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This report covers activities of the department for the
period 1 September 2002 — 31 August 2003.

1. PERSONNEL

During this report year the scientific staff consisted of the
faculty: Robert Brunner, You-Hua Chu, Richard M.
Crutcher, Hélene R. Dickel (emerita), John R. Dickel (emeri-
tus), Brian Fields, Charles Gammie, Icko Iben, Jr. (Distin-
guished Professor Emeritus), James B. Kaler (retired August
2003 as Professor Emeritus), Fred K. Lamb, Susan A. Lamb,
Leslie Looney, Peter McCullough (adjunct), Margaret Meix-
ner (adjunct), Joseph Mohr, Telemachos Ch. Mouschovias,
Michael L. Norman (visiting), Edward C. Olson (emeritus),
Paul Ricker, Sidney Rosen (emeritus), Stuart L. Shapiro,
Lewis E. Snyder (Chair), Edmund C. Sutton, George W.
Swenson (emeritus), Laird A. Thompson, Benjamin D. Wan-
delt, William D. Watson (emeritus), Ronald F. Webbink,
Kenneth M. Yoss (emeritus); postdoctoral research associ-
ates: Alessandro Gardini, Murad Hamidouche, Greg Huey,
Kee-Tae Kim, Jason Kirk, Ruben Krasnopolsky, Subha Ma-
jumdar, David Meier, Jun-ichi Nakashima, Alastair Sander-
son; and research support staff: Rami Dass, Daniel Goscha,
Robert Gruendl, Martin Guerrero, David Mehringer, Grant
Miller, Raymond Plante, Kevin Pointer, and Harold Ravlin.

Research in theoretical astrophysics and general relativity
and related areas was also carried out by other faculty in the
Physics Department, under the aegis of the Center for The-
oretical Astrophysics, a joint enterprise of the Physics and
Astronomy Departments. Physics faculty in the Center in-
clude Thomas W. Baumgarte (adjunct), Gordon A. Baym,
Vijay R. Pandharipande, David Pines (emeritus), and Ed-
ward Seidel (adjunct).

The department hosted visits during the reporting year
from William J. Welch (University of California-Berkeley)
and Yao-Heng Xiong (Yunnan Observatory, PR China).

Twenty-nine graduate students were enrolled during the
2002-2003 academic year. David Fong received his degree in
May 2003. Office support staff included Mary Margaret
O’Connor, Sandie Osterbur, and Deana Pettigrew under the
guidance of the Administrative Assistant, Carol Stickrod.

There were no sabbatical leaves during 2002-2003.

2. FACILITIES
2.1 Campus Computation

The Astronomy Department has access to the facilities of
the National Center for Supercomputing Applications
(NCSA) at the University of Illinois, both through a national
peer review allocation mechanism and a time allocation to
the University of Illinois community. Astronomy Professor
R. Crutcher serves as NCSA Senior Associate Director for
Computational Science and Chief Application Scientist. Cur-
rent production facilities include two Linux clusters, a Pen-

tium3 (IA-32) cluster and an Itanium (IA-64) cluster, each
with 1 teraflop compute power, and a 2 teraflop IBM Power4
system. By January 2004 two new systems will go into pro-
duction and the older Linux clusters will be retired. One of
the new systems is a 10 teraflop Itanium2 (IA-64) Linux
cluster that is part of the national TeraGrid system. The other
is an 18 teraflop Xeon (IA-32) Linux cluster. Disk capacity
will approach 1 petabyte when the new systems go into pro-
duction. As a result, the University of Illinois will have the
most powerful general academic computing system available
anywhere in the world. Also available are advanced visual-
ization systems such as a CAVE 3D virtual environment and
a 32-megapixel projector display wall driven by 40 dual-
processor Linux Xeon PCs.

2.2 Laboratory for Astronomical Imaging

The Laboratory for Astronomical Imaging (LAI) is a unit
within the Astronomy Department through which the Uni-
versity of Illinois participates in the Berkeley-Illinois-
Maryland Association (BIMA) consortium. Faculty person-
nel associated with the LAI during this time were L. E.
Snyder (director), R. M. Crutcher, H. Dickel, L. Looney, J.
Mohr, and E. C. Sutton. Graduate students were P. Cortes, D.
Friedel, W. Kwon, A. Remijan, J. Shaw, and S. Wang. Post-
doctoral Research Associates were K.-T. Kim, D. Meier, and
J. Nakashima. The senior research programmer was H. Rav-
lin, and the LAI administrative secretary was D. Pettigrew.
The BIMA Array scheduler was R. Gruendl. Departures: D.
Fong assumed a postdoctoral position at Harvard/SAO.

BIMA Array observing time is awarded on a competitive
basis. Electronic observing proposal submission has been
initiated. Information can be found on the WWW
at http://www.astro.uiuc.edu/~bima/call_for_proposals.html,
http://www.astro.uiuc.edu/~bima/proposal/WhatsNew.html,
and http://www.astro.uiuc.edu/~bima/proposal/instructions.
html.

Planning continued for combining the BIMA Array with
the Caltech Owens Valley Array on a new high site near the
Owens Valley with operations starting in 2004. The new
array will be called the Combined Array for Research in
Millimeter Astronomy, or CARMA. CARMA will be a het-
erogeneous array, initially with six 10.4 m OVRO telescopes
and nine 6.1 m BIMA telescopes. Ultimately, the CARMA
Array will be joined by eight 3.5 m telescopes from the
University of Chicago, which will make CARMA a superb
array for cosmological imaging observations. CARMA will
be at least ten times more powerful than either of the original
arrays. More CARMA information can be found at http://
www.mmarray.org/.
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2.3 Optical Facities
2.3.1 Mt. Laguna Observatory

Through a cooperative agreement with San Diego State
University, the Ul Astronomy Department uses 25% of the
observing time on the I-m telescope at Mt. Laguna Obser-
vatory. Continuing in successful operation are (1) a 2048
X 2048 Loral CCD camera and (2) a 256X 256 NICMOS-3
array camera, both of which provide excellent wide-field
imaging capabilities especially with the f/7.6 telescope
secondary.

2.3.2 Large Telescope Participation

Throughout the past year, active discussions were held
with optical and IR astronomers at the University of Chicago
and Northwestern University with the aim of building an
Extremely Large Telescope. The science justification in-
cludes (1) high dispersion R=6000 near-IR spectroscopic
survey of faint galaxies to redshifts as high as z=6, and (2)
a complimentary survey at 300 um wavelength. The pro-
posed telescope would have a collecting area 1000 m? im-
plying that the aperture will be approximately 36 m. To
maintain a reasonable project cost, the primary mirror struc-
ture would be a segmented adaptive surface mounted on a
frame that resembles a radio telescope.

This year we began work to simulate the dynamics of the
closed-loop control of the adaptive primary mirror. This
critical feature of the system must be understood for the tele-
scope to be successful. The informal design team consists of
Thompson, E. Kibblewhite (University of Chicago), P. Voul-
garis (Aeronautical and Astronautical Engineering), L. Hol-
loway (Physics), and Engineering graduate student S. Jiang.
Work is proceeding with funding from the UIUC Research
Board.

2.4 Instrumentation
2.4.1 Optical Instrumentation

Excellent progress was made toward the commissioning
of the NSF-funded UnISIS project (University of Illinois
Seeing Improvement System), a laser guided adaptive optics
system being installed at the Mt. Wilson 100-inch telescope.
Personnel currently involved in the project include Thomp-
son (PI) and S. Teare (New Mexico Tech, Co-PI), R.
Gruendl (UIUC), and Y.-H. Xiong (Yunnan Observatory).

The projection of the 351 nm Rayleigh laser guide star is
routine at 167 Hz (with the final aim of running the laser at
333 Hz). The laser guide star optical projection system trans-
fers the laser light from the basement of the 100-inch tele-
scope and up the Coude optics train for a final focus at 18 km
altitude. Closed-loop performance of the adaptive optics sys-
tem has now been demonstrated with both natural stars and
the laser guide star signal. Papers were written during the
past year on the UnISIS laser guide star system and on the
high speed shuttering system used to hold back the burst of
low altitude Rayleigh light emitted by the UnISIS 30-Watt
laser every time it fires.

2.4.2 Far-Infrared Instrumentation

The University of Illinois has become a partner in the
Field-Imaging Far-Infrared Line Spectrometer instrument
(FIFI LS — 40 to 210 wm), a joint US-German project for the
Stratospheric Observatory For Infrared Astronomy (SOFIA).
Along with the German Max-Planck-Institut fur Extraterres-
trische Physik team (PI R. Reinhard), the Illinois team
(Looney and recently-hired postdoctoral researcher M. Ha-
midouche) has led the development of the FIFI LS instru-
ment control software interface, as well as contributed in the
overall system software design. Looney led the publication
of the FIFI LS optical design for an integral field spectrom-
eter in the far infrared. This novel design was published in
Apl] this year. In addition, Looney has furthered the critical
analysis necessary for flight certification and finalized the
optical design for the guiding camera optics. In general, the
FIFI LS project has made exciting progress including the
manufacturing of the vacuum vessel, cryogen vessels, the
mirrors, and the long wavelength detector. The team expects
to be ready for first light in late 2004.

2.4.3 Submillimeter Instrumentation

The sub-millimeter laboratory in the LAI is in the early
stages of developing a water vapor radiometer (WVR) for
the CARMA array. This system will make difficult polarim-
etry experiments possible in the more challenging configura-
tions, and during higher frequency observations possible in
moderate weather. The project will track the excess phase
introduced in the interferometer data from small variations of
water vapor along the line of sight of the array. This year,
Looney, J. Shaw, and Sutton have begun the build-up of the
laboratory, developing K-band amplifiers for testing in a
BIMA WVR, and preparing more accurate atmospheric
models for water vapor emission. The goal of this project is
to have working WVRs on the CARMA array at first light.

3. RESEARCH
3.1 Stars

3.1.1 Young Stars

Looney, in collaboration with L. Mundy (UMd) and
W. Welch (UC Berkeley), has continued to make high reso-
Iution observations of the youngest protostars — Class 0
sources — in the N = 3 mm continuum with the BIMA
array. New modeling techniques have allowed the probing of
these systems at unprecedented spatial scales. They have
shown that the derived density structures of the circumstellar
envelope in these systems is steeper than predicted by simple
isothermal models. For the first time, observations are able to
trace the density structure down to size scales of 100’s of
AU. They also show that the disks of these systems are not
overly massive when compared to older protostars, implying
that circumstellar disks at the earliest stages are efficient
at funneling mass from the circumstellar envelope onto the
protostar.

Looney, L. Mundy (UMd), and N. Chapman (UMd) have
continued the study of Class I T Tauri stars. The unprec-
edented resolution of the BIMA array, coupled with the sen-
sitivity to large scale dust emission in the A=3 mm con-



ILLINOIS UNIVERSITY 3

tinuum, makes it possible to resolve circumstellar disks
around brighter systems, probe for structure in the large scale
envelope, and search for multiple (binary) systems.

S. Wang, Looney, and L. Hillenbrand (CalTech) have un-
dertaken a study of the dense gas in young clusters around
intermediate-mass young stars. One of the questions that this
study will address is whether these stars are formed from
cloud-cloud collisions.

3.1.2 White Dwarfs

Chu, Guerrero, Gruendl, and Webbink have correlated an
updated white dwarf catalog and the final ROSAT point
X-ray source catalogs to complete their survey of white
dwarfs with hard X-ray emission. The most intriguing cases
of apparently single white dwarfs with hard X-ray emission
remain to be PG1159 and KPDO0005+5106. It is possible
that their hard X-ray emission represents the high-energy
Wien tail of the emission from deep layers of the
atmosphere.

3.1.3 Binary Stars

Webbink continues as a member of the team, headed by
R.A. Downes (STScI) maintaining the online Catalog and
Atlas of Cataclysmic Variables — Living Edition (http://
icarus.stsci.edu/~downes/cvcat). Since the last annual re-
port, the number of objects in that database has grown by
129 to 1500, with substantial numbers of new systems an-
nounced during the past year by the Sloan Digital Sky Sur-
vey (SDSS) and Optical Gravitational Lensing Experiment
(OGLE) teams.

Webbink and P.P. Eggleton (Lawrence Livermore) con-
tinue with their efforts to model the structure and evolution
of contact binary stars. A major objective of this effort is to
understand not only classical W Ursae Majoris systems
(typically A5 or later in spectral type), but also the structure
and fate of more massive, early-type contact binaries. Mod-
els of accreting non-degenerate stars in interacting binaries
invariably show a very strong propensity for early-type ac-
cretors to swell into contact during the initial phases of rapid
mass transfer.

A significant number of early-type contact binaries are
known in the galactic disk (albeit far fewer than the number
of W UMa systems); but it is the discovery of large numbers
of such systems in the Magellanic Clouds by the MACHO
and OGLE experiments that now offers a large enough
sample for statistical studies. Under Webbink’s tutelage,
graduate student Modhurita Mitra has surveyed the entire
online MACHO Variable Star Catalog of the Large Magel-
lanic Cloud for EW (W UMa) and EB (B Lyr) type light
curves. This task was made more challenging by the fact that
the MACHO automatic light curve classification algorithm
defaults to ‘eclipsing’ type for periodic light curves of any
description that could not otherwise be assigned to a standard
pulsator classification, and typically produces eclipsing bi-
nary light curves folded on half the orbital period. Most of
the ‘eclipsing’ variables turn out to be pulsators. Neverthe-
less, this survey turned up more than 200 EW systems, prac-
tically all of them with M <+ 1.5, and so probably of early

spectral type. Together with discoveries by the OGLE II pro-
gram, this brings the number of known EW systems in the
LMC to more than 350.

Olson continued to collaborate with P. Etzel of San Diego
State University. As part of a campaign organized by E. Ro-
driguez on pulsations in hot components of Algol binaries,
Olson and Etzel obtained extended photometric observations
of Y Camelopardalis at the Mount Laguna Observatory
(MLO) in January, 2003.

At the suggestion of S. Kenyon, Olson and Etzel obtained
Ha spectra of the gradual eclipse of the accretion disk in the
long-period eclipsing binary BG Geminorum, also in January
2003. These will be analyzed using Olson’s non-LTE disk
program (after photometry determines an accurate time of
primary minimum to update the ephemeris). Similar spectra
were obtained of the KU Cygni accretion disk in June and
July 2003.

To calculate accurate Ha emission profiles from large
disks, Olson coded a more efficient adaptive grid for inte-
grating along sight lines through a disk. Models usually fail
to predict enough emission at wavelengths far from the line
center. This, and other evidence, suggests that at least the
inner regions of disks may be vertically inflated by some
process that reduces the effective gravity. Perhaps the to-
mographic effect of observing Ha emission through partial
disk eclipses will confirm this behavior.

Under the direction of G. Henry (Tennessee State Univer-
sity), APT observations of UX Monocerotis continued, to
search for mass-transfer bursts in this active binary. None
has yet been found.

Guerrero, C. Foellmi (ESO) & A. Moffat (U. Montreal)
have presented the results of a spectroscopic campaign and
an archival X-ray survey to search for binaries among Wolf-
Rayet (WR) stars in the Magellanic Clouds. They find a nor-
mal (~40%) WR binary frequency in the Small Magellanic
Cloud, contrary to theoretical expectations of 100% binary
frequency. The implications for stellar evolution of massive
stars in such a low-metallicity environment are discussed.
Further analysis of the X-ray emission from WR stars in the
MC:s is in progress.

3.2 Interstellar Medium

3.2.1 Molecular Clouds

A. Sobolev, A. Ostrovskii, A. Malyshev (all at Ural State
U.), D. Cragg (Monash U.), Sutton, Watson, S. Ellingsen (U.
Tasmania), and J. Caswell (CSIRO) have reported on pos-
sible pumping mechanisms for class II methanol masers and
in particular elaborated on that described in their 2001 paper
on W3(OH), extending the discussion to other class II
sources such as NGC 6334F and G345.01+1.79.

Sobolev, S. Salii (Ural State U.), Ellingsen, 1. Zinchenko
(TAP, Novgorod), L. Johansson (Onsala), and Sutton give an
initial report on BIMA observations of G34.26+0.15/34.24
+0.13. Also contained were a description of ATCA obser-
vations of 6.7 GHz masers in this source and a more detailed
report on SEST spectroscopy of methanol. Line ratios were
used to produce an initial LVG model of the region around
the millimeter-wave continuum source (the proto-B star).
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The paper also briefly describes Onsala maps made in a va-
riety of species.

These authors are continuing their study of the G34.3
+0.15 region by using BIMA mosaic maps of HC'®0™,
HCN, HCO™, N,H", methanol and C*S. To aid in the in-
terpretation, the authors also obtained SEST maps in C>*S
and methanol.

Sutton, Sobolev, Salii, Ostrovskii, Malyshev, and
Zinchenko are using detailed maps of 38 methanol lines to
study aspects of methanol emission in a variety of regions
distinct from, but near, the class II methanol maser source
W3(OH). There is an extended region of methanol emission
to the southwest of W3(OH). The southwest emission is seen
over a region roughly 30 arcsec square, exclusively in lines
of low excitation energy and lines known elsewhere to be
class I [sic] methanol masers. This pattern indicates that the
region is of moderate density and is dominated by colli-
sional, not radiative, excitation. Numerous lines exhibit
population inversions, although the inferred degree of maser
amplification is very weak. Within the region they have dis-
covered two distinct clumps, which they denote swA and
swB. The inferred kinetic temperatures and degree of metha-
nol enrichment of these clumps suggest sources of internal
heating, although none have been previously noted. The
masses of gas contained in the clumps are 0.5 and 25 M, .
The latter is close to being gravitationally bound on the basis
of the gas mass alone, whereas the former would require an
unresolved embedded massive protostellar core in order to
be bound. They are also studying the region around the water
maser source W3(H,0). Many methanol lines from this re-
gion are optically thick. They conclude that the gas in this
region has a density of order 107 cm™?, sufficient to ther-
malize most of the methanol lines. The region is warm, due
to heating from the TW object and Wyrowski’s source C,
and methanol abundances are correspondingly high (of order
1079 of H,). Although the dynamical structure is uncertain,
they speculate that the two main luminosity sources, each
with a mass of order 10 Mg, are in a wide binary orbit with
a few solar masses of circumstellar or circumbinary material.
Theoretical indications are that such a system could be dy-
namically stable.

Sobolev, Sutton, Ostrovskii, and Malyshev are also ex-
tending their work on methanol excitation in the immediate
vicinity of W3(OH) using the same set of 38 methanol lines.
The excitation pattern of methanol near class II methanol
masers is strongly determined by infrared radiation which
pumps the methanol through a series of levels spanning the
ground torsional state and the first two torsionally excited
states (v,=1,2). The pumping mechanism strongly affects
the intensities of the majority of observable methanol lines,
not just the maser transitions. In W3(OH) there is anoma-
lously strong emission in the 15 — 2; Ev,=1 and 6, — 7,
A~ v,=1 transitions and anomalously weak emission in the
6, — 5y E v,=1 transition, in accordance with a model for
the excitation mechanism and confirming the critical role of
the torsionally excited levels.

Sobolev, Sutton, and Zinchenko have also been studying
the kinematics and spatial distribution of CS, SiO, CH;CN,
HDO, SO and other chemical species throughout the

W3(OH)/W3(H,0) region. The methyl cyanide data show
substructure in the W3(H,O) source, indicating that more
than one young stellar object is present. SiO emission, which
is thought to trace shock excitation, is located primarily to
the south of both W3(OH) and W3(H,0), and is not well
correlated with other molecular tracers. It is spatially ex-
tended and clumpy and may be outlining a region of inter-
action between a protostellar outflow and the ambient mo-
lecular cloud.

J.A. Williams (Albion College), H.R. Dickel, and L.H.
Auer (LANL), submitted their paper on radiative transfer
modeling of three proposed scenarios to explain the observa-
tions of multiple transitions of CS and various isotopomers
observed towards W49A north for publication in the Supple-
ment to the Astrophysical Journal. The scenarios are collid-
ing clumps, global collapse, and local collapse (around indi-
vidual compact HII regions). For all three models, the key to
matching the observations is a gradient in the kinetic tem-
perature and a core/envelope structure to the cloud compo-
nents. Because all three models match the CS data equally
well, the referee suggested that the same ‘‘final’’ three mod-
els be run for HCO™" and C'®0 to see if the results could be
used to distinguish between the three models. The only pa-
rameter to be varied is the relative abundance of the two
molecules. It appears that a judicial choice of molecular
abundances in the component clouds will allow all three
models to produce reasonably good fits to the observed pro-
files of the J=1—0 and J=3—2 transitions of HCO™ and
the J=2—1 transition of C'%0.

3.2.2 Astrochemistry

Snyder and his colleagues have been studying the astro-
chemistry of large, highly saturated molecules of biological
importance, or biomolecules (e.g., formic acid, acetic acid,
acetone, methyl formate, urea, methanol, ethyl cyanide, vinyl
cyanide), in both the ISM and comets. The astrochemistry of
these molecules can be studied by utilizing three properties
of radio interferometric arrays: high angular resolution over a
large field of view; very high pointing precision for the high
angular resolution synthesized beam; and spatial filtering.
Autocorrelation spectra from single-element telescopes are
useful for observing extended low temperature clouds of mo-
lecular gas that form via gas phase ion-molecule reactions. In
contrast, array spatial filtering suppresses the extended emis-
sion from ion-molecule chemistry, thereby lessening confu-
sion. The relevance of hot molecular cores (HMCs) to pre-
biotic chemistry is strengthened as evidence emerges for a
hot core phase in low mass star formation regions. Images of
low mass young stellar objects have revealed both physical
conditions that mimic those in HMCs, and also large abun-
dances of grain mantle products such as methanol. Conse-
quently, interferometric studies of large, saturated interstellar
molecules in the ISM have been extended to comets. Emis-
sion sources associated with the nucleus can be separated
from those associated with the extended coma. A key goal is
the interferometric detection and mapping of glycine, which
should be formed along chemical pathways similar to those
for HMC species.
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3.2.3 Star Formation

Prestellar cores are dense molecular cores which do not
have an embedded protostar, but are thought to represent the
initial conditions of the protostellar phase. J.M. Kirk with
collaborators D. Ward-Thompson (Cardiff) and P. André
(Saclay) is preparing for submission a paper discussing a
SCUBA survey of 50 prestellar cores. They have split the
cores into three groups based on their peak flux at 850um
and have analysed the properties of each group.

Kirk and Crutcher have begun a BIMA study of several
prestellar cores from the SCUBA sample. They observed
L183 in N,H™, 13CO and CN in order to map the density and
velocity structure of the ionized and neutral gas along the
L183 filament, and to test the feasibility of CN Zeeman ob-
servations. The velocity structure of the core will be com-
pared with their observations of the magnetic field direction
in this core. Test observations of N,H™ have also been con-
ducted towards four other cores.

K.-T. Kim, S. Kurtz (UNAM), B.-C. Koo, and Y.-S. Park
(Seoul Nat. Univ.) mapped ~20 massive protostars in the
CO J=2-1 line at 30" resolution with Kitt Peak 12-m tele-
scope, and detected bipolar outflows in almost all of the
sources. They are currently investigating the physical and
dynamical properties of the molecular outflows.

Kim, E. Churchwell (Univ. of Wisconsin), Ph.D. student
D. Friedel, and M. Sewilo (Univ. of Wisconsin) have been
carrying out high-resolution molecular line observations of
outflows from four massive protostars using the BIMA array.
The interferometric data reveal much more complicated
structures of high-velocity molecular gas than single-dish
data. They will explore the structures, physical and chemical
properties, and dynamics of the molecular outflows at 2"
resolution.

Kim and M. Burton (Univ. of New South Wales) made a
CO J=1-0 line survey of ~100 massive protostellar candi-
dates in the southern hemisphere using the Mopra 22-m
(FWHM=25") and mapped 3 sources in their sample. High-
velocity gas was detected towards most of the sources, sug-
gesting that bipolar outflows are ubiquitous in massive YSOs
as in low-mass counterparts. They are currently analyzing
the mapping data.

Gammie worked with postdoc R. Krasnopolsky on gravi-
tational instability in interstellar clouds with nonuniform
mass-to-flux ratios. He also collaborated with W. Watson, D.
Wiebe (Moscow) and McKinney in studies of maser emis-
sion from supersonic magnetohydrodynamic turbulence.

3.2.4 Planetary Nebulae

Gruendl, Guerrero, and Chu analyzed FUSE observations
of the O VI lines from a large number of PNe. They find a
good correlation between the diffuse X-ray emission and the
O VI emission from PNe, indicating that O VI resides in the
interface layer between the X-ray-emitting gas at 10° K and
the cool nebular shell at 10* K.

Guerrero, Chu, A. Manchado (IAC, Spain), and K. Kwit-
ter (Williams College) analyzed the spatiokinematic struc-
ture of the Owl Nebula. The results were used to distinguish
among different hydrodynamic simulations of the nebular

morphology, and to determine the formation and evolution of
this planetary nebulae.

3.2.5 Hi1 Regions

Kim and B.-C. Koo (Seoul Nat. Univ.) carried out CO and
CS line observations of 16 ultracompact (UC) H1l regions
with diffuse extended radio continuum envelopes at 60"
resolution using the Kitt Peak 12m and Taeduk Radio As-
tronomy Observatory 14m telescopes. They examined the
physical characteristics and star formation activities of the
associated molecular clouds. They also compared in detail
the molecular line data with the previous radio continuum
and recombination line data, and concluded that the extended
envelopes of UC HTI regions can be easily explained by
combining the champagne flow model with the hierarchical
structure of molecular clouds.

Kim and S. Kurtz (UNAM) have been analyzing multi-
resolution radio continuum data of ~10 UC HII regions with
extended envelopes. The radio continuum data were taken at
3.6 cm with the VLA B-, C-, and D-arrays. The scientific
goal of this study is to understand the relationship between
UC H1 regions and their extended envelopes.

3.2.6 Circumstellar Nebulae

Chu, Guerrero, Gruendl, G. Garcia-Segura (UNAM), and
H. Wendker (Hamburg) have analyzed XMM-Newton obser-
vations of the circumstellar bubble S 308 around the WR star
HD 50896. Diffuse X-ray emission is unambiguously de-
tected. A curious gap between the outer edge of the diffuse
emission and the outer rim of the nebular emission is de-
tected. Analysis of the X-ray spectrum shows a very low
plasma temperature, only ~1x10° K. Additional XMM-
Newton observations have been awarded to map the entire
S 308 bubble.

Gruendl, Guerrero, and Chu have obtained Chandra X-ray
observations of the circumstellar bubble NGC 6888 around
the WR star HD 192163. Diffuse X-ray emission is also de-
tected, but extends all the way to the edge of the nebular
shell. The X-ray spectrum indicates a higher plasma tem-
perature ~2X 10° K.

3.2.7 Superbubbles

Ph.D. student B. Dunne, Chu, Chen, ef al. analyzed the
ROSAT PSPC observations of the superbubble M17 (Omega
Nebula). Diffuse X-ray emission is detected within the
boundary of the superbubble. The underlying cluster is too
young to have hosted supernova explosions; thus, the hot gas
is entirely heated by fast stellar winds. The plasma tempera-
ture, ~8X 10° K, is considerably higher than those seen in
planetary nebulae and in WR bubbles. It is possible that col-
liding stellar winds are responsible for the high temperature.
The X-ray luminosity is more than two orders of magnitude
lower than that predicted by a pressure-driven bubble model.
A strong magnetic field has been detected in M 17, suggest-
ing that heat conduction may be suppressed, resulting in the
low hot gas content and X-ray luminosity.

Undergraduate R. Cooper, Guerrero, Chu, Chen, and
Dunne used XMM-Newton observations of the superbubble
N51D to analyze the content of its hot (10° K) gas and the
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associated thermal energy. They have also determined the
mass and kinetic energy of the ionized and neutral compo-
nents of the superbubble shell. The resolved stellar content is
used to determine the stellar energy input in the forms of fast
stellar winds and supernovae. They find that the stellar en-
ergy input is at least a factor of 3 higher than the observed
thermal and kinetic energies in the superbubble. This result
indicates that a significant fraction of the stellar energy es-
capes from the ambient medium.

3.2.8 Supernova Remnants

Chu, Gruendl, C. Stockdale (Marquette U.), J. Cowan
(Oklahoma), and S. Teare (New Mexico) obtained HST
STIS spectra of the supernova SN 1961V. SN 1961V has
been suggested to be a luminous blue variable (LBV) and the
“‘explosion’” in 1961 was just a super-outburst. The presence
of a nonthermal radio source detected by VLA observations
and the absence of [N1I] emission from the STIS spectra
suggest that SN 1961V was probably a bona fide supernova,
instead of an LBV imposter.

F. Seward (SAQ), Chu, Dickel, Williams, and R.C. Smith
(CTIO) have obtained Chandra X-ray observations of super-
nova remnants in the Large Magellanic Cloud. These obser-
vations reveal detailed structures that can be compared with
optical and radio observations to determine how the super-
nova ejecta interact with the interstellar medium. Analyses of
the X-ray spectra reveal the elemental abundances of the
supernova ejecta at the center and allow them to determine
the supernova progenitor types.

J. Dickel continues to investigate the relation between the
X-ray and radio emission of a variety of pulsar wind SNRs in
particular N157B in the LMC and G21.5-0. There appears to
be an excess of X-ray emission relative to the radio in a
small core around the pulsar, that may require a change in
particle injection or perhaps shock heating of particles near
the pulsar.

The nearest known remnant of a supernova explosion was
discovered by P. McCullough (Space Telescope), Fields, and
Ph.D. student V. Pavlidou. This object was discovered as an
enormous shell structure in the He (neutral hydrogen) sky,
and corroborated by X-ray observations. Moreover, the ob-
ject also emits gamma-rays due to the decay of radioactive
25Al. This is the first remnant seen to have produced 2°Al,
which then provides new information on nucleosynthesis
processes in supernovae. If the supernova explosion pro-
duced a neutron star as a pulsar, it is likely to have a high
speed on the sky (i.e., high proper motion); if so, the remnant
may be associated with one of the pulsars with the highest
known proper-motions, whose trajectory intersects the
remnant.

3.2.9 Cosmic Rays

The history of cosmic rays in the Galaxy is encoded in the
““fossils’” of beryllium and boron, which are produced in
collisions between cosmic rays and the interstellar medium.
Fields, with F. Daigne, E. Vangioni-Flam, and Michel Cassé
(Institut d’Astrophyisique, Paris) showed that beryllium and
boron can probe not only ‘‘normal’’ cosmic rays from super-
novae, but also cosmic rays produced in even more energetic

gamma-ray bursts if these are in the form of ‘‘hypernovae.”
They found that the observed abundances of beryllium and
boron place important constraints on the relative contribu-
tions of hypernovae and supernovae.

3.3 Extragalactic Astronomy

3.3.1 Local Group Galaxies

J. Dickel, Gruendl, V. McIntyre (ATNF), D. Milne
(ATNF), are continuing a full continuum and polarimetric
radio survey at 5 and 8.6 GHz using the Australia Telescope
Compact Array. Full coverage with short spacings of the
individual antennas in the array gives a nominal resolution at
5 GHz of 33", but limited additional data at long spacings
allows separation of small diameter sources down to about
2". The program should provide complete catalogs of the
SNRs and H1I regions in the LMC and their properties.

3.3.2 Normal Galaxies

Chen, Wang, Guerrero, Gruendl, and Chu have been us-
ing the Chandra archive of nearby (within 30 Mpc) galaxies
to make an X-ray atlas of galaxies and to characterize the
X-ray emission from different types of galaxies. They sepa-
rate the X-ray emission into three components: central
nuclear source, other point sources, and diffuse emission.
The diffuse emission is further analyzed in the soft (0.5-2.0
keV) and hard (2-6 keV) bands. These different components
are correlated with the luminosities of the galaxies to deter-
mine the origins of the X-ray emission.

I. Barton (Ph.D. student) continued to make progress dur-
ing the year analyzing a multi-wavelength set of visual
wavelength images for population synthesis analysis in two
moderately nearby spiral galaxies: NGC 4258 and NGC
5055. High signal-to-noise images are available for these two
galaxies from the Mt. Laguna 1-m telescope in B, V, R, and
ubvy colors. The analysis of the stellar population in both
NGC 4258 and NGC 5005 is nearly completed as is the
dynamical analysis to determine the galaxy mass distribu-
tion. The aim is to detect spatial variations in the stellar
population and in the galaxy mass-to-light ratios.

Thompson and M. Griffin (Ph.D. student) completed the
analysis of ‘‘blank’ field observations taken with the
NICMOS-3 camera at the Mt. Laguna 1-m telescope in their
search for distant clusters of galaxies at near-IR wavelengths.
The method is an extension of earlier work at visual wave-
lengths by Dalcanton (ApJ, 466, 92, 1996). Monte Carlo
simulations of the near-IR detection process were also com-
pleted. A catalog of 151 candidate clusters is now part of M.
Griffin’s Ph.D. thesis.

3.3.3 Low Surface Brightness Galaxies

Brunner and undergraduate student M. Dillman worked
with the Condor group at the University of Wisconsin to
facilitate the transfer and processing of multi-Terabyte As-
tronomical image datasets. Automated transfer of DPOSS
plate digital images was performed between SDSC and
NCSA. A SExtractor based image processing pipeline was
ported to the Condor system to detect candidate low surface
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brightness galaxies in the DPOSS plate data. Initial results
look promising, with a complete reprocessing expected
within the next year.

3.3.4 Starburst and Interacting Galaxies

Undergraduates J. Metz and R. Cooper, Guerrero, Chu,
Chen, and Gruendl have examined the diffuse X-ray emis-
sion from the Antennae galaxies and associated discrete dif-
fuse sources with interstellar structures identified in HST
WFPC2 Hea images. They use the photometric measure-
ments of the underlying star clusters to estimate their ages
and masses in order to determine the stellar energy input in
the forms of fast stellar winds and supernova explosions. In
some regions, the underlying clusters are capable of heating
the interstellar medium to produce the observed X-ray emis-
sion. There exist other regions with copious hot gas but no
star clusters, indicating a different heating mechanism.

D. S. Meier and J. Turner (UCLA) are studying the inter-
play between the physical and chemical properties of mo-
lecular gas and star formation in nearby starburst galaxies.
Meier and Turner have made the first interferometric astro-
chemical survey of a starburst galaxy, IC 342. Along with
CO and its isotopomers, they have imaged C,H, HNCO,
HNC, HC3N, N2H+, C3S and CH;OH. We find that strong
chemical differentiation survives even to galactic scales.
Dense molecular clouds exhibiting young star formation
(surveyed in 3 and 1 mm continuum) have different chemical
compositions when compared to dense molecular clouds
without associated starbursts, indicating that star formation
and gas chemistry are intimately connected. Moreover, the
observations show that there are large quantities of quiescent
molecular gas in the nucleus of the starburst. Young star-
bursts strongly influence gas conditions only locally, and do
not cause widespread ‘damage’ to the nuclear ISM. The data
also establish the widespread importance of grain chemistry,
especially in locations of large-scale dynamical shocks. Fol-
low up studies of the starbursts, M 82 and Maffei 2, using
the BIMA array, confirm many of the conclusions from IC
342, suggesting astrochemistry will be a powerful tool for
discriminating gas properties in other galaxies.

Along with Turner and S. Beck (Tel Aviv), Meier and
Turner have also been studying the small scale structure of
molecular gas and star formation in dwarf starburst galaxies
with massive, young, super-star clusters (likely proto-
globular cluster analogs). In a series of interferometric stud-
ies of '2CO(2-1) in the dwarf galaxies NGC 5253, NGC
3077, and He 2-10, they find molecular clouds in the halo of
each galaxy with anomalous rotational velocities, indicating
star formation is triggered as gas disrupted in past interac-
tions settle back onto the dwarf galaxy. Meier, Turner, Beck,
with L. Crosthwaite, J. Larkin (UCLA) and I. McLean
(UCLA) have been using the Keck and VLA to survey at
sub-arcsecond resolution the number and structure of embed-
ded infrared and radio bright super-star clusters in these
same galaxies. In NGC 5253, they have discovered the only
known example of a gravitational bound H1I region. Similar
observations in other galaxies, such as I Zw 40, suggest that
these young embedded proto-globular clusters may be quite
common.

3.3.5 Quasars

Brunner initiated several efforts related to quasi-stellar
objects. In a collaboration with P. Hall (Princeton), S. G.
Djorgovski (Caltech), and other members of the DPOSS
team, three peculiar Broad Absoprtion Line (BAL) quasars
were discovered. These quasars are rather unusual due to
their extremely strong emission lines, and can serve as fidu-
cial targets for BAL quasar models.

With undergraduate A. Bender, Brunner has looked at the
local environment of low redshift quasars from the SDSS
early data release. This project will explore the relationship
between a quasar’s environment and the intrinsic properties
of the quasar itself. Initial results were presented at the
NCSA all-hands meeting.

With undergraduates T. Spinka and T. Carpenter, Brunner
has looked into supervised classification of quasar candidates
from SDSS photometric data. Primarily the tools have uti-
lized the D2K data-mining framework developed within
NCSA. Currently, a success rate of better than 95% is
achieved, limited primarily by the photometric accuracy of
the imaging data. Initial results were presented at the NCSA
all-hands meeting.

Undergraduate M. Dillman and Brunner applied Indepen-
dent Component Analysis (ICA) to quasar spectra from the
SDSS project. ICA is a non-linear extension of Principal
Component Analysis, and was originally developed to solve
the blind source separation problem. Initial results proved
promising and further analysis is underway.

3.3.6 Galaxy Clusters

A. Sanderson has developed a software pipeline for the
analysis of X-ray data from the Chandra satellite, specifically
for studying galaxy clusters. Working with Mohr, he has
undertaken a project to investigate the properties of the in-
tracluster medium (ICM) in a sample of nearby ‘cool core’
clusters, collaborating with A. Kravtsov and D. Nagai (Chi-
cago) to make comparisons with numerical simulations.
Sanderson and Mohr are also performing a combined X-ray
and Sunyaev-Zel’dovich analysis of a nearby cluster, with
the aim of probing detailed ICM physics and constraining the
clumping and/or multiphase properties of the hot gas.

Recently, Sanderson and Mohr have begun work deter-
mining the temperature, luminosity and isophotal size scal-
ing relations for a sample of 20 high redshift (z>0.5) clus-
ters, as an extension to an existing study by Mohr and M.
Guerrero. This project will yield important constraints on the
evolution of cluster properties as well as improving our un-
derstanding of mass-observable scaling relations at high red-
shift, which will be essential in extracting the maximum
amount of information from future, large-scale cluster cos-
mology surveys.

Ricker works on theoretical problems related to the evo-
lution of galaxies, clusters of galaxies, and large-scale struc-
ture, using numerical simulations as his primary research
tool. One current project involves the study of interactions
between active galactic nuclei (AGN) in clusters and the
ICM, undertaken in collaboration with L.J. Dursi, K. Robin-
son, and R. Rosner (U. Chicago). A newly hired postdoc, A.
Gardini, is also contributing to this work. The objectives are
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to understand the role of magnetic fields in determining the
structure and lifetime of AGN-blown bubbles in the ICM, to
determine the effect that these bubbles have on radiative
cooling in the ICM, and to develop appropriate subgrid
models to include these effects in large-scale structure
calculations.

Two graduate students, A. Yadav and Z. Lukic, are work-
ing with Ricker on topics in cluster evolution. Yadav is
working on preheating models to explain cluster scaling re-
lations, and Lukic is studying the evolution of galaxy mor-
phology within the cluster environment.

3.3.7 Large-Scale Structure

Ricker collaborates with C. Sarazin and S. Randall (U.
Virginia) on mergers between clusters of galaxies and the
effect of ICM hydrodynamics on the measured bulk proper-
ties of clusters, such as X-ray luminosity and temperature
and radio halo luminosity. Previous work has indicated that
mergers, if not properly accounted for, may cause ~10%
systematic errors in cosmological parameters determined
from distributions of cluster properties.

Another collaboration involves Ricker and S. Habib, K.
Heitmann, and M. Warren (Los Alamos), and is directed
toward large-scale structure simulations to be compared
against the Sloan Digital Sky Survey (SDSS), particularly in
the areas of gravitational lensing statistics, the Lyman-«a for-
est, and clusters of galaxies. Currently this collaboration is
working to validate the simulation codes being used and to
develop accurate methods for applying adaptive mesh refine-
ment to cosmological problems.

3.4 Cosmology

3.4.1 Cosmic Microwave Background

A group led by Wandelt is working at the interface be-
tween cosmological theory and observation. The work has
mainly focused on three issues: solving the problem of infer-
ring the power spectrum of the cosmic microwave back-
ground (CMB) anisotropies from realistic and large data sets;
testing underlying assumptions of the standard cosmological
paradigm (such as Gaussianity and Isotropy of the fluctua-
tions); and combining the power of a wide variety of
complementary cosmological observations as well as physi-
cal constraints to achieve precision measurements of cosmo-
logical parameters.

Ph.D. student I. O’Dwyer developed a simulation and
analysis pipeline for the BEAST instrument to analyse data
taken during a ground-based campaign at White Mountain.
These pipelines were used to estimate the power spectrum of
CMB anisotropies using an implementation a pseudo-C,
method. The analysis used distributed parallel processing
techniques at seaborg, a NERSC facility at the Lawrence
Berkeley Laboratory.

Together with E. Komatsu and D. Spergel (Princeton),
Wandelt developed a fast technique to detect non-Gaussian
perturbations which would be expected in certain extensions
of inflation. These techniques enabled the analysis by the
WMAP team which strongly constrained such theories.

Wandelt’s group has begun work on the Cosmic Concor-
dance Project. The aim is to develop statistical techniques to
evaluate the concordance between different cosmological
measurements and to combine the power of complementary
observations to maximize their impact on cosmological
theory. A first prototype of a WWW portal which makes our
tools and results available online to the cosmology commu-
nity can be used at http://galadriel.astro.uiuc.edu/ccp/.

One example application of such tools to precision cos-
mology concerns the determination of the global composi-
tion of the Universe. G. Huey, Ph.D. student R. Cyburt, and
Wandelt measured the cosmic baryon fraction and abun-
dance of *He to great precision. Using a compilation of all
current publicly available measurements of the CMB anisot-
ropy they found Qzh%=0.025"0003¢ and ¥,=0.25070:01%.
Imposing standard Big-Bang Nucleosynthesis (BBN) with
three neutrinos, this can be sharpened to (Qzh?
=0.024470:00334 and ¥, =0.2493 700000 This is the most
precise measurement of the primordial ¥, to date.

Conversely, their methods can use the data to constrain
the effective number of neutrinos (a measure of the presence
of relativistic particle degrees of freedom that were present
when the primordial nuclei were formed) that can be accom-
modated while preserving concordance between CMB and
BBN. They find N, =3.027055.

The problem of optimal power spectrum estimation from
large, realistic CMB data sets, such as WMAP or Planck, has
occupied the field of cosmology for over a decade. Wandelt
has formulated a new, Bayesian approach which achieves a
drastic reduction in CPU requirements without necessitating
ad hoc approximations or requiring specific symmetry prop-
erties of the observing strategy. Using the example of the
COBE/DMR data, David Larson showed that qualitatively
new levels of analysis are now feasible using this Global
Estimation Technique. These methods will enable a full sta-
tistical analysis of the future Planck data set. Wandelt is
taking a leading role as a theorist in the power spectrum
estimation working group associated with the Planck
mission.

3.4.2 Big Bang Nucleosynthesis

Primordial nucleosynthesis describes the production of
the lightest elements in the first seconds and minutes of the
big bang. By comparing the predicted light element abun-
dances with their observed levels, one probes the early uni-
verse and measures the normal matter (baryon) content of the
universe. Measurements of the cosmic microwave back-
ground radiation can now also derive independent measures
of the cosmic baryon content. The comparison of these two
marks a fundamental test of the hot big bang cosmology.
Cyburt, Fields, and K. Olive (Minnesota) showed that the
cosmic baryon density inferred from recent WMAP cosmic
microwave background data is in good agreement with the
independent predictions of primordial nucleosynthesis. This
concordance marks a major success of the hot big bang cos-
mology. Moreover, using the microwave background data
and nucleosynthesis theory together now opens new and
sharper probes of astrophysics and of particle physics in the
early universe.
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Some popular models of high-energy particle physics pre-
dict that dark matter takes the form of massive but unstable
particles. Cyburt, J. Ellis (CERN), Fields, & Olive revised
and strengthened the astrophysical constraints on this form
of dark matter. Specifically, if these particles decay electro-
magnetically, they emit high-energy gamma-rays that alter
the light element abundance pattern produced in primordial
nucleosynthesis, and spoil the agreement with observations.
Using updated reaction data, and taking advantage of new
cosmological measurements from the microwave back-
ground, the abundance and decay properties of decaying dark
matter were more tightly constrained.

Ricker continues to contribute to the FLASH adaptive
mesh refinement (AMR) hydrodynamics code being devel-
oped by the ASCI Center for Astrophysical Thermonuclear
Flashes (U. Chicago). During 2002-2003 FLASH was ported
to the parallel computers at NCSA and further development
was done to improve its usefulness for cosmological
simulation.

3.5 General Relativity

With graduate student J. McKinney and collaborator G.
Toth (Eotvos U., Budapest), Gammie developed, tested, and
parallelized a fully general relativistic MHD code. These
computations were carried out locally and at NCSA. With
undergraduate I. Morrison (Bowdoin), Gammie developed a
fully general relativistic code to evolve the equations of
force-free electrodynamics. With graduate student B.
Johnson, Gammie considered the nonlinear outcome of
gravitational instability in disks with realistic cooling.

Shapiro explored a number of problems in theoretical as-
trophysics and general relativity theory. He and his team are
refining their new, relativistic hydrodynamics code which
can integrate the Einstein field equations coupled to the
equations of hydrodynamics in full 3+1 general relativity.
This code has been used successfully to study rotating, col-
lapsing and binary neutron stars and the long-term evolution
of single, rotating black holes. The focus on the inspiral and
coalescence of binary neutron stars and black holes stems
from the fact that these represent the most promising sources
of gravity waves for detection by LIGO, LISA and the
world-wide network of gravitational wave laser interferom-
eters. Shapiro has also studied the origin of supermassive
black holes (SMBHs) believed to be power quasars and
AGNSs and to reside in most, if not all, galaxies (including
the Milky Way). Shapiro and his group have simulated sev-
eral plausible SMBH formation scenarios, including the col-
lapse of supermassive stars and the collapse of the inner
cores of dynamically evolved self-interacting dark matter ha-
los. Other areas of investigation include the effect of general
relativity on the stability of rapidly rotating neutron stars
against radial collapse and the formation of bars, the one-
armed spiral instability in centrally condensed, differentially
rotating stars, and magnetic braking and viscous damping of
differential rotation in stars. Some of these problems have
been tackled analytically, others by means of large-scale
computations on supercomputers.

4. ASTRONOMICAL NOMENCLATURE

H. Dickel has been involved with the Working Group on
Designations of IAU Commission 5 for over 20 years and
served as its chair for the past 9 years. At the recent IAU
General Assembly in Sydney, Australia, she turned over the
chair to Marion Schmitz (NED/IPAC/Caltech). At the same
General Assembly, a Special Session 3 was held on ‘A New
Classification Scheme for Double Stars.”” A (type C) resolu-
tion was drafted and adopted by Commissions 5 and 26, and
also later ratified by Commissions 8, 42 and 45 and the
Working Group on Interferometry. The resolution recom-
mends that a uniform designation scheme, based on expan-
sion of the Washington Multiplicity Catalog (WMC) system,
be developed during the next 3 years to include all types of
components, and be presented at Prague (GA XXVI) for fur-
ther review and adoption (as a type B resolution).

5. PUBLIC OUTREACH

H. Dickel continues to serve as Tour Speaker for the
American Chemical Society, Shapley Lecturer for the
American Astronomical Society, and Lecturer for the Soci-
ety of Physics Students. Although retired, she continues to
travel to the Hat Creek Observatory several times a year to
be the ‘“‘BIMA observer.”” J. Dickel continues as a Shapley
Lecturer for the AAS.

J. Kaler, who retired in September of 2003, continues his
work in public education. Kaler produces the weekly sky
news on ‘‘Skylights’’ (distributed by e-mail and posted on
the web at http://www.astro.uiuc.edu/kaler/skylights.html).
He continues to expand the ‘‘Star of the Week”
website (http://www.astro.uiuc.edu/kaler/sow/sow.html), lec-
tures widely to both the public and to professional societies,
and writes for a variety of magazines, including Astronomy
(in their Q&A column), and Zenit. Part of the past year was
spent in developing a pair of elementary outreach audio and
video astronomy courses.
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