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1. ASTROPHYSICS AT THE UNIVERSITY OF spectroscopic capability from 2002 until the end of its mis-
COLORADO, BOULDER sion.

1.1 Introduction

1.2.2 Space Astronomy
~ The astronomy and astrophysics program at the Univer- casa astronomers continue intensive use of NASA
sity of Colorado(http://casa.colorado.eflexists within the spacecraft. In 1997, there were awards from the Hubble
structure of the Astrophysical and Planetary Sciences DeSpace Telescope(HST), Extreme Ultraviolet Explor-
partment(APS), with its affiliated units — the Center for e(EUVE), ASCA, X-ray Timing ExplorerXTE), and RO-
Astrophysics and Space AstronortGASA), the Joint Insti- - AT Grants were received from other NASA programs in-

tute for Laboratory AstrophysioSJILA), and the Laboratory  ¢jyding Astrophysics Theory, Data Analysis and Long-Term
for Atmospheric and Space Physi¢sASP). Previous Obser- Programs.

vatory Reports provide details on the organizational arrange-
ment.
The APS Department offers an academic program Ieadin&'z'3 Groundbased Astronomy
to the PhD degree in a variety of areas of astrophysics and CASA scientists continue to make extensive use of Na-
planetary sciences. Students obtain basic theoretical knowtional groundbased optical and radio facilities for solar, stel-
edge common to these related fields, before specializindar, interstellar, and extragalactic research. Efforts are under-
Faculty have active research programs funded by NASAway to secure a partnership in a new optical telescope
NSF, and DOE. development effort, in order to enhance teaching and re-
In this report, we emphasize new developments and research efforts within the Department, as well as the affiliated
cent publications specifically within CASA and its member- Organizations.
ship. In astrophysics, particular strengths of CASA lie in hot
and cool stars, interstellar and intergalactic matter, high-1
energy astrophysics, solar physics and UV/Xray/IR/sub-mm
instrumentation. Tom Ayres is involved in a number of ongoing observa-
tional projects with the solar IR spectrograph at the McMath-
Pierce telescope, as well as the new Phoenix nighttime IR
1.2 Scientific Developments spectrometefwhich he and his colleagues also used recently
for selected solar measurementRecent stellar work has
focussed on the evolution of hot coronae on moderate mass
Colorado’s role in the Far Ultraviolet Spectroscopic Ex- giants; and the fate of magnetic activity among old low mass
plorer[FUSE is nearing completion in Phase C(Eonstruc- red giants. Recent observations include HST/GHRS mea-
tion) work. Dr. James Green is a member of the FUSE Hardsurements of hyperactive solar-type stars in young galactic
ware Working Group and Science Working Group, and Pl ofclusters, and ASCA pointings on the unusual Hertzsprung
the Colorado effort, along with Dr. Wilkinson, Mr. Andrews, gap giant HR9024. New programs include EUVE spectros-
Ms. Shipley, and Mr. Kushner directly supporting the Phasecopy of additional gap giants; HST/STIS repeat observations
C/D effort at Boulder. Drs. Cash, Linsky, Shull, and Snow of the archetype red giant Arcturgs previous GHRS obser-
also participate in the FUSE Science Working Group. vation failed owing to acquisition problemsnd a ROSAT/
NASA recently selected the Cosmic Origins SpectrograptHRI search for faint X-ray emissions from K-type giants in
(CO9, an ultraviolet spectrograph to be built jointly by depths of the coronal “graveyard.” Work continues on an
CU’s Center for Astrophysics and Space Astronomy andRXTE measurement of the bright coronal source Capella. In
Ball Aerospace & Technologies Corp. in Boulder, for instal- addition, Ayres and several CASA colleagues participated
lation aboard the Hubble Space Telescope in 2002. COS wilhgain as weekly science planners for the SUMER spectrom-
bring the diagnostic power of UV spectroscopy to bear oneter on SOHQMay 1997, and are actively engaged in ana-
such fundamental issues as the ionization and baryon contelyrzing the substantial amounts of long-slit far-UV solar spec-
of the intergalactic medium and the origin of large-scaletra acquired during that period. Ayres also is continuing to
structure in the Universe; the ages, dynamics, and chemicakrve as Assoc. Director of CASA, and is supervisfta
enrichment of galaxies; and stellar and planetary originsgether with Alex Brown 2nd-year graduate student Rachel
COS will build on the legacies of Copernicus, IUE, GHRS, Osten.
FOS, STIS, and in the future, FUSE, giving HST the greatest Jon Morse continued research on processes in the inter-
possible grasp of faint UV targets, a capability perhaps nostellar medium over the past year, including HST studies of
available from future space-based observatories for decadgsotostellar jets, oxygen-rich supernova remnants, the high-
COS will thus complement and extend the suite of HST in-velocity debris of Eta Carinae, a new planetary nebula in the
struments, ensuring that Hubble maintains a powerful UVglobular cluster NGC 6441, and the extended line-emitting

.3 Selected Individual Research

1.2.1 Instrumentation
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region in the Seyfert galaxy NGC 5252. Recent papers andpectral absorption features whose origin is unknown after
HST images are posted on the Web site http://more than 75 years since they were first notjcekh IUE-
casa.colorado.edu/ morseyl/. based study of abundances and depletions toward stars
Morse has re-calculated a dense grid of synthetic stellawithin and near the Orion nebu(&huping and Snow, Astro-
spectra based on Kurucz model atmospheres for use as teiys. J., 480, 272, 1998howed that depletions in this region
plates in the CfA Stellar Velocity program. Spectra cover theof high ultraviolet flux are little altered as compared with
wavelength range 5145 - 5230A. The grid spans the follow-other diffuse clouds. In a more recent, HST-based analysis,
ing parameters: TefE 3500 to 10000 K in 250 K steps, log Snowet al. (Astrophys. J. Letters, in presshowed that the
g = 0.510 5.0 in steps of 0.5m/H] = +0.5 to -4.0 in steps  depletions of carbon and oxygen, both thought by some to be
of 0.5, and 22 vsini’s ranging from 1 to 140 km/s. constant, actually do vary with dust extinction properties,
Morse is the Project Scientist for the Cosmic OriginsWith the carbon depletion in particular growing rapidly in
SpectrograpCO$), to be installed aboard HST in 2002. He translucent interstellar cloudse. clouds with moderate ex-
is responsible for coordinating and executing the COS GTdinction, greater than in the diffuse clouds on which previous
science program, and interfacing with both hardware andesults were bas¢dSnow’s work on abundances and deple-
software engineers to ensure the science goals can be met B9ns culminated with a major review papg@rritten for the
the instrument design. NATO International School of Space Chemistry, held in
Jeff Bennett continued his work in developing new ap_Erice, Sicily, in March 199y, in which the evidence for sys-
proaches to mathematics and science education, as well fnatically smaller abundances of heavy elements in the lo-
continuing his teaching for the U. of Colorado’s Honors Pro-cal galaxy, as compared with the solar system, was summa-
gram. He has nearly completed work on two textbooks thafizéd, and optimum directions for future research were
will be published in 1998: one a textbook in mathematics fordescribed. The proceedings of the Erice school are in press.
liberal arts students, the other a new textbook for introducOn the diffuse bands question Snow, in collaboration with V.
tory astronomy. Both will be published by Addison-Wesley. Bierbaum(of the Chemistry Department at Colorgdunea-
Another long-time project of his, the Voyage project to build _sured chemical reactlon_ rates in m_olecular igRAH cat-
a scale model solar system on the National Mall, was relons) sugge;ted as carriers of the mterstella_r features. The
cently approved by the Smithsonian Institution and will be"€Sults (published by Bierbaunet al, J. American Chem.
funded by NASA. Bennett is co-l on this project with Jeff SOC- 119, 8373, 1997show that small PAH cations will

Goldstein of the Challenger Center. Construction is expectefigrate quickly to their hydrogen-rickprotonatedl forms,
to occur in 1999. and that therefore ions of the standard parent PAHs are not

Mike Shull's interests lie in studies of interstellar and in- 900d diffuse band candidatethe protonated forms are not

tergalactic matter, supernova remnants, and active galaxie€XPected to have optical spegtré second paper on the
M. Giroux, M. Fardal, and Shull made theoretical studies of2Strophysical analysis of these results was in ptesa-
the reionization of the high-redshift IGM and He Il Gunn- ture) as of late 1997(Snow et al), and a third(Le page

Peterson effect, including a refinement of the intergalacticet al) \r/]vas in pre;r)]gration, soon _t; be submitlted tg J. A.m.eri—
opacity and the ionizing radiation field from quasars an an Chem. Sod(this paper provides a complete description

starbursts. Giroux and Shull published a theoretical pape?]c the Iaboratqry work and resu]tsFurther_ diffu;e bands
that used the Si IV and C IV absorption lines in the high-zWork by Snow |nv0_lved a study of the relatlons_hlps betwgen
Lyman-alpha forest to diagnose chemical evolution and locaptrond and weak diffuse bands, and the resulting paper is in

effects of photoionization from starburst galaxies. With S.press(KreIowsk| et al, Pub. Astron. Soc. of the Pacific, Oc-

Penton and J. Stocke, Shull used HST/GHRS spectra of IovJ—Ober 1997. In addition, a major analysis of the profile of the

redshift Lyman-alpha clouds to estimate the spatial distribu—4430A diffuse band, based on high-quality CCD data, is in

tion, masses, and metallicities of these absorbers; they Couwogress(Snowet al, in preparatioh
contain 20 percent of the cosmological baryon density at low
rgdshift. R. Fese_n and and Shull published a study qf the 4 personnel Changes During 1997
circumstellar environment of the Crab Nebula, suggesting a
disk and bipolar outflow. Shull participated in several IUE- New Research Associatddr. David Devine(University
AGN variability campaigns for three active galaxigzairall  of Coloradg.
9, NGC 7469, and PKS 2155-304nd is is active in science Research Associate Departure®r. Philip Duggan
planning for two new NASA ultraviolet missions: FUSE and (Canada
HST/COS. The scientific program for these missions in- CASA Visiting ScientistsDr. Wendy Bauer(Wellesley
cludes studies of D/H, O VI, H2, AGN, and the hot/ionized College Dr. Tom Ray (Dublin Institute Dr. Bo Reipurth
IGM, with the “Far Ultraviolet Spectroscopic Explorer” (ESO/Chilg
(launch Oct. 199Band the “Cosmic Origins Spectrograph”  New Graduate Studentdlassimo Ricotti.
for the Hubble Space Telescope 2002 refurbishment mission. New Staff Joel Johnson, Jerry Wagner.
Ted Snow focused most of his attention during the past
year on problems related to interstellar abundances and
depletions(the fraction of each element which adheres to2. PUBLICATIONS DURING 1996/97
dust grains instead of being in the gas forrand on the Abraham, R.Ellingson, E. et al. 1996, “Galaxy Evolution
unidentified diffuse interstellar banda series of some 200 in Abell 2390,” ApJ, 471, 694.
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