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2.2 Space Astronomy

CASA astronomers have made intensive use of NASA
spacecraft. In 1999, there were awards from the Hubble
1. INTRODUCTION Space Telescope(HST), Extreme Ultraviolet Explor-
The astronomy and astrophysics program at the UniverefEUVE), and ASCA; as well as future observing with re-
sity of Colorado exists within the structure of the Astrophysi-cently launched Chandra X-ray Observatory and FUSE.
cal and Planetary Sciences Departm@RS), with its affili-  Grants were received from other NASA opportunities includ-
ated units — the Center for Astrophysics and Spacéng Astrophysics Theory, Data Analysis and Long-Term Pro-
Astronomy(CASA), the Joint Institute for Laboratory Astro- grams. Observing proposals for ESA’s XMM and the Japa-
physics (JILA), and the Laboratory for Atmospheric and nese Astro-E X-ray spectroscopy missions are pending.
Space Physic$LASP). Previous Observatory Reports pro-
vide details on the organizational arrangement.
The APS Department offers an academic program leading-3 Groundbased Astronomy
Dlanctary scionces. Students bbtain basic theoretical knowj, CASA SCientss continue to make extensive use of Na-
P Y : . o ﬂonal groundbased optical and radio facilities for solar, stel-
edge common to these related fields, before spemallzmq

Faculty have active research proarams funded by NASA ar, interstellar, and extragalactic research. Efforts continue
NSE an DOE Prog y to secure a partnership in a new optical telescope, in order to

) . enhance teaching and research efforts within the APS De-
In this report, we emphasize new developments and re-

L o o : artment, as well as the affiliated organizations.
cent publications specifically within CASA and its member- P 9
ship. In astrophysics, particular strengths of CASA lie in hot
and cool stars, interstellar and intergalactic matter, high-

energy astrophysics, solar physics and UV/Xray/IR/sub-mn¥" SELECTED INDIVIDU_AL RESEARCH
instrumentation. Tom Ayres has been involved in a wide range of obser-

vational projects including: the solar McMath-Pierce Infra-
red Imaging SpectrometdtRIS), the PHOENIX nighttime

2. SCIENTIFIC DEVELOPMENTS cryogenic IR spectrometer, HST/STIS ultraviolet spectros-
copy, EUVE, and the solar satellites SOHO and TRACE.
Ayres is Pl of a large project in HST cycle 8, involving

Colorado’s hardware role in the Far Ultraviolet Spectro-collaborators from a number of institutions world-wide, to
scopic Exploref FUSE] concluded with delivery of the spec- record the UV emission spectra of a diverse sample of late-
trograph to Johns Hopkins in 1998. The mission was suctype stars using STIS. One of the recent observations—of RS
cessfully launched in summer 1999. At this writing, the CVn system HR1099-was done contemporaneously with a
instrument checkout phase is in progress. Dr. James Gree@handra transmission grating pointing, in support of CXO'’s
PI of the Colorado hardware effort, is a member of the FUSE‘Emission Line Project.” Ayres also has been working with
Science Working Group, together with CASA astronomersother STIS data sets including a carry-over observation of
Drs. Cash, Linsky, Shull, and Snow. Post-launch efforts arg¢he red giant Arcturus obtained last year, more recent point-
focussing on development of software tools to analyze théngs on Beta Cet{KO Ill) and Alpha TrA(K2 II) from Jeff
far-UV spectra anticipated from the early GTO observationLinsky’'s GTO program, and long-slit low-res observations
phase, and subsequent Guest Observer programs. of R CrB stars(with Geoff Clayton of LSU and the enig-

The CASA hardware team continues work on the Cosmianatic Hyades FO star 71 Tauwith Ted Simon of Hawaii's
Origins SpectrograpHCOS), to be installed in NASA’s IfA). Programs completed and published included: an EUV
Hubble Space Telescope circa 2004. The powerful ultravioflare on the yellow giant Mu Velorum, recorded by EUVE;
let instrument will be built jointly with Ball Aerospace and HST/GHRS observations of solar-type stars in young clus-
Technologies Corp. in Boulder. COS will bring the diagnos-ters; and a ROSAT/HRI pointing on a “noncoronal” red
tic power of UV spectroscopy to bear on such fundamentagiant. Ayres also is analyzing extensive solar data sets from
issues as the ionization and baryon content of the intergalathe SOHO/Sumer UV spectrometer obtained in May 1999 in
tic medium and the origin of large-scale structure in the Uni-conjunction with time-resolved UV mapping from TRACE
verse; the ages, dynamics, and chemical enrichment of ga#nd imaging spectroscogpf CO 5 micron lineg from the
axies; and stellar and planetary origins. COS will build onIRIS experiment.
the legacies of Copernicus, IUE, GHRS, FOS, STIS, and Ayres continues to chair the National Solar Observatory
FUSE, giving HST the greatest possible grasp of faint UVUsers Committee, and continues to serve as Assoc. Director
targets, ensuring that Hubble maintains a powerful UV specef CASA. He is supervisingtogether with Alex Brown 4th-
troscopic capability through the end of its mission. year graduate student Rachel Osten. Ayres heads up the sci-
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entific organizing committee of the 12th Cambridge Work-search was primarily related to the use of Type la supernovae
shop on Cool Stars, Stellar Systems and the Sun, to be helts standard candles in measuring the expansion rate of the
in Boulder in early August 2001. universe - i.e., the Hubble Constant. His work led to the first
Jeff Bennett continued his work on developing innovativesupernova-based Hubble Constant which was in agreement
approaches to mathematics and science education. He awith that derived independently via other secondary distance
thored articles on general approaches to teaching both imdicators, such as the Tully-Fisher relationship, reconciling
mathematics and astronomy, and maintained an active speak-long-standing discrepancy in the field. Gibson was an in-
ing schedule on these topics. He also continued work on higited speaker at the Chicago AAS Topical Session on the
textbook project. One new book was completed: The Cosmi®istance Scale. Gibson and Maloney investigated claims that
Perspective Brief Editioiwith Megan Donahue, Nicholas the Cepheid-based extragalactic distance scale has been com-
Schneider, and Mark Voit; from Addison Wes)ewhich is  promised by an unappreciated systematic effect due to blend-
a condensed and updated version of the textbook he puling of overlapping stellar images in HST data; their results
lished last year. He also worked on a new textbook in Stahave show these claims to be unsubstantiated. Gibson and
tistics to be published next year. In addition, Bennett continhis student Mary PutmafAustralian National University
ued his work as Co-PI on the Voyage project to build a scaleontinue to map the High-Velocity ClougiVVC) distribution
model solar system on the National Mall; the project isin the southern sky. In tandem, Gibs@mith Shull, Stocke,
jointly sponsored by NASA, the Smithsonian Institution, andPenton, and Giroyxcontinues to investigate the metallicity
the Challenger Center for Space Science Education. He alsnd ionization structure of HVCs as observed as part of their
continued to teach for the U. of Colorado’s Honors ProgramHST program. Further FUSE investigations are planned for
Phil Bennett's past summer marked the successfuP000. Gibson undertook a large survey of over 1000 as-
completion of the extensive set of observations obtained byronomy graduates, in an attempt to ascertain the importance
HST GO program 7269: “The 1997/98 Eclipse of VV of one’s PhD institute in pursuing a long-term research ca-
Cephei.” This program monitored the evolution of the ultra- reer in astronomy. These results were presented at a Special
violet spectrum during the eclipse and egress phases of thiBession of the Chicago AAS. Gibson was invited to partici-
long-period(20.3 yr9 binary system(M2 lab + B). Moni-  pate in the AAS Council Meeting in June, as an under-40
toring of the UV spectrum continues at a reduced frequencyepresentative member of the community. Gibson organized
by HST GO program 8257, which will run through the end two international meetings on the Galactic halo and HVCs,
of Cycle 10 in 2002. We have also obtained UV spectra othe proceedings for which he edited and published in the
the VV Cephei stars KQ Puppis and HR 8164, both system&SP Conference Series.
of which contain an M2 supergiant primary star. In addition, Nick Gnedin continued his research on numerical simula-
we obtained a low-resolution UV spectrum of ttgingle  tions in cosmology. He has completed the major project on
M2 la supergiant mu Cephei. The objective of these observmodeling reionization of the universe, fully accounting for
ing programs is to determine the structure of the chromothe time-dependent and spatially inhomogeneous radiative
sphere and wind of an M2 supergiant. Preliminary results fotransfer.
VV Cephei were presented at the Cool Stars, Stellar Sys- Ricotti, Gnedin, and Shull have developed a technique for
tems, and the Sun: 11th Cambridge Workshop held at Termeasuring the effective equation of state of the intergalactic
erife, Spain in October, 1999. medium from the observational data on the Lyman-alpha for-
E. Ellingson and collaborators have continued work onest. The method was utilized to analyse the large set of ob-
intermediate redshift X-ray selected clusters at both opticaservational data, and the effective equation of state of the
and X-ray wavelengths. Previous cluster mass estimatd§&M was measured at cosmological redshifts from 0 to 4.
based on galaxy dynamic&Carlberg, Yee and Ellingson They discovered an epoch of secondary reheating of the
1997 were confirmed using ROSAT and ASCA measure-IGM, which they tentatively identified with the reionization
ments, with estimated systematic uncertainties atth20%  of helium.
level (Lewis et al, 1999. Discrepancies with gravitational Jon Morse continued research on processes in the inter-
lensing masses remain significant, however, which will bestellar medium, including HST studies of protostellar jets,
addressed using planned observations with Chandra. Studiegygen-rich supernova remnants, and Eta Carinae.
of galaxy populations in intermediate redshift clusters via Morse is the Project Scientist for the Cosmic Origins
spectroscopic principal component analysis suggest that irBpectograpiCOS9 for the Hubble Space Telescope. He is
fall from the field may be responsible for the increasing blueresponsible for coordinating and executing the COS GTO
fraction in clusters with redshiftEllingsonet al. 1999. De-  science program, and interfacing with both hardware and
composition of the cluster populations into an old “cluster” software engineers to ensure that the science goals can be
population and galaxies with younger “field galaxy” stellar met by the instrument design.
populations suggest that the former are in a relatively un- Morse was the principal editor of two conference pro-
evolving, virilized state, while the latter form a broader spa-ceedings: “Ultraviolet-Optical Space Astronomy Beyond
tial distribution which is declining over time. This link be- HST,” ASP Conf. Ser., Vol. 164(eds. J.A. Morse, J.M.
tween galaxy populations and cosmology is broadlyShull, and A.L. Kinney, and “Eta Carinae at the Millen-
consistent with a low matter density universe. nium,” ASP Conf. Ser., Vol. 179eds. J.A. Morse, R.M.
Brad Gibson maintained his active presence in the HSTHumphreys, and A. Damingli
Key Project on the Extragalactic Distance Scale. His re- Bo Reipurth has continued his analysis of Herbig-Haro
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jets from young stars, especially based om HST NICMOS Ted Snow continued his interstellar medium research,
data. Studies of nine embedded jet sources have revealed tlncentrating on problems related to the interaction of gas
[Fell] is an important contributor to the emission from the and dust in interstellar clouds, the connnection between in-
jets, and have also demonstrated the importance of stellaerstellar and interplanetary dust, and the longstanding ques-
multiplicity for the evolution of the jets. Groundbased obser-tion of the unidentified diffuse interstellar bandBIBs).
vations obtained together with John Bally have demonstrate@hese research programs involve both observational and
that parsec-scale outflows are common, and a number ddboratory studies. During the past year, Snow's observa-
such jets have been found emanating from the L1641-N emtional programs were largely ground-based, with several ob-
bedded cluster. Analysis of the proper motion vectors of theserving runs at Kitt PeakCoude Feed Telescopeand
well known objects HH 28 and 29 have revealed that theyMauna Keathe IRTF and the Keck | telescopesbut space-
are probably not driven by the L1551-IRS5 source, as genbased observations, particularly with the Far Ultraviolet
erally assumed, but rather by the nearby L1551-NE sourceSpectroscopic ExplorefFUSE), are becoming Snow’s pri-
underlining the importance of confusion in star forming re-mary focus as we near the end of this reporting period.
gions. Finally, a string of protostars in OMC 2/3, many of Snow’s ground-based observations, done in collaboration
which are driving powerful outflows, have been detected fowith graduate student Ralph Shuping, included infrared spec-
the first time with the VLA. troscopy of heavily-reddened hot stars within or behind
Michael Shull's interests lie in studies of interstellar anddense interstellar clouds, with the aim of determining the
intergalactic matter, supernova remnants, and active galaxiegree of depletion of CO from the gas onto icy grain
ies. His research group carries out theoretical studies, as wethantles. Three papers have come from this work in the past
as space observations with the Hubble Space Telescopear, all led by Shuping: Shuping, R. Y., Snow, T. P., Chiar,
(HST) and the Far Ultraviolet Spectroscopic ExplorerJ. E., and Kerr, T. “Solid-State CO toward r Oph Elias 25:
(FUSBE. Data from FUSE are now arriving on interstellar H2 Ice Thresholds Revisited,” Astrophs. J., in press; Shuping,
and O VI, and on intergalactic matter in the low-redshiftR. Y., Snow, T. P., and Chiar, J. E. “A Direct Measure of
Ly-alpha forest. The HST data are also plentiful duringthe CO Depletion in the Taurus Dark Cloud: The Elias 18
cycles 7 and 8. Over the past year, Shull led a NASA-Line of Sight,” Nature, submitted; and R. Y. Shuping, T. P.
sponsored study on future UV/Optical Space Astronomy beSnow, B. L. Lutz, and R. Crutcher 1999, CO and C2 Absorp-
yond HST. Their committee recommended a new “Spaceaion Toward W40 IRS 1a, Astrophys. J., 520, 149. Snow’s
Ultraviolet Observatory,” referred to as SUVO or ST-2010. Keck | observations, done in collaboration with G. Blake
The committee’s report on the science goals of the ST-2010Cal Tech and Shuping, were aimed at measuring optical
Mission appeared as a White Paper, available on astro-platomic and molecular lines toward OB stars behind dense
9907101. A book giving the proceedings of the Bouldermolecular clouds, a regime that has previously been unex-
Conference on UV/Optical Space Astronomy appeared in thelored. The observations were successful, but analysis is not
ASP Conf. Series, Vol. 164ed. Morse, Shull, and Kinney complete at this writing. The Coude Feed observations at
1999. Kitt Peak were aimed at two distinct prograni$) amassing
Recent scientific publications of the group include theo-high-resolution optical spectra to support the analysis of mo-
retical models of the intergalactic ionizing radiation field andlecular hydroger{H2) bands to be observed with FUS®r
the He Il Gunn-Peterson Effe¢Fardal, Giroux, and Shull which Snow has primary responsibility for dense-cloud H2
1998; Shull, Roberts, Girouet al. 1999; Tumlinsonet al.  observationg and (2) new studies of the DIBs. The FUSE
1999, and an an observational review of our HST results orsupport data will help in the analysis of strong H2 bands to
the low-z Lyman alpha fores{Shull, Penton, and Stocke be observed with FUSE, whose spectral resolution is insuf-
1999. Our group also published HST studies of a cluster officient to allow the direct derivation of multi-component ve-
strong, possibly primordial, low-redshift Ly-alpha absorberslocity structure. The DIBs data are being used to determine
toward PKS 2155-304Shull, Penton, Stocket al. 1998, whether the diffuse bands form in lines of sight toward cool
with [Si/C] < 0.003 solar metallicity. These studies probestars, as a means of testing certain DIBs models in which
the chemical evolution of the IGM. We are following up high UV fluxes are required. At this writing the analysis is
these studies with both HST/STIS and FUSE. not complete. Regarding the connection between interstellar
Current work is underway in similar areas. Penton,and interplanetary grains, Snow continued his collaboration
Stocke, and Shull just submitted 3 major papers to ApJ onwith J. P. BradleyMVA, Inc.) on spectroscopic studies of
the low-z Ly-alpha forest observations and analysis withgrains from both environments, and this led to the discovery
HST. Their work shows that the low-z Ly-alpha absorbersthat the 10-micron infrared spectrum of silicate inclusions in
may contain 20baryons believed to be present from nucleanterplanetary particles called GEM&lasses with Embed-
synthetic estimates. Shull, James Dove, and student Massinited Metals and Sulfidgsnatch the interstellar 10-micron
Ricotti are now modeling the escape of ionizing photonsfeature better than any terrestrial silicates yet measured,
from superbubbles and from primordial spheroidal galaxieslending strong support to the hypothesis that the GEMS are
to understand their role in the warm ionizewd medium ofprimordial interstellar silicate grains right here in our hands.
galaxies and the IGM. Riccoti, Gnedin, and Shull are study-This work has been published: Bradley, J. P., Keller, L.,
ing the effective equation of state of the IGM, using bothSnow, T. P., Flynn, G. J., Gezo, J. C., Clemett, S. J., Brown-
data (Ly-alpha line width$ and numerical hydrodynamical lee, D. E., Hanner, M. S., and Bowey, J. E. 1999, “An In-
models. frared Spectral Match between GEMS and Interstellar
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Grains,” Science, 285, 1716-1718. Finally, Snow’s ongoingBegelman, M.1999, “A Model for the Moving "Wisps" in
laboratory study of candidate carriers of the DIBs led to new the Crab Nebula,” ApJ, 512, 755.

results on ionized polycyclic aromatic hydrocarggR&\Hs): Begelman, M.1999, “Young Radio Galaxies and Their En-
Le Page, V., Y. Keheyan, Y., T.P. Snow, and V. M. Bier-  vironments,” inThe Most Distant Radio Galaxigsds. H.
baum 1999, “Gas Phase Chemistry of Pyrene and Related Rottgeringet al., Reidel, 173.

Cations with Molecules and Atoms of Interstellar Interest,” Blandford, R. andBegelman, M.1999, “On the Fate of Gas
International Journal of Mass Spectrometry, 185/186/187, Accreting at a Low Rate on to a Black Hole,” MNRAS,
949-959; and LePage, V., Y. Keheyan, T. P. Snow, and V. 303, L1.

M. Bierbaum 1999, “Reactions of Cations Derived from Bland-Hawthorn, J. antaloney, P.1999, “The Escape of
Napthalene with Molecules and Atoms of Interstellar Inter-  |onizing Photons from the Galaxy,” ApJ, 510, L33.
est,,” J. Am. Chem. Soc., 121, 9435-9446. Continuing studB|um, R., Damineli, A., andConti, P. 1999, “The Stellar

ies in this program are focused on carbon chain ions, which Content of Obscured Galactic Giant HIl Regions I.
have recently been suggested as the carriers of some of the w43 " AJ, 117, 1392.

DIBS; preliminary results indicate serious difficulties with Boroson, B., Kallman, TMcCray, R., Vrtilek, S., and Ray-
this hypothesis. Snow’s current activities, at the close of the mond, J. 1999, “Models of X-ray Photoionization in
reporting period, are centered on FUSE, which was launched | Mc X-4: Slices of a Stellar Wind,” ApJ, 519, 191.

in June, 1999, and is now producing data on molecular hygradley, J..Snow, T, Brownlee, D., and Hanner, M. 1999,
drogen in regions never previously observed for this domi- “Mg-Rich Olivine and Pyroxene Grains in Primitive Me-

nant species. The laboratory chemistry program will con-  teqritic Materials: Comparison with Crystalline Silicate
tinue to focus on carbon chain ions reaction with neutral pata From the ISO,” inSolid Interstellar Matter: The

atoms such as H, and will then move on to studies of reac- |50 Revolutioned. L. d’ Hendecourt, C. Joblin, and A.
tions of atomic cations such as+Cwith neutral PAH and Jones(Paris: Springer 297.

carbon chain molecules. Bradley, J., Keller, L.,.Snow, T, Hanner, M., Flynn, G.,
Gezo, J., Clemett, S., Brownlee, D., and Bowey, J. 1999,

4. PERSONNEL CHANGES DURING 1999 “An Infrared Spectral Match between GEMS and Inter-
New Research Associate8r. Steven PentoUniversity stellar Grains,” Science, 285, 1716.

of Coloradg; Dr. Brian RachfordUniversity of Wyoming;  Brandt, J., et al, Linsky, J., et al. 1999, “A Goddard High
Research Associate DepartureBr. Jim Dove (Metro Resolution Spectrograph Atlas of Echelle Observations of

State, ColoradpDr. Beverly Smith(University of Tennes- the HgMn Star Chi Lupi,” AJ, 117, 1505.

seg Brunner, A., Clayton, G., andyres, T. 1998, “A Search for
CASA Visiting ScientistsDr. Steven HeathcotéCerro an Emission-Line Region in the Hydrogen-deficient Car-

Tollolo Observatory, Chile bon Star HD 182040,” PASP, 110, 1412.

New Graduate StudentMatthew Beasley, Glenn Laurent Carlberg, R., Yee, H., Morris, S., Lin, HEllingson, E,
New Staff Stephane Beland, Kendra Michaud, David Patton, D., Sawicki, M., and Shepherd, C. 1999, “The

Ratchford, Erin Wood, Brian Zumbach M-Lambda Dependence of the Apparent Cluster ,” ApJ,
516, 552.

5. PUBLICATIONS DURING 1998/99 Carpenter, K., Robinson, RHarper, G., Bennett, P,

Ambruster, C..Brown, A., Fekel, F.,Harper, G., Fabian, Brown, A., and Mullan, D. 1999, “GHRS Observations
D., Wood, B., and Guinan, E., 1998, “Rotation-Activity ~ 0f Cool, Low-Gravity Stars. V. The Outer Atmosphere
Relations for Cool Zero-Age-Main- SequentBAMS) and Wind of the Nearby K-Supergiant lambda Velorum,”
Stars,” in Cool Stars, Stellar Systems, and the SL@th ApJ, 521, 382.
Cambridge Workshop, ed. R. Donahue and J. BookbindefGlayton, G. Ayres, T., Lawson, W., Drilling, J., Woitke, P.,
ASP Conf. Ser., 154, 1205. and Asplund, M. 1999, “First Observations of an R Coro-

Arav, N., Korista, K., de Kool, M., Junkkarinen, V., and  nae Borealis Star with the Space Telescope Imaging Spec-
Begelman, M. 1999, “HST Observations of the Broad  trograph: RY Sagittarii Near Maximum Light,” ApJ, 515,

Absorption Line Quasar PG 094601,” ApJ, 516, 27. 351.

Balbus, S. ancRicotti, M. 1999, “On Nonshearing Mag- Codella, C., Bachiller, R., angeipurth, B. 1999, “Low and
netic Configurations in Differentially Rotating Disks,”  High Velocity SiO Emission around Young Stellar Ob-
ApJ, 518, 784. jects,” AAP, 343, 585.

Bally, J., Yu, K.C., Rayner, J., and Zinnecker, H. 1998, Conti, P. and Howarth, I. 1999, “One-micron Spectroscopy
“Hubble Space Telescope WFPC2 Observations of the of Normal OB Stars,” MNRAS, 302, 145.

Young Bipolar HIl Region S106,” AJ, 116, 1868. Conti, P. 1999, “Wolf-Rayet Phenomena in Massive Stars
Bally, J., Reipurth, B., Lada, C., andillawala, Y. 1999, and Starburst Galaxies: IAU Symposium 123,” PASP,

“Multiple CO Outflows in Circinus: The Churning of a 111, 251.

Molecular Cloud,” AJ, 117, 410. Crowther, P., Beck, S., Willis, AConti, P., Morris, P., and

Begelman, M. 1999, "Accretion onto Black Holes: An Sutherland, R. 1999, “Properties of Hot Stars in the
Overview,” in High Energy Processes in Accreting Black ~ Wolf-Rayet Galaxy NGC 5253 from ISO-SWS Spectros-
Holes ed. J. Pontanen and R. Svensson, ASP Conf.Ser, copy,” MNRAS, 304, 654.

161, 3. Dempsey, R. andlinsky, J. 1998, “From Top to Bottom -



UNIVERSITY OF COLORADO 5

The Multiwavelength Campaign of V824 ArgHD
155555,” in in Cool Stars, Stellar Systems, and the Sun

10th Cambridge Workshop, ed. R. Donahue and J. Book-

binder, ASP Conf.Ser., 154, CD-1402.
DeRosa, M. and'oomre, J. 1999, “Correlation Tracking of

Mesogranules from SOI-MDI Doppler Images to Reveal

Supergranular Flow Fields,” irStructure and Dynamics
of the Interior of the Sun and Sun-like Staesl. S. Ko-
rzennik and A. Wilson, ESA SP-418, 753.

Devine, D. andBally, J. 1999, “Ha Emission 11 kpc Above
M82,” ApJ, 510, 197.

Devine, D.,Bally, J., Reipurth, B., Shepherd, D., and Wat-
son, A. 1999, “A Giant Herbig-Haro Flow from a Mas-
sive Young Star in G192.16-3.82,” AJ, 117, 2919.

Devine, D.,Reipurth, B., Bally, J., and Balonek, T. 1999,
“A Giant Herbig-Haro Flow from Haro 6-10,” AJ, 117,
2931.

Devine, D.,Reipurth, B., andBally, J. 1999, “L1551-NE
or L1551-IRS 5:Which Source Drives HH 28/297?,” AJ,
118, 972.

Durouchoux, P.gt al, Bally, J., and Mahoney, W. 1998,
“Multiwavelength Observation of a New Black Hole
Candidate: EXS 1737.9-2952,” ApJ, 507, 781.

Evans, T. and.ittle-Marenin, 1. 1999, “Do S Stars Show
Strong Silicate Dust Emission?,” MNRAS, 304, 421.
Fan, Y.,Zweibel, E, Linton, M., and Fisher, G. 1999, “The

Rise of Kink-Unstable Magnetic Flux Tubes and the Ori-
gin of d-Configuration Sunspots,” ApJ, 521, 460.
Fesen, R., Gerardy, QMcLin, K. , andHamilton, A. 1999,

“Hubble Space Telescope Images and Spectra of th

Remnant of SN 1885 in M31,” ApJ, 514, 195.

Gagne, M., Valenti, J., Johns-Krull, Q.jnsky, J., Brown,
A., and Gudel, N. 1998, “Coordinated VLA, Optical
EUVE, and RXTE Monitoring of Flares on EQ Pegasi
and AU Microscopii,” in Cool Stars, Stellar Systems, and

mic Origins Spectrograph for the Hubble Space Tele-
scope,” in Ultraviolet-Optical Space Astronomy Beyond

HST, ed. J. Morse, M. Shull, and A. Kinney, ASP Conf-

.Ser., 164, 176.

Gudel, M., Linsky, J., Brown, A., and Nagase, F. 1999,

“Flaring and Quiescent Coronae of UX Arietis: Results
from ASCA and EUVE Campaigns,” ApJ, 511, 405.

Haber, D., Jain, R., andZweibel, E. 1999, “Absorption/

Emission of Solarp-Modes: Michelson Doppler
Interferometer/SOHO Observations,” ApJ, 515, 832.

Harper, G., Jordan, C., Judge, P., Robinson, R., Carpenter,

K., and Brage, T. 1999, “Lines of OIV and SIV in the
Goddard High-Resolution Spectrograph Spectrum of RR
Tel: Constraints on Atomic Data,” MNRAS, 303, L41.

Hartigan, P.,Morse, J,, Tumlinson, J., Raymond, J., and

Heathcote, S. 1998, “Hubble Space Telescope FOS Op-
tical and Ultraviolet Spectroscopy of the Bow Shock HH
47A," ApJ, 512, 901.

Harvanek, M. and Hardcastle, M. 1998, “A VLA Study of

15 3CR Radio Galaxies,” ApJS, 119, 25.

Heathcote, SReipurth, B., and Raga, A. 1998, “Structure,

Excitation and Kinematics of the Luminous Herbig-Haro
Objects 80/81,” AJ, 116, 1940.

Johns-Krull, C., Valenti, J., antinsky, J. 1998, “A short

wavelength IUE Atlas of Pre-main-sequence Stars,” in
Cool Stars, Stellar Systems, and the Sun: Tenth Cam-
bridge Workshop ed. R. Donahue and J. Bookbinder,
ASP Conf.Ser., 154, CD-1724.

Johnson, K., Vacca, W., Leitherer, Conti, P., andLipscy,

S. 1999, “The Very Young Starburst Merger System
NGC 1741,” AJ, 117, 1708.

Johnstone, D. anBally, J. 1999, “JCMT/SCUBA Submil-

limeter Wavelength Imaging of the Integral-Shaped Fila-
ment in Orion,” ApJL, 510, L49.

the Sun 10th Cambridge Workshop, eds. R. Donahue and]ordan, C.Harper, G., 1998, “Identifications of Emission

J. Bookbinder, ASP Conf.Ser., 154, CD-1484.

Gagne, M., Valenti, J.Linsky, J., Tagliaferri, G., Covino,
S., and Gudel, M. 1999, “The Active Corona of HD
35850(F8 V),” ApJ, 515, 423.

Garstang, R.1999, “New Formulae for Optimum Magnifi-
cation and Telescopic Limiting Magnitude,” JRASC, 93,
80.

Giaime, J. Stebbins, R, Bender, P, Faller, J., andHall, J.

1998, “Experimental Demonstration of Some Aspects of

LISA Interferometry,” inLaser Interferometer Space An-
tenng ed. W. Folkner, AIP Conf. 456, 169.

Lines in GHRS Spectra of RR Tel,” i€ool Stars, Stellar
Systems, and the SubOth Cambridge Workshop, ed. R.
Donahue and J. Bookbinder, ASP Conf.Ser., 154, 1277.

Kellogg, J. andMorse, J. 1999, “HST Proper-Motion Mea-

surements of Eta Carinae,” ita Carina at the Millen-
nium ed. J. Morse, R. Humphreys and A. Damineli, ASP
Conf.Ser., 179, 83.
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