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This report covers the period October 2002 through Sepin Andromeda, a search for Kuiper Belt objects, and obser-

tember 2003. vations of Eta Carina. These observations, as well as the
other General Observé&0O) programs, went very well with
1 THE INSTITUTE no unexpected problems with the telescope or instrumenta-

The Association of Universities for Research in As- tion. The first versions of the processed GOODS data were

tronomy Inc.(AURA) operated the Space Telescope Sciencénade available to the community.
Institute for the National Aeronautics and Space Administra- The Institute continued to offer a number of important
tion (NASA) in Cooperation with the European Space Opportunities in CyCle 12 to enable science withbblein
Agency (ESA) The Director of the Institute was Steven different ways. It continued thHUbbleTreaSUry Program to
Beckwith. The Institute conducted the science operations ofromote the creation of important data sets that would be
the Hubble Space Telescopier astronomers around the regretted if not obtained by the end of thiibble mission.
world. AURA also established a contract with NASA to de- Linchpins of the GO program, Treasury programs were de-
velop and operate the Science and Operations Centé&fgned to address multiple scientific problems through coher-
(S&OC) for the James Webb Space Telescép&/ST at the ~ ent data sets with no proprietary rights. The enhanced data
Institute. products that are inherent to the Treasury Program began to
The Institute helped the astronomical community to useappear in theHubble data archive during the year, and the
Hubble’s recently upgraded instrumentation to make discovcommunity began retrieving and using them. The Institute
eries and advance scientific understanding. As it improve@lso continued the Archival Research Legacy Program for
Hubble’s utility, accessibility, and productivity, it planned to homogeneous analysis of well-defined data sets in the ar-
do the same fodWST To meet these challenges, the Insti- chive for the purpose of generating higher-order data prod-
tute drew upon the experience and skills of its astronomycts, like catalogs and software tools, to enable a variety of
research staff, itself involved in forefront research, and itsnew investigations. Thelubble Theory Program, funded as
expert technical staff. Its dedicated outreach staff engagepart of theHubble Archival Research Program, proved to be
the public in discovery and progress on major astronomicaf popular feature of Cycle 12 with almost $1M awarded to
issues. Through the Institute’s committees, team involvetheory programs that involved interpretationHifibblearchi-
ments, and collegial relationships, the community assisted imal data.
defining and improving the quality of the Institute’s products  The Institute received a total of 1046 proposals in Cycle
and services for research and outreach. Through such cadl2, including 819 proposals for about 20,000 orbits of
laborations, and in pursuit of a shared visiobringing the  Hubbletime, of which about 6,000 were requested for Trea-
cosmos to Earth-the Institute laid the groundwork to de- sury and large programs, which ultimately were awarded
velop JWSTwith the full involvement of the astronomical about 30% of the orbits available. The oversubscription fac-
community and benefit of lessons learned frblmbble tors were about six for prime observations, 4 for SNAP ob-
This report recounts progress in the Institute offerings andervations, and 3.5 for archival and theory proposals. The
involvements, including upgrades to thieibble observatory  Cycle 12 peer review involved over 100 community astrono-
in orbit, innovations in proposing fddubbleobserving time  mers and lasted six full days and evenings.
as well as archival and theoretical research, new tools and The Multimission Archive at Space TelescodAST)
content in the data archive, the ramping upJu¥STdevel- was one of the world’s best and most widely used data ar-
opment, management of Institute academic programs, anchives. It offered users convenient search and retrieval utili-
enhancements of outreach efforts. It also reports the researties for accessing data from 16 missions and surveys, includ-
progress and lists the publications of individual Institute asing Hubble The Hubble data archive contained about 15
tronomers. terabytes of data for about 550,000 science observations. The
Following launch in 1990Hubble overcame problems archive ingest rate reached record levels of 18 gigabytes per
and underwent improvements by means of four amazinglylay, and the retrieval rate rose to more than 50 gigabytes per
successful servicing missions. The most recent occurred iday. The Institute improved the tools for navigating MAST,
March 2002, when astronauts installed the Advanced Camincluding the abilities to cross correlate and combine data
era for SurveygACS) and a cooler to revive the dormant from different missions and to search the science abstracts
Near-Infrared Camera and Multi-Object Spectrometerfor Hubble Far Ultraviolet Explorer (FUSE), Extreme Ul-
(NICMOS), and upgraded several elements of the power systraviolet Explorer(EUVE), andInternational Ultraviolet Ex-
tems. The Cycle 11 peer-reviewed observing program tooklorer (IUE). The archive also added numerous new, fully
full advantage of the new ACS, the revived NICMOS, andreduced, high-level science data products, such as Wide
the other instruments on-board the telescope. The TreasuBjeld Planetary Camera @VFPC2 cosmic-ray rejected im-
and large programs in Cycle 11 dominated observationsges, spectral atlases, data previewsHaobble and other
through the fall and winter period, and included the Greatmissions, and the GOODS images and catalogs. The Institute
Observatories Origins Deep SurvégOODS survey, a re- continued working with other data centers to define the data
lated supernova search program, deep observations of a fiediandards and models for the National Virtual Observatory. It
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enhanced both the web and StarView archive interfaces tecientists participated, discussed the properties of the uni-
provide better links to other archives and catalogs. verse at large, including structure formation, star formation

The archive was under stress this past year due to gredat different environments, and central black holes.
demand forHubble ACS images, causing its performance to  The Institute shareddubble’s amazing discoveries and
suffer at times. The Institute replaced an outdated complescience results with the public. This year a new audience was
ment of computer equipment used for processing, archivingntroduced to the majesty ¢fubbleimagery with the release
and retrievingHubble data. The new equipment has consid-of Touch the Universe: A NASA Braille Book of Astronomy.
erably more processing power, is inherently more robust, an@riginally funded by eHubbleeducation and public outreach
will support the entire processing system under a single opgrant, this innovative Braille book enables the visually im-
erating system. The bulk processing was transferred succeggaired to feel embossédSTimages of planets, nebulae, and
fully to the new equipment, resulting in much reduced turn-galaxies.
around times for data requests. During 2003 our news team issued 22 press releases and

Since 1996, the Institute and Goddard Space Flight Centek? photo releases and organized one NASA Space Science
(GSFQ partnered to define the mission VST the ‘First Update. Thanks to a major Institute-wide effort, images of
Light Machine’ to peer back in the infrared to the era whenMars, obtained within minutes of its closest approach on
the first stars, galaxies, and massive black holes werd003 August 27, were released online just eight hours after
formed. The Institute will be the S&OC faWSTand man-  €Xposure. These proved to be a major public highlight for the
age the science mission. During the development phase, thé€ar, generating over 450 news stories and major TV cover-
Institute is responsible for the science and operations groun@d®, which included a live interview with the principal inves-
system(software and hardwayrand for supporting NASA’s tigator on the NB(_:Todayshoyv. In addition to the press
JWSTproject and the development partners, including ESACOverage, the Institute’s public Internet portalubblesite.
and the Canadian Space Agency. In 2003, NASA approve&rg) received over 59 m|_II|0n hits in the five days following
the mission for Phase Budget and preliminary desigand ~ the release of the Mars images.
began the design and development that will lead tIWST
launch in 2011.

The Institute conducted fellowship and visitor programs?2 SOLAR SYSTEM
and organized symposia to provide academic opportunities | Griffin continued his collaboration with J. Parker
for staff members and the community to learn from eaciswRi) and C. Veillet(CFHT) to derive the properties of the
other and communicate scientific understanding. The Hubblgjnary KBO object 1998 WW31 usingubbledata obtained
Fellowship Program selects recipients on the basis of theify Cycle 11. He was also active in the astronomy education
excellence in scientific research and appraises them annuallijg|q.

In the reporting year, the Institute selected 12 new Hubble p R. McCullough led the XO project, the first objective
Fellows and supported 34 Hubble Fellows nationwide. Theyf which is to find Jovian planets transiting bright sté&vs<
annual Hubble FeIIOWShIp SympOSiUm allowed all fellows to 12) by photometry_ Each XO camera consists of a 200-mm
present their latest scientific results. The Institute Postdocy1.8 lens coupled to a 1024 x 1024 pixel CCD. Two XO
toral Fellowship Program selects the recipients based on theéameras were deployed in July 2002 on the 10,000-foot
strength of their proposed research. In addition, the Institutgjaleakala summit on Maui. The robotic system operated au-
hosts many regular postdoctoral fellows and graduate stuonomously for a period of time sufficient to develop the
dents, whose research is guided and supported by individughmera control and data analysis pipeline and to verify that
staff members. In 2003, the Institute had two Institute Felthe end-to-end system performance met or exceeded require-
lows and hosted approximately 28 regular postdoctoral felments in all areas except the equatorial mount, which is be-
lows. It also hosted 22 graduate students, 60% of whom wergg upgraded ahead of schedule. The system produces better
enrolled in the Physics and Astronomy Department at Thehan 1% photometry of thousands of stars per month at a
Johns Hopkins UniversityJHU). cadence of a few observations of a given star per hour in

The Institute conducted a variety of programs to host sciorder to sample well the two-hour-duration transit character-
entific visitors at the Institute. The Collaborative Visitor Pro- istic of a hot Jupiter.
gram supported collaborators on research projects with Insti- M. McGrath, with collaborators E. LellouckiObs. de
tute staff members for visits of one to four weeks. TheMeudon, D. Strobel, P. FeldmartJHU), and R. Johnson
Journal Club Visitor Program supported external scientist§UVa), summarized their own and others work with a major
who came to give one or more seminars during visits of ongeview of the Galilean satellite atmospheres for the book
to two weeks. The Distinguished Visitor Program supportedupiter: Planet, Satellites, Magnetosphef&his book pro-
outstanding astronomers to join the Institute for typically onevides a major retrospective of the Jupiter system following
month. In the last year, the Institute hosted four Journal Clubhe completion of th&alileo mission, the first such compre-
Visitors, forty Collaborative Visitors, and two Distinguished hensive review of the Jupiter system since the 1976 Univer-
Visitors. sity of Arizona bookJupiter.

Each spring, the Institute organizes a symposium on an McGrath, with JHU graduate student L. Feaga, detected
astronomical topic of major interest and with important newatomic chlorine in lo’'s atmosphere via its electron impact
developments. The title of the 2003 symposium was “Theexcited emission from the 1350 and 137x A multiplets using
Local Group as an Astrophysical Laboratory.” About 130 archival GHRS data. They have estimated the abundance of
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chlorine relative to the other atmospheric species, &, photometry of>100,000 F, G, and K dwarfs for four years.
S, O, and Na, and conclude that the CI is most likely ofAt the expected photometric precision Képler (90 micro-
volcanic origin. mag, the effect of microlensing by a transiting companion
McGrath, with S. Jurac, J. Richards@IT), R. Johnson can be significant. This effect can be used to break the de-
(UVa), V. Vasyliunas(Max Planck Institut fir Aeronomig,  generacy between a planetary-mass object for which the mi-
and A. Eviatar(Tel Aviv Univ.), found that the major source crolensing effect is negligible, and a more massive object of
of water for the Saturn magnetosphere is associated with thgye same sizeKepler will be sensitive to white dwarfs, neu-
icy satellite Enceladus. However, the proposed sousi@s-  tron stars, and black holes in binaries through their micro-
tering of Enceladus’s surface by magnetospheric plasma; miensing signatures. These observations can be used to derive
crometeorite bombardmerfeil by at least an order of mag- the frequency of such compact objects in binaries, and to
nitude to account for the source rate derived frblubble  determine their masses.
observations of OH emission. They propose that chunks of E. Nelan, with G. F. BenedictUTx), B. E. McArthur
debris associated with Enceladus, possibly located at th@Tx), T. Forveille(CFHT), X. Delfosse(Grenoble Obs, R.
leading and/or trailing Lagrange points, provide the in-p. Butler(Carnegi¢, W. SpiesmarfUTx), G. Marcy (UCB),
creased surface area needed to account for the inferragl Goldman(NMSU), W. H. Jefferys(UTx) & M. Mayor
source rate. They currently possess the only comprehensiyg)hs. de Genevecombined ground based radial velocity
2-d model that calculates the distribution of plasma and neuqata with high precision astrometric data obtained with
trals in the Saturn magnetosphere. The dominant neutral inqypple FGS1r to measure the reflex motion induced upon
side eight Saturn radii is OH, which can only be observedhe nearby M-dwarf GL876 by its Jupiter class planetary
directly byHubble TheCassinispacecraft will not be able to companion. This was the first direct astrometric detection of
detect OH(its density is too low for the fields and particle 5 planetary companion, and the first mass determination of
instruments, and the UV spectrometer does not cover thgn extrasolar planet in a non-eclipsing orbit. The peak-to-
appropriate wavelengthsHubbletherefore provides critical peak amplitude of the star's reflex motion was found to be
information not obtainable in any other way, data that will _g 5 m3as, indicating the mass of the perturbing planet to be
naturally complement the in situ measurements to be made 1 g times that of Jupiter.

starting in 2004 by th&assinispace craft. K. Noll led a largeHubbleprogram to obtain photometric
McGrath worked with several collaborators to make pre-gpservations of trans-neptunian objed¢ENO) using the

dictions about the atmospheres and associated pick-up iOR§cMOS and WFPC2 instruments ¢tubble A total of 160

for the icy Saturn satellites Dione and Enceladus in advancgpits were exposed duringubble Cycles 10 and 11July

of the arrival ofCassini They used a model based ™oy- 5001 _june 2003 approximately evenly divided between
agerandHubbledata. Their work provides guidance on the ,tica| and infrared observations. This work resulted in one

best distances of closest approach to these satellites to mayj i, largest and most uniform photometric databases of

mize the science return during ti@assinitour. TNOs yet obtained. Noll, D. StepherSTSc), and col-
leagues have searched for correlations between color, as de-
3 EXTRASOLAR PLANETS termined fromHubble photometry, and orbital parameters

R. Brown analyzed the completeness of searches for fairfuch as dynamical class, inclination, rms velocity, perihelion
companions by direct imaging considering obscuration efdistance, absolute magnitude, etc. Contrary to claims based
fects only. He focused on a ‘water-friendly’ population of on smaller data samples, the team found no correlations
orbits with semi-major axes uniformly distributed over 0.7 tomore significant than 2~ as measured by the Spearman
1.5 AU for a sun-like star and with eccentricities uniformly rank-correlation test for colors from measurédR, and |
distributed over 0 to 0.35. He studied the distribution of ap-magnitudes. In Stephens et al., the team has hypothesized
parent separations for randomized orbit orientations andéhat the spectral component sensitive to dynamical param-
mean anomalies. He measured the fraction of planet posgters, such as inclination, if it exists, must be active at wave-
tions with apparent separation larger than the obscuratiolgngths shorter than the F555W filter in WFPC2.
radius. He found the projected obscuration must be signifi- Noll led two large TNO observing programs, which re-
cantly smaller than the smallest orbit of interest to achievesulted in the discovery of four new TNO binary systems, the
high completeness on a single observing visit. For exampldargest single contribution to the sample of nine such systems
the obscuration must be less than 0.3 AU in radius to achievéhat are known. The discovery of binary systems with orbits
95% completeness in one visit. If the obscuration is less thathat can be determined has made it possible for the masses of
0.7 AU, three or fewer well-timed visits can achieve 100%a sample of TNOs to be measured, a goal that would other-
completeness in six months or less. For intermediate obscwvise not be achievable in the foreseeable future. From the
ration sizes, between 0.7 and 1.5 AU, six well-timed visitsdiscovery rate, Noll has concluded that 4% of TNOs have
over two-to-five years can discover all the planets that evebinary companions separated by at least 0.15 arcsec and less
appear unobscured. than a magnitude fainter than the primary. The surprisingly

K. Sahu and R. Gilliland explored the astrophysical im-large fraction of binaries discovered is an important con-
plications of near-field microlensing and its effects on stellarstraint on the dynamical history of the Kuiper belt.
transit observations, with a special emphasis onkhpler Noll and team conducted follow-up observations to one
mission. The main goal dfepleris to detect a large number object, 1997 CQ29, which have determined the period and
of extrasolar, earth-like planets by obtaining near-continuousiave constrained the orbit to have a large eccentricity.
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T. Geballe(Geminij), S. J. Kim(Kyunghee Univ), Noll, and confirmed as a PN by Bond. They have shown that the
and C. Griffith(UAz) reported the detection of a surprisingly central star is a red giant with enhanced abundances of car-
strong series of emission lines due to HCN in theu8- bon ands-process elements—a classical barium star. This
spectrum of Titan. These emission features had not previdiscovery strongly confirms the standard picture that barium
ously been detected. The radiative transfer modeling of thistars are created in binary systems, in which one component
fluorescent emission depended on the collisional deevolves to become an AGB star, dredges up carbon and
excitation rate of HCN with M and the determination of the s-process elements, and then contaminates its companion.
rotational temperature of the HCN. At one extreme, the mod- Bond and M. H. Siegel have continued a program aimed
els indicated an unusually high abundance of HCN in Titan'sat establishing post-AGB stars as standard extragalactic
mesosphere. Less extreme models also fit, depending on agandles. They have established standard stars for a new pho-
sumptions made about the temperature dependence of tigmetric system that combines Gunn-Thuafwhich mea-
collisional de-excitation coefficient. HCN is an important syres the size of the Balmer jupnith the conventionaBV!I
precursor species for the production of more complex molpandpasses. Ground-baseégVIframes of the halos of Local
ecules of pOtential biOlOgical interest. HCN is also an impor‘Group ga'axies have been Searched Successfu”y for post-
tant coolant for Titan's thermosphere, of interest to the Huy-AGB stars, and an absolute-magnitude calibration based on

gens entry probe. similar stars in Galactic globular clusters has yielded dis-
tances to the galaxies that agree extremely well with other
4 STARS methods, but require only a tiny fraction of the observing

C. Blades continued to explore the nature of the planetarj M€ needed for, e.g., Cepheids. _ _
nebulae in the Magellanic Clouds along with collaborators at  BoNd; S. N. Shoréindiana Univ), S. Starrfield(Arizona
STScl, NOAO and the University of Washington. Since State Univ), and collaborators completed a study of the early
1999 this group, led by L. Stanghellini, has been engaged iH!traviolet spectral evolution of the bright classical nova
an extensive study of MC PN morphologies, evolution, cen-Y382 Velorum, based on STIS observations obtained in
tral stars, and progenitors. Severaibbleobservational pro-  1999. These are the highest signal-to-noise UV spectra ever
grams aimed at STIS slitless spectroscopy and broadbar@Ptained of a classical nova.

photometry of LMC and SMC PNs were completed. The Bond, P. M. Garnavich(Notre Dam¢, G. H. Jacoby
group published results for 29 PNs that were spatially re{WIYN Obs,), and collaborators made ground-based and

solved for the first time. Images in the light ofaHand for- ~ Hubblespectroscopic and imaging observations of SBS 1150
bidden Nii and O were presented together with line inten- T599A, a high-Galactic-latitude emission-line object that
sities. The images obtained present a unique data set thB@S proven to be an extremely metal-poor planetary nebula.
includes a wealth of morphological and spectral information. Bond, E. Nelan, M. Burleigh and M. Barstol.eicester
The group found that the surface brightness decline witdNiv., UK), J. Holberg(LPL, UAz), and collaborators used
photometric radius is the same in most of the emission line§lubbleUV imaging to monitor the orbital motions of several
and that the asymmetric PNs form a well-defined Coonngvisual binaries containing hot white dwarfs, including Sirius
sequence in the excitation-surface brightness plane, confirn@nd several other Sirius-like systems. In a separate program,
ing their different Origin and |arge progenitor mass. Bond, Nelan, R. Gilliland, T. GirardYaIe), and D. Gudehus
R. Bohlin and L. Bianchi(JHU) completed a draft of a (Georgia Stateused direct imaging and FGS astrometry to
paper on STIS observations of slash sté@spe/WN9 in  follow the orbits of Procyon and its white dwarf companion,
M33 and started to analyze the STIS UV reddening curveghe double white dwarf G 107-70, and the metal-poor binary
measured for M33 stars. uCas. These observations will ultimately lead to directly
H. E. Bond and collaborators usétubble and the new dynamically-determined masses for the white dwarfs, limits
ACS camera to obtain polarimetric images of the extraordi-on the presence of third bodiédown to planetary magsn
nary light echo around V838 Monocerotidubble observa-  the systems, an@n the case ofu Cag the helium content of
tions were obtained at five epochs in 2002. Apparent anguldhe stars.
expansion rates and imaging polarimetry were used to derive D. Calzetti, in collaboration with J. Harris, J. S. Gallagher
a distance to the star of six kpc, implying that its outburst(UWi), D. A. Smith, C. J. ConselicéCaltech, N. Homeier
was extremely luminous, and of an unprecedented type ndESO/Germany and L. Kewley(CfA), analyzed the role of
seen before in the Milky Way. The observations also perminion-photoionizing processes in local starburst galaxies using
unambiguous three-dimensional mapping of the previoush’VFPC2 narrow-band images in the light otxHHS, [O 111]
ejected dust envelope around V838 Mon, showing it to haveind[S i1]. From this unique dataset, the authors derived that
a complex and highly non- spherical structure. the non-photoionizedshock component contributes about
Bond, R. L. White, R. H. BeckgfUCa—Davi$, and M. S.  3—4% of all the ionized gas in the starbursts. This implies
O’'Brien have identified a radio source from the FIRST sur-that a significant fraction, about 70—100%, of the mechanical
vey with a previously unknown Galactic cataclysmic binary,output from the starburst is being deposited in the surround-
FIRST J102347.6003841. This marks the first time that a ing ISM, presumably in the form of large-scale motions.
CV has been discovered on the basis of its radio emission.Such strong feedback is likely responsible for triggered/
Bond, D. L. PollaccaQueen’s Univ. Belfast and R. F.  propagating star formation, and therefore, for the extended
Webbink (UIl) have investigated the central star of WeBo 1,durations of the starbursts, measured to be about 100—300
a new planetary nebula discovered on the DSS by Webbinkyr.
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In parallel, in a collaboration led by Harris, Calzetti, Gal- other clusters of retaining the ejecta from its own stars. This
lagher (UWi), Smith, and ConselicéCaltech analyzed the cannot be the whole story, however, because several other
Hubble broad-band UV and| images of two of the star- clusters(with lower masséshave higher escape velocities,
burst galaxies in the sample above, NGC 5253 and NG®ut little or no self-enrichment. A more promising explana-
3077, to investigate the age and mass distributions of theition is that Omega Centauri is the surviving central part of a
stellar cluster populations. The results show striking differ-galaxy with a deeper potential well that lost its outer parts by
ences between the populations of the two dwarf galaxiegjdal stripping.
despite the fact that the two have similar large-scale charac- D. Figer, F. Najarro(CSIC), and collaborators obtained
teristics, including being in interaction with nearby massiveand analyzed the highest resolution near-infrared spectra of
galaxies. In particular, the cluster population in NGC 5253the most massive stars in the Arches cluster, doubling the
appears to evaporate after about 20 Myr, dissolving into theumber of known massive stars in the cluster, and showing
field population (and confirming the previous results of that these stars are bona-fide Wolf-Rayet stars with helium-
Tremonti, Calzetti, et al. 200,Lwhile the clusters in NGC burning cores. In addition, the work confirmed the extraor-
3077 show clearly longer lives up to about 300 Myr. Thedinarily flat initial mass function slope for the cluster re-
difference between the two populations is attributed by theported by Figer et al(1999. The new analysis validated a
authors to differences in the local environment of the centerpreviously suggested model in which the cluster provides the
of the two dwarfs, in particular to the smaller central velocity heat and ionizing flux to explain effects on nearby molecular
dispersion of NGC 3077 in comparison to NGC 5253. clouds, thus removing a long-standing puzzle in Galactic

In a collaboration led by R. Chandar, Calzetti, C. Lei- center research.
therer, and C. TremontlUAz) investigated the age charac-  A. Stolte (MPIA), Figer, and collaborators, obtained and
teristics of the stellar clusters and the diffuse population iranalyzed Gemini/AO and VLT/AO data to further confirm
the nearby starburst galaxy Henize 2—10, using long-slit UMhe flat initial mass function slope for the Arches cluster, as
spectra from STIS. They found that the two populations areneasured by Figer et a(1999. These results removed a
both very young(about 4—5 Myr oldl and similar in stellar lingering doubt regarding the slope concerning the fact that
content. This result is strikingly different from that of Trem- the original results were obtained with ‘non-standard’ filters
onti et al.(2001) on NGC 5253, where the diffuse population in NICMOS. As the most massive starburst cluster in the
was found to be significantly older than the cluster popula-Galaxy, the work is particularly interesting for determining
tion. One proposed interpretation is that Henize 2—10 conthe stellar content and nature of super-star clusters in nearby
tains a larger fraction of more loosely bound ‘scaled-up’ OBgalaxies and in the early Universe.
associations than NGC 5253, which, at the larger distance of Figer, M. Morris (UCLA), and collaborators completed
He 2-10, are being associated with the diffuse populationthe first stage of their project to measure the accelerations of
This was the first paper of a series devoted to the systematitars surrounding the massive black hole in the center of the
investigation of the nature of the diffuse UV association inGalaxy in order to map the matter distribution in that region
starburst galaxies, and based on an approved STIS long-sét spatial scales much larger than has currently been done.
UV spectroscopy program of about 15 local starbursts. The group analyzed their Keck high-resolution near-infrared

In a collaboration led by R. C. KennicuftAz), Calzetti  spectroscopy of 85 cool stars to determine line-of-sight ve-
and the members of the SINGS team have reported the sdiscities with errors of~1 km s . These errors improve the
ence scope of th&IRTF Legacy Project SINGSSIRTF  state of the art by an order of magnitude for large sets of
Nearby Galaxies SurveyThe project, one of only siSIRTF  velocity data in the Galactic Center. S. Kim, M. L&&IW,
Legacy programs, aims at providing a full understanding ofSeoul Natl. Univ), and Figer analyzed the Gemini Galactic
star formation processes in local galaxies on both local an€enter Demonstration Data Set to obtain the surface density
global scale, using a combination 8fRTF(mid to far infra-  profile of the old stellar population in the central few parsecs
red and UV/optical/near IR/sub-mm/radio data. The multi- of our Galaxy in two broadband filte($1 andK’) and two
wavelength approach is the only one that can ensure a fullarrowband filter§K continuum andCo band. Kim used
budget of star formation in the diverse environments of gal+esults in Fige(1995 to carefully calibrate the photometry,
axies (from low density, low dust regions to high density, and made corrections for incompleteness and reddening to
dusty onesand, thus, can provide a reliable cross-calibrationthe final profile.
of star formation rate indicators at different wavelengths. A. Fruchter, as a member of the GRB Afterglow Collabo-
The unprecedented resolution of tB&RTFdata(a few arc- ration at ESOGRACE), used the VLT and other telescopes
secondscombined with the ground-based data will afford aat ESO to obtain photometric and spectroscopic observations
unique picture of star formation in galaxies on scales a®f GRBs. J. Hjorth et al. obtained superb spectra of GRB
small as 100 pcthe typical size of an Hi region. 030329 that showed the presence of a supernova spectrum in

O. Gnedin, Fall, and other collaborators modeled thehe afterglow. These observations, along with separate obser-
chemical enrichment of the globular star cluster Omega Cernvations obtained by another group at Keck, unambiguously
tauri. This object is unique among clusters in the Milky Way proved that at least a significant fraction of GRBs are formed
in having multiple stellar generations and a large internaby the collapse of massive stars, and that the nearly ubiqui-
spread in metallicity, indicative of self-enrichment. One ex-tous ‘red bumps’ in GRB light curves are indeed evidence
planation for this is that, since Omega Centauri is the mostor underlying SNe. Observations by J. Gorosabel et al. re-
massive Galactic globular cluster, it is more capable thawealed the host and local environment of the dark GRB



6 ANNUAL REPORT

000210. J. Hjorth et al. discovered a very high column dencomponent temperatures and types and nebular region diag-
sity, yet low reddening towards GRB 020124zt 3.20. nostics for the sample.
This no longer appears to be a rare phenomenon, but rather C. Leitherer, in collaboration with R. Gonea Delgado
another example of low-metallicity in a GRB host. This is (Granady G. Stasinsk&Parig, and T. HeckmariJHU), ob-
further emphasized by the work of J. Fynbo et al., whichtained high spatial resolution ultraviolet and optical STIS
found that a surprisingly large fraction of GRB hosts arexLy spectroscopy and imaging of the metal-rich nuclear starburst
emitters, again perhaps suggesting that these hosts have iafNGC 3049. The stellar continuum and the absorption-line
unusually low metallicity. spectrum in the ultraviolet were used to constrain the mas-
R. Gilliland, in collaboration with P. Edmonds, J. Grind- Sive stellar population. The strong, blueshifted stellar lines of
lay (Harvard-Smithsonian Center for Astrophysiesmd oth- C Iv and Silv detected in the UV spectra indicate a metal-
ers continued analyses of millisecond pulsar binaries, catdich, compact, massivil(® solar masse<cluster of age 3—-4
clysmic variables, and other X-ray sources in the core of thédyr emitting the UV-optical continuum. The authors found
globular cluster 47 Tucanae. The MSP 47 Tuc W first de-Strong evidence against a depletion of massive stars in this
tected in radio searches from Parkes has now been revealt£tal-rich cluster. The derived age and the upper mass-limit
through detection in the optical withlubble and X-rays cutoff of the initial mass function are also consistent with the
with Chandrato be a rare instance of a millisecond pulsar indetection of Wolf-Rayet(\W-R) features at optical wave-
orbit with a main-sequence star. The large-amplitude opticdfNdths. As a second, independent constraint on the massive
variations for this faintV = 22.3 blue star are in agreement Stéllar content, the nebular emission-line spectrum was mod-
with the radio timing to within 0.5 s and 1.2 minutes for the €/€d With photoionization codes using stellar spectra from

3.19-hour binary to the period and phase—well withi-1- €volutionary synthesis models. The morphology of the
errors. The combined analysis of extensi@@andra and nuclear starburst of NGC 3049 from the STIS images indi-

Hubble observations have provided the most extensive cen(-:"’mad a simple geometry for the nebular emission-line region.
owever, the nebular lines were badly reproduced by 3—4

sus yet of X-ray active stars in a globular cluster and ha%lyr old instantaneous bursts, as required by the UV line
rovided firm identification of typécataclysmic variables, X
P ypd Y spectrum, when unblanketed W-R and/or Kurucz stellar at-

E; I(D);acztse;r:, low-mass X-ray binaries, gtior a large num- mospheres are used. The corresponding number of photons
' above 24 and 54 eV in the synthetic models was too high in

C. Keyes, in collaboration with J. Sokoloski and S. . ; :
- . comparison with values suggested by the observed line ra-

Kenyon (CfA), B. Espey(Trinity Coll. Dublin), S. McCan- . S S T ;
tios. Since the ionizing spectrum in this regime is dominated

dliss (JHU), and P. CharlegSouthampto)) led the FUSE by emission from W-R stars, this discrepancy between ob-

component of a combined multi-wavelength mveSt'gatlonservations and models is most likely the result of incorrect

mtq the cause and nature 9f symbiotic §tar outbursts. Ob,sezra'ssumptions about the W-R stars. Thus, the authors conclude
vations at X-ray, FUV, optical, and radio wavelengths with

FUSE XMM. Chandra MERLIN. the VLA bined that the nebular spectrum of high-metallicity starbursts is
) E » Lhandra ’.t N \ are_combined oorly reproduced by models for W-R-dominated popula-
with ground-based spectroscopic and high tlme-resolunoﬁ

. ; . ons. However, the new model set of Smith et al. with blan-
photometric observations. The campaign proved the concepfoiaq W-R and O atmospheres and adjusted W-R tempera-

L{tility,. and need for coordinated Imulti-wavelen'gth observa-tures predicts a softer far-UV radiation field, providing a
tions in order to make progress in understanding the natur§atter match to the data.

of the outburst mechanisms in symbiotic stars. Leitherer, in collaboration with Calzetti and L. Martins,
Keyes was Pl for the=USE Cycle 2 and Cycle 3 pro- gy gied the effect of time-dependent dust obscuration on syn-
grams(total of 120 Ksegthat obtained observations of class thetjc ultraviolet line profiles of a young stellar population. If
prototype Z And throughout its 2000-2002 major outburstiye youngest and most massive stars are more obscured than
and were just completed this summer with the very importanhe o|der, less massive stars, thevC1550 and other stellar
quiescence observation. Based upon the initial outbursying lines are significantly diluted with respect to a simple
FUSE observations, the group proposed a new diskforeground screen model for the dust. They proposed to use
instability trigger model for the outburst mechanism in clas-stellar wind lines as a probe of the dust-obscuration model
sical symbiotic systems. They hypothesize that a disk instanstead of the previously employed nebular emission lines.
bility caused the initial brightening of Z And in 2000, but Since purely stellar diagnostics were utilized, uncertain as-
that the outburst emission later became dominated by a r&umptions on the nebular properties are unnecessary. Photo-
sponse from the nuclear burning shell. ionization models demonstrated that thevC1550 emission
Keyes, Kenyon, D. Proga, R. Downes and W. Hackis typically dominated by stellar winds and nebular contami-
(STSc) analyzed their STIS ultraviolet survey spectra of six-nation is negligible. A first comparison with a galaxy sample
teen symbiotic stars, including 11 that had never before beepbserved with theHopkins Ultraviolet Telescopéavored a
observed in the ultraviolet. This program facilitated a 50%dust geometry affecting ionizing and nonionizing stars
increase in the number of symbiotics for which quantitativeequally. The authors pointed out the need for higher quality
physical parameters are known. Prior to this work only aboutiata for a more rigorous comparisadubble is capable of
10% of known symbiotics had been observed in the UV,obtaining such data in the future.
which is critical to any detailed understanding of symbiotic  Leitherer, in collaboration with M. Mas-HesgMadrid),
systems. Keyes and Kenyon produced a summary of hdD. Kunth (Parig, G. Tenorio-Tagle(Puebla, R. Terlevich
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(Cambridge, and E. TerlevichPuebla presented the results set of evolutionary tracks, the data are more consistent with
of a high resolution UV 2-D spectroscopic survey of starthe temperature scale calibrated on Long Period Variables
forming galaxies observed with STIS. The main aim was tathan on giant stars. At a given color, variable AGB stars have
map the Ly« profiles to learn about the gas kinematics anda lower temperature than stafior quasi-staticM giants.
its relation with the escape of Ly-photons and to detect Leitherer, in collaboration with C. Robef@uebec City,
extended Lya emission due to scattering in gaseous halosA. Pellerin (Quebec City, A. Aloisi (JHU), C. Hoopes
The authors combined their data with previously obtainedJHU), and T. Heckman(JHU) generated a set of far-
UV spectroscopy of other star-forming galaxies. They foundultraviolet stellar libraries using spectra of OB and Wolf-
that the P-Cygni profile is spatially extended, smooth, andRayet stars in the Galaxy and the Large and Small Magel-
spans several kiloparsecs covering a region much larger thdanic Cloud. The spectra were collected wiUSE and
the starburst itself. The authors proposed a scenario wherelspver a wavelength range from 1003.1 to 1182.7 A at a reso-
an expanding supershell is generated by the interaction of tHetion of 0.127 A. The libraries extended from the earliest O
combined stellar winds and supernova ejecta from the yountp late-O and early-B stars for the Magellanic Cloud and
starbursts, with an extended low-density halo. The variety oGalactic libraries, respectively. Attention was paid to the
observed Lye profiles, both in their sample and in high complex blending of stellar and interstellar lines, which can
redshift starbursts, was explained as phases in the time evbe significant, especially in models using Galactic stars. The
lution of the super-shell expanding into the disk and halo ofmost severe contamination was due to molecular hydrogen.
the host galaxy. The observed shapes, widths and velocitiddsing a simple model for the Hline strength, the authors
were in excellent agreement with the super-shell scenarivere able to remove the molecular hydrogen lines in a subset
predictions and represent a time sequence. The authors coof Magellanic Cloud stars. Variations of the photospheric
firm that among the many intrinsic parameters of a starand wind features of @ 1176, Ovi 1032, 1038, R/ 1118,
forming region that can affect the properties of the observed 128, and Sv 1063, 1073, 1074 were discussed as a func-
Ly-« profiles, velocity and density distributions of neutral tion of temperature and luminosity class. The spectral librar-
gas along the line of sight are by far the dominant onesies were implemented into the LavalSB and Starburst99
while the amount of dust will determine the intensity of the packages and used to compute a standard set of synthetic
emission line, if any. spectra of star-forming galaxies. Representative spectra were
Leitherer, in collaboration with M. MouhcinéJCa), A. presented for various initial mass functions and star forma-
Langn (Strasboury D. Silva (ESO, and M. Groenewegen tion histories. The valid parameter space was confined to the
(ESO), presented near-infrared spectroscopy of the massivgoungest ages of less than ten Myr for an instantaneous
intermediate age star cluster W3 in the merger remnant anblurst, prior to the age when incompleteness of spectral types
proto-elliptical galaxy NGC 7252, obtained with the NTT in the libraries sets in. For a continuous burst at solar metal-
telescope. This cluster has an age when the integrated nedicity, the parameter space was not limited. The suite of mod-
infrared properties of a stellar population are dominated byels is useful for interpreting the rest-frame far ultraviolet in
the cool and luminous Asymptotic Giant Bran@GB). The  local and high-redshift galaxies.
authors compared the data with instantaneous burst model Leitherer, in collaboration with M. Siriann{JHU), A.
predictions from new evolutionary synthesis models that infNota, G. De Marchi, and M. Clampi(GSFQ performed a
clude: (i) the computation of the evolution through the ther- new study of the low end of the stellar IMF of NGC 330, the
mally pulsing AGB (TP-AGB) for low- and intermediate- richest young star cluster in the SMC, from deep broadband
massive stars, with the initial mass and metallicity-dependent and| images obtained with WFPC2. They detected stars
formation of carbon stars; ar(d) spectroscopic data from a down to a limiting magnitude ain555 = 24.9, which corre-
new stellar library in which differences between static redsponds to stellar masses of about 0.8 solar masses at the
giants, variable oxygen rich TP-AGB stars, and carbon stardistance of the SMC. A comparison of the cluster color-
are accounted for. The new evolutionary model predictednagnitude diagram with theoretical evolutionary tracks indi-
that the contribution of carbon-rich stars to the luminositiescated an age of 30 Myr for NGC 330, in agreement with
in the near-IR passbands is a strong function of metallicitypreviously published results. The authors derived the cluster
The comparison of the data to the models clearly showetuminosity function, which they corrected for background
that carbon stars are present; for the first time, carbon-rickkontamination using an adjacent SMC field, and constructed
star spectral features were thus detected directly outside thhe mass function in the 1-7 solar mass range. Given the
Local Group galaxies. Good fits to the available optical/lyoung cluster age, the MF can well approximate the IMF.
near-IR photometry and the near-IR spectrum of NGCThe authors found that the IMF in the central cluster regions
7252-W3 were found for an age of 300—400 Myr. The mod-(within 30) is well reproduced by a power law with a slope
els showed that these parameters depend weakly on tlwnsistent with Salpeter’s. In addition, the richness of the
model metallicity, with higher likelihood for solar metallicity cluster allowed them to investigate the IMF as a function of
models. At solar metallicity, a mixture of carbon-rich and radial distance from the center. They found that the IMF
oxygen-rich stars is predicted. The strength of the near-Ifbecomes steeper at increasing distances from the cluster cen-
molecular bands that originated from oxygen-rich AGB starger (between 30 and 90 arc9eaith the number of massive
could be used to constrain the absolute effective temperatustars(>5 solar masseslecreasing from the core to the out-
scale of these objects, i.e., a relation between color and tenskirts of the cluster five times more rapidly than the less-
perature. The authors found that, in the framework of theimassive objectéabout one solar massThe authors believe
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the observed mass segregation to be of a primordial natureters of order 100 ci# yr and electron temperatures of
rather than dynamical since the age of NGC 330 is 10 time8.5-1 keV, far lower than the post-shock ion temperature
shorter than the expected relaxation time of the cluster.  implied by estimates of the shock speed obtained from the
Leitherer, in collaboration with G. Vazquez, T. Heckman shape of the & line.
(JHU), D. de Mello(GSFQ, G. Meurer(JHU), and C. Mar- Long, Winkler, and G. Gupt&Middlebury) remeasured
tin (UCa observed the brightest super star cluster NGCthe proper motion of the filaments on the NW limb of
1705-1 in the nearby dwarf galaxy NGC 1705 with STIS inSN1006, which enabled them to improve previous estimates
the echelle mode between 1200 and 3100 A. The data abf the distance to SN1006 and to re-discuss the historical
lowed a study of the young stellar population at hithertoevidence that it is the remnant of a Type IA supernova. Us-
unprecedented spectral resolution and signal-to-noise. Mg this and their previous measurement of the shock speed
comprehensive list of strong and weak stellar and interstellaiGhaviamian et al. 2003they find that the remnant lies at
absorption lines was given, together with the measured 1lin€.18 = 0.08 kpc and that the historical data suggésty =
parameters. Four distinct velocity systems were identified7.5 = 0.4, squarely in the middle of the range for Type IA.
stellar lines at the measured IH/elocity, blueshifted inter- Long, C. S. FronindUCo), B. T. GaensickdSouthamp-
stellar lines from outflowing gas, Milky Way foreground ab- ton), C. Knigge(Southamptoy E. M. Sion(Villinova), and
sorption, and a high-velocity cloud. Comparison with stellarP. Szkody(UWa) continued their study of WZ Sge, the sys-
template spectra indicated an equivalent spectral type of Bém that underwent an outburst in July 2001, the first such
to B1, with mostly dwarf and giant stars contributing. Whenoutburst in 22 years. In outburst, théitJSE observations
placed on a theoretical Hertzsprung-Russell diagram, thesshowed an extremely high excitation outburst spectrum
stars constrained the age of NGC 1705-1 to 12 Myr. Sincelominated by continuum from the disk and broadiGmis-
this age was derived purely from spectroscopy, it is indepension from the wind. From their OctobdfUSE spectrum,
dent of reddening corrections. A comparison of the observethey showed that the outburst had heated the WD from
and theoretical mass-to-light ratio for the derived age wad4,000 to at least 25,000 Kimmediately after the disk
performed. The authors found no significant evidence for afiaded feature and the disk spectrum in outburst and/iO
anomalous IMF at the low-mass end, contrary to suggestionsom a wind and a WD cooling from 25,000 K in October to
found in the literature. The stellar population of NGC 23,000 K in November. The WD spectrum was punctuated
1705-1 is similar to that in other massive clusters, like 30by metal lines, which, if they arise from the WD, indicate it
Doradus or NGC 1569-A, after taking into account age dif-is rotating at 200—300 km'’s much less than the value re-
ferences and model uncertainties. The authors discuss tlported in GHRS spectra prior to outburst. However, one of
difficulty of relating observed and theoretical mass-to-lightthe STIS observations in outburst showed strong pulsations
ratios because of the unknown gas mass fraction lost by theith a period of 15 s; one interpretation of this is that the
cluster and the uncertain mass-loss rates of AGB stars WD in WZ Sge is rapidly rotating and has a magnetic field
population synthesis models. that can channel the flow very near the WD. If this is correct,
K. S. Long, S. P. ReynoldéNC Stat¢, J. C. Raymond then the 200 km “$ lines that are observed in the post-
(SAO), P. F. Winkler(Middlebury), K. Dyer (NRAO) and R.  outburst spectra must arise from some other location than the
Petre (NASA/GSFQ completed aChandra X-ray study of WD photosphere, e.g., a vertically extended disk chromo-
the synchrotron-dominated NE limb and the thermally-sphere or an accretion stream.
dominated NW limb of the remnant of SN 1006 AD. The Long, R. Prinja (Univ. Coll., London, Froning, and
brightest features in the X-ray images correspond closel)Knigge completed a study of the low inclination nova-like
with radio features in the NE and with Balmer-dominatedvariable SW Sex. ThelfFUSE observations showed substan-
filaments in the NW. The spectra of the brighter filaments intial variability in the line profiles on the orbital time-scales.
the NE are harder, with less prominent line emission tharThis cyclic increase in absorption depth was accompanied by
those in the NW. In addition to highly elongated filaments,a shift in the maximum absorption velocity from—1000
both images show clumps of emission well inside of thekm s to near zero velocity. They developed a phenomeno-
shock front that appear to be dominated by emission frontogical picture of the UV profile variability where the sym-
oxygen. These probably arise from shock-heated ejectametry of a confined bipolar wind in RW Sex is broken by
There is no evidence for a halo of X-ray emission outside thessuming that the outflow is oblique, perhaps because it ema-
shock to the NE, as predicted by the Fermi shock-nates from a warped or tilted disc.
acceleration picture, in which relativistic electrons should be Long, Froning, Knigge, and R. Baptist@niversidade
diffusing ahead of the shock. The limits on upstream emisfederal de Santa Catarjnalso completed studies of two
sion are less than 1.5% of the post-shock levels in regionsclipsing nova-like variables—UX UMa witlFUSE and
where the SNR is brightest. This strongly suggests that th#348 Pup with GHRS. The time-resolved spectra showed
bright rims are flattened sheets nearly perpendicular to theubstantial evolution as the secondary star eclipsed the disk
plane of the sky, and that the magnetic field strength jumpé both systems. The analyses indicated a substantial amount
at the shock by a factor significantly larger than four, as ha®f low-ionization material rotating at low velocity with the
been proposed if the shock puts significant energy into acdisk in both systems. In the higher inclination system V348
celerating nonthermal ions. The spectra obtained of the NWPup, it is likely that the outer disk occults the inner disk.
rim are all dominated by the helium-like ions of O, Ne, Mg, Long, J. E. Drew(Imperial), L. Hartley (STSc) and J.
and Si, expected from shocks with ionizatigm, t) param-  van der Walt(SAAO) combined ground-based optical and
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STIS data of the nova-like QU Car to conclude it may be asng the derived kinematics to isolate the true halo WDs. In
far as two kpc awayinstead of the previously estimated 500 addition, a number of exotic objects have been discovered.
po). This would make QU Car, already very bright for a CV Of particular interest was the identification of a DQ-type
at 500 pc, exceptionally luminous. The optical spectra werearbon-rich WD, which appears to be particularly cool and
also atypical, and indicated large1@/He 1 and C/O abun- cannot be modeled by the existing theoretical codes. The
dance ratios, suggesting that the compan®m iC star. If GSC-IlI database will eventually allow large-scale compari-
correct, this is the first CV system with a companion of thissons of galactic models to an all-sky catalog.

type. B. Margon, joining a collaboration lead by Z. loannou

J. Mae-Apellaniz, in collaboration with N. R. Walborn, (Keele Univ), presentedHubble UV observations of the
R. Barba and M. Rubio, used a combination éfubble  high-inclination low mass X-ray binary AC211X2127
(WFPC2, STIS, and NICMOSand ground-basecbptical,  +119), which is located in the globular cluster M 15. They
NIR, and submillimeterdata to analyze the interaction be- discovered a @Qv P Cygni profile in this system, which con-
tween the massive stars in 30 Doradus and the surroundirfiyms the existence of an outflow from AC211. The UV spec-
ISM. The observations clearly show that what is observed agum exhibited several absorption features due to O, Si, and
a giant Hil region in optical emission lines is a thif-1 pc  C. The very strong Hel line at 1640 A was not seen to
thick) region sandwiched between the hot cavity aroundnodulate strongly with orbital phase, suggesting its origin
R136 and the surrounding molecular cloud. At the interfacdies in the outer parts of the system. In contrast, the eclipse of
between the Hi region and the molecular material is a photo the UV continuum was short compared with the X-ray and
dissociation region, where non-ionizing UV radiation is optical eclipses.
gradually destroying the dust particles and converting mo- Margon, together with P. SzkodyJWa) and colleagues,
lecular hydrogen into atomic hydrogen. described two newly identified magnetic cataclysmic vari-

Malz-Apellaniz, in collaboration with Walborn, J. W. ables discovered in the Sloan Digital Sky Survey, SDSS
MacKenty, E. Peez, and J. M. Mas-Hesse, studied NGC J155331.12551614.5 and SDSS J13241145732050.5.
604, a scaled OB association in M33 using objective-prisnThese peculiar stars had spectra showing highly prominent,
NUV spectroscopy, WFPC2 imaging, and multiwavelengthnarrow, strongly polarized cyclotron humps with amplitudes
archival data. The goal is to understand the composition anthat varied on orbital periods of 4.39 and 2.6 hr, respectively.
interaction of this massive young cluster with its environ-In the former, the spacing of the humps indicated the third
ment and to establish a comparison with 30 Doradus. and fourth harmonics in a magnetic field 660 MG. The

Maiz-Apellaniz, in collaboration with L. Weda and narrowness of the cyclotron features and the lack of strong
MacKenty, analyzed the dwarf starburst galaxy NGC 4214emission lines implied very low temperature plasmas and
probably the best candidate of its class in the combinedery low accretion rates, so that the accreting area is heated
terms of proximity, inclination, obscuration, and variety of by particle collisions rather than accretion shocks. The de-
star-forming regions. tection of rare systems like these exemplifies the ability of

Malz-Apellaniz, in collaboration with Walborn, H: AGa- the SDSS to find the lowest accretion rate close binaries.
lug, and L. Wei, created the first comprehensive Galactic O Margon, together with L. Homer, S. F. Anders@iWa)
star catalog, which includes spectral, photometric, and astr@nd S. Wachte(lPAC), obtained STIS low-resolution ultra-
metric information for 378 Galactic O stars. violet spectra of the X-ray pulsar 4U 162667 KZ TrA).

P. R. McCullough was responsible for the photometricThis system is unusual even among X-ray pulsars because of
and astrometric calibration of the Southern H-Alpha Skyits ultrashort binary periodP = 41.4 minutey and remark-
Survey Atlas(SHASSA. The Wilkinson Microwave Anisot- ably low mass functior(< 1.3 X 10° Mg). Most of the
ropy Probe(WMAP) team used the SHASSA to identify the absorption lines were consistent in strength with a purely
free-free contribution tOWMAP data in the southern sky. interstellar origin. However, there was evidence that both C
McCullough et al.(2002 used SHASSA to discover the 24- and Civ require additional absorbing gas local to the system.
degree diameter Antlia supernova remnant, which is thén emission, the usual prominent linebNV and Heil were
nearest supernova remnant to the sun except the one that tAesent, while both @/ and Ov were relatively strong. They
sun is inside, called the ‘local bubble.’ also reported a rarely seen feature~&t660 A as the Qil]

B. McLean, in collaboration with D. Carollo, A. Spagna, multiplet. The UV spectra therefore provided independent
M. Lattanzi, R. SmartOsservatorio Astronomico di Torino support for the recent suggestion that the mass donor is the
and S. HodgkingCambridge Univ. are continuing to search chemically fractionated core of either a C-O-Ne or O-Ne-Mg
for high proper motion white dwarfé/VDs) in the galactic ~white dwarf. Both the X-ray and far-UV lines are plausibly
halo using the GSC-II. The goal was to verify a previousformed in(or in an corona just aboye Keplerian accretion
claim (Oppenheimer 2001that there is a sufficient space disk.
density of WDs to provide the missing mass in our Milky =~ Margon led a large collaboration that reported the discov-
Way. The team pursued a spectroscopic follow-up of a numery of 39 faint high-latitude carbon staf§HLCs) from
ber of candidates with extreme colors and has a high succe&SS commissioning data. The objects, each selected pho-
rate at identifying these objects. Their results to date from @aometrically and verified spectroscopically, range over 16.6
survey of 1100 square degrees is in disagreement with the r < 20.0 and show a diversity of temperatures as judged
previous claim and is consistent with a reanalysis of the Opby both colors and NaD line strengths. At the completion of
penheimer sample correcting for the Malmquist bias and usthe Sloan survey, there will be many hundred homoge-
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neously selected and observed FHLCs in this sample. Thegal community. Using this code, Meixner, Ueta, A. K. Speck
presented proper-motion measures for each object, indicating/Ms) and Bobrowsky(Challenger Cent¢rmodeled two
that the sample is a mixture of extremely distdgteater proto-planetary nebula@PN that represented their respec-
than 100 kpg halo giant stars, useful for constraining halo tive classes of ellipticaSOLE) and bipolar (DUPLEX)
dynamics, and members of the recently recognized exoti®PN. They found that indeed the two types of proto-
class of very nearby dwarf carbddC) stars. Motions, and planetary nebulae were physically distinct and probably rep-
thus dC classification, were inferred for 40-50% of theresented lower and higher mass progenitors. Meixner, T.
sample, depending on the level of statistical significance inO’Hara (Ull), Ueta, Speck and Bobrowsky used 2-DUST to
voked. The new list of dC stars, although selected from onlymodel the circumstellar shell of HD 168625, a luminous blue
a small fraction of the final SDSS, doubles the number ofvariable candidate, which they observed with NICMOS,
such objects found by all previous methods. The coolestsSOPHOT and ground-based mid-IR wavelengths. Ueta,
FHLCs with detectable proper motions in the sample alsdMeixner and Murakaw&Subaru Obg.investigated the near-
displayed multiple CaH bands in their spectra. It may be thainfrared polarimetry in four elliptical proto-planetary nebulae
CaH is another long-sought, low-resolution, spectroscopi@and found mostly hollowed shells.
luminosity discriminant between dCs and distant faint giants, Meixner, Ueta, Pyzowks{UIl), Moser (Ull) and Davis
at least for the cooler stars. (The Cleveland Museumpublished a near-IRJ, H, K')

Margon joined colleagues led by P. Callangn Coll. photometric survey of 78 proto-planetary nebula candidates
Cork) to discuss the nature of the IR counterpart of GXobserved with Meixner's near-IR camera, NIRIM, on Mt.
17+2, one of the most luminous of the persistently brightLaugna. These data clarified the photometry for many
X-ray binaries. Keckk-band observations revealed a bright sources, which were previously misidentified and revealed
counterpart in the radio and X-ray error 0.9 arcsec north oevidence for possible variability in others. Meixner and
NP Ser, the long suspected but erroneous identification. FuSpeck worked on radiative transfer models for the parsec
thermore, the position of this counterpart is consistent withsized dust shells surrounding proto-planetary nebulae, such
that of the previously-observed ‘Star A’ to within 0.1 arcsec,as the Egg Nebula.
implying an amplitude of variation of~25-33 between the Meixner and collaborators investigated the circumstellar
Keck observations and théubblemeasurements of Deutsch molecular gas of evolved stars. Meixner, D. K. FdSiMA/
et al. Subsequent Keck imaging also reveals Star A in al8AO/Harvard, E. C. Sutton(Ull), W. J. Welch (UCa—
faint state(K = 18.3 mag, with a corresponding amplitude of Berkeley and A. Zalucha(Ull) finished their CO J= 1-0
variability of ~22). TheHubbleand KeckK-band variations, survey of eight evolved stars using the Berkeley-lllinois-
however, did not appear to be accompanied by any changédaryland AssociationBIMA) millimeter array. They ana-
in the overall X-ray luminosity of GX 1¥2. They proposed lyzed these maps and those in the literature and found that
instead that the large radio outbursts observed when thine two types of PPN also have different kinematics. Ellipti-
source is in the horizontal branch of its X-ray ‘Z-state’ arecal (SOLE) PPN had simple expansion while bipolar
likely to give rise to synchrotron flares in the IR. The ampli- (DUPLES PPN had expansion plus collimated outflows.
tude of the radio flares is in agreement with this scenarioMeixner, Fong and ShatBoston Univ) discovered multiple,
Such IR variability, unrelateddirectly) to X-ray reprocess- molecular shells surrounding the famous carbon star, IRC
ing and the gross characteristics of the mass accretion rate,10216. These shells supported theoretical models that
may be present in the IR flux of other low-mass X-ray bina-show significant hydrodynamic activity in the shell after a
ries but harder to see owing to the intrinsically brighter IRthermal pulse from the star. Meixner, Fong, K. Justtanont
fluxes of the longer period systems. (Stockholm Obg, M. T. Campbell (Ull) detected and

Margon joined a campaign led by D. Pool@yIT) et al.  mapped the CO ¥ 1-0 transition in the OH/IR star, OH
to determine the nature of the various source populations d26.5+0.6, and modeled the results using a radiative transfer
the low-luminosity globular cluster X-ray sources, and ob-model for the CO emission that they developed. Meixner,
tained aChandra X-Ray Observatoliynage of the globular Fong, Zalucha and Justtanont compared their BIMA CO ob-
cluster NGC 6440. They detected 24 sources to a limitingservations of HD 56126, a proto-planetary nebula, with ra-
luminosity of ~2 x 10°! ergs &' inside the cluster's half- diative transfer models of the gas and found that the mass
mass radius, all of which lie within-2 core radii of the loss rate increased dramatically at the end of its life and that
cluster center. They also found excess emission in anthe gas-to-dust mass ratio was the extremely high value of
around the core that could be due to unresolved poin800. Meixner, Speck, G. JacolyIYN) and P. Knezek
sources. Based on X-ray luminosities and colors, they conftWIYN) reported on a high angular resolution image of H
cluded that there are 4-5 likely quiescent low-mass X-ray2.12 micron of the Ring Nebula and found that the molecular
binaries and that most of the other sources are cataclysmgas emission arises in photo-dissociation regions. Meixner,
variables. They compared these resultsCioandraresults  Speck, Hartman and McCullough investigated the 2412
from other globular clusters and find the X-ray luminosity micron emission in the Helix nebula and found it to extend
functions differ among the clusters. well beyond the ionized gas regions.

M. Meixner and collaborators investigated the circumstel- Meixner, Young Owl (UCa—Los Angeles M. Haas
lar dust of evolved stars. Meixner and T. UéRoyal Obs. (NASA/Ames, A. Rudolph(Harvey Mudd Coll), and A. G.
Belgium) published their axisymmetric dust code, 2-DUST, G. M. Tielens(Kapteyn Institut¢ reported on their study of
and have made the code available for the general astrononibw-excitation photodissociation regioflBDRS in reflection
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nebulae. They showed that the photoelectric heating effiafterglows’—afterglow events seen with no accompanying
ciency was independent of the color temperature of the stagamma-ray emission. Such events may be caused by either
light. They found a correlation between the density of gasff-axis observations of collimated GRBs or by GRB-like
and the incident far-ultraviolet radiation incident on the PDRfireballs whose peak Lorentz factor is too low to yield
that can be explained by theiHregion pressure on the PDR. gamma-ray emission. Rhoads showed that monitoring of the
E. Nelan, with G. Schaefe(SUNY-SB), M. Simon  optical or radio light curve can be used to distinguish be-
(SUNY-SB), and S. T. Holfeltz, used data gathered with tween these origins, provided that the data are of sufficiently
Hubble FGS1r to obtain preliminary orbits of low mass pre- high quality.
main sequence stars in binary and triple star systems. Al- M. Robberto, in collaboration with S. V. W. Beckwith, N.
though the available data cover only a fraction of the orbitalpanagia, R. Makidon, and J. Song, obtained the first results
phase for each object, preliminary mass estimates have beeh a study of the mass accretion rates in the Trapezium Clus-
derived that are useful for constraining theoretical mass degr stars. Using the WFPC2 data, they extracted a sample of
terminations for these low mass stars. This research is cog sources with complet&)BVI photometry and spectral
tinuing with additionalHubble and Keck observations that type between KO and M5.5. With few exceptions, all sources
will refine the mass determinations. show excess luminosity in the-band that they attribute to
Nelan, with collaborators from the University of Texas at 1555 accretion. The known correlation betweenUHeand
Austin: G. F. Benedict, B. E. McArthur, W. H. Jefferys, P. J. excess and the total accretion luminosity, recalibrated to the

Shelus, P. D. Hemenway, R. L. Duncombe, and L. W.jphie photometric system, allows them to estimate the
Fredrick(UVa), T. Harrison(NMSU), C. L. SlesnickUVa), 355 accretion rates, which are found to be in the range 10

J. RhedUVa), R. J. PattersofiJVa), M. F. SkrutskigUVa), to 10%° Moyr! . Even for the youngest stars, lying in the
O. G. Franz(Lowell), L. H. Wassgrmar(LoweII_), and.W. vicinity of the 10° Mgyr? birth line of Palla and Stahler,
van Altena(Yale), used astrometric data obtained with the he mass accretion rates ard0’ Moyr! , indicating that
Hubble FGS3 to measure the parallax of the fundamentaly o i accretion phase has been recently terminated. Rob-

distance scale calibrator Delta Cephei to an unprecedenteb rto and coworkers suggested that the relatively low mass

accuracy of 3.66+ 0.15 mas. This allows for a determma—_ accretion rate could be related to the development of the H

tion of the LMC distance modulus whose error is now domi-_ . . .
. . . region generated by the Trapezium OB stars. If this is the

nated by the uncertainty of the metallicity correction for the o o
case, the low-mass end of the Initial Mass Function is af-

Cepheid period-luminosity relation. . ) ,
Nelan and R. Makidon demonstrated the remarkable perf_ected by the evolution of the most massive cluster’s stars,

: S . thus inducing an increment of low mass, ‘accretion aborted’
formance ofHubbleFGS1r near its faint limiting magnitude. stars. This would be in agreement with recent findinas that
Using the instrument to obtain interferograms of faint white . 9 9

dwarf stars, binary systems with projected angular separa%h e Orion Nebula presents a frf”‘C“O” O.f low mass stars and
tions belowHubble’s diffraction limit were interferometri- ' oW dwarfs .that is roughly twice as high as that measured
cally resolved. Nelan and Makidon developed the analysién Taurus-Aungq. . L ) )
techniques required to correct for the instrumental dark plus K. Sahu continued his |nvest|ggt|0ns tq find the locations
background counts when observing objects dowrVte- of the Ienses_ for the observed mlcrolensmg_ev_ents tg\{vards
16.7. These observations have shown the existence of a hef@e Magellanic Clouds. Seven years of monitoring millions
tofore unknown and unexpected population of post common! stars towards the Magellanic Clouds has resulted in the

envelope evolution white dwarf binary systems with Separadetection of more than a dozen microlensing events towards
tions larger than several tenths of an astronomical unit. ~ the LMC and two events towards the SMC. However, there

J. Rhoads. A. S. Fruchter. J. Gorosabel. J. M. Castrés much controversy on the exact location of the lenses, and
Ceron(STSc), and A. Levan(Leicestef continued a pro- there is as yet no consensus on whether the lenses are located

gram of optical and near-infrared follow-up observations ofin the Galactic halo, the local Galactic disk, or within the
gamma-ray bursts. Highlights included the discovery of theéVlagellanic Clouds. Through caustic crossing timescales of
GRB 030115 afterglow, which is extremely red and maybinary events, spectroscopy of microlensed sources, and sta-
provide a ‘rosetta stone’ for understanding the nature of optistics of binary events, Sahu has argued the stars within the
tically faint GRB afterglows. Additional observations in- Magellanic Clouds play a dominant role as gravitational
cluded GRB 020813. Rhoads was a member of the multina€nses. This would imply that the contribution of MACHOs
tional GRACE collaboration(PI E. van den Heuvel, to the dark matter is less than 5%. Sahu presented a compre-
Amsterdam. GRACE used ESO telescopes to study largehensive review of these results at the STScl Spring Sympo-
numbers of gamma-ray burst afterglows, including GRBSium entitledThe Local Group
030329, GRB 020405, GRB 021004, and GRB 000210. Sahu and S. Kane carried out a spectroscopic study of
Rhoads was also a member of the GOSH collaboratRin  microlensed sources towards the Galactic bulge. Through
Fruchtey, which usedHubbleto study many bursts including Spectroscopy of 17 sources, they have shown that there is an
GRB 020410 (whose afterglow was discovered with extinction shift between the microlensed population and the
Hubble, GRB 030115(following up on the NOAO discov- non-microlensed population. This would imply that 65% of
ery), and GRB 030329. the microlensing events are caused by self-lensing within the
Rhoads continued theoretical work on methods for studybulge. The sample needs to be increased 190 sources to
ing gamma-ray burst collimation by looking for ‘orphan get a clear picture of the kinematics of the bulge.
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Sahu, in collaboration with summer student Bakos, up-Citade), revisited his predipparcospaper on the kinematics
dated the Luyten half-second catalog with more accurate caand spectroscopic properties of candidate members of the
ordinates and proper motions using DSS-I and DSS-Il imUrsa Major kinematic group. ThElipparcosresults permit
ages. much more precise kinematics for the stars, which enabled

Sahu, with collaborators Tej, Chandrasekhar and Ashokadditional stars to be excluded as likely members, refined
have developed a statistical method to derive the mass fun&nowledge of this loose association of stars, and shed light
tions of open clusters using sky survey data such as 2MASS8n the reality of such kinematic associations.
and the GSC. They have used this method to derive the mass Soderblom analyzeHubble FGS observations of the HD
functions in the stellar/substellar regime of three young98800 system with F. BenedidTx) and O. FranZLowell)
nearby open clusters, namely IC 3480rionis and Pleiades. to determine accurate masses for this pair of pre-main se-
The mass function in the low mass ran@é < 0.50M) is  quence stars, a calibration for stellar models.
appreciably flatter than the stellar Salpeter function for all A. Suchkov, V. MakaroUSNO), and W. VogeSMPE,
three open clusters. The contribution of objects below 0.35ermany studied X-ray properties 0f-2000 F stars using
Mg to the total mass of the cluster is40% and the contri- ROSATdata. They identified a population of F stars whose
bution of objects below 0.081, to the total is~4%. X-ray emission increases rather than decreases with age, and

Sahu, through PLANET collaboration, carried out spec-found that these stars are also unusual in the optical in the
troscopic and photometric monitoring of the binary lenssense that their luminosity is too high for their temperature
event EROS BLG-2000-5 during the caustic crossing. Thignd surface gravityover-luminous stajs They found strong
allowed a rare opportunity to study in detail the structure ofX-ray emitters to comprise two very different age groups:
the stellar surface and allowed them to measure the limiold, post-zero age main sequen@AMS), overluminous
darkening parameters and the mass of the lens. The limkstars and young, pre-main sequee®#S) and ZAMS stars.
darkening parameters measured here are among the first fohey found that the X-ray luminosity of soft X-ray emitters
normal giants by any technique and for stars as distant as tleorrelates with hardness ratio; no such correlation was found
Galactic bulge. for hard X-ray emitters.

Sahu, in collaboration with Albrow and De Marchi, im-  Suchkov and R. Hanisch conducted a search for and a
aged M22 withHubble which has allowed, for the first time, study of hard X-ray binarie$HXRB) using the automated
a detailed and uniform mapping of mass segregation in &-ray source classifier ClassX. They found 35 new HXRBs
globular cluster. Luminosity and mass functions from thein addition to 37 previously known HXRBs listed in the
turnoff down to the mid- to lower-main sequence were pre-WGA catalog of ROSATsources. The new HXRBs were
sented for M22 in annular bins from the center of the clustefound to be, on average, much fainter in the X-rays and more
out to five core radii. Within the core, a significant enhance-obscured in the infrared, which means that they are more
ment was seen in the proportion of 0.5—048, stars com- distant and/or embedded into a heavily absorbing environ-
pared with their numbers outside the core. The global clustement.
mass function for M22 is flatter than the Salpeter initial mass Suchkov studied young and pre-main sequence PMS F
function and cannot be represented by a single power law.stars using X-ray, optical, and infrared data as welHgs

D. Soderblom continued his work on an all-sky survey ofparcosparallaxes and proper motions. He identified a large
chromospheric activity in the G dwarfs within 60 pc. Work number of PMS candidates and established the association of
at this stage involves completion of an on-line database othese PMS stars with the known regions of star formation.
the results of the observations, together with relevant ancilHe examined the relationships between the X-ray, optical,
lary data. Collaborator J. KingClemson has derived metal- and infrared properties of the candidate PMS F stars and
licity values for the stars from the blue spectra, and these aranalyzed them in the context of circumstellar dust disks,
being incorporated into the database as well. Results frorRMS evolution, and the recent history of star formation in
this survey have informed target selection forS&RTF the solar neighborhood.

Legacy program for which M. MeyegiUAz) is principal in- J. Valenti and C. Johns-KrullRice) continued their
vestigator. The activity survey was also used to estimate aanalysis of magnetic fields on T Tauri stars, using high-
age for HD 107146a G dwarf observed to have circumstel- resolution infrared spectroscopy to determine the surface dis-
lar material. tribution of magnetic field strengths and circular spectropo-

Soderblom worked with B. Jones and other collaboratordarimetry to constrain magnetic geometry. For individual T
at Lick Observatory to extend work on the analysis and in-Tauri stars, they found field strength distributions ranging
terpretation of the lithium abundances of young solar-typdrom 0—6 kG with a characteristic mean field strength of 2—3
stars. They explored the implications for lithium as an indi-kG, implying that magnetic pressure dominates gas pressure
cator of late accretion of chondritic material onto stellar sur-in the photospheres of T Tauri stars. They combined their
faces, with the conclusion that there is no evidence for sucimeasured field strengths with magnetospheric accretion
accretion. The same datasets have been used for detailetbdels to predict that field lines coupling stars and disks
examinations of elemental abundances in the open clustenust cover 1-10% of the stellar surface. They found no
M34 (NGC 1039, working with King. Such metallicities are circular polarization in photospheric absorption lines, ruling
essential for understanding lithium depletion because of theut a dipolar magnetic configuration at the stellar surface.
dependence of convection zone depth on opacity. They did observe rotationally modulated circular polariza-

Soderblom, with collaborators King and S. Adelm@ime  tion in the 5876 Ha emission line, which they reproduced
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using a simple magnetic spot model with a uniform radialthe Galactic counterparts to trace the behavior of stellar fea-
field. tures in this wavelength range, because the effects of inter-
Valenti, G. Herczeg(Boulden, J. Linsky (Boulden, B.  stellar H, are far less severe. This is the first sample of spec-
Wood (Boulde, and F. Walter(Stony Brook continued tra below Ly a with extent and resolution adequate for this
their study of fluoresced moleculartaround T Tauri stars. purpose.
They used STIS spectra to reconstruct the Lymaemission Walborn’sHubbleprogram with J. Ma-Apellaniz and R.
profile seen by the fluoresced,HThey used a specific disk Barba(Univs. of La Plata and La Serenan further imaging
model to explore the effects of self-absorption and extinc-and spectroscopy in 30 Doradus completed the WFPC2 cov-
tion. erage of the object, providing a spectacular image of the
Valenti, A. Fallon(Macalestey, and C. Johns-KrullRice) evacuating cavity and molecular-cloud interfaces surround-
published an atlas of coaddédE long-wavelength spectra ing R136. In combination with the results from his prior
of pre-main-sequence stars, which complements an earli?&ICMOS program in the region, a new, triggered generation
atlas of IUE short-wavelength spectra. They created a welnf stars at the interfaces is clearly revealed, involving at least
page (http://archive.stsci.edu/prepds/iuepingd distribute  three evolutionary stages of massive dust pillars oriented to-
the coadded spectra. Using the new long-wavelength atlasyard the central cluster.
they determined Mg emission line luminosities for T Tauri In collaboration with I. HowarthUCL), A. Herrero(In-
stars and extinction towards Herbig Ae/Be stars. stituto de Astrofisica de Canarjasand D. Lennon(lsaac
Valenti and D. FischefUCa—Berkeleyfitted echelle data Newton Group, Walborn discovered that the peculiar Of star
with synthetic spectra to determine effective temperature, HD 191612 undergoes extreme, recurrent variations between
sini, and elemental abundances for 800 F, G, and K stars itwo spectral states. In one state, the spectral type is 06, C
radial velocity surveys for extrasolar planets. They used thiemission is comparable to N, and there are strong P Cyg
self-consistent catalog of stellar properties to determine therofiles at Hell 4686 and Hv. In the other, the spectral type
frequency of detectable planets as a function of iron abunis O8, there is no @I emission, Hel 4686 has a unique ‘Be’
dance in the parent star, finding a monotonic increase to profile, and Hr is in absorption. No radial-velocity variations
probability of 20% at three times the solar iron abundance.have been detected. The time scale is long, but the available
R. van der Marel wrote two reviews on formation theorieshistorical and new coverage is inadequate to establish it or
for and observational constraints on the existence o#fny periodicity. Possible explanations include a long-period,
intermediate-mass black holétMBHs), with masses be- eccentric binary; a rapid rotator with shell effects; or a rela-
tween those of ‘stellar-mass’ and ‘super-massive’ blackionship to Luminous Blue Variables.
holes. The existence of IMBHs is a real possibility: they B. Whitmore reviewed the subject of star cluster forma-
might plausibly have formed as remnants of the first generation for the Space Telescope Science Institute May work-
tion of stars(Population 1), as the result of dense star clus- shop. The emphasis was on contributions arising from obser-
ter evolution or as part of the formation process of supervations by Hubble and included both galactic and
massive black holes. Their cosmic mass density coulextragalactic clusters. As part of the review, Whitmore com-
exceed that of super-massive black holes and observatioqled a database from the literature that allowed him to dem-
do not even rule out that they may account for all of theonstrate that the cluster luminosity function appears to be
baryonic dark matter in the universe. Unambiguous detecuniversal in mergers, starbursts, and normal spiral galaxies.
tions of individual IMBHs currently do not exist, but there This is based on a plot of the brightest cluster in a galaxy
are observational hints from studies of microlensing eventsyersus the number of clusters. The plot can be explained
‘ultra-luminous’ X-ray sources, and centers of nearby galaxpurely by statistics rather than differences in the luminosity
ies and globular clusters. Gravitational wave experimentsunction. What differs is the normalization, with roughly
will soon provide another method to probe their existencel000 times more clusters in mergers than in spiral galaxies.
IMBHs have potential importance for several fields of astro- Whitmore, in collaboration with K. Knierman and other
physics and are likely to grow as a focus of research attensoauthors, use& and | images obtained with WFPC2 to
tion. investigate compact stellar structures within six regions of
N. Walborn conducted a critical analysis of the large scattidal debris in the four classic ‘Toomre Sequence’ mergers:
ter found in the absolute magnitudes of O stars at a givelNGC 4038/39(‘Antennae), NGC 3256, NGC 3921, and
spectral type by Garmany and Stencel, A&AS, 94, 21INGC 7252(‘Atoms for Peace. The six tails were found to
(1992, finding that it is substantially due to noncospatiality contain a variety of stellar structures, with sizes ranging from
of the O and B stars in several of their presumed associatiorthose of globular clusters up to those of dwarf galaxies. NGC
(the absolute magnitudes of the former being derived witt8256 was found to have a large population of blue clusters
distances determined from the lajtefhe absolute magni- (0.2 < V — | < 0.9, similar to those found in the inner
tudes of O stars within each of these associations deviategion of the merger. In contrast, NGC 4038/39 had essen-
systematically from the calibration, with much smaller dis-tially no clusters in the observed region of the tail.
persions. Whitmore reviewed evidence that young globular clusters
Walborn joined theFUSE hot-star team as an associate are currently forming in the local universe. He found good
and in collaboration with A. Fullerton(JHU) and P. evidence that young massive clusters can form in merging,
Crowther (UCL) designed an extensive atlas of OB spectrastarbursting, and even normal spiral galaxies. While many of
in the Magellanic Clouds. The MC stars are more useful tharthese young clusters are destroyed, the denser, more massive
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clusters have all the attributes expected of young globuladark cloud L1204; the results will be used to examine differ-
clusters. Three questions were examined in the review. Cagnces in the distribution of cold gas compared to the IR
we see the evolution of the cluster luminosity function fromemission from warm dust.
a power law to a Gaussian? What triggers the formation of Together with J. PringleCambridge and S. Lubow,
clusters? What fraction of stars is formed in clusters andillen continued to develop a new view on the formation of
what fraction is formed in the field? GMCs, the precursors to stars. In this picture, the raw mate-
R. Williams, with E. JenkingPrinceton and J. Baldwin  rial for GMC formation is molecular hydrogen, most of it too
(MSU), obtained high resolution UV spectra of the centralcold to be identified in the ISM. The Hin the ISM is largely
stars of several PNe with STIS in order to derive columna photodissociation product of the stars, not a precursor to
densities of ions. They studied the resonance absorption prgne star formation, and the GMCs themselves are largely
duced by the nebular shells, which appears against the cegrtifacts of observational selection in the @) line. Ob-

tral star continuum. They compared these column densitieservational and theoretical tests of this picture are being ex-
directly with the relative ion abundances for the same iong|ored.

derived from their emission |ineS, both forbidden and recom- Allen continued his work on a new interpretation of the
bination, along an adjacent line of sight in the nebula. Thisschmidt Law’ of global star formation. This ‘law,” widely
comparison in the PN IC 418, determined independentljiscussed in the literature, relates the surface density of H
from column densities derived from UV absorption lines andip galaxy disks(viewed as the ‘causpto the star formation
forbidden emission lines in the nebular shell, showed generghte (viewed as the ‘effeck; A conference paper was pre-
agreement with some individual discrepancies. The tWQented that argues that ‘cause’ and ‘effect’ have been re-
methods were used to evaluate which emission lines produGgsrsed, and that the His a photodissociation product of the
reliable abundances. young stars. The global Schmidt Law can be computed in a
straightforward way using a simple model of photodissocia-
tion and reasonable parameters for the parent molecular

5ISM & IGM clouds.

Together with H. HeatortJHU/APL) and M. Kaufman Allen also presented observational evidence for dissocia-
(San Jose StateR. Allen completed a study of the produc- tion as a ubiquitous process in the ISM, responsible for most
tion of atomic hydrogen in photodissociation regions and d@nd perhaps even glibf the H | present in galaxies. An
comparison with CQL-0) emission, and he submitted a pa- earlier invited conference paper describing this view was
per on this topic to theAstrophysical JournalThe results ~Published this year; it shows examples ofi ldroduction by
provide a new diagnostic tool for simultaneously determin-Photodissociation in the ISM on size scales from 1 pc to an
ing the far-ultraviolet flux incident on giant molecular clouds entire galaxy.

(GMCs and the volume density of the cloud surfaces using Allen, A. Petrosian(Byurakan Obg, and R. Swaters
ground-based observations of the 21-cmi Hine and the (JHU) have begun to examine the possible correlation be-
3-mm CQ1-0) line. In the past, such diagnostics have re-tween Hi, disk dark matter content, and ISM metallicity.
quired observations in the infrared from high-flying aircraft Such a connection is predicted in the scenario whereisH
and satellites. produced by photodissociation of an underlying molecular

Allen, together with Heaton, J. Knapdhiertfordshire, gas that is itself in turn a significant component of the dark
and L. Loinard(UNAM—Morelia) analyzed observations of baryon component in galaxies.
faint CO(1-0) emission regions in M81 and compared them Allen discussed the discovery of young stars in the outer
with H 1 data in the context of the photodissociation model.H I disks of nearby galaxies in a talk given at Symposium

Allen continued theoretical and observational work exam-220 of the IAU in Sydney. The results, found earlier with J.
ining the role of cosmic rays in controlling the brightness of Cuillandre and J. Lequeux in M31, imply that significant
the observed CQ-0) emission in galaxies. Building on ear- amounts of molecular gas are present in the outer disk of this
lier work with D. Adler and K.-Y. Lo(NRAO), Allen and  galaxy, leading to a continuing low level of massive star
JHU grad student Ben Waghorn compared simple cosmic rafprmation. These young stars photodissociate their progeni-
heating models in the ISM with the GD-0) data in nearby tor H, clouds, producing extensive Henvelopes, which
galaxies. trace the otherwise-dark molecular gas. A quantitative appli-

Allen continued exploratory work to use the absorption ofcation of a simple photodissociation model is being carried
the cosmic microwave background by gaseous formaldehydeut with R. Miller (STSc) and a paper is in preparation.
(H, CO) as a diagnostic for cold molecular gas in the inter-Estimating the contribution of this component to the baryon
stellar medium. Contact was made with the Onsala Radisontent of galaxies requires some assumptions about the ge-
Observatory in Sweden, and together with T. Wiklind and Jometry of the cold GMCs, but it is not unreasonable to con-
Rajagopal(NASA/GSFQ, a proposal was submitted to use clude that the contribution may be substantial, at least in the
their facilities in an attempt to detect this signal from theouter disks.

Galactic GMC G216-2.5 and from a possible general distri- With G. Meurer(JHU), Allen confirmed a prediction that
bution of cool compact clouds in the plane of the Galaxy.young upper-main-sequence stars would be found in the ex-
Together with Loinard and Rajagopal, Allen submitted a protended Hi disk of the LSB galaxy NGC 2915. They pre-
posal to use the Green Bank Telescope in order to measusented a poster on this topic at the Symposium.

the extent of the formaldehyde absorption in the Galactic Allen continued his collaboration with graduate student B.
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Holwerda(STScl, Kapteyn Laboratojyin an extensive ob- larly C,, CN, and CH. Based on high signal/noise optical
servational study applying the ‘synthetic field methéde-  echelle spectra, they found that seven of 21 diffuse bands
veloped earlier by Allen and postdoc R. Gonzalezdeter-  correlated well with NC,)/E(B — V), and moderately well
mine the average opacity of spiral galaxy disks from countsvith N(CN)/E(B — V) and NCH)/E(B — V). They hope to

of background field galaxies. The method calibrates the foregain an understanding of the molecules responsible for the
ground confusion caused by the intervening galaxy and probIBs by examining a large number of these correlations over
vides estimates of disk opacity averaged over areas of typmany sight lines.

cally a few square arcminutes. No assumptions about the G. Kriss, working with his Ph.D. student, R. Telf@HU/
relative distribution of stars and gas in the intervening galaxyOrbital Sciences studied elemental abundances in the low-
are required. Over the past three years, significant improvedensity portions of the intergalactic medivdGM). Using
ments have been made to the method and Holwerda has swustacked FOS spectra of several bright quasars with good
ceeded in almost entirely automating the reduction. Keck H 1 spectra, Telfer et al2002 measured the strength

Allen reduced and began analyzing a sample of more thaof lines from Oiv (788 A) and Ov (630 A). O Iv is unde-

20 galaxies drawn from the WFPC2 archive. He constructedected, but Ov is detected at greater than 99% confidence.
radial distributions of opacity. Noteworthy new results in- The ratio is consistent with photoionization by a quasar-like
clude the discovery of a wide range of opacity in galaxyspectrum with a spectral indexx = —1.5. Using photoion-
disks, with large areas that are virtually transparent and othdration models to infer the ionization correction, the relative
areas almost completely opaque. Many galaxies show avestrength of Ov and Civ leads to a relative O to C abundance
age opacities oAv ~ 1-2 mag over the main portion of the of [O/C] = 0.3 to 1.2. This overabundance of O to C sug-
disk. A poster paper on this work was presented at Sympogests enrichment of the low-density IGM by products from
sium 220 of the IAU in Sydney. Type Il supernovae.

M. Fall, S. Savaglio(JHU), and F. Fiore(Osservatorio G. Kriss, W. ZhengJHU), M. Shull (Coloradg and the
Astronomico di Romameasured the absorption lines of sev- FUSE team have carried out further studies of ionized he-
eral heavy elements in the optical spectra of gamma-ralium in the IGM. Using deep VLT/UVES spectra of theH
burst (GRB) sources. They found that the column densitiesLyman-« forest and reprocessé¢dJSE spectra of the sight-
of metals and dust in the circumstellar or interstellar materialine towards the quasar HE2347-4342, Zheng et2003
in the foregrounds of these GRBs are higher than those imwere able to identify over 90% of the Habsorbers associ-
most quasar absorption-line systems at similar redshiftsated with the Hel absorption visible in th&USE spectrum.
Typical extinctions in the GRBs ar&, ~ 1. These results They were also able to trace the Heabsorption to wave-
indicate that the lines of sight to GRBs pass through regiongengths as short as 920 A, enabling them to study thel He
of high interstellar densityand star formation whereas Lyman g portions of the absorption. This led to two signifi-
those toward optically selected quasars pass mainly througtant results. First, they measured the line widths of isolated
regions of relatively low interstellar density in foreground He 1l absorption lines and showed that they were the same as
galaxies. those of the corresponding hydrogen lines, implying that line

S. Friedman continued his studies of the deuterium aburwidths in the IGM are dominated by turbulence rather than
dance in the local interstellar medium, as part of F¢SE  thermal motions. Second, by measuring the Lyrgaypacity
deuterium group, led by W. Moo&JHU). The goal is to in regions of the spectrum where Lymanis opaque, they
understand variations in the D/H ratio, and how this is re-demonstrated that the Lymada opacity was only 5+ 1,
lated to variations in the relative abundances of other spesonsistent with the bulk of He Il reionization having oc-
cies, especially oxygen and nitrogen. TR&SE results, curred at epochs at higher redshift thar= 2.9. With the
when combined with those frorhlubblg Copernicus, and same data, Shull et al2003 used a model-independent
IMAPS, demonstrate that the D/H ratio is fairly constanttechnique to study the fluctuations in the Heo H 1 column-
within the local bubble, at a distance of approximately 100—density ratio in the IGM, which is a tracer for the spectral
150 pc, but appears to be variable outside the bubble. Frieshape of the ionizing radiation illuminating the gas. They
man and collaborators are pursuing more distant targets tshowed that the combination of the natural variation in qua-
determine whether D/H is anticorrelated with O/H and N/H,sar spectral indices, the resulting difference in the proximity
as might be expected from models of galactic chemical evospheres for H and Hel, and radiative transfer through a
lution. non-uniform IGM may all conspire to produce the observed

In a project led by P. SonnentruckgHU), Friedman and variations in the column-density ratio.
collaborators made a detailed study of the physical condi- C. Leitherer, in collaboration with C. Hoop&3HU), K.
tions in the interstellar medium towards two targets, HDSembach, T. Heckma@HU), G. Meurer(JHU), A. Aloisi
192639 and HD 185418. These targets were selected froifdHU), D. Calzetti, and C. MartifUCa), studied the 905 to
the FUSEtranslucent cloud program, led by T. Sné@olo- 1180 A spectral range covered BWUSE which includes
radg. One principal result of these studies is that the sighinumerous transitions of molecular hydrogen. This made pos-
lines appear to be composed of multiple diffuse cloudssible the direct measurement o} ldolumn densities without
rather than a single translucent cloud. using CO as a tracer. The authors searched faalb$orption

Friedman was part of a collaboration, led by D. Yorkin five starburst galaxies: NGC 1705, NGC 3310, NGC
along with J. Thorbur{Chicago, studying the correlations 4214, M83(NGC 5236, and NGC 5253. They tentatively
of diffuse interstellar band€IBs) with molecules, particu- detected weak absorption by h M83 and NGC 5253, and
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set upper limits on the Hcolumn density in the other gal- from both the Hipparcos catalogue and the Palomar-
axies. Conservative upper limits on the mass of moleculaMichigan State University spectroscopic survey. The result-
gas detected witRUSEare many orders of magnitude lower ing mass function is better represented by a combination of
than the H mass inferred from CO measurements for thepower laws, with a significant change of slope near one solar
four galaxies in the sample in which CO has been detectednass, than by a lognormal Miller-Scalo function. Reid was
The difference is too large and in the wrong sense to balso involved in several surveys for binary systems among
caused by a metallicity dependence of the COcBinversion the known ultracool dwarf population. Gizis et &2003
factor. The authors interpret this to mean that almost all opresented analysis ¢fubbleobservations of 110 late-M and
the H, is in the form of dense clouds that are opaque toL dwarfs, while Burgasser et 42003 analyzed similar data
far-UV light and therefore cannot be probed with far-UV for 10 T dwarfs. Both samples show similar properties, with
absorption measurements. The far-UV continuum visible iran observed binary fraction 06£20%, corresponding to an
the FUSE spectra passes between the dense clouds, whidhtrinsic binarity of ~10%. All of these systems have sepa-
have a covering factox 1. There is very little diffuse Kl rations of less than 15 AU. The available high-resolution
(column densities between ¥0and 16° cni?) between the  spectroscopic observatiofReid et al. 2002suggest a simi-
dense clouds, suggesting that any tHat evaporates from lar proportion of unresolved systems, implying a total binary
the surfaces of the clouds is quickly photodissociated by théraction close to 20%. This is significantly higher than pre-
far-UV radiation from the starburst or fast shocks in the dif-dicted by models that propose brown dwarf formation as
fuse interstellar medium. This illustrates the effects of theejected stellar embryos.

harsh UV radiation environment on the interstellar medium Reid analyzed high-resolution spectra of the brighter
in starbursts. However, previous UV observations of thesenembers of the TW Hydrae association, together with obser-
starbursts have shown that there is reddening in the diffuseations of sixteen candidate members. Two of the latter have
interstellar medium, suggesting that while diffuse id de-  motions consistent with membership. The mean cluster mo-
stroyed in the starburst, diffuse dust is not. tion is (U = —10.0,V = —-17.8,W = —4.6 km sec?, cor-

I. N. Reid continued to lead an NStars-funded survey forresponding to a velocity of 13 km secwith respect to the
unrecognized stars within 20 parsecs of the sun. This is hocal Standard of Rest. Working in collaboration with B.
collaborative program with K. Crugzhesis project, UPaJ.  Zuckerman(UCLA), D. Koester and Hunsch, Reid com-
Liebert(UAz), D. Kilkenny (SAAO), J. E. Gizis(UDe), A. J.  pleted analysis of high-resolution spectra of approximately
Burgasser(UCLA), J. D. Kirkpatrick and P. J. Lowrance 100 white dwarfs in a search for DAs with metal lines.
(IPAC). They are using 2MASS near-infrared photometry toTwenty-five percent of the single white dwarfs in the sample
search for late-type dwarfs both directly, usifg} (J-K))  show Cal lines, while a much smaller fraction exhibit lines
data, and in combination with other resources, notablydue to Mg, Fe, Si and Al. This is surprising given the rela-
Luyten’s proper motion surveys. Cruz and Reid are the printively short photospheric residence tirfre 10 million years
cipals in the former study, the first large-scale systematipredicted for metals in DAs. Possible explanations include
survey for nearby ultracoo(M7-L8) dwarfs. They have accretion of either cometary or asteroidal material.
whittled down the 300 million sources in the 2MASS Second K. Sembach worked on understanding the properties of
incremental releas@7% of the skyto 1750 candidates, and the interstellar media of galaxies and the intergalactic me-
follow-up observations have yielded over 300 confirmed ul-dium in the low-redshift universe. This research included an
tracool dwarfs, including 52 within 20 parsecs. This moreextensive survey of highly-ionized high-velocity gas traced
than doubles the local census. Amongst these stars is ahrough O vi absorption withFUSE and several studies
M8.5 dwarf only 6.3 parsecs from the s(Reid et al., 2008  aimed at estimating the baryonic content and physical prop-
Moreover, the follow-up observations have also identifiederties of the warm-hot intergalactic medium.
several chromospherically active dwarfs, including an initial  Sembach, in collaboration with B. Savage, B. Wakker, M.
summary of the statistical results is given in Cruz et al.Meade(UWi—Madison, and P. RichtefOsservatorio Astro-
(2003. Forty of the faintest candidatéprobably including fisico di Arcetr), compiled and analyzed an extensive set of
the nearest, coolest brown dwariill lack confirming ob-  spectroscopic data for 100 QSOs/AGNs observed-bgE
servations. to study the properties of highly ionized gas in the vicinity of

Reid led a search for previously unrecognized nearbyhe Milky Way. They reported the discovery of an extensive,
mid-type M dwarfs catalogued in Luyten’s NLTT proper hot(log T = 6) Galactic corona, the existence and properties
motion survey. These stars lack the distinctivK colors of  of a population of very highly ionized high-velocity clouds
ultracool dwarfs, but can be identified by combining traced through their @1 absorption, and the distribution of
Luyten’s optical photometry with 2MASS data. Concentrat-the hot interstellar medium in the thick disk of the Milky
ing on the regions covered by the 2MASS second incremeriway.
tal release, so far the survey has identified 230 additions to Sembach, J. HowkUCa—San Diegp Zsargo(JHU), and
the 20-parsec census, a 50% increase. Most of the new staBgvage also studied the Milky Way @ absorption toward
have spectral types between M4 and M7. The observationapproximately two dozen halo stars observed-b\SE They
have also succeeded in identifying several new dwarf carbofound that the hot phase of the interstellar medium traced by
stars(Lowrance et al. 2003 O vi1 in these directions is patchy and that the amount of O

Reid, S. L. Hawley(UWa) and Gizis(2003 re-analyzed detected is consistent with the trends expected from the
the luminosity function of nearby stars, incorporating dataFUSE extragalactic dataset.
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Sembach, in collaboration with A. AloisJHU), T. Heck-  Meudon and theOdin Team, participated in deriving the
man (JHU), C. Hoopes(JHU), and C. LeitherenSTSc), best upper limit to the molecular oxygen abundance in the
studied the abundances and kinematics of the neutral gas wfterstellar medium obtained to date. Telin satellite al-
the starburst galaxy | Zw 18. The investigators found that thdows observations of wavelengths not accessible from the
abundances are lower than those found im t¢gion studies, ground. The limits to the @abundance have implications on
which is consistent with a bimodal star-formation history chemical models of the ISM, which in dark and quiescent
having both a very old component and a more recent stammolecular clouds predicts abundances much higher than the
formation episode that started 10—100 Myr ago. upper limit obtained wittOdin.

Sembach, with B. Ott¢JHU), E. Murphy (UVa), Howk,

Q. Wang(UMa), and W. OegerléNASA/GSFQ, detected g GALAXIES

O vi emission from the edge-on spiral galaxy NGC 4631. S. Arribas and L. ColindIEM-CSIC, Madrid studied a

The location of this emission in the halo of the ga_laxy is therepresentative sample of low-redshift ultra-luminous infrared
same as that found for a soft X-ray bubble. They inferred an, a,je5ULIRG). This program combined integral field op-
O vi luminosity of 0.2-2.0% of the total energy supplied by jo5| spectroscopy using the INTEGRAL system at the WHT
supernovae in the galaxy, and a mass flux cooling rate Qi high resolutionHubbleimaging. During the past year,
0.48-2.8 solar masses per year. The findings indicated th@e jnyestigators analyzed two objects in detail: IRAS 15206
the emission arises in cooling, galactic fountain gas. +3342 and IRAS 17208—0014. In IRAS—152, they found
Sembach, with Heckman, C. NormadHU), D. Strick-  qjear evidence for the presence of gas flowing inward along

land (JHU), studied the relationship between @ line  he tiqg tail, feeding the nuclear regions where an arc-shaped
widths and Ovi column densities in highly ionized systems cpain of young stellar clusters is forming stars at a rate of

ranging from the interstellar medium of the Galactic disk to4pq,t 150M, yr'l . These characteristics indicate that the
the low-redshift intergalactic medium. They found a stronggystem is at the final coalescence phase of two disk galaxies
correlation in the twg quantities for @i systems in the \yith bulges, though no sign for the presence of an AGN was
Milky Way, Magellanic Clouds, starburst galaxies, and thegong. Similarly, for IRAS—172 they presented kinematical,
intergalactic medium, suggesting that similar collisional io”'morphological, and photometric evidence that supported the
ization processes create thevDabsorbers in many of these jgeq that this cool ULIRG is at the final coalescence phase of
environments. They explained this trend by offering several system composed of two spiral galaxies with< m#
simple analytical expressions for the dependence of 'in%volving into an intermediate-mags-L*) elliptical galaxy.
width on velocity for various collisional ionization scenarios. Again in this case the data show no trace of a luminous QSO
Sembach, with Hoopes, HebrafdAP, France, Moos  gnq indicate that starbursts dominate the energy output in
(JHU), and Knauth(JHU), studied the interstellar deuterium g galaxy.
Lyman-series absorption toward two stars in the Galactic |n g related study, Arribas, as a member of a collaboration
disk. They foundD/H < 10° in the gas along the two sight |ed by J. McDowell(CfA), analyzed the extended emission
lines, which extend roughly one kiloparsec. This value ofgf the ULIRG Arp 220 combininghandraand INTEGRAL
D/H is considerably less than that observed for nearby cloudgata. They found that there is a close morphological corre-
in the local interstellar medium, indicating that the degree ofspondence between theatfind soft X-ray emission on all
deuterium astration is greater in the more distant enVironspatia| scales. They interpreted the p|umes as a starburst-
ments probed along these sight lines. These were the firgfiven superwind and discussed two interpretations of the
measurements of Lyman-series Bbsorption beyond 500 pc  emission from the lobes in the context of simulations of the
made byFUSE merger dynamics of Arp 220.
Sembach continued studying the molecular hydrogen con- Arribas, in collaboration with R. Gonfez-Delgado
tent of interstellar clouds in the Galactic halo in collaboration(]aA ), T. Heckman(JHU), E. BattanerUniv. of Granadg
with Richter, Savage, Wakker, and Howk. He also studiecand E. Mediavilla(IAC), carried out studies based on inte-
the physical properties of gas along several directiongyral field spectroscopy of several nearby galaxies. Two gal-
through the Galactic disk and low Galactic halo. axies were analyzed: NGC 7331 and NGC 2110. In NGC
A. Andersson-LundgreitStockholm Obg, in collabora- 7331 they found peculiar velocities in the ionized gas veloc-
tion with T. Wiklind, H. Olofsson(Stockholm Obs.and ity map, which were well interpreted by the presence of an
Rydbeck(Onsala Space Obsconstructed the first complete axisymmetric inflow of 40 km$ at the inner boundary of
map of the molecular gas distribution and its kinematics ofthe large-scale gaseous ring. They inferred an inwards total
the barred spiral galaxy M83 using the single-dish SESTiux of 1.6 M, yr'! , which is typical of the accretion rate in
telescope in Chile. The results showed a strong correlatioa hypothetical large nuclear black hole. In NGC 2110 they
between active star-forming regions and molecular gas coreombined INTEGRAL and WFPC2 and Hdata to explore
centrations. The kinematics of the molecular gas showethe possibility that the galaxy suffered a collision with a
clear indications of streaming motions as expected from demnsmall satellite with a highly inclined orbit that impacted on
sity waves. The molecular gas in the central region wadNGC 2110 close to its center. They suggested that a minor
mapped in greater detail than the disk itself. An innovativemerger might have driven the nuclear activity in NGC 2110.
image deconvolution method, based on the usual MEM, was Arribas, in collaboration with E. Mediavilla, V. Motta, J.
used to enhance the spatial distribution of the molecular ga®\. Munoz (IAC), E. Falco, C. S. Kochan€glCfA) and others,
Wiklind, in collaboration with L. Pagarn(iObservatoire de determined the extinction curve in tize= 0.83 lens galaxy
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of the gravitational lens SBS 098%32 from the wave- and R. M. Rich(UCLA) used STIS to investigate the ultra-
length dependence of the flux ratio between the lensed quaiolet emission from elliptical galaxies at a redshift of 0.33
sar imagegz, = 1.38 from 3400 to 9200 A. This was the as part of an ongoing series of programs to map the evolution
first measurement of an extinction curve at a cosmologicabf the ‘UV Upturn’ phenomenon as a function of redshift.
distance of comparable quality to those obtained within théThe UV upturn is potentially a sensitive indicator of age, if it
Galaxy. The extinction curve has a strong 2175 A feature, @an be calibrated. Brown and collaborators found that the
noteworthy fact because it has been weak or nonexistent iV upturn is significantly weaker at a look-back time of 3.9
most estimates of extinction curves outside the Galaxy. Th&yr than it is in the current epoch, but similar to that in
extinction curve is fitted well by a standaR] = 2.1 = 0.9  galaxies at higher redshift.
Galactic extinction curve. Assuming the standard Galactic Using the STIS, Brown, S. Heap, I. Hubeny, T. Lanz, and
extinction laws, the estimated dust redshiftzof= 0.88 = D. Lindler (all NASA/GSFQ produced a two-dimensional
0.02 is in good agreement with the spectroscopic redshift o§pectroscopic map of the starburst galaxy | Zw 18 to better
the lens galaxy. These results indicate that the widespreashderstand its star formation history and interstellar medium.
assumption that SMC extinction curves are more appropriat8rown and collaborators found two massive star clusters
models for cosmological dust may be incorrect. dominated by Wolf-Rayet stars, even though stellar evolu-
C. Blades, in collaboration with D. Bowen and M. Pettini, tion theory predicts few of these stars should form at the
published results of a STIS spectroscopic survey of Lyman metallicity of | Zw 18, which has the lowest metallicity of
absorption lines in the outer regions of nearby galaxies usingny known galaxy. They also obtained a high-resolution map
background QSOs as probes. Lymartines were found for of the neutral hydrogen, which peaks at a column ten times
all eight galaxies observed within a few hundred kfhaf  higher than that measured previously.
the systemic velocity. The ubiquity of the detections implies H. Bushouse, S. Arribas, R. Lucas, and K. BofRay-
a covering factor of~100% for low NH 1) gas around gal- theon Technical Servicgsontinued to study the nature and
axies and within~300 kpc, such was the extreme sensitivity evolution of infrared galaxies using a ground-based imaging
of the survey. The investigators did not reject the hypothesisurvey of Very Luminous Infrared Galaxie€/LIRGs).
that the selected galaxies are directly responsible for the ob/LIRGs are the less luminous cousins of Ultraluminous IR
served absorption, but their analysis indicated that absorptioGalaxies(ULIRGs), with IR luminosities an order of magni-
by clumpy intragroup gas is an equally likely explanation. tude lower than that of ULIRGs. As such, they provide a link
R. Bohlin worked on new UV/optical/IR absolute flux between normal galaxies and the ULIRGSs, and offer the op-
standards, using STIS observations and models to extembrtunity to study variations in fundamental physical and
pure hydrogen WD stars and solar analog stars into the IRstructural properties of galaxies as a function of luminosity.
An observing program for a fainter extensigRASTEX)  VLIRGs may be the low-redshift analogs to, or the evolu-
was complete in the UV; and plans were made for establishtionary result of, cosmological populations of very red, very
ing faint IR spectrophotometric standards with NICMOS luminous galaxies. Multi-coloBVI images were obtained of
grism data in Cycle 13. These new faint IR standards ar@6 low redshift(z < 0.1) VLIRG systems using the Nordic
essential for enabling science on WFC3, SNAP, 3WETin Optical Telescope at La Palma. The analysis of these data
the long run. In addition, the primary Sloan standard BDhas shown a great deal of similarity between VLIRGs and
+17D4708 was observed to tie the ground-based Sloan SutLIRGs. Like ULIRGs, a large fraction of the VLIRGs are
vey directly to the ACS Sloan filters. More recently, Bohlin interacting systems. Many of those that contain only a single
collaborated with R. Gilliland to get STIS observations of galaxy also show morphological evidence of past interaction
the fundamental flux standard, Vega. Preliminary resultsctivity and therefore may be advanced merger systems. The
show that the STIS fluxes are within3% percent of the optical colors of the VLIRGs span nearly the same range as
published spectral energy distributions for both stars. Bohlirthose of ULIRGS, indicating similar states of current star
and Gillland wrote the STIS section of the paper on BDformation and star formation histories. The only significant
+17d4708. difference between the VLIRGs and ULIRGs is the apparent
Using the ACS, T. M. Brown, H. C. Ferguson, E. Smith, lack of evidence for AGN in the VLIRG sample. In every
R. A. Kimble (NASA/GSFQ, A. V. Sweigart (NASA/  other respect, the VLIRGs appear to be simply scaled-down
GSFQ, A. Renzini(ESO, R. M. Rich(UCLA), and D. A.  versions of ULIRGs, composed of galaxies of somewhat
VandenberdUniv. of Victoria) began investigations into the smaller mass and luminosity, although the interaction pro-
star formation history of the Andromeda halo. With the cess seems to be able to generate the same types of results as
deepest optical images of the sky ever obtained, Brown anth ULIRGs.
collaborators constructed a color magnitude diagram extend- R. S. de Jong, E. Be{MPIA), S. CourteayUBC) and R.
ing to 37 mag stars on the old main sequence in Androm-Olling (USNO) presented a simple technique to estimate
eda. They found that the Andromeda halo has a surprisinglynass-to-light M/L) ratios of stellar populations in local gal-
wide spread in ages, with 30% of the population yoi®ig8 axies based on two broadband photometry measurements,
Gyr) and metal-rich([Fe/H] > —0.5), suggesting that An- i.e., a color-M/L relation. They applied the color-M/L rela-
dromeda has undergone a more violent merging history thation to galaxy rotation curves, using a large set of galaxies
our own Galaxy. that spanned a large range hfubble type, luminosity, and
T. M. Brown, H. C. Ferguson, E. Smitt8TSc), C. W.  scale size and that have accurately measuredrétation
Bowers, R. A. Kimble(NASA/GSFQ, A. Renzini (ESO, curves. With use of the color-M/L relation, they constructed
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stellar mass models of the galaxies. They subtracted abasic parameters of these components, as well as the bulge/
known mass components from the observed rotation curvedisk ratio, and explored correlations of these parameters with
to reveal the dark matter contribution to the rotation curvesseveral galaxy parameters.
They used the dark matter rotation curves to investigate dark L. Dressel continued to make emission-line kinematic
matter scaling relations for their set of galaxies. Unfortu-studies of the nuclei of LINER galaxies. Most spectroscopic
nately, they had to conclude that the currently available datatudies of these nuclei have been limited by spatial resolution
is insufficient to constrain dark matter profile shapes acrosgather than spectral resolution, even for observations made
the full range of galaxy luminosities, but showed preliminarywith Hubble To improve the spatial resolution for the galaxy
results on a new set of data that is of sufficient quality. NGC 3998, Dressel combined STIS spectral images dithered
De Jong, in collaboration with the ddGalaxy Survey along the slit prior to image rectification. The resulting line
team led by P. A. Jaméskiverpool), presented the first paper profiles indicate significantly greater spatial symmetry and
on this data set. It described the sample selection, data ré&nematic regularity in the ionized disk than the profiles
duction, and global star formation properties of the galaxiesmade from earlier, unditherg@dinder-sampleddata.
The sample was constructed using a combination of diameter M. Fall, S. Charlot(MPA, Garching, and their collabo-
and volume selectiofi.e., diameter-limited in different vol- rators derived star formation rates, gas-phase metal abun-
ume shells This selection ensured that all galaxies weredances, and dust absorption optical depths for a sample of
observed with the best spatial resolution and did not have thé00 low-redshift galaxies from their observed optical broad-
usual drawbacks of volume-limited samplgsased against band and emission-line fluxeda, [O 1], and [N 1] or
big galaxies or diameter/magnitude-limited samples [S 11]) and far-infrared fluxe60 and 100 microns The
(strongly biased against small galaxieAs seen in earlier analysis is based on the recent stellar population/dust
studies, the team found a strong correlation between star foebsorption/photoionization models of Charlot, Fall, and
mation andHubbletype, with the strongest star formation in Longhetti. These models provide a relatively simple but
isolated galaxies occurring in the Sc and Sbc type. Morghysically consistent treatment of the production of stellar
surprisingly, they did not find a significant trend betweam H radiation and its transfer through the interstellar media of
equivalent width or K surface brightness and the galaxy galaxies. The ultimate goal of this work is to compare the
R-band luminosity. stellar and interstellar properties of galaxies at low and high
De Jong, in collaboration with thelubble Mid-UV Gal- redshifts.
axy Survey team led by R. A. Windhor6ASU), presented Fall and V. Kulkarni(South Carolinameasured the ab-
an imaging survey of 37 nearby galaxies observed wittsorption lines of heavy elements in new STIS spectra of low-
WFPC2 in the F300W and F814W filter, and 11 galaxies inredshift(z < ~1) damped Lymanx galaxies. They have also
F255W. They also showed ground-ba&BVVRJIHKimaging  combined previous absorption-line measurements of many
for most of this galaxy sample. The main goal of the surveydamped Lymanz galaxies over a wide range of redshifts
was to quantify morphological change with wavelength, as d~0 < z < ~4) to search for evolution in the cosmic
basis for morphologicak-corrections for high redshift work. (column-density-weightedmean interstellar metallicity in
In the first paper on this data set, they presented a prelimigalaxies. They find that this mean metallicity increases with
nary analysis predominantly based on an eyeball comparisalecreasing redshift in a manner consistent with the cosmic
of galaxy morphologies from the UV to the near-IR. The firstchemical evolution models of Fall and his collaborators.
qualitative results werd1) Most early-type galaxies showed Fall, P. Moller (ESO, Garching and their collaborators
mainly a decrease in surface brightness going from the red teearched for and found the emission counterparts of several
the mid-UV, but little morphological chang€?) Half of the ~ damped Lymanx galaxies. They obtained VLT spectra of
mid-type spiral and star-forming galaxies appeared as a lateyalaxies near on the sky to quasars with known damped
morphological type in the mid-UV(3) Most of the hetero- Lyman-« absorption in the foreground to determine which
geneous subset of late-type, irregular and merging galaxiesmitters had the same redshifts as the absorbers. In the small
displayed F300W morphologies that were similar to thosesample analyzed so far, the galaxies selected in this way
seen in F814W, but with differences due to recognizable dustbased partly on absorptipare indistinguishable from gal-
features absorbing the bluer light, and due to UV-bright hotaxies selected by the Lyman-break metlioadsed entirely on
stars, star-clusters, and star-forming ridges. emission when compared at the same redshift and luminos-
J. H. Knapen(Univ. of Hertfordshire, de Jong, S. Sted- ity. These results vindicate the use of damped Lymagal-
man (Univ. of Hertfordshirg, and D. M. Bramich(Univ. of  axies to study both the stellar and interstellar properties of
St. Andrews presented near-infrared imaging of a sample oftypical high-redshift galaxies, as assumed in cosmic chemi-
57 relatively large, northern spiral galaxies with low inclina- cal evolution models.
tion. They described the selection criteria and some of the H. Ferguson, Fall, and other collaborators measured the
basic properties of the sample, and they gave a detailed deizes and apparent ellipticities of galaxies at redshifis<
scription of the data collection and reduction procedures. The < ~5 in the Hubble GOODS images. They find that the
Ks N = 2.2 um images covered most of the disk for all typical sizes of the galaxies evolve with redshift approxi-
galaxies, with a field of view of at least 4.2 arcmin. The mately asH(z)* or H(2)'?®, where H(2) is the redshift-
spatial resolution was better than an arcsec for most imagedependentHubble parameter. This observational result ac-
They fitted bulge and exponential disk components to radiatords with the theoretical expectation in hierarchical
profiles of the light distribution. From this they derived the cosmogonies that the typical sizes of the luminous parts of
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galaxies should grow in proportion to the growing virial radii proprietary and the GOODS team releases processed data
of their dark-matter halos. products as they become available.

Ferguson and J. Lot@dHU, Santa Cruzcontinued efforts GOODS/ACS consisted of 400 orbits of ACS
to constrain the formation of dwarf galaxies via observationobservations—the largest single program yet executed on
at high and low redshift. Analysis of the most recent dataHubble The observing strategy allowed a search for high-
from an extensivédubble snapshot survey indicates that the redshift type la supernovae. Observations were taken at
V-l colors of the globular clusters are bluer than the colorsA2—45 day intervals, beginning in August 2002 and ending
of the underlying stellar halos of their host galaxies. Thein May 2003. This cadence was chosen to maximize sensi-
nuclei of dE galaxies tend to match the globular-cluster col4ivity to Type la Sne atz ~ 1.4. Forty-three high-redshift
ors rather than the colors of the surrounding stellar halo. Theupernovae were identified and ten type-la candidates have
color offsets between these stellar populations suggests thaeen followed by Riess and collaborators to confirm types
stars in dE galaxies were formed in multiple episodes. Thand obtain light curves. Including a few spectroscopic iden-
investigators found that a Bayesian maximume-likelihoodtifications of candidates taken from the ground, the total
analysis of the HDF color-magnitude-redshift distribution fa-number of Type la Sne at > 1 identified during the
vors a relatively late epoch of formatioqz ~ 1) of dwarf ~ GOODS survey totals fifteen, which includes seven of the
galaxies. eight most distant Type la ever discovered.

S. Ravindranath, Fall, and other collaborators measured M. Giavalisco, Fall, and other collaborators have esti-
the sizes and luminosities of disk-like galaxies at redshiftanated the rest-frame UV luminosity density of Lyman-break
0.25< z < 1.25 in theHubble GOODS images. The size (star-forming galaxies at redshifts-3.5 < z < ~6.5 in the
distribution has a lognormal shape, as expected in hierarchHubble GOODS images. The results are uncertain because
cal cosmogonies, but with no significant evolution. The lu-only the brightest galaxies can be seen at the highest red-
minosity function has undergone mild evolution, with shifts, and assumptions must be made about the contributions
brighter galaxies at higher redshifts. The comoving numbebf fainter galaxies because much of the UV light from gal-
density of disk-like galaxies remains fairly constant over theaxies is absorbed by dust and reradiated at longer wave-
observed range, and only modest evolution, by a factor ofengths. Nevertheless, the GOODS observations, when com-
four is possible within the 2r uncertainties. bined with earlierHubble and ground-based observations,

M. Giavalisco was the principal investigator of GOODS/ suggest that the global comoving rate of star formation may
ACS, which was successfully completed in May 2003.have changed relatively little between= ~6 andz = ~1.
GOODS, a collaboration of 50 scientists from the USA andThese results are consistent with the cosmic chemical evolu-
Europe, consists of thédubble Treasury program using tion models of Fall and his collaborators.

ACS, aSIRTFlegacy program led by M. Dickinson, and a  Giavalisco continued research on high-redshift galaxies,
major VLT observing program led by C. Cesarglg50. A using both GOODS/ACS datfhe evolution of the star for-
third space-borne component of GOODS is provided by thenation activity and ground-based data supporting the
ChandraandXMM-Newtonarchival data. Additionally, ava- GOODS space program. These data consist of very large
riety of other ground-based projects led by a number ofarea, deep multi-band optical imaging taken with the Subaru
GOODS team members provide ancillary data. 8-m and NOAO 4-m telescopes, and they were primarily

STScl involvement in GOODS includes M. Giavalisco, aimed at providing data for accurate photometric redshift for
M. Dickinson, H. Ferguson, A. Koekemoer, S. Casertano, BGOODS. However, they are excellent to study clustering and
Mobasher, A. Riess, D. Grumm, R. Hook, M. Richardson, R.large-scale structure at high-redshift. Preliminary measures
Somerville, V. Laidler, R. Lucas, S. M. Fall, A. Fruchter, R. of the correlation function of Lyman-break galaxiexzat 3
Hanisch, M. Hauser, S. Jogee, M. Livio, P. Padovani, M.down toR ~ 26.3, a first in this field, were presented at the
Stiavelli, E. Schreier, R. Williams, as well as postdoctoralJanuary AAS in Seattle. The data confirm the clustering seg-
fellows N. Grogin(JHU), S. Ravindranath, L.-G. Strolger, T. regation discovered by Giavalisco and Dickingg000, im-
Dahlen, and L. Moustakas, and JHU graduate students Rlying that star formation at highis primarily regulated by
Idzi, C. Kretchmer, Y. Park, and S.-K. Lee. the total masdi.e., that of the dark mattgiof the galaxies

GOODS was designed as the next step in deep field gatather than merging and interactions.
axy surveys, covering 33 times the area of combined the Giavalisco, together with Steidel et 42003, has pub-
Hubble Deep FieldéNorth and South; HDF-N and HDF}S lished in the ApJ Supplement the full data set of the ground-
to within a factor of two of theHubble limiting flux. basedz ~ 3 Lyman-break galaxies survey that they begun in
GOODS is somewhat shallower. GOODS observations covet995. This is the best-characterized sample of galaxies at
approximately 0.1 square degrees in two fields. The spaceery high redshift, with about 1,000 Keck spectra, and pro-
observations match in area coverage and sensitivity, to prosdes a reference measure of luminosity function, clustering
vide an integrated multi-wavelength survey to the largest exproperties and SED distribution, which is valuable for quan-
tent possible. As a result, the HDF observations in each fieltifying the evolution at higher redshifts.
are centered on the two deepest X-ray survey regions: the T. M. Brown, H. C. Ferguson, E. Smitt8TSc), R. A.
HDF-N and the Chandra Deep Field SoltbDF-S. The  Kimble, A. V. Sweigart(NASA/GSFQ, A. Renzini(ESO),
SIRTF observations cover exactly the same area as thR. M. Rich (UCLA), and D. A. VandenbergUniv. of Vic-
Hubbleones and are the deepest planned for the first year dbria) used ACS to begin investigations into the star forma-
operations. Data from the GOODS survey are non4ion history of the Andromeda halo. With the deepest optical
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images of the sky ever obtained, Brown and collaborators Goudfrooij, in collaboration with T. Puzia(Univ.
constructed a color magnitude diagram extending fbrBag ~ Miinchen, Germany M. Hempel and M. Kissler-Patig
stars on the old main sequence in Andromeda. They founESO, M. Hilker (Univ. Bonn, Germany S. Zepf(Michi-
that the Andromeda halo has a surprisingly wide spread igan State Uniy, and D. Minniti(Univ. Catolica, Chilg have
ages, with 30% of the population youn®-8 Gyp and combined archival WFPC2/ and I-band photometry of
metal-rich([Fe/H] > —-0.5, suggesting that Andromeda has globular clusters in four elliptical galaxiéblGC 3115, NGC
undergone a more violent merging history than our own Gal4365, NGC 5846, and NGC 719®&ith newK-band photom-
axy. etry obtained with the ISAAC instrument on the ESO VLT.
Y. Park (JHU) and H. FergusoSTSc) examined the By comparing the/ — | versusV — K color-color diagram of
gravitational-lensing behavior of the Burkert profile. Thisthe NGC 7192 globular clusters with stellar populations
dark-matter density profile was proposed as an empirical almodels, Goudfrooij et al. find that its cluster system is con-
ternative to the Navarro, Frenk, and WhitdFW) profile.  sistent with being a single, old, metal-poor population. In the
The Burkert profile appears to provide a reasonable match toase of NGC 3115, they find the presence of two major sub-
rotation curves of dwarf galaxies and spiral galaxies, and it ipopulations of which the color differences are primarily due
not ruled out for elliptical galaxies or clusters of galaxies.to a difference in metallicity. The blugnetal-pooy and red
Park and Ferguson show that the Burkert profile is much les@netal-rich globular cluster sub-populations are coeval to
likely to produce strong lensingmultiple images than the  within 3 Gyr. In contrast to the old globular cluster popula-
NFW profile. Furthermore, a scale-free version of the Burk-tions in NGC 3115 and NGC 7192, the globular cluster sys-
ert profile cannot simultaneously account for the rotationtems of NGC 4365 and NGC 5846 exhibit a more complex
curves of spiral galaxies and the appearance of strong lensirage and metallicity structure: Goudfrooij et al. discovered a
in the cluster CL0O024 1654. significant population of intermediate-age, metal-rich globu-
P. Goudfrooij and E. Huizinga, in collaboration with J. lar clusters along with an old population of both metal-rich
Strader(Lick Obs), L. Brenneman(UMd), M. Kissler-Patig and metal-poor clusters. Specifically, they observe a large
(ESO, and D. Minniti (Univ. Catolica, Chilg, studied the population of globular clusters with red-K colors but in-
globular cluster systems of seven giant, edge-on spiral gatermediatev — | colors, for which all current stellar popula-
axies using WFPC2 imaging M andl. The galaxy sample tion models give ages and metallicities in the range 2—8 Gyr
covers theHubbletypes Sa to Sc, allowing the team to study and 0.5-3Z,, respectively. After 10 Gyr of passive evolu-
the variation of the properties of globular cluster systemdion, the intermediate-age globular clusters in NGC 4365 and
along the Hubble sequence. Specific frequencies of globuladGC 5846 will have colors that are consistent with the very
clusters(Sy valueg were evaluated by comparing the num- metal-rich population of globular clusters in giant elliptical
bers of globular clusters found in the WFPC2 pointings withgalaxies, such as M87. These results provide important evi-
those in the Milky Way that would be detected in the samedence supporting the ‘merger scenario’ for forming giant el-
spatial region if placed at the distance of the target galaxiediptical galaxies.
Results from this method were found to be consistent with Goudfrooij, in collaboration with E. EmsellerfDbs. de
the more commonly used method of constructing radial distyon, France¢, analyzed WFPC2 images and TIGER
tribution functions of globular clusters. TI& values of spi- integral-field spectroscopy of the E3 galaxy NGC 2974 to
rals with a Hubble type later than Sb are found to be consisderive the kinematics of the stellar and ionized gas compo-
tent with a value ofSy = 0.55 = 0.25. Goudfrooij et al. nents in its central 500 pc. They built a two-integral distri-
suggest that this population of globular clusters represents laution function from a Multi-Gaussian ExpansidNMGE)
‘universal,’ old halo population that is present around eachmass model, which fits all available data very well. The
galaxy. All but one of the galaxies in the Goudfrooij et al. WFPC2 images reveal the presence of a striking, high-
sample haves, values that are consistent with a scenario incontrast, two-arm spiral structure of ionized gas of a size of
which globular cluster systems are made ugibthe afore- about 260 pc. Goudfrooij and Emsellem used a de-convolved
mentioned halo population plus) a population that is as- TIGER data cube to probe the kinematics of this gas at a
sociated with bulges, which grows linearly with the mass ofresolution of about 0.35 arcsec FWHM. Strong departures
the bulge. Such scenarios include the ‘merger scenario’ fofrom circular motions are observed, as well as high-velocity
the formation of elliptical galaxies as well as the ‘dissipativedispersion values on the inner side of the arms. These prop-
collapse’ scenario, but this finding is inconsistent with theerties are interpreted as streaming gas flows driven by a 540
‘secular evolution’ scenario in which bulges are formed frompc diameter bar. This hypothesis is strongly supported by a
disk stars by means of the redistribution of angular momendensity-wave model. This is the first detection ever of a bar
tum through bar instabilities and/or minor perturbations. Onin a galaxy cataloged as elliptical. Goudfrooij and Emsellem
the other hand, the early-type spiral galaxy NGC 7814 showsuggest that the presence of such inner bars might be more
a low Sy value, consistent with those of the latest-type spi-common among early-type galaxies than is generally
rals. NGC 7814 is the least luminous galaxy in the Goud-thought, and that high-resolution emission-line imagery is
frooij et al. sample. Based on observed luminosity functionghe best and perhaps only way to detect such structures.
of galaxies in poor groups, Goudfrooij et al. suggest that the Goudfrooij, in collaboration with C. MarastdiMPE), N.
‘secular evolution’ scenario to build bulges in early-type spi-Bastian and M. Kissler-PatigSO, R. Saglia (Univ.
rals by minor perturbations is most viable for low-luminosity Miincher), and F. SchweizefCarnegie Observatorig®b-
spirals. tained VLT/UVES spectra of globular cluster W3 in the
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merger remnant NGC 7252, the most luminous globulaest ongoing burst, which started about 3 Myr ago. This is
cluster known to date, to measure its velocity dispergaord ~ higher than in other dwarfs and comparable to the rate of
hence its virial mags After careful fitting of the spectrum of NGC 1569. The star formation rate of earlier episodes is not
W3 to broadened spectra of several template stars and staspecially high and falls in the range 19-10"! solar
clusters, Goudfrooij et al. measured an astonishingly highmasses per year. The IMF is close to the Salpeter value or
velocity dispersion of 45+ 5 km st for W3, which trans-  slightly steeper.
lates in a dynamical virial mass ¢80 = 20) million solar Leitherer, in collaboration with R. Chandar, C. Tremonti
masses. This is almost two orders of magnitude more magSteward Obg, and D. Calzetti, used new STIS long-slit
sive than the most massive Galactic globular cluster. Thelltraviolet spectroscopy of region A in the nearby starburst-
kinematically derived mass is in excellent agreement withing galaxy He 2—10 to examine properties of both compact
the one derived from M/L ratios predicted by stellar popula-individual superstar clusters and diffuse intracluster regions.
tion synthesis models. This result points out that major mergThe four most luminous clusters in the slit formed coevally
ers of gas-rich galaxies are able to form star clusters witll5 Myr ago and have lower mass estimates of several times
masses up to 100 million solar masses, and that M/L ratid0* to a few times 18 solar masses. A fifth cluster is located
predictions by recent stellar population synthesis models caB00 pc away, and appears to be several Myr older. Extracted
be remarkably accurate. spectra of the diffuse light appear to be remarkably similar to

C. Leitherer, in collaboration with A. Alois{JHU), S.  those of the young clusters, showing P Cygni profiles from
Savaglio(JHU), T. Heckman(JHU), C. Hoopes(JHU), and  massive stars, and are very well fitted by instantaneous burst
K. Sembach obtained nelUSEfar-UV spectroscopy of the models of 45 Myr. Various mechanisms were considered to
most metal-poor blue compact dwarf galaxy | Zw 18. Thedetermine the nature of the underlying diffuse light in He
kinematics averaged over the large sampled region shows ri-10. The authors rule out scattering of cluster light as the
clear evidence of gas inflows or outflows. The &bsorption dominant source of the observed field. A scenario including
is interstellar with a column density of 2.2 x #m? . A the formation of a large number of lower mass, undetectable
conservative 3r upper limit of 5.25 x 16* cm? is derived  but coeval(compact clusters can explain the field spectra,
for the column density of diffuse §#1 From a simultaneous assuming that the clusters in the center of region A follow a
fitting of metal absorption lines in the interstellar medium, power-law luminosity distribution with an exponent of —2.0.
these authors infer the following abundanc¢Be/H] =  This is somewhat steeper than the power-law slope of —1.7
-1.76 = 0.12,[O/H] = —-2.06 + 0.28,[Si/H] = —-2.09 + measured by Johnson et al. for clusters in a larger portion of
0.12,[Ar/H] = —2.27* 0.13, andN/H] = —2.88 = 0.11. He 2-10 and implies very high projectécompact cluster
This is in general several times lower than in theHe-  densities within region A. Rather, the authors favor a sce-
gions. The only exception is iron, whose abundance is th@ario where the dominant contribution to the field stellar
same. The abundance pattern of the interstellar medium sugopulation comes from more diffuse “scaled OB associa-
gests ancient star-formation activity with an age of at least @ions,” which are not lacking in the most massive stars. The
Gyr that enriched the H phase. Around 470 SNe la are observations establish that the far-UV field light in He 2—-10
required to produce the iron content. A more recent episoderiginates in a different stellar population than found for
that started 10 to several 100 Myr ago is responsible for th&lGC 5253 and other nearby starbursts, where older, dissolv-
additional enrichment of-elements and nitrogen in theH  ing clusters appear to be the main mechanism responsible for
regions. creating the diffuse UV light.

C. Leitherer, in collaboration with F. Annibal(iTrieste, Leitherer, in collaboration with D. KunttParig, M. Mas-
L. Greggio (Munich), M. Tosi (Bologng, and A. Aloisi  Hesse(Madrid), G. Ostlin (Stockholm, and A. Petrosian
(JHU), inferred the star formation history in different regions (Byurakar obtained the first results from a deep jimag-
of the blue compact dwarf NGC 1705 by comparing syn-ing program of local starburst galaxies with ACS. The two
thetic color-magnitude diagrams witHubble optical and observed galaxies ESO 350—-1G038 and SBS 0335—-052 have
near-infrared photometry. They found that NGC 1705 is nofuminosities similar to those of the Magellanic Clouds but
a young galaxy because its star formation commenced atiffer in their chemical composition. ESO 350—-1G038 has an
least five Gyr ago. On the other hand, they confirmed thexygen abundance of 1/8 solar, whereas SBS 0335-052 is
existence of a recent burst of star formation between 15 ankihown to have one of the lowest abundances among blue
10 Myr ago. They also found evidence for new strong activ-galaxies(about 1/30. The ACS imaging revealed a complex
ity, which started three Myr ago and is still continuing. The Ly-a morphology, with sometimes-strong offsets between
old population is spread across the entire galaxy, while théhe emission of Ly and the location of stellar light, ionized
young and intermediate stars are more concentrated in ttgas traced by H3, and the neutral gas. Overall, more ky-
central regions. They derived an almost continuous star forphotons escape from the more metal- and dust-rich galaxy
mation with variable rate, and exclude the presence of longeSO 350—-1G038. The absence of clear SBS 0335-052 Ly-
quiescent phases between the episodes during the last oemission over all observed knots, whatever their dust content
Gyr. The central regions experienced an episode of star fosr/and color indices, contradicted model expectations of a
mation of about 0.07 solar masses per ygar a Salpeter lower escape fraction from dust-rich gas due to destruction
initial mass functionIMF) 15 to 10 Myr ago. This coincides of Ly-« photons by dust grains. Rather, the results are in
with the strong activity in the central super star cluster. Theyqualitative agreement with models suggesting the kinematic
found a rate of about 0.3 solar masses per year for the youngroperties of the gas as the dominant &yescape regulator.
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If the properties of the two observed galaxies are represerpresent contribution-20% of ages< 100 Myr and/or of an
tative for starburst galaxies in general, kywill be difficult FC, this proportion decreases to 45% at 3 kpc. In particular,
to interpret as a star-formation indicator, in particular if 55% of the galaxies have a contribution10% of the
based on Lye imaging at low spatial resolution. 3-Myr/FC componenta degenerate component in which one
Leitherer, in collaboration with A. PetrosigByurakar), = cannot separate what is caused by an FC or by a 3-Myr
R. Allen, J. MacKenty, B. McLean, and N. Panagia per-stellar populatiohat the nucleus, but only 25% of them have
formed a comparative study of 524 UV excébB/X) SBS this contribution at three kpc. As a reference, the stellar
galaxies and 340 emission lifEL) SBS galaxies. The pa- population of 10 non-Seyfert galaxies, spanning the Hubble
rameters used for the comparison were apparent magnitudgpes of the Seyferffrom SO to S¢ was also studied. A
redshift, spectral class, luminosity, morphology, activitycomparison between the stellar population of the Seyferts
type, and close environment. The main results are as followsind that of the non-Seyferts showed systematic differences:
In comparison with the UVX method, the EL method al- the contribution of ages younger than one Gyr was in most
lowed the creation of a deeper sample of peculiar galaxiesases larger in the Seyfert galaxies than in non-Seyferts, not
The existence of the emission lines also helps to deteainly at the nucleus but up to one kpc from it.
fainter objects among the UVX galaxies. The UVX method J. MacKenty collaborated with A. PetrosidByurakan
covered a larger range of redshifts than does the EL method\strophysical Obg.and colleagues at STScl in a continuing
Fifty-four active galactic nucle{fAGNs) have been discov- study of the first and second Byurakan objective prism sur-
ered with the UVX and 11 with the EL techniques. Amongveys of ultraviolet excess galaxies. He also completed a
the EL sample objects, there were no Seyfert-like galaxies oftudy of the extended emission line structure in the vicinity
type 1 or 1.5. UVX galaxies with AGNs mostly were stellar of the QSO 4C47.43 with A. Stockton, E. Hu, and T. Kim
and semistellar spectral classes objects, of which the majofUHa). With R. Windhorst(Arizona State Uniy. and 13
ity were strong or moderate UV-excess emitters. Starother co-authors, he published the results éfubble study
forming galaxies withz < 0.1 and discovered via UVX had of the ultraviolet morphology of nearby galaxies.
median luminosity higher than galaxies discovered via EL. B. Mobasher, in collaboration with Afondhisbon Obs),
The difference is mostly caused by a higher rate of high-Hopkins (Univ. of Pittsburgh and Cram(Univ. of Sydney,
luminosity (M < —21.0 galaxies in the UVX sample; these completed a deep radio survégHOENIX) over an area of
were mostly galaxies with stellar or semistellar spectra. Anthree sqg. deg. using the Australia Telescope Compact Array
other contribution came from the higher rate of low- (ATCA). The PHOENIX survey is complete tq54) = 0.1
luminosity (M < —17.0 galaxies in the EL sample, most of mJy, with a sub-area further surveyed to 40 micro-Jy. The
which had diffuse or semi-diffuse spectra. UVX and EL ac-team studied radio source counts to the deepest flux levels
tive and star-forming galaxies did not show major differ- and found that the starburst galaxies dominate the sub-mJy/
ences in their distribution of morphological type; in both micro-Jy radio population while the brighter radio sources
samples, the majority of galaxies were spirals. The UVX andare mostly AGNs.
EL samples were similar in their fractions of mergers or Mobasher, in collaboration with Georgakakigithens
interacting systems, as well as the incidence of close pairs ddbs), Afonso, Sullivan(Univ. of Torontg, Chan, and Cram
neighbors withinr < 50 kpc. However, the UVX galaxies (Univ. of Sydney, completed optical/near-IR and X-ray
with the strongest excess UV radiation were often in merg{XMM) survey of the PHOENIX field. They used these data
ers, interacting systems, or close pairs. The EL method ako study the nature of faint radio sources, the star formation
lowed the creation of a sample with lower apparent magnirate based on radio and X-ray fluxes, and the Extremely Red
tudes and higher redshifts among the low-luminogi > Objects(ERO9, detected at radio wavelength.
—17.0 galaxies and was more efficient at discovering galax- Mobasher and Koekemoer carried out a deep radio survey
ies with compact or irregular morphology. of the southern GOODS field. They combined these data
Leitherer, in collaboration with D. RaimanfPorto Al-  with the ACS/GOODS images and used them to explore
legre, T. Storchi-Bergmann(Porto Allegreé, R. Gonzéez  morphologies of the faintest radio sources and to study the
Delgado (Granad® R. Cid FernandegFlorianopolig, T. relation between star formation rate and galaxy interaction
Heckman(JHU), and H. SchmitiNRAO) used high signal- free from dust-induced selection biases.
to-noise ratio long-slit spectra in the 3600—-4700 A range of Mobasher and Afonso studied mid- and far-IR properties
the 20 brightest northern Seyfert 2 galaxies to study thef a sample of radio-selected, spectroscopically confirmed
variation of the stellar population properties as a function ofstar-forming galaxies using data from tindrared Space Ob-
distance from the nucleus. In order to characterize the stellaervatory(ISO). They combined the data with the available
population and other continuum sourcésg., featureless data at other wavelengths and studied the relation between
continuum, FQthese authors measured the equivalent widthjnfrared luminosity and star formation rate. They used SEDs
W, of six absorption features, four continuum colors andof galaxies to separate contributions from star formation and
their radial variations, and performed spectral populatiorAGNs, and they established radio vs. far-IR correlation for
synthesis as a function of distance from the nucleus. Abousub-mJy sources.
half of the sample has QaK and G bandW values smaller Mobasher, in collaboration with Dickinson, Ferguson,
at the nucleus than at one kpc from it, owing to a youngeiMoustakas, and Giavalisco, performed near-IR spectroscopy
population and/or FC. The stellar population synthesison a sample of confirmed star-forming galaxies at€9.8 <
showed that, while at the nucleus, 75% of the galaxiedl.2, selected withSOat 15 micron, using Subar@m) tele-
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scope. At this redshift, H shifts to the near-IR J-band. This date. Rhoads and Malhotra, in collaboration with A. Dey, B.
allows measurement of the star formation rg8€R in gal-  T. Jannuzi, M. J. I. BrowfNOAO), D. Stern(NASA/JPL),
axies atz ~ 1 and the correlation between the PAH featuresS. Dawson, H. Spinrad, and E. Land&kCa—Berkeley, ob-
and SFR. Given that 15-micron radiation at~ 1 corre- tained spectra confirming three of the candidates as real red-
sponds to 24-micron luminosity at~ 2, one could use this shift 5.7 galaxies. The large equivalent widths seen in these
to study SFR atz ~ 2, using the 24-micron surveys with objects imply young stellar populations with either low me-
MIPS on-board th&SIRTE tallicity or a top-heavy initial mass function, and further
Mobasher, M. Sullivan, R. S. Elli€Caltech, and Treyer place an upper bound of 10% on the neutral fraction in the
(Marseille Observatopystudied star-formation properties of nearby intergalactic medium. The spectroscopic confirmation
a UV selected sample of star-forming galaxies. They comis ongoing and the rates so far have been high: 223=a86.5,
pared the SFRs for individual galaxies, which measured fron3/4 atz = 5.7, and about 2/3 a = 4.5, where the total
He line fluxes, UV (2000 A) and U (3600 A). They found confirmed sample has now reached approximately 50 galax-
broad correlations between dust-corrected star-formation dies.
agnostics with a scatter larger than observational errors. Malhotra, Rhoads, J. X. WangHU), C. Norman(JHU),
Spectral synthesis models with varying metallicities and/ofT. Heckman(JHU) carried out 180 Ksec long observations
IMFs were unable to produce the observed trend. They foundf the LALA field with Chandrato investigate how many of
a significant fraction of star-forming galaxies to have com-the Lymanea emitters are type-Il AGNs and X-ray bright.
plex star-formation histories. None of the 44 Lymarx emitters in the singl€handrafield
Mobasher, in collaboration with T. Bridge®AO), B. have X-ray counterparts. Composite X-ray image of all 44
Poggianti(Padovg, D. Carter(LJIMU), S. OkamuraUniv. Lyman« emitters also yields no significant detection in
of Tokyo) and Y. KomiyamaSubaru Telescopgperformed  X-rays, making the average X-ray/Lymantatio lower than
a wide-area photometric and spectroscopic survey of dwai®0% of nearby Seyferts. They conclude that the high equiva-
and giant galaxies in the Coma cluster. They used théent width seen in the Lyman-line emission is due to star-
strength of the spectral line indices to study differences irburst rather than AGN activity. Analysis of the detected
physical propertiegstar formation/stellar population, metal- X-ray sources in the field shows field-to-field number-flux
licity, and age among the dwarfs and between dwarf andvariations consistent with the large-scale structure seen in
giant galaxies as a function of their local environment. TheyX-ray sources. Optical identification of all X-ray sources was
compared the spectroscopic properties of galaxies in thdone using deep, V, R, | andz images. Less than 10% of
Comal(including the e-a’s) with cluster galaxies at higher the X-ray sources are at> 5.
redshifts. They constructed the luminosity function of galax- Malhotra continued her work on far-infrared emission
ies at the core and outskirts of the Coma cluster, and studiefilom normal, nearby galaxies. Detailed study of two nearby
the spatial distribution of dwarf and giant galaxies in thegalaxies in the main cooling lind€ 11] and[O 1] was led by
Coma. A. Contursi(IPAC) and co-authored by Malhotra. A paper
Mobasher, T. Bridge$AAO), M. Sossy(STSc) and P.  characterizing the mid-IR band continuum emission from
Kzeck (NOAO) measured the velocity dispersion of a com-normal galaxies was led by N. LUPAC) with Malhotra as a
plete sample of dwarf galaxies in the Coma cluster. Theyo-author.
combined these data with photometric and spectroscopic B. McLean, R. Allen, C. Leitherer, J. MacKenty and N.
(line indiceg observations of Coma dwarfs to establish thePanagia, in collaboration with A. PetrosiéByurakan Obs.,
fundamental plane of Dwarf galaxies and the origin of theArmenia, continued their survey of the environments of
scatter in this relation. Markarian and SBS galaxies. All objects have been morpho-
Mobasher, in collaboration with Georgakakis and thelogically typed, and the density of neighboring galaxies has
PHOENIX collaboration, completed an X-ray survey in the been measured for all those objects with redshifts and hence
0.5-2 keV and 2-8 keV bands, usiXdIM-Newton Com-  distances. All objects have been correlated withIBwSand
bining these data with the available radio, optical andROSATall-sky survey catalogues. Results indicate that the
near-IR data, they found that the X-ray luminosity of sub-presence of a neighboring companion does not significantly
mJy radio sources is dominated by the star-formation activitydetermine the type of galactic activite.g., Seyfert 1, Sey-
with minimal contribution from the AGNs. They found the fert 2, starburst etg,. but does increase the likelihood of ac-
mean X-ray to optical flux ratio and the mean X-ray lumi- tivity relative to the control sample. A new study correlating
nosity to be higher than that of optically selected spirals andhe location of supernova in these active galaxies with galaxy
similar to that of the starbursts. They also found thX-L properties is well underway.
ray)—L(1.4 GH2 correlation to be similar to that found for M. Regan, in collaboration with P. TeubébMd), per-
local starbursts. They estimate a global SFR densigy-at3  formed hydrodynamic modeling of gas flow in barred galax-
of 0.029+ 0.007M, yr'* Mpc 3, similar to that found from ies to study how, where, and why nuclear rings form.
samples selected in longer wavelengths. Nuclear rings are the sites of significant star formation in
J. Rhoads and S. Malhotra continued to lead the Larg®arred galaxies, but theories explaining their formation have,
Area Lyman AlphaLALA ) survey, which has now obtained until now, been highly qualitative. In their research, Regan
a sample of approximately 300 Lymangalaxy candidates and Teuben showed that nuclear rings are directly related to
atz=4.5,about20at = 5.7, and 3 az = 6.5. LALAisthe the existence of the orbit family whose major axis is perpen-
largest survey for high redshift Lymamemitting galaxies to  dicular to the major axis of the b&K2). They also showed
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that the common assumption that nuclear rings are related hifts. The previously claimed decrease is due to both a lack
an inner Lindblad resonance is incorrect. In fact, theyof linear resolution and the band shifting that makes bar
showed that there iso resonancet the inner Lindblad reso- identification difficult atz > 0.7 using optical filters.

nance in barred galaxies. They also compared the predictions Stiavelli, with Dressel, Gerssen, Macchetto, Scarlata,
of their theory toHubble observations and showed that it Sparks, van der Marel, and collaborators, observed 54 nearby
correctly predicts the observed gas and star formation moispiral galaxies with STIS with the aim of identifying central
phology of nuclear rings. black holes and probing the black hole versus bulge mass

Regan and Teuben continued their work on barred galaxrelation for smaller bulge masses. As a first step for this
ies in a second paper in which they studied how the charaanalysis they studied the morphology of gas and dust by
teristics of a bar affect the mass inflow. Although it is gen-combining the spectra with the acquisition and archival im-
erally assumed that bars can drive mass into the nucleages.
region, how the strength of a bar affects the inflow has never Dressel, Gerssen, Macchetto, Scarlata, Sparks, Stiavelli,
been examined in detail. In this paper they investigated howan der Marel, and collaborators analyzed STIS spectra for
various parameters of a bar affect the ability of the bar tahe spiral galaxy NGC 4041 and placed an upper limit of 2 x
drive the ISM to smaller radii. They modeled the ISM using 10’ M to the mass of its central black hole. This upper limit
high-resolution hydrodynamic simulations and were able tds still compatible with the black hole mass versus bulge size
show that weak bars have almost no effect on the radiatorrelation identified for larger spheroids.
distribution of the ISM. When a nuclear ring forms the bar  Scarlata, Stiavelli, Dressel, Gerssen, Macchetto, Sparks,
becomes very efficient at driving gas down to the inner ki-van der Marel, and collaborators studied STIS images for 48
loparsec. Alternatively, when no nuclear ring forms, gasSbc spiral galaxies complemented with archival WFPC2 im-
forms a ring at the largest non-looping orbit whose majorages. They found that bulges of Shc galaxies have properties
axis is parallel to the major axis of the bl orbit). For all ~ similar to the bulges of earlier type and are described either
but the thinnest bars, this ring is far from the nuclear regionby an RY* or by an exponential light profile. This result
They termed this type of ring an x1 ring and showed thatshows that the bimodality of bulge profile extends to the
inner rings are a subset of x1 rings and form when there artaintest bulges. Nuclear compact sources are found in 55% of
no looping x1 orbits. In this case the gas accumulates at thihe objects and are often unresolved. Active host galaxies are
largest x1 orbit inside of the looping 4:1 orbits. found to host brighter central sources.

Regan, in collaboration with T. Helf¢tJCB), M. Thorn- Scarlata, Stiavelli and collaborators analyzed a sample of
ley (Bucknel), T. Wong(UCB), K. Sheth(CalTech, S. Vo- 38 spiral galaxies observed wittubbleand found that three
gel (UMd), L. Blitz (UCB), D. Bock (UCB), published three objects contained nuclear stellar disk. All the nuclear disk
papers in the BIMA Survey of Nearby Galaxi€¢BIMA hosts are Sb or earlier and none of the hosts is found in a
SONG series. BIMA SONG is the largest imaging survey of barred galaxy. The fact that nuclear stellar disks are found in
nearby galaxies in the G@-0) line made to date. They pub- elliptical galaxies and the most bulge-dominated spirals sug-
lished the CO data paper this year presenting all the C@ests that their formation can be a natural part of the forma-
maps for the 44 galaxies in the survey. In addition, Shethion of the spheroid.
published a paper showing the correlation between CO and Nipoti, Stiavelli and collaborators used their VLT obser-
Hea emission. Also, in collaboration with M. Das, the team vations of the cluster of galaxies CL0337-2522 at redshift
published a paper comparing bar ellipticities and bulge size8.59 to define the initial conditions for a setldfbody simu-
and the implications of the correlatiofDas et al. 2008 lations to study the future evolution of this cluster. The clus-
Finally, Sheth et al. submitted a paper showing that the CQer is of special interest because it doesn’t contain a domi-
in the barred galaxies is more concentrated than in the umant galaxy but has five comparable elliptical galaxies in its
barred galaxies. central regions. The simulation show that at least four of the

Regan, in collaboration with P. MartitOCIW), J. Mul-  five galaxies are likely to merge betweer 0.59 andz = 0.
chaey(OCIW), and R. PoggéOSU) continued their work on  However, the merger product will not have a cD halo. This
the fueling of active galactic nuclei. They used NICMOS andsuggests that processes other than major mergers are needed
WFPC2 images to form color maps that revealed the dusib produce a cD halo. The simulations also show that the
structures in the nuclear region of both active and contromerger product will satisfy the fundamental plane correla-
galaxies. They then performed a detailed matching of Seyfetion.
and control galaxies and showed that the two samples had Stiavelli and collaborators reduced the WFPC2 flanking
identical nuclear spiral dust fractions. They published thefield data obtained as part of the HDF-S program and cover-
results of this study and a data paper containing all théng a solid angle of 48 arcmirplus additional, non contigu-

NICMOS and WFPC2 images. ous, fields. These data were used to support spectroscopic
Regan, in collaboration with Sheth, N. Scoville follow-ups of the HDF-S.
(CalTech, and L. Strubbe(CalTech studied theHubble E. Roye worked with van der Marel, A. PtaBHU) and

NICMOS Deep Field North to investigate the bar fraction asothers on a search for optical counterparts to ultra-luminous
a function of red shift. Previous studies had shown a large-ray sources in nearby galaxies. X-ray studies have not
decrease in the fraction of disk galaxies that contain bazs atbeen able to resolve whether these sources are accreting
> 0.7. In their study they were able to show that there is ndMBHs or unusual X-ray binaries. Detection and study of
evidence for a decrease in the barred fraction at high redptical counterparts may shed new light on this issue. Archi-
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val WFPC2 data were studied for those nearby galaxies witlhf magnitude higher than would be expected from stellar
ultra-luminous X-ray sources detected fr@Dmandraarchi-  synthesis models. This can be interpreted as an underlying
val data. Preliminary results indicate that more than half ofpopulation of older generations of stars that have already
the sources have an optical soutpessibly the optical coun- faded with time and thus do not show up in the spectrum.
terpar} within one arcsec of the IXO position. In spiral, ir- Consequently, nuclear cluster formation is a repetitive event
regular and merger galaxies the counterparts are often diffuda very late type galaxies. This can contribute to the build-up
or clump-like, whereas in elliptical galaxies they are gener-of bulges.
ally globular clusters. Laine, van der Marel, J. Rossa and several collaborators
M. Geha(UCa-Santa CryZinished her Ph.D thesis with pursued a study of the nuclear regions in the Toomre Se-
P. GuhathakurtdLick) and van der Marel on the internal quence of merging galaxies, based on imaging data gathered
kinematics of dwarf elliptical(dE) galaxies. These are with the WFPC2 camera. The broadband morphology of the
among the most poorly studied galaxies due to their fainhuclear regions varies from dust-covered nuclei to a collec-
luminosities and characteristic low effective surface bright-tion of non-nucleated starburst clumps to a nucleated mor-
ness. Keck/ESI spectroscopy of 17 dE galaxies in Virgophology. There is no unambiguous trend in the morphology
yielded their mean line-of- sight velocity and velocity disper- with merger stage. The emission line morphology is ex-
sion as a function of radius along the major axis. This in-tended beyond the nucleus in most cases, but centrally con-
creases the total number of dEs with spatially resolved stellacentrated(within one kpg emission-line gas can be seen in
kinematics by a factor of approximately three. Four galaxieghe four latest-stage merger systems. There is little evidence
have major axis rotation velocities consistent with rotationalfor a clear trend in nuclear properties along the merger se-
flattening, while the remaining dEs have no detectable majoguence, other than a suggestive rise in the nuclear luminosity
axis rotation. Despite this difference in internal kinematics,density in the most evolved members of the sequence. The
rotating and non-rotating dEs are remarkably similar in termdack of clear trends in nuclear properties is likely due to both
of their position in the Fundamental Plane, morphologicalthe effects of obscuration and geometry, as well as the physi-
structure, stellar populations, and local environment. Theseal variety of galaxies included in the Toomre Sequence.
findings present a challenge to theoretical dE formation mod- T. Wiklind collaborated with S. Bergstroif©nsala Space
els. The dynamically inferred mass-to-light ratios are in theObs., Sweden D. de Mello (NASA/GSFQ, C. Norman
range 3-6 (V-band solar unifs consistent with an (JHU), K. Kellerman(NRAO), P. Rosat(ESO), F. Barrien-
intermediate-age stellar population. There is no evidence faios (Pontificia Universidad de Chileand G. RydbecKOn-
a significant dark matter component inside an effective rasala Space Obs.on imaging of the Chandra Deep Field
dius. The best-fitting mean age and metallicity for the samplé&outh at submillimeter wavelengths using the SIMBA bo-
inferred from line-strength indiceHB, Mgb, Fe5270, lometer array on the SEST telescope in Chile. They covered
Feb5335 are five Gyr and Fe/H= —0.3 dex, respectively, an area of approximately 85 square arcminutes to a noise rms
with rms spreads of three Gyr and 0.1 dex. The majority ofof 2.0 mJy. The data has yielded a number of submm-
dEs are consistent with solafFe abundance ratios. By con- detected objects to be compared with X-ray, optical, NIR,
trast, the stellar populations of classical elliptical galaxiesand radio images.

are, on average, older, more metal rich, arenhanced rela- Wiklind collaborated with Bergstrom, C. Jacksghit.
tive dEs. Stromlo Obs), M. Huyn (Mt. Stromlo Obs), R. Norris(Aus-
T. Boker, R. van der Marel, and R. Stan@liniv. Michi-  tralia Telescope National Facilityand de Mello on imaging

gan investigated the stellar disk properties of a sample of 19he Hubble Deep Field South at submillimeter wavelengths
nearby spiral galaxies with low inclination and late Hubble using the SIMBA bolometer array on the SEST telescope in
type (Scd or latey. They combined high-resolutiodubble  Chile. They covered an area of approximately 65 square arc-
I-band observations with existing ground-based optical imminutes to a noise rms of 2.5 mJy. The data has been com-
ages to obtain surface brightness profiles that constrain thgared with optical and radio maps of the same region.
properties of stellar bulges at these extremely late Hubble J. Afonso(Obs. of Lisbon, Wiklind, B. Mobasher, and S.
types. Approximately 30% of the sample is ‘pure’ disk gal- Bergstrom(Onsala Space Obsimaged the Phoenix Deep
axies, with exponential stellar disks that extend all the way td-ield at submillimeter wavelengths using the SIMBA bolom-
the centefwhere a nuclear star cluster if often foyndhe eter array on the SEST telescope in Chile. They covered an
remainder has more complex profiles, consistent either witlarea of approximately 75 square arcminutes to a noise rms of
a non-exponentialSersig disk surface brightness profile, or 2.0 mJy. A large set of optical, NIR and radio data have been
with the presence of an exponential bulge. compiled for this field as well.

J. Walcher(MPIA, Heidelberg and Biker led a spectro- Wiklind used NIR to FIR data compiled on local starburst
scopic study with van der Marel, Gerssen and others of thgalaxies and AGNs to construct an average spectral energy
nuclear star clusters in late-type spiral galaxies. Some 75%istribution of ultra luminous far-infrared galaxies. The dis-
of these galaxies have such clusters. Low-resolution spectygersion in the average SED was found to be remarkably
with STIS and high-resolution spectra with VLT/ UVES small in the wavelength range 60—8oin. Based on this a
were obtained for 10—20 galaxies. The light from the major-photometric redshift method was devised using far infrared
ity of the clusters is younger than one Gyr. The masses of the submillimeter wavelengths was explored. It was found
clusters as determined from the velocity dispersion range behat if distant submillimeter detected galaxies are similar to
tween 16 and 1§ solar masses and are typically one orderlocal ULIRGs the small dispersion in the long wavelength
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SED can be used as a redshift estimator for objects at red- A. Koekemoer, in collaboration with members of the

shiftsz = 1-5. GOODS team, discovered a new population of sources de-
scribed as ‘EXOs’, with extreme X-ray/optical luminosity
7 AGN ratios. These new sources were detected in ultra-Qdem-

dra observations as well as in deep VLT near-IR imaging,
but were not detected in any of the deep multi-b&hdble

mNAElllR’e nm(iltgizbﬁ]u:\lgngls,Sggosn?r_jm slgzc(,‘)tri TO%%%S };f tshﬁe observations in the GOODS program. These data indicate
' trwo possible scenariosi) if the sources are at redshifts be-

decomposed the central continuum emission into a stell SN .
b %W z = ~6 (where Lymana emission is visible with the

L. Dressel, in collaboration with M. DopitéANU) and

0
component and a strong power-law component, and mea: . i . .
sured central and extended line emission. The investigato CS), then their host galaxies must be very faint or highly

used emission line diagnostics to study the structure, ionizar-eddened;(”) if the sources are at higher redshifts, they

tion, and excitation of the gas in the nucleus of this galaxy,Could be accounted for by moderate-luminosity AGN in rela-

which is one of the brightest and most active nearby!'Vély Pright host galaxies. o
LINERS. G.- Kriss continued his stud|e§ of .the highly ionized gas
M. Giavalisco continued work on AGN at high-redshifts, CaUSing X-ray and UV absorption in low-AGN. Using
He completed a paper together with Steidel e(2003 on FUSEandXMM-Newtonobservations, Kriss, A. Blustin, and

the identification of AGN in theiz ~ 3 survey of Lyman- G. Branduardi-RaymontUniv. Coll. Londorn showed that

break galaxies. They found that the fraction of objects in thdh€® UV and X-ray absorption in the Seyfert 1 galaxy NGC
survey with clear evidence for AGN activity is3%. Inter- 7469 was a complex assortment of ionization states, possibly
estingly, a substantial fraction, perhaps even most, of these/€" chated In dlfferent_places ranging from |nter|pr to the
objects would not have been detected in even the deepelfoad-line region to as distant from the central engine as the
existing X-ray surveys. These faint AGNs are pIausinyObSCU””Q toru$Kr|ss_, et al. 2003; Blust_|n et al. 2003Simi-
hosted by the equivalent of LBGs, and the UV luminositieslary, STIS observations of @I absorptlon' in the quasar 3C
of the broad-lined AGNSs in the sample are compatible with351 (Yuan et al. 2002 showed that the kinematically com-
Eddington-limited accretion onto black holes that satisfy theP/ex UV absorbers were indicative of gas in a different ion-
locally determined MBH versus/ 4. relation given esti- ization state than thaF causing the X—ray absorption. As part
mates of the stellar masses of LBGs. The clustering propef “Team 3783," Kriss worked with J. Gabe{Catholic

ties of the AGNs are compatible with their being hosted byUniv. of America, S. Kaspi(Tel Aviv), and H. Netze(Tel
objects similar to LBGs. The implied lifetime of the active AViv) to analyze the large body of data obtained during the
AGN phase in LBGs, if it occurs some time during the activeChandra Hubble and FUSE monitoring campaign directed
star formation phase, is 10" yr. at the absorbing gas in the Seyfert 1 galaxy NGC 3783. The

Giavalisco has published, together with Cheung et alUV observationgGabel et al. 200Pand theChandraX-ray
(2003, their near-IR observations of the host galaxies of BLSPectraKaspi et al. 200Bagain show gas in a wide range of
Lac sources ar ~ 0.3. The data, obtained at the Carnegieionization states. Models for the X-ray absorbing gas com-
LCO 2.5-m telescope in excellent seeing condition®.5  puted by Netzer et al(2003 demonstrate that the gas is
arcseg, were obtained to study the morphology of the oldcoming from at least three different regions with differing
populations of the hosts. They found that the morpho|ogie§onization parameters. All these observations of kinemati-
match that of elliptical galaxies with de Vaucouleurd*  cally complex UV and X-ray absorbers displaying a wide
light profile. They also find that the structural parameter ofrange of ionization states are the natural result of a thermal
these galaxies follow the sameband Kormendy relation- Wind driven off the exposed faces of the obscuring torus, as
ship followed by non-active elliptical galaxies. explained by Krolik and Kris$2003).

R. Gilliland, in collaboration with V. Sarajedini and C.  C. Leitherer, in collaboration with L. Colin@Madrid), R.
Kasm (UFI-Gainsville analyzed a thirdHubble epoch of ~Gonzdez Delgado(Granadg and M. Mas-HesséMadrid)
Hubble Deep Field North imaging in théband in compari- used STIS imaging and spectroscopy of the low-luminosity
son to the original HDF to investigate the population of Ac-active galactic nucleufLLAGN) NGC 4303 to identify the
tive Galactic Nuclei to redshifts of about unity. The greatpreviously detected UV-bright nucleus of this galaxy as a
stability of Hubble imaging, combined with the exquisite compact, massive, and luminous stellar cluster. The cluster
resolution allowing isolation of nuclear contributions to the with a size(FWHM) of 3.1 pc and an ultraviolet luminosity
light allowed these data, acquired five years apart, to reveddg L1500 A (ergs s A'') = 38.33 was identified as a
nuclear variability in 16 of 217 galaxies brighter than nuclear superstar clust€8SQ like those detected in the cir-
Vhucear= 27.5; with corrections for incompleteness, the frac-cumnuclear regions of spirals and starburst galaxies. The UV
tion of AGN over the redshift range 0.08 z < 1.8 was spectrum showed the characteristic broad P Cygni lines pro-
shown to be 8%. Seven of the AGN detected through variduced by the winds of massive young stars and was best
ability were previously detected in &handra survey, an fitted by the spectral energy distribution of a massive cluster
additional seven were associated with mid-IR detections avf 10° solar masse&for a Salpeter initial mass function law
15 um, and five were 1.4 GHz radio sources. Evidence for arwith lower mass cutoff of 1 solar masgenerated in an
increase in the number density of faint AGN was found ininstantaneous burst four Myr ago. The ionizing energy pro-
comparison to the local Seyfert luminosity function, with no duced by this cluster exceeds the flux needed to explain the
evidence of turning over. nuclear H luminosity. No evidence for an additional
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nonthermal-ionizing source associated with an accretingn Hubbleto derive the kinematics of the emission line gas
black hole was detected in the ultraviolet. These new STI$resent in the nuclei. In 67% of the nuclei the gas appears to
results unambiguously showed the presence of a compabe rotating and, with one exception, the cases where rotation
SSC in the nucleus of a low-luminosity AGN, which is also is not seen are either face-on or have complex central mor-
its dominant ionizing source. The authors hypothesize that gihologies. In 62% of the nuclei the fit to the central spectrum
least some LLAGNS in spirals could be understood as thés improved by the inclusion of a broad component. Verdoes
result of the combined ionizing radiation emitted by anKleijn led a detailed study by the same team of the data for
evolving SSC(i.e., determined by the mass and pgad a  one of the radio galaxies with a rotating gas disk, NGC 4335.
black hole accreting with low radiative efficien¢ye., radi-  In combination with ground-based data and detailed dynami-
ating at low sub-Eddington luminositiegsoexisting in the cal modeling, these data yield an estimate of the mass of the
inner few parsecs region. Complementary multifrequencycentral black hole. This yields an upper limit that falls a
studies gave the first hints of the very complex structure ofactor of approximately six below the mass expected from
the central 10 pc of NGC 4303, where a young SSC apparthe stellar velocity dispersion. Thus, NGC 4335 might have
ently coexists with a low-efficiency accreting black hole andan unexpected low black hole mass.
with an intermediate/old compact star cluster and where, in  R. L. White, in collaboration with R. BeckefUCa—
addition, an evolved starburst could also be present. If struddavis), X. Fan(Arizona), and M. Straus$Princeton studied
tures such as those detected in NGC 4303 are common in tlike ionization state of the universe at> 6 using high-
nuclei of spirals, the modeling of the different stellar com-resolution, high signal-to-noise spectra of two high redshift
ponents and their contribution to the dynamical mass has tquasars. SDSS J1030524 has very black Gunn-Peterson
be established accurately before deriving any firm conclusiombsorption troughs, implying a Lymam- optical depth
about the mass of central black holes of few to several milgreater than 22 for the IGM at~ 6. SDSS J11485251(z
lion solar masses. = 6.37) does have light detected in the hydrogen absorption
M. Livio, in collaboration with Pringle(lCambridge and  troughs, but a variety of lines of evidence led the authors to
King (Leiceste}, studied astrophysical jets, which are ubig- conclude that the light probably comes from an intervening
uitous, found in sources ranging from gamma-ray bursts andalaxy along the line of sightat z = 4.9), which is also
AGN to young stellar objects and symbiotic systems. Yetamplifying the quasar’s light through gravitational lensing.
the precise mechanism for jet acceleration and collimation iFhe single best measurement to date of the IGM ionization at
still not known. The group examined data from AGN andz = 6 comes from the spectrum of SDSS J168%24.
microquasars and proposed that the two states seen in theseWhite, D. Helfand(Columbia, Becker, M. GreggUCa—
systems result from a transition from a small-scale to a largePavis), Postman, T. Lauer(NOAO), and W. Oegerle
scale magnetic field, the latter accelerating and collimatindNASA/GSFQ constructed a sample of 35 FIRST radio-
the jet. Livio, in collaboration with Hujeirat and Camenzind emitting quasars from the Deeprangidand survey. Al-
(Heidelberg proposed detailed models for the connectionthough modest in size, this FIRST/Deeprange Quésan)
between the accretion disks in these objects and the jets. survey is significantly deeper than existing quasar surveys
Gerssen, van der Marel, and several other collaboratorand contains many more red objects than surveys selected
finished aHubblestudy of the morphology and kinematics of using blue magnitudes and colors. The sample contains five
NGC 6240, one of the nearest and best-studied ultraluminouguasars with unusually red colors, including three that appear
infrared galaxies. The large-scale broadband morphology igery heavily reddened. The spectra are fitted well with nor-
complex, consistent with the merger nature of the galaxymal blue quasar spectra attenuated by more than 2.5 magni-
The emission-line gas shows a spectacular filamentarjudes of extinction in thé-band. These red quasars are only
nebula consistent with a bipolar superwind. The doubleseen at low redshift& < 1.3). Even with a magnitude limit
nucleus, already known from ground-based work, resolves < 20.5, the FDQ survey is deep enough to detect only the
into additional components &tubbleresolution, due in part most luminous of these red quasarszat ~1; similar ob-
to strong patchy dust obscuration. Stellar and gaseous kingects at higher redshifts would fall below theband limit.
matics were inferred from STIS spectroscopy. The kinematindeed, the five most luminous objedtssing dereddened
ics are complex, indicating that line-of-sight projection ef- magnitudes with z < 1.3 areall red. These data strongly
fects, dust absorption, and non-equilibrium merger dynamicsupport the hypothesis that radio quasars are dominated by a
may be playing an important rol€handraobservations of previously undetected population of red, heavily obscured
hard X-rays have shown that both of the nuclei contain arobjects. Unless highly reddened quasars are preferentially
Active Galactic NucleugAGN). The Hubbledata show no also highly luminous, there must be an even larger, as yet
clear sign of these two AGNS, in either the imaging or specundiscovered, population of red quasars at lower luminosity.
troscopic data. This underscores the importance of X-rayrhis is likely to be only the most luminous tip of the red
data for identifying AGNSs in highly dust-enshrouded envi- quasar iceberg. Another interesting result from the FDQ sur-
ronments. An earlier suggestion of an ultra-massive offvey is the discovery that five of the sx<< 1 quasars are
nuclear black hole was not confirmed by the STIS data. associated with Deeprange cluster candidates having similar
J. Noel-Storr(Columbig led a study with S. Baum, Ver- estimated redshifts. This association is very unlikely to be
does Kleijn, van der Marel, O’'Dea and others of a completeghe result of chance. It has some surprising implications, in-
sample of 21 nearby, early-type galaxies with radio jets. Me<luding the possibility that up to half of the Deeprange clus-
dium resolution spectra aroundaHvere obtained by STIS ters atz ~ 1 have associated quasars.
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8 CLUSTERS & COSMOLOGY common belief, Pop |l stars are as likely as Pop Il to have

M. Fall, M. Stiavelli, and N. Panagia developed a new'€ionized the universe, andi) it is extremely difficult to
method to predict the observability of the sources of cosmoteconcile a small spectral index with an early reionization.
logical reionization(which are known to exist at redshifts Hence the small-scale problem may need a different solution.
> ~6, but have not yet been detecte@ihe method is based Livio examined recent findings in cosmology and their
on the fact that reionization requires a known comoving denPotential implications for the emergence of life in the uni-
sity of ionizing photongat least one for every atomiThis in ~ Verse. In particular, he discussed the requirements for
turn sets a model-independent lower limit to the mean surcarbon-based life, anthropic implications of the existence of
face brightness of the sources at rest-frame UV wavelengtHdark energy, the possibility of time-varying constants of na-
and hence at observed near-IR wavelengths—a line of slogére, and the question of the raritgr noy of intelligent life.

—1 in a plot of areal number density against flux. If the M. Postman, with collaborators from the ACS team in-
sources have a mean surface brightness near this limitingluding M. Fran, P. Rosati, and J. Blakeslee, used deep ACS
value, JWSThas a good chance of detecting them, whileiMmaging of a distant cluster RDCS1252—-2927= 1.24 to
Hubble has almost no chance. However, the actual meaRrovide important new constraints on the evolution of the
surface brightness may be many times higher than this ide&0lor-magnitude relation of early type cluster galaxies. The
limit if some UV photons are absorbed within the sourcesEa'ly-type population in the = 1.24 cluster defines a very

themselves and/or if some ionizations are offset by recombitight sequence in the CM diagram, with an intrinsic scatter in
nations in the clumpy intergalactic medium. In this moreobservedi —2) of 0.029+ 0.007 mag based on 52 galaxies,
or 0.024+ 0.008 mag for~30 ellipticals. Simulations using

realistic caseHubble has a reasonable chance of detecting : S
the reionization sources in very deep images, especially ifhe latest stellar population models indicate an age scatter for

the sources have strong Lymanemission and/or are ob- the ellipticals of about 34%, with a mean age2.6 Gyr
served behind clusters of galaxies, so that they are magnifie(&o”eSpond'ng ta> 2.7) and the last s_tar _formatlon oceur-
gravitationally. ring no later Fhar_z ~ 1.5. These results indicate there is I|tt.Ie
A. Fruchter helped produce two works as a member of th@' no evolution in the scatter and slope of the CM relation
Supernova Cosmology ProjeGCP. R. Pain et al. used the °Ver the range 6< z < 1.24.
SCP data to study the Type la supernova rate at0.5. A Po;tman, with H. Ford, W. Zheng, K Zekser, D. C.06’ and
rate of 0.6 R SNu, or about twice the present local rate, wash: White, began asurvey far> 7 galaxies by searching for.
derived. This is roughly in agreement with expectation, asz—band dropouts in deep images of nearby strongly-lensing

the Type la rate should reflect the higher star-formation ratgalaxy clusters. The magnification provided by the clusters

of earlier epochs, though with some delay. R. Knop et glcan brighten such distant sources up to 30x, making their

used the eleven new Type la supernovae with 03 < gefcectlok; f_eazlblt_at.h'me NdeteCItF'?r images It?] thé near II\IR ?r:e
0.86 to examine the geometry of the universe. Afier Of tellng 0 a'q_f] Vc\j" et vear ma?er O?h ZTgmAIrC]:IS olr
about 0.25 or equivalently af,mpq2Of @approximately 0.75 elescope. The dropout images are from the clus-

(both with errors somewhat less than owlere found under ter survey.

the assumption o a flat universe and a constantvalveof e S B0 B F S SO0 B TEARE SR DO RO
—1. When the supernova data were combined with indeperb-ri hiness. The minimum average surface briaht 29 N
dent measurements €., from galaxy redshift distortion 9 : 9 ghtifiesuux,

data, they provide a measurementol= —1 = 0.2, if w is maximum in magmtude)ss derived in a_m_odel mdep_ender_lt
S - R way. They also considered more realistic models including
assumed to be constant in timewA= —1 is indicative of a

; . . the effects of recombinations in a non-homogeneous uni-
universe with a cosmological constant. In a separate wor

) ; verse and finite escape fraction of ionizing photons. The
M. Sullivan et al. showed that the scatter in the SNe la . P gp y
) . .~ . determined the range of allowable properties for these
Hubble diagram correlates with the host type. The relation is . : . .
. . . sources and outlined regions in the surface number density
tightest in early-type systems, but the supernovae in early-

type hosts are only-0.14 + 0.09 mags brighter than those in versus magnitude pla_n(_a that are most promising for carrying
. . 2 out searches of reionizing sources.

late-type systems, suggesting little extinction in even the
late-type systems.

Livio, in collaboration with Somerville and Bullock
(CfA), examined the reionization of the universe. Observa® INSTRUMENTS, SOFTWARE & TECHNIQUES
tions by the Sloan Digital Sky Survey have been interpreted R. Allen, together with J. Rajagop&@BSFQ and T. Biker
as suggesting that the universe may have been reionized atantinued work on modeling the imaging capabilities of new
redshift ~6.5. At the same time, the most recent WMAP space astrophysics missions. This past year the effort has
results suggest that the universe may have been reionized esncentrated on delivering to GSFC workable versions of
early asz ~ 20. In two works, the authors examined the simulators for the Stellar Imagé8l, Carpenter the Submil-
guestions: which staréop Il or Pop Il) are more likely to  limeter Probe of the Evolution of Cosmic Structy&PECS,
have reionized the universe? And, can the known problem ofathur/Leisawitz, and the Fourier-Kelvin Stellar Interfer-
structure on small scales that is typical f'o/€DM models be  ometer(FKSI, Danch). Allen presented a review paper on
solved if one assumes that the spectral in@gharacterizing imaging simulators at the SPIE meeting in Kona, and co-
the fluctuationsis smaller than unity or depends on wave- authored a paper on the Sl simulator and another paper de-
length? The collaboration showed théit)y contrary to the scribing the SI mission concept in general.
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Allen continued his work on the imaging capability of the wavelength. The measurements revealed dark currents as low
Space Interferometry Missiof8IM), for which he is a Mis- as 1 electron/1000 seconds/pixel, the lowest ever measured
sion Scientist and a member of the Science Team. Togethdéor a 5 micron-cutoff device, and read noises neard&ST
with Boker, Rajagopal, and R. van der Marel, a paper wasequirement.
presented at the SPIE meeting evaluating the effects of the L. Petro, M. Clampin, H. Ford, G. lllingwortfUCa—
latest de-scope of the SIM spacecraft on the ability to meatick), J. Krist and collaborators presented their proposed
sure stellar proper motions in crowded fields. concept for a NASA MIDEX mission to image exo-Jovian

Allen continued his collaboration with A. Petrosian planets. The 1.5-m optical telescope and advanced Lyot
(Byurakan Obg.and a team of STScl colleagues including coronagraph would reduce glare and diffraction by a factor
B. McLean, N. Panagia, C. Leitherer, and J. MacKenty on arof 104 with a phase plate matched to remove the surface
analysis of the Second Byurakan Survey of active galaxiesrrors of the mirrors. The telescope would be operated re-
They published a paper on a comparison of the ‘UV-excessmotely from its site on thénternational Space Statiodm-
and the ‘emission-line’ techniques for identifying active gal- age rotation of the alt-az mount would allow calibration, and
axies was published. A paper presenting the complete datemoval, of the fixed optical system speckles. Fifty stars in
base and atlas of Markarian galaxies was in preparatiorthe solar neighborhood would be surveyed for the presence
Many of the optical galaxy images show supernovae, and af Jupiter-like planets in Jupiter-like orbits.
paper on the progenitors of SNe and their relation to host Petro, Ford, Clampin, lllingworth, Krist, S. Olivier
galaxy type was also in preparation. (LLNL), and G. E. Sommargre(LLNL ) studied and pre-

R. Brown developed issues and ideas related to the disented the requirements for a terrestrial planet finder. In their
covery and study of extrasolar planets. He published the casmncept, an 8-m diameter telescope, a micro-electrical me-
for a 4-m space telescope including an optical coronagraplghanical systemsMEMS) deformable mirror, and an ad-
which could both perform much of the mission of the Ter-vanced Lyot optical coronagraph are used to achieve the con-
restrial Planet Finder and serve as a near-term successortrast necessary to detect Earth-like planets in the solar
Hubble He argued that recent advances in deformable mirroneighborhood. The MEMS deformable mirror, which is un-
technology enable adequate wavefront correction inside thder development, is a promising means of necessarily large
instrument, relaxing requirements on the primary mirror.number of precisely controllable elements.

Such a coronoagraph dfubble could find and study twins Petro, Ford, C. Burrows, C. FtaclasiTU), M. Rogge-

of Earth around the nearest stars, planets like Uranus andann(MTU), and J. Trauge(JPL) presented their concept
Neptune on Mars/Jupiter-like orbits around stars to five pcfor a high-contrast telescope that could be operated on a
as well as planets like Jupiter and Saturn to ten pc. ultra-long duration balloo(ULDB) floating in the strato-

S. Casertano, with K. U. Ratnatunga and R. E. Griffithssphere. They based this concept on their finding that effect-
(CMU), developed a statistical technique for the measuretively diffraction-limited optical images may be formed at
ment of cosmic shear signal that retrieves unbiased estimat#ise planned 40-km float-altitude. The telescope and optical
even on scales that contain very small numbers of galaxiesystem would be similar to that proposed by Clampin and
The technique has been validated with extensive simulationsolleagues for thdnternational Space StationThe ULDB
and has been applied to the measurement of cosmic sheaffers a low-cost alternative for exo-planet imagers.
from the Medium-Deep Survey data with WFPC2. With this  Petro, N. JedriciJ&T), T. Gregory(Swaleg, D. Zimbel-
technique, the authors measure cosmic shear on scales ramgan (NASA/GSFQ, E. Cheng(NASA/GSFQ, M. Buchko
ing from the full WFPC2 field of view down to 10-20 arc- (Swales, M. Kaylor (Swales, and F. Dolan(Crearg pre-
sec; the resulting signal is somewhat stronger than measursgnted a description of the design and expected performance
previously. of the NICMOS cooling systentiNCS). NCS has success-

S. Casertano, R. Brow(8TSc), A. Sozzetti(Pittsburgh/  fully cooled Hubble’s NICMOS detectors to 77 K, allowing
CfA), and M. G. LattanziOsservatorio di Toring carried resumption of scientific operations. A turbo-brayton cycle
out a thorough quantitative analysis of the potential astromechanical cryogenic cooler developed by NASA's GSFC
metric study of extrasolar planets by a SIM-like mission.and Creare, Inc. is the basis of NCS.

They considered both single planets and planetary systems; Petro, H. Stockman, J. MathéNASA/GSFQ, E. Smith

for the latter, special emphasis was placed on the ability ofNASA HQ), R. de Jong presented a description of the sci-
SIM to determine the degree of coplanarity of the orbits ofentific performance ofNGST (now namedJames Webb
multiple planets. Casertano, with Lattanzi, Sozzetti, and ASpace Telescopeand of possible science progrand®®VST
Spagna(Torino), have established a plan for double-blind imaging is limited by the natural background of interplan-
tests of planet discoveries with the planned astrometric misetary dust at wavelengths less than 10 micron and by the
sion GAIA, which involves teams of astronomers at variousself-emission of the observatory at longer wavelengths. Near
European and American institutions. infrared spectrscopy will be limited by detector noise, but

D. Figer, B. Rauscher, M. Regan, and collaborators, commid-infrared spectroscopy may be limited by observatory
pleted testing ofWSTnear-infrared focal plane arrays. They self-emission. With a 6-m class telescope, nano-Jansky class
comparatively characterized both HgCdTRockwel) and targets will be detectable with exposures of one-day dura-
InSb (Raytheon devices in 2K x 2K format in terms of dark tion.
current, read noise, persistence, crosstalk, spectral and re- A. Sivaramakrishnan developed analytical methods to de-
sponsivity, as a function of read mode, temperature, andve image properties of well-corrected point-spread func-
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tions, with J. Lloyd (Caltech, M. Perrin (Berkeley, R. PUBLICATIONS

Makidon (STSc), B. OppenheimenAMNH), J. Graham  agonso, J., Mobasher, B., Hopkins, A., Georgakakis, A.,
(Be.rkele)) and B. M_acmtosf(LLNL), characten.zmg various Cram, L. & Chan, B. 2003, “Galaxy evolution from a
regimes where residual speckles possess different kinds of microJansky radio survey,” Ap&SS, 285, 149
symmetries and size modulations. He applied his results ta|prow, M., De Marchi, G., & Sahu, K. C. 2002, “The
prove analytically that a hitherto promising avenue of  gpatially-Resolved Mass Function of the Globular Cluster
speckle noise suppression called speckle decorrelation is in 22, ApJ, 579, 660
principle unworkable, and devised alternative methods utilizalbrow, M., et al. 2002, “A Short, Nonplanetary, Microlens-
ing speckle symmetries and distributions. ing Anomaly: Observations and Light-Curve Analysis of
Sivaramakrishnan and Lloyd developed an approach to MACHO 99-BLG-47,” ApJ, 72, 1031
calibrating non-common path error in Lyot coronagraphs forallen, M. G., Sparks, W. B., Koekemoer, A., Martel, A. R.,
the NSF Center for Adaptive Opti¢€fAO) XAOPI corona- O'Dea, C. P., Baum, S. A., Chiaberge, M., Macchetto, F.
graph for an existing 8—10 m class telescope, as well as for D., & Miley, G. K. 2002, “Ultraviolet Hubble Space
the Lyot ProjectJHK band coronagrapkbeing constructed Telescope Snapshot Survey of 3CR Radio Source Coun-
at AMNH for the 3.6 m AEOS adaptive optics telescpfme terparts at Low Redshift,” ApJS, 139, 411
explore regions as close as 0.2 arcseconds of stars brightdHen, R. J. 2002, “On the Origin oH | in Galaxies: The
thanV = 7, to enable protoplanetary disk, companion planet Sizes and Massed &1 | Photodissociation Regions,” in
and brown dwarf studies. The Dynamics, Structure, and History of Galaxies, eds. G.
Sivaramakrishnan and Makidon extended previous work Da Costa & H. JerjeiSan Francisco: ASP183
to include more instrument effects to match AEOS PSFAllen, R. J. 2002, “On The Origin oH I in Galaxies: Pho-
simulations to data. With Graham, they predicted planet dis- todissociation and the ‘Schmidt Law’ for Global Star For-
covery probabilities for the Lyot Project coronagraph. With ~ mation,” in Seeing Through the Dust—The Detection of
L. Roberts(Boeing, Oppenheimer and Graham, they guan- H | and the EXploration of the ISM in Galaxies, eds. A. R.
tified the amount of wavefront error the wavefront recon-  Taylor, T. L. Landecker, & A. G. Willis(San Francisco:
struction algorithm generates in the AEOS AO PSF. This ASP), 288
helped lead to significant AEOS AO performance improve-Allen, R. J., Biker, T., & Rajagopal, J. 2003, “Simulators
ment. For the Lyot Project coronagraph, Oppenheimer and for Imaging Interferometry in Space” in Astronomical
Sivaramakrishnan designed, developed, constructed, and Telescopes and Instrumentation: Interferometry in Space,
implemented the fastest tip-tilt capability of any civilian AO  €d- M. Shao, Proc. SPIE, 4852, 248
system. An, J. H., et al. 2002, “First microlens mass measurement:
Lloyd, Gavel (UCSQ, Sivaramakrishnan, Graham, M. ~ PLANET photometry of EROS BLG-2000-5," ApJ,
Voit, and P. Hodge developed a theory of quadrant phase- 57_2’ 521 )
mask coronagraphy. Their designs enable such highfrauio-Betancor, S., Knigge, C., Long, K. S., Hoard, D. W.,
efficiency coronagraphs to be placed on conventional Szkody, P., Rodgers, B., Krisciunas, K., Dh'”?”’ V. S,
R b
A. Suchkov and collaborators continued the work on theArribas, S. & Colina, L. 2002, “INTEGRAL Field Specros-

C(')"’r‘ztse); Ft’:;‘ricfn; ht% tggtsgxs‘;”;i r‘:]f géa‘j’g'f'eegsoﬁr;ﬂé”\fvoez copy of IRAS 15206-3342: Gas Inflows and Starbursts
b Y ploy " in an Advanced Merger,” ApJ, 573, 576

tThTyV‘?”Qa”CZd the C'at‘s(ijt‘;'sia"zj‘lt'ot?] ar(‘fl' da;a ?”a'?f'ﬁrribas, S. & Colina, L. 2003, “INTEGRAL Spectroscopy
00l Viz7, and augmented It to nandle the L1assA classill- = ot \pas 17208-0014: Implications for the Evolutionary
cation probabilities. They used ClassX to study the nature of Scenarios of Ultraluminous Infrared Galaxies,” ApJ, 591
previously unclassifieROSATX-ray sources. 791 ' ' '

R. Williams, vyith J. Baldwin and B. Sharp&®SU), de- Bahcall, N., McKay, T., Annis, J., Kim, R., Dong, F.,
veloped the logic for EMILI(EMISSION LINE IDENTIFICA- Hansen. S. Goto. T.. Gunn. J.. Miller. C.. Nichol R.
TION), a software package that makes spectral line identifi- posyman. M. Schneider. D.. Schroeder. J. Voge’s W,
cations automatically. EMILI interrogates a large spectral grinkmann. J.. & Fukugita, M. 2003, “A Merged Catalog

databaséthe v2.04 Atomic Line List of van Hoofto deter- of Clusters of Galaxies from Early SDSS Data,” ApJS,
mine the most likely identifications for observed spectra 148 243

based on established criteria. The identification logic usegaker, A. J., Jogee, S., Sakamoto, K., & Scoville, N. Z.
computed template fluxes for all candidate lines, based on 2003, “The OVRO MAIN survey: Molecular gas in Ac-
generic cross sections, and searches for expected companiontive and Inactive Nuclei,” in Active Galactic Nuclei:
multiplet lines. To test the concept of EMILI, they obtained  from Central Engine to Host Galaxy, eds. S. Collin, F.
high spectral resolutiofR = 40,000, high signal-to-noise Combes, & |. ShlosmarSan Francisco: ASP479
ground-based spectra of selected high surface brightne®akos, G., Sahu, K. C., & Nemeth, P. 2002, “Revised Co-
nebulae and succeeded in detecting lines with intensities less ordinates and Proper Motions of the Stars in the Luyten
than 10° that of H3. The software identifications agreed  Half-Second Catalog,” ApJS, 141, 187

with previous, manually assigned line identifications for ap-Bate, M. R., Lubow, S. H., Ogilvie, G. I., & Miller, K. A.
proximately 90% of the lines observed. 2003, “Three-dimensional global calculations of high and
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low-mass planets embedded in protoplanetary discs,” brugge, K. C. 2003, “Multi-wavelength studies of the
MNRAS, 341, 213 Seyfert 1 galaxy NGC 7469. IlI—X-ray and UV observa-
Battaner, E., Mediavilla, E., Guijarro, A., Arribas, S., & tions with XMM-Newton,” AA, 403, 481
Florido, E. 2003, “Axisymmetrical gas inflow in the cen- Bohlin, R. 2002, “STIS Flux Calibration,” in HST Calibra-
tral region of NGC 7331,” A&A, 401, 67 tion Workshop, eds. S. Arribas, A. Koekemoer, & B.
Beckwith, S. V. W., Caldwell, J., Clampin, M., De Marchi, Whitmore, (Baltimore: STSc), 115
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