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This report covers departmental activities for the periodCOS will bring the diagnostic power of UV spectroscopy to

October 2002 through September 2003. bear on such fundamental issues as the ionization and baryon
content of the intergalactic medium and the origin of large-
1. INTRODUCTION scale structure in the Universe; the ages, dynamics, and

The astronomy and astrophysics program at the univerchemical enrichment of galaxies; and stellar and planetary

sity of Colorado exists within the structure of the Astrophysi-©rigins. COS will build on the legacies of Copernicus, IUE,
cal and Planetary Sciences Departm@Rs), with its affili- ~ GHRS, FOS, STIS, and FUSE, giving HST the greatest pos-
ated units — the Center for Astrophysics and Spacéible grasp of faint UV targets, ensuring that Hubble retains
Astronomy(CASA), the Joint Institute for Laboratory Astro- & powerful UV spectroscopic capability through the end of
physics (JILA), and the Laboratory for Atmospheric and IS mission.
Space Phys|c$LASP) Previous Observatory Reports pro- CASA also supports three instrumental programs in infra-
vide details on the organizationa| arrangement_ red, sub-millimeter, and millimeter-wave astronomy. Dr. Ja-
The APS Department offers an academic program leadin§on Glenn’s programs focus on developing bolometer arrays
to the PhD degree in a variety of areas of astrophysics antBolocam for mm-wave and sub-mm studies of high-
planetary sciences. Students obtain basic theoretical knowfedshift galaxies and star formation, used on the Caltech
edge common to these related fields, before specializing. Theubmillimeter Observatory and on the Herschel/FIRST sat-
department has developed a new undergraduate Astronongjlite later this decade. Drs. Albert Betz and Rita Boreiko
degree, with two tracks (General Astronomy and work on far-infrared instrumentation for studies of star-
Astrophysics/Physigs We now have 111 declared under- forming regions. APS and CASA also are building a near-
graduate majors and 49 graduate students. Our 24 faculipfrared camera and Fabry-Perot spectrograyic-FPS for
and 90 researchers have active research programs funded imgtallation on the Apache Point 3.5-meter telescope.
NASA, NSF, and DOE.
In this year’s report covering 2002-2003, we emphasize
new developments and recent publications specifically
within APS, CASA, JILA and its membership. In astrophys- 2.2 Space Astronomy
ics, particular strengths of CASA lie in hot and cool stars,
interstellar and intergalactic matter, galaxy formation, qua- CASA astronomers continue intensive use of NASA
sars, clusters, high-energy astrophysics, solar physics argpacecraft. In 2002-03, there were awards from the Hubble
UV/Xray/IR/sub-mm instrumentation. Particular strengths ofSpace TelescopgHST), FUSE, Chandra, XMM, and
JILA include theoretical studies of black holes and accretiorHerschel/FIRST. Grants were received from other NASA
flows, formation of stars and planetary systems, supernovasrograms including Astrophysics Theory, Origins of Solar
and supernova remnants, helioseismology, solar magnetisrBystem, Astrophysics Data, Long-Term Space Astrophysics,
stellar atmospheres, and astrophysical fluid dynamics. and High Energy Astrophysics.

2. SCIENTIFIC DEVELOPMENTS

2.1 Instrumentation 2.3 Groundbased Astronomy

The Far Ultraviolet Spectroscopic ExplorédfUSE) mis-
sion was launched in summer 1999. The FUSE spectrograph The Department of Astrophysical and Planetary Sciences,
was designed and built at CASA in a five year effort led byincluding CASA, has entered into a ground-based telescope
Dr. James Green. Other members of the FUSE science tea®@nsortium(ARC) at the 3.5-meter Apache Point Observa-
are CASA astronomers Drs. Cash, Shull, and Snow, anry in southern New Mexico. CU observing programs in-
JILA astronomer Dr. Linsky. The mission is an unqualified clude studies of clusters of galaxies, stellar outflows, hot
success, and many CASA professors, researchers, gradugtérs and the ISM. These and future observing runs on inter-
and undergraduate students are deeply involved with thetellar matter, infrared galaxies, and planets include under-
analysis of FUSE data. The CASA hardware team now igraduate and graduate students in the observations and data
progressing well on the development of the Cosmic Originsanalysis. CASA also is developing a near infrared camera to
Spectrograph(COS, to be installed in NASA's Hubble be installed on the telescope in 2004. APS scientists continue
Space Telescope in 2005 or 2006. The powerful ultravioleto make extensive use of other national ground-based optical
instrument has just been completed, in collaboration withand radio facilities for solar, stellar, interstellar, and extraga-
Ball Aerospace and Technologies Corporation in Boulderlactic research.
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2.4 Theoretical Astrophysics and low-metallicity stars on IGM reionization and the optical
Colorado has one the nation’s premier programs in astrodepth of the microwave background. With colleagues John
physical theory. Our research groups are working on suclstocke and Steve Penton, Shull has investigated the baryon
topics as interstellar and intergalactic matter, cosmologyensus of the IGM associated with the low-redshift Lyman-
(large-scale structure, galaxy formation, reionization by firstalpha forest. With Mark GirouxCASA and East Tennessee
stars/AGN, formation of stars and planetary systems, blackStatg and Tumlinson, Shull is investigating He Il reioniza-
holes and AGN, helioseismology and solar dynamo, plasmé&on, multi-phase intergalactic gas, and the metallicity of the
astrophysics, supernovae, and stellar atmospheres. Our fdGM.
ulty and researchers have strong funding for theoretical Dr. Aparna Venkatesa(NSF Astronomy and Astrophys-
graduate students and postdocs. ics Postdoctoral Fellowhas continued her research on the
evolution of cosmic stellar activity and its feedback on the
3. EXAMPLES OF INDIVIDUAL RESEARCH BY intergalactic medium(IGM) and the cosmic microwave
TOPIC background CMB). Venkatesan, in collaboration with Jason
Tumlinson (now at The University of Chicagoand J.M.
Shull, recently wrote two papers on the cosmological conse-
Using UV, optical and X-ray observations Dr. Nahum quences of the first metal-free stars, which have unusually
Arav is studying a wide range of AGN outflow phenomenahard ionizing spectra. The study by Venkatesan, Tumlinson
both in terms of luminositybroad absorption line quasars to & Shull (2003 is the first to examine in detail the effects of
Seyfert galaxiesand in the degree of ionizatioimeutral at- such stars on the hydrogen and helium reionization of the
oms to X-ray warm absorbersDr. Arav is particularly in- IGM. In Venkatesar(2002, she proposed the use of an in-
terested in determining: the connection between the UV andependent measurement of the reionization epoch, as well as
X-ray warm absorbers seen in Seyfert outflows, and thef a reionization model, to break degeneracies in CMB pa-
chemical abundances, acceleration mechanism and kinetiameter extraction and to improve constraints from the
luminosity of the outflows. These determinations provide theVMAP satellite data. With Keiichi Wad#&National Astro-
foundation for the long-range goal of his research programnomical Observatory of JaparVenkatesan investigated the
Establishing the effects of AGN outflows on the growth andfeedback from the first supernovae in high redshift galaxies,
evolution of their host galaxies. His approach to researchvhich has important consequences for the duration and de-
combines a strong theoretical background with detailed techectability of metal-free star formation in the early universe.
nical understanding of the observations to maximize the ext addition, she showed that the case for first stars preferably
traction of scientific knowledge from the data. Recently, Jackorming with very large masses, a currently popular scenario,

3.1 Active Galactic Nuclei

Gabel joined Dr. Arav’'s group as a postdoc. is weakened significantly when considering their ionizing ef-
ficiency in association with their large metal yigMenkate-
3.2 Cosmology and Galactic Formation san & Truran 2008 or when considering the enrichment

. . . . . patterns in QSO broad emission-line regiogienkatesan,
i r. ';"Ck lGneQm cont:zluehd h":‘) work olln tr:umtgncal 'I;Tr]]og_ Schneider & Ferrara 2003, in preparajiofier current re-
Zmlg 0 ear;:( umvehrseL.J '€ nas e}egh(_:o a o_ra(;ng V|VI ' Pl'search collaborations include: ongoing projects with Tumlin-
- Kravtsov from the University o ICago In developing ¢4, and Shull on reionization and metal enrichment from the

next generation cogmological numerical cpdes based on thfﬁst stars, follow-up studies with Wada and Truran on feed-
Adaptive Mesh Refinement technique. With G. Harford heback from the first stars and supernovae, and analysis of the

investigated the properties Of. simulated ga_llaX|es a_nd comy etallicity of low-redshift IGM absorbers with the Colorado
pared them with the observational data at intermediate re jroup

shifts. Gnedin continued his work with K. Kohler on devel-
oping methods for modeling the effect of bright quasars O o Galaxies
reionization of the universe. He also is collaborating with the™
group of theoretical astrophysiscs at the Institute of As- Work by Jack Burns and Patrick Motl at CU for the year
tronomy (Cambridge, Englandon modeling properties of have included extensive efforts in the simulation of clusters
first cosmological black holes. of galaxies as well analysis of Chandra observations, in par-
Dr. Michael Shull's research group works on a wide rangeticular the poor cluster of galaxies AMWY. In terms of the
of theoretical and space-observational topics connected witsimulations, they have pushed the spatial resolution to the
the interstellar mediuniiISM), intergalactic mediuniiGM),  level of approximately 1 kpdin a simulation volume 256
and galaxy formation. With students and postdocs, his recerilpc on a sid¢ and have extensively studied the impact of
work includes theoretical models of the first stars and quaradiative cooling and star formation and supernova feedback
sars and their effects on reionizing the IGM in hydrogen andn cluster properties. Presentations of their work were made
helium, and on radiation feedback from galaxy formation.by collaborator Michael NormaKUniversity of California,
Shull, Gnedin, and Ricotti have investigated the radiativeSan Dieggin a contributed talk at the second Carnegie Cen-
feedback from galaxy formation through the formation/tennial symposium titled “Numerical Simulation of Galaxy
destruction of H by the first stars. Shull and recent PhD Clusters with Star Formation, Feedback and Chemical En-
Jason Tumlinson studied the structure and ionizing radiatiomichment” and in a poster by Patrick Motl, “The Form and
from the first stars. With postdoc Aparna Venkatesan andevolution of Cluster Correlations in Numerical Samples of
Tumlinson, he studied the effects of high-redshift quasar$&alaxy Clusters” 2003, (http://www.ociw.edu/ociw/
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symposia/series/symposium3/proceedings.htddck Burns might be many small clumps of metal-enriched gas that are
gave an invited talk at the University of Virginia conference, coherent along a filament stretching over at least 350 kpc. In
“The Riddle of Cooling Flows in Galaxies and Clusters of collaboration with Stocke, Keeney, McLin, Weymann, and

Galaxies” titled “On the Formation of Cool, Non-Flowing - Gijroux, Rosenberg also has been involved in a study of the

Cores in Galaxy Clusters via Hierarchical Mergerittp:// st starburst galaxy found near one of these sightlines and
www.astro.virginia.edu/coolflow/; astro-ph/ 0309836énd H

Patrick Mol ted ter at th ting tit its associated Lyman-alpha and metal lines seen in absorp-
“a rick viotl presented a poster at tne same meeting teg, \ 5; the quasar. Rosenberg and Putman have initiated a
The Impact of Star Formation on Cool Core Galaxy Clus-

ters” (astro-ph/0309828 Motl also presented a talk at the _T_iarcz fortg:\ s-rich galla:|ez nga: low ;ezdlshﬁt gbsorbtgrs.
workshop “Cosmology with SZ Surveys” hosted by the ' €Y Nave taken severaihundred hours ot 21cm observations

Center for Cosmological Physics at the University of Chi-USing Arecibo, the VLA, Parkes, and the ATCA telescopes

cago (http://cfcpwork. uchicago.edu/workshops/sz03/talks/2round the sightlines towards 80nearby Lyamn-alpha ab-

motl/index.htm). Publications for the year include “A Uni- sorbers to derive a statistically significant sample for inves-

versal Temperature Profile for Galaxy Clusters” by Christigation.

Loken (CITA), Michael Norman, Erik NelsofUCSD), Jack

Burns, Greg Bryar{University of Oxford and Patrick Motl

(2002, ApJ, 579, p571 “The Formation of Cool Cores in

Galaxy Clusters via Hierarchical Mergers” by Patrick Motl, 3.5 Interstellar Astronomy

Jack Burns, Chris Loken, Michael Norman and Greg Bryan

in press with the Astrophysical Journ@stro-ph/0302427 Dr. Joe Collins’ researchwith Shull and Giroux at-

and “Simulated versus Observed Cluster Eccentricity Evotempts to understand the origin of the high-velocity clouds

lution” by Steven Floor (University of Kansag Adrian  (HvCs) seen in HI emission and UV absorption lines. To-

Melott (Univer_sity of Kansapand Patrick Mot(submitted t0  \yards this goal, he has completed a survey of sightlines

the Astrophysical Journal, astro-ph/0301547 through HVC Complex C utilizing archival FUSE and HST

data. Results of this survey indicate that Complex C is likely

a mixture of infalling material from the intergalactic medium

(IGM) and ejecta from the Galactic disk. More recently, his
Dr. Philip Maloney worked on a variety of topics over the research has centered around a class of highly-ionized HVCs

past year. In collaboration with Chris ReynoldsMd), he  that are not detected in H 1. It has been proposed that such

analyzed a moderately deep CHANDRA X-ray observationgpjects may trace shock-heated remnants of Local Group for-

of the edge-on spiral galaxy NGC 5775; this observationyation in the IGM. A paper investigating such objects in the

clearly detected luminous diffuse emission, as well as som@y g 2155.304 and Mrk 509 sightlines has recently been

rcharkatI)Iy.hard %Ol_i{zl\fggf\esb Malo?ey a?ngeCyri%Igg argubmitted(Collins, Shull, and Giroux 2003 and concludes
aiso analyzing a observation o ' Athat these objects are low column density analogs to the H |

galaxy that exhibits a powerful superwind. With Kazushi . .
\wasawa(l0A), he collaborated on the analysis of a shortHVCs in the Galactic halo. In order to better understand the

CHANDRA observation of the galaxy IC 2560, which ex- _pop_ulation as_ a whqle, he currently is investigating thg ion-
hibits luminous water megamaser emission. These dat#ation and kinematics of a larger sample of these highly-
clearly show that the source is seen only in reflection andonized HVCs.

possesses one of the largest EW Fe iron lines ever measured.Dr. Charles Danforth is involved in several ongoing stud-
Masatoshi Imanishi, Chris Dudley and Maloney have continies of the ISM and IGM. With Shull, he is assembling an
ued their study of ultraluminous infrared galaxies using 3-4archive of extragalactic FUSE observations to measu, Ly
micron spectroscopy. Maloney has been working on newDVI, and other far-UV lines in low-redshift absorbers along
models of CO and dust emission from high-redshift galaxiesthe lines of sight to distant AGNs. This work will provide
He also has been collaborating with Jason GI€@W) and  important data on the metallicity, density, and thermal con-
other members of the Bolocam team on the development angltions in the local IGM and help relate observations of the
testing of data analysis and mapping algorithms and Softhigher-redshift universe to more modern conditions. Charles
ware, for both Galactic and extragalactic data sets. also is continuing research into the structure and kinematics

Dr. Jessica Rosenberg continues her work on the CONNEGt +h o \warm-hot ISM in the Magellanic Clouds using a large

tion bet_ween gala>§|es and t_he |_ntergalact|c mgdlum, and thget of FUSE observations he put together for his dissertation.
properties of gas-rich galaxies in the local universe. Rose

berg has been involved with an HST archive study of |0WnThese sight lines probe many different ISM structures in the

redshift Lyman-alpha absorbers that have high resolutiofr/0Uds including superbubbles, supergiant shells, H Il re-
spectra. This project has included work, in collaboration with9i0NS and supernova remnants and sample regions of dra-
Ganguly, Giroux, and Stocke, of an intriguing pair of quasargnatically differing ionization and depletion.

at the edge of the Virgo Supercluster which exhibit 10 ab- Dr. Mary Putman currently is working on a number of
sorbers in the velocity range of the cluster. In Rosenbergrojects to trace the gaseous component of galaxy halos.
et al. (2003 they show that these sightlines, only one of With John Stocke and Jessica Rosenberg the environment of

which seems to have a nearby galaxy, indicate that therlow-redshift absorbers is being surveyed to determine the

3.4 Galactic Astronomy
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connection between galaxies and the intergalactic mediungjetermine the possible abundance of the negative iorinH
The ionization and enrichment of galaxy halos is being in-space(Bakeret al. 2003, in preparation
vestigated in collaboration with Emma Ryan-Web@s. Snow’s lab astro program, carried out in collaboration
Melbourneg, Gerhardt Meurer(JHU), and Ken Freeman with V. M. Bierbaum of Colorado’s Department of Chemis-
(ANU) by observing halo H Il regions discovered in the try and Biochemistry, yielded important results during the
Survey for lonization in Neutral Gas Galaxi€SINGG). Dr.  2002-2003 period. A comprehensive modeling paper for the
Putman is also tracing the gaseous trail of the Sagitariu®nization and hydrogenation of complex organic molecules
dwarf galaxy with the northern extension of the HI Parkesin the interstellar medium, specifically the polycyclic aro-
All-Sky Survey (HIPASS. Finally, she is planning future matic hydrocarbon$PAHS), was completedLe Pageet al.
surveys with the Arecibo L-Band Feed Arré&LFA) witha 2002, and was based largely on chemical reaction rates mea-
large collaboration of international scientists to survey thesured in the lab. Additional studies of carbon chain ion-
high-velocity clouds around our Galaxy and others. neutral reactions and of generalized ion-neuttaingevin
Dr. Brian Rachford continues his involvement in numer-reactions also were completéHichelbergeret al. 2003a,b;
ous observational studies of gas and dust in the interstelldn preparation At this writing, Snow’s lab program is com-
medium. This work includes studies of abundances angbleting carbon chain anion measurements and gearing up for
physical and chemical conditions in heavily reddened lineghe study of large PAH cation reactions with neutrals.
of sight with in collaboration with T. Snow; a major study of  In DIBs research, Snow has been involved in several stud-
the diffuse interstellar bands led by D. York at the Universityies, some based on data from the ARC telescope and others
of Chicago; and a study of ultraviolet dust extinction led byderived from observations made elsewhere. Utilizing data
G. Clayton at Louisiana State University. obtained at Kitt Peak and at the Anglo-Australian Telescope,
Dr. Michael Shull's observational work includes studies Snow completed two studies of the strongest DIB at
with Hubble Space Telescope and FUSE on a variety of top4428 A, finding that this band has no internal fine structure,
ics: interstellar molecular hydrogen, hot interstellar ga@s and that its profile is invariant and fits a Lorentzian profile,
V1), interstellar deuterium, metallicity of high-velocity suggesting that this spectral feature is formed by a molecule
clouds, the distribution, baryon content, and metallicity ofhaving very short-lived excited statéSnow 2002; Snow,
low-redshift Lyman-alpha forest, and intergalactic He 1l ab-Zukowski, and Massey 2002In the first, of what will be a
sorption at redshifts z 2-3. series of DIBs papers based on the ARC consortium study
Shull is a member of the Science Teams for FUSE, thded by Don York(University of Chicag®, Snow authored a
cosmic Origins Spectrograph on Hubb|e, and the SP|D|$tUdy of the unusual DIBs toward the star HD 62542, and
Small Explorer Missior(to study diffuse emission from the Was a co-author on a paper discussing DIBs associated with
ISM and IGM). He also is a member of study teams for thediatomic carbon (& Thorburnet al. 2003. As part of an-
Constellation-X(X-ray spectroscopyand Space Ultra-Violet other consortium using the European Southern Observatory’s
Observatory(SUVO) missions. Very Large Telescope, Snow was co-author of a first paper
Dr. Ted Snow’s research continues to be centered on th@" DIBs in the Magellanic Clouds. Ongoing work in the
interstellar medium, with emphasis on the densest clouds th&!BS programs include a comprehensive atlas of DIBs ob-
can be explored using absorption-line techniques, lab studigi€rved at U|Ffa-hlgh S/I_\l using the ARC tellescdycork
of chemical reactions, and his perennial favorite topic, thet @l- 2003a, in preparatignstudies of correlations between
diffuse interstellar bandéDIBs). Snow’s activity in the past the DIBs and atomic and molecular hydrogefork et al.
year was divided among three general areas: ultraviolet stud?003b, in preparationcorrelations among the DIB$cCall
ies of interstellar gas using data from the FUSE satellite®t @l- 2003, in preparation and an analysis of probably mo-
laboratory measurements of ion-neutral reactions of astrgecular rotational excitation effects in the DIBs formed in
physical importance; and an extensive team survey of th@ne particullarly hot.interstellar cloqd. Snow also is pursuing
DIBs, using data from the ARC 3.5-m telescope. Snow alsEXtragalactic DIBs, in the Magellgn_m Clouds and o_ut to h|g_h
is a member of the Science Team for Colorado’s Cosmid€dshifts, as a means of determining when organic material
Origins SpectrographCOS, which will be installed aboard fiIrSt @ppeared in the universe.
the Hubble Space Telescope after the Space Shuttle resumes
operations, and is responsible for stqdigs of dense ir?terstell%r.6 Millimeter Astronomy
clouds based on UV spectra from this instrument. Time was
spent in 2002-2003 planning this observing program. Dr. Jason Glenn is involved in millimeter-wave as-
Snow’'s FUSE-based research completed in 2002-2003 inronomy and instrumentation. His main efforts over the past
cluded a broad survey of molecular hydrogen abundancegear have been observations with Bolocam design of Z-spec,
(see the Rachfordt al. reference beloyand a study of in- and testing of feedhorn arrays SPIRE on the Herschel Space
terstellar H in the Magellanic CloudsTumlinson etal.  Observatory. Bolocam is a large-format, millimeter-wave
2002. In addition, Snow, Rachford, and Figoskk002  bolometer camera built by a collaboration including CU,
completed an analysis of the depletion of iron from the gasCaltech, the University of Massachusetts, and the University
onto dust, again using data from FUSE. Additional FUSEof Wales. He has commenced a survey with Bolocam at the
studies are under way, to measure molecular hydrogen i@altech Submillimeter Observatory for galaxy clusters via
different environments, to determine the abundance and dugtte Sunyaev-Zel'dovich effect, a survey for submillimeter
depletion of oxygen making use of far-UV transitions, and togalaxies via their dust emission, and a map of the Galactic
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Center. Z-Spec is a millimeter-wave grating spectrometer fotemperature emission that could originate in magnetically-
measuring the redshifts of submillimeter galaxies and servesonfined plasma. Skinner also is undertaking the first
as a demonstration of a compact waveguide-coupled gratingystematic survey of X-ray emission from sing{aon-

for a future far-infrared orbital mission. Glenn is building it binary) WR stars using the Chandra and XMM-Newton ob-
in collaboration with JPL, Caltech, ISAS in Japan, and CEAservatories. He continues to collaborate extensively with Dr.
in France. Prototype submillimeter feedhorn numerical simuManuel GuedelPaul Scherrer Inst., Switzerlandn a vari-
lations and testing for the SPIRE bolometer array instrumengety of observations of star-forming regions. During 2003 -
on the ESA Cornerstone Herschel Space Observatory 8004, Skinner will participate in a large international effort
nearly complete. Glenn recently has joined the Atacama Coded by Guedel which will use the XMM-Newton observatory
mology Telescope project for measuring secondary anisotrdo undertake the most detailed X-ray survey to date of star-

pies in the cosmic microwave background. formation in the Taurus-Auriga molecular clouds. During
2004, skinner will also begin a search for accretion-induced
3.7 Star Formation X-rays in FU Orionis stars using XMM-Newton. These

. ~young stars undergo rapid optical brightenings that are
~ Work in Dr. John Bally's group has focused on determin-thought to be due dramatic increases in the accretion rate
ing the role of protostellar outflows in star formation fGEd'through a circumstellar disk.
back. They have used the wide field MOSAIC imagers at  pr, Nathan Smith has concentrated on observational stud-
Kitt Peak and Cerro Tololo to survey several nearby molecujes of star formation and mass loss from evolved stars. To
lar clouds in narrowband filters |00king for shocks from pro- Study mass loss from evolved StarS, he has been using uv
tostellar OutﬂOWS.. They have Cataloged. dozens of neVﬁnd visual Spectroscopy and |mag|ng with HST, combined
shocks and are using these data to determine whether shoglgh ground-based optical, near-infrared, and thermal-
can driVe turbulence W|th|n the molecular Cloud. Bally alsoinfrared |mag|ng and Spectroscopy_ The goa' of this work is
has successfully proposed for a narrowband survey of thg constrain the geometry, excitation, abundances, and mass
Orion Nebula using the Hubble Space TelescdpST).  of circumstellar nebulae, and the physical properties of stel-
With the superior resolution of HST, this survey will |ar winds. In addition to some planetary nebulae, the primary
complement their groundbased data and will provide a cengpjects of interest have been evolved massive stars like Lu-

sus of the protoplanetary disks in Orion. minous Blue Variables, especially the enigmatic massive star
Dr. Nathan Smith’s studies of star formation have fo-gig Carinae.

cussed mainly on investigations of the Carina nebula, which

is the giant H Il region where Eta Carinae resides. Until the3.9 Ultraviolet Astronomy

past few years, the Carina nebula was assumed to be an

evolved H Il region mostly devoid of star formation, but  Dr. Erik Wilkinson is the Project Scientist for the HST
recent work in collaboration with Dr. BallyCU) and Dr.  Cosmic Origins Spectrograph. The HST COS instrument is a
Morse (CU and now ASU has revealed several signposts of fourth generation instrument for the Hubble Space Telescope
active star formation, including the discovery of the first stel-that will be installed during the next servicing mission to the
lar jets in Carina, embedded infrared sources, and numero$ST. Once installed, COS will the be most sensitive UV
small cocoons that may harbor young stars and protoplarspectrograph ever flown and will carry out a science program

etary disks. aimed at probing the distribution of baryonic matter in the
modern Universe, as well as extreme environments within
3.8 Stellar Astronomy our own galaxy. As the COS Project Scientist, Dr. Wilkinson

_ _is actively engaged in supporting the COS instrument, mis-
Dr. Stephen Skinner's research focuses on observationglon, and future science program. Dr. Wilkinson also is in-
studies of star-forming regions, Wolf-Ray@¥/R) stars, and  yolved in the study of supernova remnaf®\R) using the

solar-like stars using a variety of space and ground-baseg s meter telescope at the Apache Point Observatory.
telescopes. In addition, he continues to serve as editor of

CoolNews, a monthly electronic research newsletter on co .
stars distributed to more than 700 astronomers and institﬁi-{'10 Education
tions worldwide. Dr. Venkatesan has had a long-standing interest in educa-
During 2003, Skinner completed a Chandra X-ray studytion and public outreach, and issues pertaining to the repre-
of the young embedded infrared cluster in NGC 20@4ion  sentation of women in science. As part of the outreach com-
B), in collaboration with Dr. Marc GagnéWest Chester ponent of her NSF postdoctoral fellowship, Venkatesan
Univ.). This cluster is less than a million years old and con-teaches summer courses on astronomy for the University of
tains several hundred embedded young stars, almost all @olorado Upward BoundCUUB) Programs. CUUB targets
which are still surrounded by disks. Skinner currently is anaNative American high school students from economically
lyzing Chandra data of massive young O-type stars in th@isadvantaged backgrounds, typically from schools which
Sigma Orionis cluster and the young southern cluster NGGre on or near major reservations across the nation. In recent
6193 in the Ara OB1 association. The goal of this study is toyears, as many as eighteen Native American tribes and ten
determine the physical mechanisms that produce X-rays istates have been represented. Venkatesan also is an associate
massive young stars, with emphasis on distinguishing bemember of the Science Integration Instittll), based in
tween X-rays arising in shocked winds and higher-Portland, Oregon. Sl is a nonprofit organization dedicated to
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helping people use the scientific process, and its insights, &rummell, N., Clune, T., andoomre, J. 2002, “Penetration

an integral part of their daily lives. For press and publica- and Overshooting in Turbulent Compressible Convec-

tions on these topics, please see her CASA webaige:// tion,” ApJ, 570, 825.

casa.colorado.edt/aparna Brun, A., andToomre, J. 2002, “Turbulent Convection Un-

der the Influence of Rotation: Sustaining a Strong Differ-
ential Rotation,” ApJ, 570, 865.

4. PERSONNEL CHANGES DURING 2002 Carilli, C., Gnedin, N., and Owen, F. 2002, “HI 21cm Ab-
New Research Associates sorption Beyond the Epoch of Re-ionization,” ApJ, 577,
Dr. James AguirrdUniversity of Chicag® Dr. Charles 22.

Danforth (Johns Hopkins Universijy Dr. Douglas Duncan Carney, B., Latham, D., Stefanik, R., Laird, J., aAdrse, J.

(University of Chicagg Dr. Jack Gabe(NASA Goddard 2003, “Spectroscopic Binaries, Velocity Jitter and Rota-

Space Flight Center tion in Field Metal-Poor Red Giant and Red Horizontal-
Research Associate Departures Branch Stars.” AJ. 125. 293

Dr. Jon Morse(Arizona State University Dr. Mark Vin- Chattopadhyay, GGlenn, J, Bock, J.,Rownd, B. Cald-

cent(New Mexico State Universiby o 9
New Graduate Student8radley Dayhuff, Daniel Licht, well, M., and Griffin, M. 2003, 'Feed. Horn.CoupIed Bo-
lometer Arrays for SPIRE: Design, Simulations, and Mea-

Nick Moeckel, Nishanth Rajan.
surements,” IEEE Trans. of MTT, 51, No. 10.
Clayton, G., Gordon, K., Salarma, F., Allamandola, L., Mar-
Arav, N., Kaastra, J., Steenbrugge, K., Brinkman, B., Edel- 2003, “The Role of Polycyclic Aromatic Hydrocarbons in
son, R., Korista, K., and DeKoal, M. 2003, “Contrasting  Ultraviolet Extinction. I. Probing Small Molecular Poly-
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