,
regardless of their importance, produce MeV energy elec-
trons. This is because millimeter emission in the impulsive
phase of a solar flare is produced by MeV energy electrons,
and all flares have millimeter emission associated with them.
They mapped several 3 mm flares and found for the first time
that the compact flaring regions are bipolar loops. The popu-
lation of energetic flare electrons seems to be distinct from
that producing microwave and hard X-ray emissions.

They have made extensive use of Nobeyama Radio He-
liograph~NoRH! data~sometimes along with BIMA imaging
data! on solar flares. They have made detailed studies of
nonthermal processes of simple solar flares and have shown
conclusively that the energetic electron population that emits
BIMA 3mm emission does, in fact, extend often to 34 GHz
and sometimes to 17 GHz and the emission originates from
compact low-lying bipolar loops. They have also studied
several possible candidate flares at 17 and 34 GHz~NoRH
imaging data! with the objective of providing radio diagnos-
tics of magnetic reconnection in solar flares.

Coronal Magnetic Fields and Abundance of Iron in the
Corona.Using EUV observations of Fe lines in the corona
~from SOHO/CDS!, along with radio continuum measure-
ments of thermal bremsstrahlung from coronal plasma~using
VLA !, they have made a precise measurement of the abso-
lute abundance of Fe, which is quite different from previ-
ously published results.

Using gyroresonance emission mechanism of active re-
gion radio emission, they can study very efficiently coronal
magnetic fields, currents, and temperature distribution. In
particular, they have shown that the effects of magnetic fields
induced by coronal currents can be seen directly in radio
images, and the property that radio emission in strong coro-
nal fields is optically thick permits them to study temperature
distribution better than X-ray/EUV measurements which suf-
fer from line-of-sight integration effects.

5.2.3 Other Solar Research

Dr. E. Schmahl has been working with the NASA/
Goddard Solar Branch team developing and analyzing the
imaging capabilities of the High Energy Solar Spectroscopic
Imager~HESSI!. Using a new technique, he has helped con-
firm and calibrate the X-ray modulation performance of
HESSI. He has also developed new methods of imaging that
will enhance the scientific analysis of X-ray and gamma-ray
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flare data when HESSI starts observations in early 2002. In a
related project, working with Carol Jo Crannell~GSFC! and
Jean Pierre Raulin~Instituto Presbyteriano Mackenzie!, Dr.
Schmahl has investigated the extent of over resolution in
solar flares using the Owens Valley Radio Observatory
~OVRO! interferometer. In a sample of;80 flares from
OVRO, it was found that flares are usually over resolved
even on the shortest baseline. This means that at low fre-
quencies (,2 GHz!, where the sources are at their largest,
very few flares reported in the literature have had their full
extents properly mapped. This is relevent to hard X-ray
flares, since it suggests that HESSI may need to use its coars-
est imaging elements to see large scale structures such as
‘‘albedo’’ sources and ‘‘thin-target’’ loops.

The shocks driven by coronal mass ejections~CMEs! gen-
erate electromagnetic waves, known as type II radio bursts at
the electron plasma frequency,f pe and its harmonic 2f pe . In
order to understand the emission mechanisms, it is essential
to know the associated shock parameters, such as the shock
normal angle and the magnetosonic Mach number, and the
location of the site of type II burst excitation with respect to
the shock front. Thejappa Golla and colleagues have studied
these issues by analyzing the in situ data of Langmuir waves
generated in the vicinity of a large number of interplanetary
~IP! shocks observed by the Unified Radio and Plasma Wave
~URAP! Experiment on Ulysses spacecraft. The analysis
shows that Langmuir waves~1! are observed in only 15% of
the IP shocks,~2! occur mostly in the upstream regions, and
~3! are produced in the vicinity of both quasi-parallel and
quasi-perpendicular shocks and that~4! Langmuir wave pro-
ducing shocks are supercritical. Since Langmuir waves are
the essential ingredients for the solar and interplanetary type
II burst excitation, these findings imply that~1! the excitation
of type II burst is independent of the shock normal angle,~2!
type II bursts are excited in the upstream regions and~3! type
II shocks are mostly supercritical with Mach number of ap-
proximately 2.

Instead of well defined fundamental and harmonic bands,
many type II bursts occur as highly fragmented, where a
typical fragment shows a constant drift for;1 hour, disap-
pears and reappears at a frequency higher or lower than one
would expect if it were simply a continuation of the original
event. These fragmented events may last for many hours or
days. They have found one of the highly fragmented IP type
II bursts to be associated with a pair of forward shocks in-
stead of a single IP shock. The association of a pair of shocks
indicates that the interaction between the Langmuir waves
excited by one of the shocks with the density gradient of the
companion shock appears to cause the fragmentation of the
type II burst. Based on these and similar observations, they
have developed a model for the the clumpiness of the type II
bursts in terms of linear coupling of Langmuir waves excited
by the shocks with escaping radiation at the sharp density
gradients associated with structures like shocks, CMEs or
corotating interaction regions~CIRs!. They have shown that
this process can cause large fluctuations in the efficiency of
conversion of Langmuir waves into electromagnetic radia-
tion at the fundamental of the electron plasma frequencyf pe ,
leading to the fragmented emissions. The model predicts that

the emission mode of the fragments of type II bursts is the
fundamental, which is highly polarized in the sense of
O-mode. In order to verify these predictions, we have exam-
ined the polarization observations obtained by Trieste Polar-
imeter at high frequencies. Surprisingly, they have found a
highly polarized fragmented type II burst with percentage of
polarization of;70%.

They have analyzed the Ulysses/URAP observations of
ion-acoustic waves associated with magnetic clouds and
ejecta. Thepeak intensities of these waves, which usually
occur inside CMEs when the electron temperature (Te) is
much higher than the ion temperatureTi , are found to be not
correlated with heliocentric distance or electron to ion tem-
perature ratio inside the CMEs. Based on these observations,
they have concluded that:~1! although ion-acoustic waves
occur mostly whenTe@Ti , their intensity levels do not de-
pend on the magnitude ofTe /Ti probably due to the mini-
mum role of temperatures in the saturation mechanisms, and
~2! the peak intensities remain at the same level at different
heliocentric distances probably because the consequences of
the wave-particle interactions are already relevant by the
time the CME reaches 1 AU.

They have found in the Ulysses/URAP data, several oc-
currences of Langmuir and ion-acoustic waves in the source
regions of type III radio bursts, which are the electromag-
netic emissions excited by the electron beams propagating
radially outward in the solar atmosphere. Bursts of 50-300
Hz ~in the spacecraft frame! electric field signals, corre-
sponding to long-wavelength ion-acoustic waves are often
observed coincident in time with the most intense Langmuir
wave spikes, providing evidence for the electrostatic decay
instability. Langmuir waves often occur as envelope solitons,
suggesting that strong turbulence processes, such as modula-
tional instability and soliton formation, often coexist with
weak turbulence processes, such as electrostatic decay, in
some type III burst source regions.

5.3 Solar System

5.3.1 Deep Impact

The Deep Impact project, a NASA Discovery program
mission under the direction of M. A’Hearn, continued its
development. The major step was completing the Prelimi-
nary Design Review and being confirmed by NASA to pro-
ceed into the construction phases. This mission will deliver a
large, high-speed impactor to the nucleus of comet 9P/
Tempel 1 and observe the results of the impact from the
flyby spacecraft and from Earth~scheduled launch, July
2004, encounter July 2005!. Key scientific achievements dur-
ing the current year include determining the size of the
nucleus using thermal infrared observations from the Keck
telescope~effective radius 2.5 km, albedo 4%; effort led by
Fernandez, UHawaii! and reanalyzing observations made
with IRAS to determine the dust environment for which
shielding must be provided. The IRAS observations show
that the comet is like several other Jupiter-family comets in
having a particle size distribution with a much smaller ratio
of small ~optical wavelength sized! dust to large~10 microns
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and larger! dust than do comets 1P/Halley and others known
for their dust output~effort led by Lisse, UMD!. See http://
deepimpact.umd.edu.

McFadden, with support from science team members and
Gretchen Walker, addressed the number and wavelengths of
filters required to meet science objectives for the Deep Im-
pact mission, and offered an initial in-flight calibration plan
for the Earth flyby.

McFadden hired the Education and Public Outreach Team
including: Stephanie McLaughlin, Gretchen Walker, Eliza-
beth Warner, Kathleen Holmay, Gary Emerson and Maura
Rountree-Brown. Work continues on developing the EPO
plan. Teacher workshops were developed and presented at
JPL. Research assistants Warner and McLaughlin spread
news about the mission and observing opportunities to ama-
teur astronomer gatherings including club meetings in Vir-
ginia and South Carolina and star parties in Texas and Wyo-
ming.

Stephanie McLaughlin started and manages the Small
Telescope Science Program and continues the analysis of
data recieved from the program’s participants. Since March
2000, a network of about 40 amateur and professional as-
tronomers from around the world have been making ground-
based, broad-band, photometric CCD observations of comet
9P/Tempel 1, the target of the Deep Impact mission. The
network participants will continue to observe the comet
through January, 2001, after which they will monitor comets
for other space missions until Tempel 1 returns in 2004.

5.3.2 PDS Small Bodies Node

The Small Bodies Node of the Planetary Data System
undertook two major activities in the past year. The first was
a reorganization of its Earth-based database on small bodies
to allow searching for all key properties of any given small
body. The second was a peer review of the data from the
NEAR mission prior to distributing the final archive~which
will be available shortly after this writing!. The project con-
tinues to work in various ways with all other missions to
comets and asteroids. The collaboration with ESA to archive
the data from the Rosetta project has been particularly effec-
tive and PDS-SBN worked with staff at ESTEC to organize a
workshop for the instrument teams to plan the data projects.
See: http://pdssbn.astro.umd.edu/.

5.3.3 Comets

A’Hearn continued his collaboration with Lamy, Toth, and
Weaver to isolate cometary nuclei from their comae with
HST to determine reliable nuclear magnitudes and thus
~albedo- dependent! sizes. The program has now studied nu-
clei from 0.3 to 35 km in effective radius. The actual size
distribution, however, is still dominated by small-number
statistics so that reliable conclusions can not yet be drawn.
Selected comets are also observed at thermal infrared wave-
lengths, both with ISO and from the ground in various col-
laborations, to separate the albedo from the size. Ignoring
Centaur-comets, albedos range between 2 and 8% although
Jupiter- family comets appear to be predominantly in the
lower portion of that range.

A’Hearn completed his work on the sulfur dimer in comet
Hyakutake, analyzing the excitation of the rotational struc-
ture with Kim ~Kyong Hee University! and the abundances
and source mechanisms with several other collaborators.

A’Hearn and Lisse collaborated with Weaver~Johns Hop-
kins U.! and others in HST imaging observations of comet
LINEAR ~1999 S4!, the comet that broke into many pieces
that rapidly dissipated. There are many puzzles related to this
comet, not the least of which is how it could have enough
mass to produce the outgassing observed prior to breakup
and still dissipate so rapidly after breakup. See http://
www.astro.umd.edu/;ma/.

C. M. Lisse was the lead scientist in the effort that dis-
covered in 1996 that comets are X-ray sources. He has re-
cently, with a number of collaborators, obtained Chandra im-
ages and spectra of comet C/LINEAR 1999 S4. These show
that the X-ray emission is caused by charge exchange be-
tween the solar wind and cometary coma gases. A search for
associated far/extreme ultraviolet emission due to charge ex-
change between solar wind minor ions and cometary gas is
underway. He and K. Dennerl~MPE! have also used Chan-
dra to make the first X-ray detection of Venus. Unlike the
cometary case, the photons appear to be due to scattering and
resonance fluorescence of solar X-rays. He also sought and
found, with several groups of collaborators, either Halley-
like or very heavy particle dust emission from a number of
other comets, separating the dust component from the ther-
mal infrared emitted by the nucleus and making it possible to
characterize the dust composition, rotation state and active
areas of the comet, and to estimate nuclear sizes and active
lifetimes. Comet Hyakutake displayed an unusually high al-
bedo~close to 40%!, rotation at close to breakup speed, and
anomalously high activity while comet LINEAR 1999 S4
emitted an unusually large amount of icy dust, presumably
due to its fragmentation.

5.3.4 Solar System Dynamics

Richardson is using a high-performance parallel N-body
gravity code to study various problems in planetesimal dy-
namics, including planet formation, tidal disruption of com-
ets and asteroids, planetary rings, and granular dynamics. A
new 24-node Beowulf cluster has been installed in the de-
partment and has achieved a sustained parallel performance
of 6 GFlops. The cluster will be used to carry out long-term
simulations of planet formation starting with millions of self-
gravitating planetesimals. This will be the first direct simu-
lation of the onset of runaway growth in a realistic extended
protoplanetary disk. The results will provide the timescale
for protoplanet formation along with realistic initial condi-
tions for late-stage planet formation codes.

Barnes, Quinn~both U Washington!, and Richardson are
performing simulations of close stellar passages to planetesi-
mal disks to see how dramatically the early stellar environ-
ment of a planetary system may affect planet growth. Pre-
liminary results indicate that over a star’s lifetime in a typical
cluster there may be one or two close encounters of sufficient
strength to perturb the disk inside 50 AU. This may account
for the apparent abrupt truncation of our Kuiper Belt.

The Trojan asteroids are locked in a 1:1 mean motion
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resonance with Jupiter, leading and trailing the planet by 60
degrees in its orbit about the sun. Because of this close dy-
namical link the Trojan asteroids may contain critical clues
about how Jupiter formed. Doug Hamilton and Steve Korten-
kamp have been modeling the origin of the Trojans in the
hopes of revealing any such evidence. They are analyzing the
effects of;~1! gas drag acting on the Trojan precursors,~2! a
gap formed by Jupiter in the gaseous protoplanetary disk,~3!
collisions amongst the Trojan precursors, and~4! gravita-
tional perturbations from Saturn and the gaseous disk. All of
these effects may be important in the capture and evolution
of the Trojan asteroids. Eventually they will incorporate
these individual effects into realistic general models and as-
sess the resulting Trojan origin models in the context of the
competing scenarios for the formation of Jupiter.

Hamilton and K. Rauch have been collaborating on the
development of an efficient new N body symplectic integra-
tor package, which they will apply to solar system problems,
particularly its origin. The new integrator is capable of fol-
lowing thousands of planetesimals for several hundred mil-
lion years. They hope to have a first version available for use
and for distribution to the community by the end of 2001.

Doug Hamilton spent much of the summer developing a
module to extend the capabilities of the sophisticated code
‘‘HNBody’’ written by Kevin Rauch and Doug Hamilton.
The core code follows the orbits of multiple bodies interact-
ing gravitationally. It combines most of the recent advances
in symplectic integrators~ability to handle close approaches,
new symplectic correctors, regularization of orbits, etc.! into
one flexible, easy-to-use package. The code recognizes three
classes of particles: heavyweight particles for which all
forces are calculated, lightweight particles which affect the
heavies but not each other, and zeroweight particles which
act as test particles. The new module ‘‘HNdrag’’ allows the
user to specify extra non-gravitational forces including:
Poynting-Roberston drag, radiation pressure, gas drag, gravi-
tational radiation, and additinal user-specified drag forces.
These additions significantly extend the capabilities of the
core code. Both codes are being used in projects with Cole
Miller, Amanda Proctor, and Ke Zhang.

Hamilton and Miller have investigated the origin of plan-
ets orbiting pulsars, of which only one or two cases are
known. Their favored mechanism is a neutron star which
recoils through a companion star~because of an asymmetric
supernova explosion! and captures enough material to form
rocky earth-mass objects, even though most of the matter
they encounter is hydrogen and helium.

Hamilton is also interested in the dynamics of dust in the
solar system and how it affects observations of Mars and
Jupiter.

Kortenkamp’s research involves modeling the dynamical
evolution of planetary systems at the two far extremes of the
mass-accretion rate—the primordial accumulation of planets
in protoplanetary disks and the present-day terrestrial influx
of interplanetary dust particles~IDPs!. Planet formation and
IDP accretion, two arguably distinct topics, fall within the
realm of the emerging field of astrobiology, with their com-
mon bond being a planet’s interaction with the environment
of its planetary system. Small bodies on unstable orbits—

asteroids, comets, and their precursors—likely play an im-
portant role in this interaction from very early on. They are
sources of biologically essential chemical materials as well
as causes of catastrophic impacts. When sufficiently severe
and frequent, such impacts may preclude or interrupt the
establishment of a biosphere. When more moderate they can
provide an important mechanism for determining the course
of evolution. While the continuing threat of such large im-
pacts is recognized today, accretion of much smaller bodies
can provide valuable information.

Most collected IDPs and nearly all meteorites come from
the asteroid belt. These are currently the only available
samples of extraterrestrial material that have preserved a
chemical and isotopic record of events that occurred during
the formation of our planetary system. Yet asteroid formation
models are far too rudimentary for detailed comparison with
this meteoritic record. For instance, the idea that Jupiter pre-
vented or interrupted formation of a planet in the asteroid
belt is nearly universally regarded as fact. Exactly how this
may have occurred, however, has not yet been convincingly
demonstrated. For these and other reasons, Kortenkamp
plans to continue studying the formation and evolution of
terrestrial planets and asteroids in order to better understand
not only how our Solar System formed, but what variations
we might expect in extra-solar planetary systems.

5.3.5 Asteroids
Lucy McFadden and Dennis Wellnitz participated in the

completion of NASA’s NEAR mission to asteroid 433 Eros
with the NEAR Science team and engineers at Applied Phys-
ics Lab, Laurel, MD. The spacecraft landed on Eros on Feb-
ruary 14, 2001 and successfully collected images as the
spacecraft approached the surface. It collected data from the
X-ray and gamma-ray spectrometer while on the surface.

Wellnitz calculated a slit illumination correction to the
Near-Infrared Spectrometer using simultaneously pointed
visible imaging and a shape model of the asteroid. With this
correction we could measure relative reflectance ratios to an
accuracy of 1%. These spectra were analyzed in terms of
grain size and compositional variations across the surface
which are less than 1-2%. The surface of Eros has a compo-
sition that is consistent with undifferentiated low-iron~LL !
ordinary chondrite meteorites. The surface is spectrally uni-
form with respect to olivine and pyroxene chemistry. There
is a spectral contribution of both a low-Ca and high-Ca py-
roxene. There are variations of a material with a slope of 4%
across the surface that cannot be unambiguously identified
with existing data.

McFadden, in collaboration with McCoy~Smithsonian!,
and Trombka and colleagues~GSFC!, combined the near-
infrared spectra from NEAR with results from the X-ray and
gamma-ray spectrometer to constrain composition and evo-
lution of asteroid Eros. Combined data sets support the con-
clusion that Eros is undifferentiated though there may be
compositional evidence for some partial melting.

5.4 Stellar Astrophysics

Grundahl~Aarhus!, VandenBerg~Victoria!, Bell, Andersen
~Oulu! and Stetson~DAO! have used deep Stromgren pho-
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tometry to determine the age of the very metal poor globular
cluster M92 from the~v-y!0 , c0 diagram. The observational
data, when presented in this diagram, are independent of dis-
tance and insensitive to the adopted reddening, since this is
small, but the model data are dependent on the accuracy of
isochrones and synthetic colors. The age of M92 is found to
lie in the range 12 -17 Gyrs, making allowance for errors in
the isochrones and synthetic colors. These latter quantities
have been checked by comparing synthetic colors for very
metal poor field stars, including the metal deficient subgiant
HD 140283, with observation. The field star colors have also
been compared with those of the M92 stars. These compari-
sons show that M92 and the field stars are coeval to within 1
Gyr and M92 has an age> 16 Gyr.

Houdashelt, Bell, Sweigart~NASA-GSFC! and Wing
~Ohio State! have calculated MARCS stellar atmosphere
models and SSG synthetic spectra of M giants. Using the
spectral type, temperature relation of Dycket al., models of
appropriate temperature match the K band spectral types of
Kleinmann and Hall~1986!. The oscillator strengths of the
TiO bands have been adjusted to best reproduce spectral
types based on TiO band data.

Spectral types estimated from the strengths of the TiO
bands and the depth of the bandhead of CO near 2.3mm
quantitatively confirm that the synthetic spectra are good
representations of those of field M giants. The broad-band
colors of the models are found to match the field relations of
K and early-M giants very well; for late-M giants, differ-
ences between the field-star and synthetic colors are probably
caused by the omission of spectral lines of VO and H2O in
the spectrum synthesis calculations. Four grids of K-band
bolometric corrections and colors are presented – Johnson
U–V and B–V; Cousins V–R and V–I; Johnson-Glass V–K,
J–K and H–K; and CIT/CTIO V–K, J–K, H–K and CO –
for models having 3000 K< teff < 4000 K and –0.5< log
g < 1.5. These grids, which have@Fe/H# 5 10.25, 0.0, –0.5
and –1.0, extend and supplement the color-temperature rela-
tions of hotter stars presented in a companion paper.

These models are intended for use in modelling elliptical
galaxies.

In 1998, Balachandran and Bell found that it was neces-
sary to increase the UV continuous opacity in the solar at-
mosphere if the solar oxygen abundance derived from the
A-X system of OH was to match that derived from the OH
vibration-rotation lines. They suggested that this opacity in-
crease might be caused by FeI. Following this result, Bell,
Balachandran and Bautista used Bautista’s FeI continuous
opacity calculations to study their effect on the solar continu-
ous spectrum. This opacity source was found to be very im-
portant at shorter wavelengths, e.g. 2400 A, but unimportant
beyond 4000 A. The observed solar continuous spectrum was
derived from observations of the solar flux by Woodset al.,
corrected for line absorption using line absorption data from
Kitt Peak solar atlas. The best agreement between this ob-
served continuous flux and the MARCS model flux was
found when Bautista’s data were increased by a factor of
two, a change consistent with the error limits of his calcula-
tions.

Radio emission by means of synchrotron radiation is a

characteristic property of young supernova remnants. There
is strong evidence that electrons are accelerated to highly
relativisitc energies as collisionless supernova shocks propa-
gate through circumstellar and interstellar gas surrounding a
supernova outburst. Recently, W. K. Rose has interpreted the
radio observations of SN 1993J and suggested that electron
acceleration occurs in young supernova remnants because
plasma turbulence leads to the generation of Langmuir soli-
tons. Such localized, oscillatory electric fields can accelerate
electrons to relativistic energies and explain radio emission
from supernova remnants and also the electron component of
cosmic rays. W. K. Rose is currently extending this research
to interpret Chandra observations of radio hotspots.

The second phase of WITS ‘‘The WEB Infrared Tool
Shed’’ came on-line. This WEB based modeling and analysis
tool was developed by Drs. M. Wolfire, L. Mundy, M.
Pound, and S. Lord~IPAC! and now includes the Dust Infra-
Red Toolbox ~DIRT! and the PhotoDissociation Region
Toolbox ~PDRT!. These toolboxes provide an extensive grid
of PDR and dust continuum models. The PDR toolbox
~PDRT! provides emission diagnostics based on the models
of Kaufman, Wolfire,et al. 1999, ApJ, 527, 795. Using the
observed IR line fluxes and line ratios, users can determine
the PDR gas density and temperature, and the incident far-
ultraviolet radiation field strength. The Dust Infrared Tool-
box ~DIRT! is geared toward modeling the dust continuum
from envelopes of young and evolved stars. Users can auto-
matically fit their data by searching grids of pre-calculated
models. Model outputs include the dust temperature and den-
sity distributions, and the flux as a function of wavelength
and beamsize. Over 300,000 models are currently stored and
available in the DIRT model database. The WEB page was
developed under a NASA ADP grant~PI Wolfire! and can be
accessed through the URL http://dustem.astro.umd.edu and
http://wits.ipac.caltech.edu.

J. P. Harrington has continued to work on planetary and
proto-planetary nebulae in collaboration with K. J.
Borkowski ~North Carolina State!. The work centers on ob-
servations made with several instruments on the Hubble
Space Telescope. They are in the process of modeling the
morphology and polarization and in analyzing spectra to de-
termine the density, temperature, and shock speed structure
in the high-velocity, highly-collimated jets of the protoplan-
etary He 3- 1275. Harrington realized recently that there
have been very few tests of photoionization codes for PNe
against real data. He has been awarded time in Cycle 10 to
get HST STIS spectra of the smooth, high excitation PN
NGC 2610 to provide a benchmark for comparison with his
own computer models and others.

5.5 Millimeter Astronomy, Star Formation, and
Interstellar Material

5.5.1 The Laboratory for Millimeter Astronomy

The University of Maryland owns and operates the BIMA
millimeter-wave interferometric array telescope in partner-
ship with the University of California~Berkeley! and the
University of Illinois. The BIMA array, located in Hat Creek,
California, operates in the 1 millimeter, 3 millimeter and 1
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centimeter wavelength bands. With a longest baseline of 1.9
kilometers, an angular resolution as high as 0.1’’ can be
achieved in the 1 mm band. The BIMA array has the best
angular resolution and image-forming capability of any
millimeter-wave telescope. The telescope provides unique
observations of a wide range of objects including molecular
clouds, star-forming regions, protoplanetary and circumstel-
lar disks, the Galactic center, evolved stellar envelopes, the
molecular interstellar medium in galaxies, active galactic nu-
clei, Sunyaev-Zeldovich absorption by clusters, comets,
planetary atmospheres and surfaces, and solar flares.

The University of Maryland has a 2/7 share of the BIMA
array; a corresponding share of the observing time is avail-
able to student and faculty researchers at the University of
Maryland. The Laboratory for Millimeter-wave Astronomy
~LMA ! is the organization set up by the University of Mary-
land to manage its participation in the BIMA project. The
LMA is part of the Astronomy Department; faculty associ-
ated with the LMA include S. Vogel~director!, A. Harris, M.
Kundu, L. Mundy, and W. Erickson~emeritus!. Also associ-
ated with the LMA are Research Scientists M. Pound, P.
Teuben, S. White, M. Wolfire, and postdoctoral fellows F.
Wyrowski, M. Das, and A. Gibb. Graduate students doing
work with the array included Raquel Fraga-Encinas, Kayhan
Kultekin, Chin-Fei Lee, Kartik Sheth, Nikolaus Volgenau,
and Sally Watt. Sheth completed his Ph.D. and assumed a
postdoctoral fellowship at the California Institute of Technol-
ogy with the Owens Valley Radio Observatory. J. M. Hollis
was a sabbatical visitor. A BIMA summer school is held most
years at the observatory in Hat Creek for interested students
and postdocs; typically several students from Maryland at-
tend. Further information on BIMA and the LMA can be
obtained at the BIMA web site, http://bima.astro.umd.edu.

5.5.2 Instrumentation

Development of wideband spectrometers for heterodyne
astronomical and atmospheric observations continues under
the direction of Dr. A. Harris. Research areas include:

• Submillimeter observations of active galactic nuclei
with the Caltech Submillimeter observatory. This is a
collaborative project with J. Zmuidzinas’ group at
Caltech.

• Provision of the spectrometer package for the CASIMIR
instrument that will fly on the SOFIA airborne observa-
tory.

• Design of millimeter-wave heterodyne spectrometers
with 30% fractional bandwidths to search for high-
redshift objects. This is a collaborative project involving
the Max Planck Institutes for Extraterrestrial Physics
and Radio Astronomy, in Garching and Bonn, Germany;
the Institute for Radio Astronomy at Millimeter Wave-
lengths in Grenoble, France; and NASA’s JPL.

• Atmospheric phase correction for the BIMA and
CARMA millimeter-wave interferometers. Techniques
developed in this research are also important for the
ALMA interferometer. The group involved in this work
includes M. Pound, A. Gibb, P. Teuben, N. Volgenau, C.
Frank, K. Gultekin, L. Mundy, and A. Harris.

• Development of ultra-wideband~ 15 GHz! correlation

spectrometers. A custom-designed monolithic micro-
wave integrated circuit has been designed; testing at
Maryland will follow fabrication. Others involved in
this project are S. Maas~Nonlinear Technology, Inc.!
and S. Weinreb~NASA JPL!.

5.5.3 Star Formation

There is continuing work studying the formation of stars
and evolution of young circumstellar disks. A three year
study of molecular outflows from young stars was just com-
pleted~C.-F. Lee’s PhD thesis work in collaboration with E.
Ostriker, J. Stone, and L. Mundy!. The study utilizes BIMA
CO images of the ten outflows and numerical hydrodynamic
simulations to test the viability of the jet model and wide-
angle wind model for outflows. We find that neither model is
entirely satisfactory to explain the range of observed struc-
tures. The data point to either a hybrid two-wind model or
perhaps a wandering jet model. Mundy, in collaboration with
L. Looney at MPE Munich and Dr. Welch at UC Berkeley, is
extending their high resolution studies of disks around young
stars. Recent observations at 1.4 mm wavelength with the
BIMA array are providing 0.25 arcsecond resolution~35AU
linear resolution! images of the disks around HL Tauri and
DG Tauri. These new data confirm that the disks are of order
100 AU in extent and that the surface density decreases
roughly as one over the radius. Wyrowski, Gibb, and Mundy
are also involved in the study of massive star formation re-
gions utilizing the high resolution capability of the BIMA
array. Looking to the future, Mundy and graduate student, N.
Volgenau, have begun BIMA observations to complement a
SIRTF Legacy project~‘‘From Cores to Stars,’’ PI N. Evans
II at Univ. of Texas, Co-I Mundy!.

In an ongoing effort to establish an evolutionary sequence
of high-mass star-formation, Friedrich Wyrowski and col-
leagues used the BIMA array in several complementary
projects:

Dense, collapsing condensations within a new population
of infrared dark clouds, identified during the MSX mid-
infrared survey of the galactic plane, were observed for the
first time with high angular resolution. In all three observed
sources compact, slightly resolved~in some cases multiple!
3mm continuum cores were detected. These detections lead
together with SCUBA data to constraints of the dust proper-
ties of the cores and allow proper estimates of their sizes,
masses and density structures. N2H

1 was used as a molecular
line tracer and the resulting maps show an impressive corre-
spondence with the MSX mid-infrared absorption and
SCUBA imaging. This allows for the first time the study of
the kinematical properties of these these cold and massive
prestellar cores in detail.

Immediate precursors of ultracompact HII regions
~UCHIIs! were observed, detected and mostly resolved with
the BIMA array. They were selected by~1! searching for
sources with infrared colors similar to UCHIIs but without
detectable HII regions and by~2! selecting recently observed
submillimeter peaks in the neighborhood of UCHIIs. The
high angular resolution data obtained are used to determine
the density and temperature structure of the presumedly still
accreting environments of these massive~proto! stars.
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Four hot core/ultracompact HII regions were studied with
BIMA at 1.3mm in continuum and line emission with sub-
arcsecond resolution. In three cases the dust continuum is
clearly offset from the UCHII regions and coincident with
maser and hot core emission. Evidence for outflows from
embedded massive~proto! stars were found, suggesting an
evolutionary state prior to the onset of a visible UCHII re-
gion. In G10.47, the two densest UCHIIs are embeeded in
the dust emission, hence young UCHII regions have already
emerged in the hot core.

5.5.4 Interstellar Gas

In May of 2000, Dr. Jan M. Hollis~NASA/GSFC and
UMd! and colleagues used the NRAO 12 Meter telescope to
discover interstellar glycolaldehyde, the first sugar detected
in interstellar clouds. Since sugars are associated with some
of the most basic aspects of life like metabolism and repro-
duction, this discovery is biologically significant, and in-
creases the likelihood that life may exist elsewhere in our
galaxy. Observations to determine the distribution of
glycolaldehyde have been obtained with the BIMA array.

Weiner ~OCIW!, Vogel, and Williams ~Rutgers! have
completed a survey of ultra-faint, diffuse optical emission
lines from 20 high velocity clouds and the Magellanic
Stream using the Maryland Fabry-Perot on the Las Cam-
panas Dupont 2.5 m telescope. Models for the origin of high
velocity clouds range from gas from the galactic fountain to
the accreting remnants of the formation of the Local Group.
The key to resolving their nature is determination of their
distances. Although a few large-angular size clouds are
known to be within a few kpc, distances for almost all clouds
are unknown. Ha emission is found to be much brighter than
if the clouds were ionized by metagalactic ionizing radiation.
The observed distribution of brightnesses is inconsistent with
galactic fountain models. The range of brightness is less than
a factor of 100, which is difficult to explain in those models
which place the clouds at a range of distances from a few kpc
to several 100 kpc or even more than a Mpc. Ionization
sources in addition to photoionization by Local Group gal-
axies are required.

Using Ha observations of the Haynes-Giovanelli cloud
obtained with the Maryland Fabry-Perot at Las Campanas
Observatory, Vogel, Veilleux, and Weymann~OCIW! have
placed the tightest limits yet on the value of the metagalactic
ionizing radiation at zero redshift. The results constrain mod-
els for the emissivity of AGN and starbursts and absorption
models for the IGM, and have implications for the fraction of
baryonic gas in ionized form.

Vogel, Helfer ~Arizona! et al. have completed a 62-field
mosaic at 6‘‘ resolution of CO emission from the grand-
design spiral galaxy M51 using the BIMA array. CO is im-
aged along the entire length of each spiral arm, extending to
the companion galaxy~which is also imaged!. CO is seen to
lie along the inner edge of the arms along most of their
length. The kinematics of the gas are consistent with inflow
driven by tidal interaction with the companion.

Most of the research efforts of L. Sage center around the
study of gas~molecular and atomic! in other galaxies, with
the goal of understanding the evolution and cycling of the

interstellar medium. Sage has completed a survey of CO and
HI in a volume-limited sample of lenticular galaxies; the
results are being written up.

M. Das has been studying the kinematics of molecular
hydrogen gas in the centers of the barred galaxies observed
in the BIMA survey of nearby galaxies~SONG!. This is a
collaborative project with Peter Teuben and Stuart Vogel.
They have determined the velocity field and inner CO rota-
tion curves of 23 of the 29 barred galaxies observed; the
remaining few did not have enough gas to determine a rota-
tion curve. The CO rotation curve is one of the most accurate
means of determining the dynamical mass distribution in the
centers of galaxies. Das has also used the optical data in the
BIMA SONG data to determine the ellipticities of the bars.
Preliminary results show that the ellipticities of the bars de-
creases with increasing dynamical mass concentrations in
barred galaxies. Thus bars may dissolve out as mass accu-
mulates in the centers of galaxies.

5.6 Theoretical and High Energy Astrophysics

5.6.1 Theoretical Astrophysics: Compact Objects, Disks
and Accretion

The extreme nature of neutron stars and black holes
means that they can be used as unique probes of strong grav-
ity and dense matter. The advent of a new generation of high
energy resolution X-ray satellites such as Chandra and
XMM-Newton, plus planned high-energy missions such as
Constellation-X, means that with careful modeling and com-
parison with these new data we will be able, for the first
time, to make quantitative tests of general relativity in strong
gravity. We will also be able to place strong constraints on
the equation of state of matter beyond nuclear density. In
anticipation of these data Cole Miller is beginning a program
of modeling and simulation in collaboration with scientists at
Goddard Space Flight Center and elsewhere. He is concen-
trating on the kilohertz oscillations in the brightness of
neutron-star low-mass X-ray binaries, both in their persis-
tent, accretion-powered emission and in their bursting,
thermonuclear-powered emission.

Miller is investigating the impact of a population of pri-
mordial compact objects~such as black holes! on the angular
power spectrum of the cosmic microwave background.
Miller and Eve Ostriker are also examining the effects such
compact objects would have on the formation of the first
nonlinear structures in the universe, at redshifts z510-20.
Ionization produced by accretion onto early compact objects
could delay the formation of globular clusters and could in-
troduce significant extra entropy into group- and cluster-
scale mass accumulations. This may produce signatures ob-
servable by future satellites such as the Microwave
Anisotropy Probe and the Next Generation Space Telescope.

E. Ostriker, in collaboration with J. Stone and C. Gammie
~U.Illinois!, has continued investigations of the structure and
dynamics of molecular clouds. The emphasis of recent work
has been on developing diagnostics, using snapshots of
large-scale numerical simulations of clouds, for interpreting
observations of clouds. These investigations have included,
for example, analyses of hierarchical and non-hierarchical
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mass spectra of density and column density concentrations in
simulated clouds, for comparison to observed clump mass
spectra from data cubes of CO line emission and maps of
mm-continuum emission. These investigations have also in-
cluded comparisons of the accuracy of various magnetic field
estimators related to the Chandrasekhar-Fermi method.

With student W.-T. Kim, Ostriker has engaged in investi-
gations of the self-gravitational instabilities that can form
gaseous condensations in magnetized models of galactic
disks. This work was focused on~1! distinguishing the two
different types of localized instabilities that occur in inner
and outer galactic disks~the magneto-Jeans and swing insta-
bilities, respectively!, and ~2! assessing the threshold crite-
rion, in terms of the Toomre Q parameter, for nonlinear in-
stability to lead to self-gravitational runaway. The threshold
Q value determined by this study is in the range 1.2-1.4
~depending on magnetic field strength!, consistent with em-
pirical results for the thresholds for active star formation in
disk galaxies from Kennicutt and coworkers.

With collaborator M. van Putten~MIT !, Ostriker has de-
veloped a simple model for the dynamics of the central en-
gine in gamma-ray burst sources, in order to interpret the
bimodal distribution of burst durations. In this model, the
burst duration is determined by the lifetime of the disk or
torus surrounding the central black hole; this disk evolves in
response to large-scale magnetic torques from a wind and,
potentially, a rapidly-spinning black hole. This work pro-
poses that short bursts are associated with states of hyperac-
cretion onto a slowly-spinning black hole, and long-bursts
are associated with states of suspended-accretion around a
rapidly-spinning black hole. The ratio in typical burst dura-
tions for the two cases is expected to be comparable to mass
ratio for the black hole to disk; the observed bimodality thus
arises as a consequence of a large mass ratio.

With M.C. Miller, Ostriker has considered the effects of
accretion onto primordial black holes on the thermal and
ionization evolution in the universe. This work shows that
even a relatively low level of accretion~requiring only a very
small fraction of the closure density in black holes! can heat
the universe sufficiently to delay the onset of collapse for the
first baryonic objects from, e.g., z510 to z55 for 1-sigma
perturbations.

Because the mass of the collapsed objects increases as the
3/2 power of the temperature, the corresponding masses of
the first collapsed objects would also be larger by, e.g., more
than three orders of magnitude for 1-sigma perturbations.
Since the ionization boost at high redshift may be relatively
low, detection of the signature of such a process in the CMB
power spectrum will require the high sensitivity of the up-
coming MAP and Planck experiments.

In Spring 2000, Ostriker co-coordinated, with E. Zweibel
~U. Colorado!, a Workshop and Conference on Astrophysical
Turbulence at the Institute for Theoretical Physics at U.C.
Santa Barbara.

J. Stone, in collaboration with graduate students T. Flem-
ing, C. Lee, and R. Piontek, and postdoctoral research asso-
ciates N. Turner and T. Sano, continues to study the dynam-
ics of interstellar gas in a wide variety of contexts. Fleming
and Sano are studying the nonlinear stage of the magnetoro-

tational instability ~MRI! in protostellar accretion disks to
understand the conditions for grain growth and planet forma-
tion. Lee is comparing numerical simulations of the dynam-
ics of protostellar winds and jets to high-resolution observa-
tions made with the BIMA. Turner is studying the saturation
of the MRI in radiation dominated accretion disks around
black holes and neutron stars. Piontek has begun a numerical
study of the efficacy of ram pressure stripping of HI gas from
spiral galaxies in clusters of galaxies. All of these studies
utilize large scale simulations on massively parallel super-
computers available at the national centers.

Using the Chandra X-ray Observatory Wilson, Young and
Shopbell observed the X-ray counterparts to radio ‘‘hot
spots’’ at the termini of extragalactic jets in Pictor A and
Cygnus A. The mechanism responsible for particle accelera-
tion in the hot spots was found to be qualitatively different
between galaxies. The observation of Pictor A also revealed a
spectacular X-ray jet, and this will be the subject of a
follow-up observation in the next Chandra cycle.@These also
generated NASA press releases, see http://
chandra.harvard.edu/photo/cycle1/pictor/index.html and
http://chandra.harvard.edu/photo/cycle1/0216/index.html#.

Young, Wilson and Shopbell obtained a Chandra X-ray
observation of the archetypal Seyfert 2 galaxy NGC 1068.
The X-ray image has a wonderful spiral morphology, and
immediately shows that the starburst is not the dominant
source of the spatially extended X-rays. The extended emis-
sion is spectroscopically complex, most likely a combination
of photo-ionized and collisionally-ionized gas.

A joint Chandra and RXTE study of the nucleus of Cyg-
nus A by Young, Wilson, Terashima, Arnaud, and Smith was
used to study in detail the nature of the buried nucleus, find-
ing it to be more AGN-like than quasar-like, and also re-
vealed the presence of a bi-polar scattering nebula.

5.6.2 High Energy Astrophysics and the Goddard
Connection

The most important thing K. Arnaud has done in the last
year has been the continued enhancement, maintenance, and
support of the XSPEC software package. This is the world-
standard for the analysis of X-ray spectroscopic data and has
a market penetration that Bill Gates would envy. At a recent
international X-ray astronomy conference in Yokohama,;
75% of the talks presented showed plots produced using
XSPEC. His work on XSPEC encompasses astrophysics,
computational methods, and statistics. Recent improvements
have been driven by the wonderful new data available from
the Chandra and XMM-Newton satellites. These have re-
quired new statistical techniques, improved capabilities for
high resolution spectra, and more physically realistic theoret-
ical models. The first two of these he developed on his own
while the last has lead to a number of collaborative projects.

Arnaud was a co-I on two successful major proposals this
year. The proposed SMEX mission, Joule, was one of eight
selected by NASA HQ for phase A development. This was
proposed as a recovery mission after the loss of Astro-E,
which failed to make orbit when its Japanese launcher failed.
Japanese collaborators have now received funding to build a
copy ~Astro-E2!, and the team is waiting for approval from
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NASA HQ to convert SMEX to a revitalized collaborative
program. Arnaud was also the lead editor on the HEASARC
Senior Review proposal. This was rated very highly by the
review and ensured continued funding at the current level
~the best result possible as it turned out!.

He has also worked on Chandra observations of the X-ray
background, ASCA observations of the Galactic ridge emis-
sion and the SNR 3c397, RXTE observations of the cluster
Abell 496, and ASCA and ROSAT observations of a large
sample of local clusters. The work with Chandra led him to
develop new data analysis techniques and in particular a new
statistical approach which combined ideas from two papers
published over 20 years ago.

M. Lowenstein has focussed on data analysis, interpreta-
tion, and theoretical modeling of X-ray emission from early-
type galaxies and clusters of galaxies. Together with Valia
and Mushotsky, he identified a new, extended hard X-ray
component in the emission from elliptical galaxies and
placed strong limits on the X-ray luminosity associated with
supermassive black holes at the centers of these galaxies. He
has also helped to uncover some anomalous chemical abun-
dances and structural features in intracluster gas and at-
tempted to explain them with reference to the first generation
of stars to form in the universe.

C. K. Ng is studying the amplification of interplanetary
Alven waves by streaming energetic protons and the conse-
quences in solar energetic particle events. With D. V. Reames
~GSFC! and A. J. Tylka~NRL! he has confirmed aspects of
the time variability of SEP events and correlations of inten-
sity, anistropy, and composition.

I. G. Richardson is engaged in analysis of energetic data
from the GSFC cosmic ray experiments on the ISEE-E,
IMP-8, and Helios-1 and -2 spacecraft. Results include new
information on the correlations of the GCRs that reach us
with solar wind and solar cycle. There is, for instance, a 22
year cycle in the cosmic ray modulation as well as an 11-year
one. There is also a 153 day periodicity in the interplanetary
magnetic field intensity at 1 AU, which he has related to a
similar period in solar energetic phenomena during the
1979-82 solar maximum. It may again be present in the cur-
rent solar cycle.

D. Chornay has participated in the reduction and analysis
of data returned from the Low Energy Neutral Atom~LENA!
imaging director, which is part of the Image spacecraft; in
the design, testing, and calibration or an electron analyzer
and detector for the Plasmag instrument on the Triana mis-
sion ~the only spacecraft ever invented by a politician; it is
the ‘‘Gore mission’’!; and in instrumentation for a future
Solar Probe mission.

F. H. Finkbeiner has had responsibility for coordinating
detector characterization and detector fabrication in the De-
tector Development Laboratory, especially the development
of Transition- Edge Sensor~TES! calorimeters that will be
needed for the future X-ray mission, Constellation- X. He
has also performed magnetic field simulations for Adiabatic
Demagnetization Refrigerators that will be needed as cold
platforms for TES operation.

C. A. Nixon is part of the science/operations team of the
CIRS instrument, carried on the Cassini spacecraft. Most re-

cently, he was involved in the implementation of the decision
to make observations during the Jupiter gravitational sling-
shot maneuver at the end of 2000. He will be using tools
developed at GSFC and Oxford to analyze planetary spectra
for variations in atmospheric composition to produce maps
of gaseous abundances.

T. M. Lanz continues to center his activities on modeling
the atmospheres of hot objects and on radiation transport
theory. The non-LTE code he developed with I. Hubney
~NOAO and GSFC! incorporates about 10 million atomic
lines of 45 ions. It has been applied to O stars observed with
STIS, to hot horizontal branch stars, and to several hot white
dwarfs. The code~Tlusty! and the associated spectrum syn-
thesis code~Synspec! are used at about 80 sites worldwide.
They can be accessed from http://tlusty.gsfc.nasa.gov. He has
also been involved in efforts to measure stellar ages and
magnetic fields and wrote the main article on Stellar Atmo-
spheres for the new Encyclopedia of Astronomy and Astro-
physics~Institute of Physics, 2001!.

5.7 Extragalactic Astronomy

Veilleux, D. B. Sanders~Univ. of Hawaii!, and D. C. Kim
~ASIAA ! are continuing their ground-based optical and near-
infrared imaging survey of a large sample of ultraluminous
~log@LIR/L(# . 12! IRAS galaxies. The spectroscopic por-
tion of this survey was published last year in the Astrophysi-
cal Journal. The main effort now focusses on completing the
analysis of the imaging data and combining these data with
the results of the spectroscopic analysis to look for a possible
evolutionary link between these objects and optical quasars.

In collaboration with J. Bland-Hawthorn~AAO!, G. N.
Cecil ~Univ. of North Carolina!, S. T. Miller ~Univ. of Mary-
land!, R. B. Tully ~Univ. of Hawaii!, and S. Vogel~Univ. of
Maryland!, Veilleux is carrying out a comprehensive study of
the warm ionized medium on the outskirts of nearby disk
galaxies. The physical state, distribution, and velocity struc-
ture of this material are relevant for understanding large-
scale galactic winds~‘‘superwinds’’! and fountains in active
and normal galaxies, quasar absorption-line systems, the
baryonic content of the universe, the formation and evolution
of galaxies, and measuring the mass and distribution of dark
matter in galaxies. The distribution of the line-emitting gas in
a complete sample of nearby galaxies is being mapped down
to unprecedented flux levels using state-of-the-art optical
Fabry-Perot interferometers and recently developed observa-
tional techniques. Recent results from this survey were pre-
sented at the ‘‘Imaging the Universe in Three Dimensions’’
conference in Walnut Creek, California and at the ‘‘Environ-
ments of Galaxies’’ workshop in Birmingham, England. The
portion of this survey on normal disk galaxies will constitute
Miller’s Ph.D. thesis at Maryland.

A. S. Wilson, in collaboration with postdocs P. L. Shop-
bell, A. J. Young, D. A. Smith, and Y. Terashima and gradu-
ate student Y. Yang, initiated a study of active galaxies with
the Chandra X-ray Observatory. Bi-polar or jet-related X-ray
nebulosities were found in all objects studied, although the
emission process differs for different classes of object. In
low luminosity active galactic nuclei~LLAGN !, such as M51
and NGC 4258, the gas is collisionally ionized by mass out-
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flows from the nucleus, and detailed associations are found
between regions of high velocity~identified in optical emis-
sion lines! gas and high temperature X-ray emitting gas. In
NGC 4258, the well known ‘‘anomalous arms’’ are promi-
nent X-ray emitters and apparently represent gas in the ga-
lactic disk which has been shock-heated by the out-of-plane
radio jets. In high luminosity Seyfert galaxies~e.g. NGC
1068, NGC 4151 and the Circinus galaxy!, the X-ray emit-
ting gas is photoionized by the nucleus and is closely corre-
lated with the high excitation gas seen in optical emission
lines. It is shown that electron scattering is a negligible con-
tributor to the extended X-ray emission of NGC 4151. Their
results on NGC 1068, when taken together with the XMM-
Newton RGS spectrum, suggest photoionization and fluores-
cence by radiation from the Seyfert nucleus to several kpc
from it. Non-thermal X-ray emission has been detected from
the jets and/or hot spots of the radio galaxies Cygnus A,
Pictor A and M87. In Cygnus A, the spectra of the hot spots
are in excellent agreement with synchrotron self-Compton
models, showing that the magnetic field strength is close to
equipartition. In Pictor A and M87, synchrotron self-
Compton or external Compton models require improbable
conditions, leading the authors to favor a synchrotron model.
The presence of such high energy electrons in nearby radio
galaxies lends support to the notion that high energy cosmic
rays may come from this class of object.

N. Nagar, Wilson and H. Falcke~MPIfR! have continued
a program of high resolution radio studies of LLAGN. The
main results are i! compact, flat spectrum radio cores are
found ~with the VLA! in at least 50% of LLAGN~Seyferts
and LINERs!. The highly inverted spectra predicted by
ADAF models are rarely found. ii! studies with the VLBA at
milli arc second~pc scale! resolution detected all of a sample
of 16 LLAGN, confirming that the radio emission is powered
by accreting black holes. iii! the radio-brightest nuclei have
pc-scale jets. These results favor an origin of the radio emis-
sion in jets rather than in the accretion flow itself.

Wilson prepared reviews of the capabilities of DARWIN
~a planned ESA infrared space interferometer! in the area of
galactic nuclei, and the contributions of HST to our knowl-
edge about gas in active galaxies for the STScI spring 2000
symposium ‘‘A Decade of HST Science.’’

The active nuclei which lie at the centers of many galax-
ies are powered by accretion onto massive black holes. The
accretion may be driven by the magneto-rotational or
Balbus-Hawley instability. During the past year, N. Turner
and J. Stone showed by numerical simulations that in the
inner, radiation-pressure dominated parts of the disks, the
axisymmetric form of the instability grows at the rate pre-
dicted by linear analysis. Under conditions where turbulence
develops, and radiation can diffuse across the most-unstable
wavelength in about one orbit, large radiation pressure leads
to stronger fluctuations in the density. Working with E. Agol
and J. Krolik at Johns Hopkins University, they showed also
using axisymmetric radiation hydrodynamical calculations
that the predicted thermal instability of radiation-dominated
disks is quenched by changes in the convective flux in re-
sponse to changes in the dissipation rate.

Stacy McGaugh has been engaged in a major study of the

dynamics of faint and low surface brightness galaxies. To-
gether with collaborators Jim Schombert, Greg Bothun~U.O-
regon!, and Erwin de Blok~ATNF!, McGaugh has extended
the Tully-Fisher relation to very faint galaxies, in the process
showing that the disk mass~stars plus gas! is the more fun-
damental quantity in this relation than the stars alone. De-
tailed studies of the rotation curves of low surface brightness
galaxies with collaborators de Blok, Vera Rubin~DTM!, and
Honors thesis student Mike Barker are nearing fruition.
These data provide strong tests of the predictions of cold
dark matter models, with which they are strongly inconsis-
tent. In an effort to check whether the dynamical data were
correct in indicating the non-existence of cold dark matter,
McGaugh posed a test based on the amplitude of the second
peak in the angular power spectrum of fluctuations in the
microwave background radiation. His prediction for the
purely baryonic case was subsequently confirmed by the
BOOMERanG and Maxima-1 experiments.

Mosumi Das has been studying the kinematics of molecu-
lar hydrogen gas in the centers of the barred galaxies ob-
served in the BIMA survey of nearby galaxies~SONG!. This
is a collaborative project with mainly Peter Teuben and Stu-
art Vogel. They have determined the velocity field and inner
CO rotation curves of 23 of the 29 barred galaxies observed;
the remaining few did not have enough gas to determine a
rotation curve. The CO rotation curve is one of the most
accurate means of determining the dynamical mass distribu-
tion in the centers of galaxies. M. Das has also used the
optical data in the BIMA SONG data to determine the ellip-
ticities of the bars. Preliminary results show that the elliptici-
ties of bars decreases with increasing dynamical mass con-
centrations in barred galaxies. Thus bars may dissolve out as
mass accumulates in the centers of galaxies.
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