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This report covers the period October 2001 through Sepinfrared imaging instrument than it was in 1998, when it

tember 2002. became inoperative after Cycle 7. The Space Telescope Im-
aging SpectrograpiiSTIS and the Wide Field Planetary
1 THE INSTITUTE Camera 2(WFPC2 made it through the servicing mission

The Association of Universities for Research in As- activities with no Change in performance. At the time of this

tronomy Inc.(AURA) operated the Space Telescope Sciencd€port, as it carried out observations for programs selected in
Institute for the National Aeronautics and Space Administra-Cycle 11 of peer-reviewed proposals, the Hubble observatory
tion (NASA) in cooperation with the European SpaceWas more powerful than ever before.

Agency (ESA). The Institute conducted the science opera- The Institute offered a number of important new opportu-

tions of the Hubble Space Telescope for astronomers arourtities in Cycle 11 to enable science with Hubble in different

the world. Also, it he|ped deve|0p_and prepared later toways. It started the Hubble Treasury Program to promote the
operate—the James Webb Space Telesddp¢ST), which ~ creation of important data sets that would be regretted if not
NASA intended to launch in 2010, the same year it plannedbtained by the end of the Hubble mission. Treasury pro-
to terminate Hubble operations. grams planned to address multiple scientific problems

The director of the Institute was Steven Beckwith. through coherent data sets with no proprietary rights. The

The Institute helped the astronomical community to usdnstitute created the new Archival Research Legacy Program
Hubble’s superb instrumentation to make discoveries and ador homogeneous analysis of well-defined data sets in the
vance scientific understanding. As it improved Hubble’s util-archive for the purpose of generating higher-order data prod-
ity, accessibility, and productivity, it planned to do the sameucts, like catalogs and software tools, to enable a variety of
for JWST. To meet these challenges, it had a first-rank agiew investigations. It also started the Hubble Theory
tronomy research staff, itself involved in forefront research,Program, funded as part of the Hubble Archival Research
and it had an expert technical staff to implement its missionsProgram.

Its dedicated outreach staff engaged the public in discovery The Institute received a total of 1078 proposals in Cycle
and progress on major astronomical issues. Through the Irkl, including 859 proposals for about 25,000 orbits of
stitute’s committees, team involvements, and collegial relaHubble time, of which about 10,000 were requested for Trea-
tionships, the community assisted in defining and improvingsury and Large programs, which ultimately were awarded
the quality of the Institute’s products and services for re-about 40% of the orbits available. The oversubscription fac-
search and outreach. Through such expert collaborations, andrs were about 8 for prime observations, 6 for parallel
in pursuit of a shared visionbringing the cosmos to SNAP observations, and 3.5 for Archival and Theory propos-
Earth—the Institute laid the groundwork to develop JWST als. The Cycle 11 peer review involved over 100 community
with the full involvement of the astronomical community astronomers and lasted 6 full days and evenings.

and inheriting lessons learned from Hubble. The Multimission Archive at Space TelescodAST)

This report recounts progress in the Institute offerings andvas one of the world’s best and most widely used data ar-
involvements, including upgrades to the Hubble observatorghives. It offered users convenient search and retrieval utili-
in orbit, innovations in proposing for Hubble observing time ties accessing data from 16 missions and surveys, including
as well as archival and theoretical research, new tools anHubble. The Hubble data archive contained about 10 ter-
content in the data archive, the ramping up of JWST, Insti-abytes of data in about 280,000 science data sets. The ar-
tute academic programs, and its outreach efforts. It also rechive ingestion rate reached record levels of about 16 gi-
ports the research progress and lists the publications of indgabytes per day and the retrieval rate was about 42 gigabytes
vidual Institute astronomers employed by AURA, ESA, andper day. The Institute improved the tools for navigating
Computer Sciences Corporati¢8SQO. MAST, including quick target searches, scrapbooks for pe-

Following launch in 1990, Hubble overcame problemsrusing preview spectra and images, ‘pointings’ searches by
and underwent improvements by means of four amazinglypbservational parameters, and tailored interfaces for all
successful servicing missions. The most recent occurred iIMAST missions. It provided links between archived data and
March 2002, when astronauts replaced the solar arrays, thpapers based on those data. It developed special tools to help
power control unit, and a reaction wheel assembly and upusers prepare proposals. It introduced on-the-fly reprocessing
graded the scientific instruments. They removed the Fainto apply the latest calibrations to data as they were with-
Object Camera, replacing it with the Advanced Camera fodrawn from the archive. It worked with other data centers to
Surveys(ACS) and installed a cryocooler to revive the dor- define the data standards and models for the National Virtual
mant Near-Infrared Camera and Multi-Object Spectromete©bservatory.

(NICMOS). Operations staff at the Institute and Goddard Since 1996, the Institute and GSFC partnered to define the
Space Flight CentglGSFQ reactivated the observatory after mission of JWST, the ‘First Light Machine’ to peer back in
deployment, getting the telescope back up and runninghe infrared to the era when the first stars, galaxies, and mas-
quickly, and commissioning the new instruments smoothlysive black holes were formed. The Institute planned to pro-
The ACS met or exceeded prelaunch expectations and preide the Science and Operations Center for JWST and to
vided large increases in sensitivity and field of view. Themanage the science mission. During the development phase,
NICMOS functioned beautifully and seemed an even bettethe Institute would be responsible for the science and opera-
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tions ground systenisoftware and hardwareand for sup- 3 EXTRASOLAR PLANETS

porting the NASA JWST Project and the development part- S, Casertano and R. Brown, together with A. Sozzetti
ners, including ESA and the Canadian Space Agency. Inpittsburgh/CfA and others, carried out a program of simu-
2002, NASA selected TRW as the prime contractor for thejations of observations by next-generation astrometric
JWST flight segment, formed the JWST Science Workingmissions—SIM and GAIA—to characterize their ability to
Group (SWG), which includes Institute staff members Peter giscover and measure the properties of extrasolar planets
Stockman and Massimo Stiavelli, and chose members of theynging from Earth to Jupiter mass. They quantified the dis-
instrument teams, including Margaret Meixner and Steficovery potential of both missions, especially in the domain

Baum from the Institute. ' N of long-period planets, which were more difficult to discover
The Institute conducted fellowship and visitor programsyith transits and radial-velocity studies.

and organized symposia to provide academic opportunities s | ypow continued investigations of gas dynamical ef-
for staff members and the community to learn from eacfyects in accretion disks and the Interstellar MediGiaM).
other ano_i communicate SC|ent|f|c_u_nderstandmg. Th_e Hubbl_ﬁe studied disks exerting torques on planets, causing them to
Fellowship Program selected recipients on the basis of the\*higrate. By means of simulations, subject to some simplify-
excellence in scientific research and appraised them annuall;)(]g assumptions, P. Armitag€olorado, M. Livio, Lubow,

In the reporting year, the Institute selected 12_ new Hubbley,,q 3. Pringle(Cambridge determined the frequency of
Fellows and supported 25 Hubble Fellows nationwide. Theanets around stars and predicted their distribution with ra-
annual Hubble Fellowship Symposium allowed all Fellows ;s as a consequence of migration. M. BéExete), G.

to present their latest scientific results. The Institute Postdocognvie (Cambridge, Lubow, and Pringle conducted nonlin-
toral Fellowship Program selected the recipients based on they simulations of planet-disk interactions that, for the first
strength of their proposed research. In addition, the Institulgne resolved the vertical structure of the disk. The results
hosted many regular postdoctoral fellows and graduate st q\eq that nonlinear effects, including shocks, were impor-
dents, whose research was guided and supported by indin¢ jn wave dissipation. Ogilvie and Lubow analyzed the

vidual staff members. In 2002, the Institute had 2 Institute,y ration of eccentric corotational resonances involving a
Fellows and hosted approximately 29 regular postdoctor Ioung planet and its surrounding gaseous disk. They found

fellows. It also hosteq 22 gradugte students, about half hat these resonances, which damped eccentricity, might
whom were enrolled in the Phy_3|cs gnd Astronomy Departyeayen as a consequence of accretion. Planetary eccentrici-
ment at Thg Johns Hopkins U”'Yefs@Hw- .ties might then grow more easily than previously suggested.
The I_ngtltute conducte_zd a variety of programs t_o_host SCI'Ogilvie and Lubow investigated the origin of the large-scale
entific visitors at the Institute. The Collaborative Visitor Pro- wave or wake that appeared in simulations of planet-disk
gram supported collaborat_ors on research projects with InStE'nteractions. They found that the wake could be understood
tute staff mem_b(_ars for visits of one to four week;. T_heas a superposition of many resonantly excited waves. Lubow
Journal Club Visitor Program supported external SCIentIStSé\nd Ogilvie investigated nodal secular interactions between

;Nht(\)Ncame lt(o 9¥§ OS? t(')r m_orﬁ Ze\r/nlntarslatjurlng visits of ct)n lanets and surrounding disks. They found that these inter-
0 fwo weeks. The LIstinguisned VISItor Frogram SUpPOMeC, +iqns could lead to a change in the inclinations of the plan-

%utiiﬁntljrl]ntghasltrotn omerrsﬂ:o JIOnI ntitth::‘ lr:'t'ttjtg flo(; t\]yp'(rﬁ"}/ 8?e§t3 and could cause warps in the disks.
Vigitoré and elgaéoﬁzgératﬁle \s;isiltjo?s oste ournal Liub- Nelan, M. McGrath, K. Noll, A. Schultz, Lubow, G.
' GatewoodPittsburgh, I. Hanwoo(Korea Astronomy Obser-

Each spring, Fhe InSt'FUte. organized a Symposium on ar\]/atory; Bohyunsan Optical Astronomy Observajorp.
astronomical topic of major interest and with important new

development. The e of the 2002 symposkum e D0l . SEISCATEr e Pty i T,
physics of Life About 150 scientists participated, bringing 9 P PP

interests that ranaed from aeoloav. bioloav. and chemistr tradial velocity companion tp Cancri. This refuted the pub-
. g 9 9y 9y, y ?ished results based upon Hipparcos data that had indicated
physics and astronomy.

. , . . . éhe companion to be a low mass M dwarf star rather than a
The Institute shared Hubble's amazing discoveries an otential planet. This research used the RE®e Guidance
science results with the American public. During 2002, itsP P '

news team issued 20 press releases and organized 5 NASQ'IE ?:Oc)) t:)imr:;aélae tgred(zts:daztrsvrggg;g mef;]seur:tr:r?;tsb;vit?é%h
Space Science Updates and 2 major press conferences. ™HE P P

press coverage for the ACS and NICMOS early release Obgreater than about 0.3 mas over the period of its companion.

servations was particularly strong, garnering front-page cov[\Ione was foggg,t_placw;ﬁ tthefL\J]pp?[r Ilrprlkt].to tr?e m;?ﬁ of the
erage in The New York Times. The ‘Viewspace’ initiative in com_pantlorkl)o b Itml(les atho UI;I er. dIS sfowe | € ctom—
informal science education excited much interest in the muPaMon to be substeliar, eiiner a brown dwart or a planet.

seum and planetarium community, with over 100 museum%h I N. Re|tc_j con;jutctedlfstansttlcilly ngcl)rou.:, comparison of
nationwide requesting copies. e properties of stars known to have planetary companions

against data for local disk dwarfs. It showed a clear increase
in planetary frequency with increasing metallicity. Even so,
2 SOLAR SYSTEM at least 5% of solar-like stars had planetary-mass compan-
I. Griffin was part of a team that used Hubble to deter-ions detectable through current observational techniques.
mine the orbit and physical properties of the first Kuiper-belt K. Sahu and J. Caldwell continued their efforts monitor-
binary, 1998 WWwW31. ing on-going microlensing events through PLANEArobing
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Lensing Anomalies NETwopkcollaboration, where a net- could be explained by a population of hot horizontal branch
work of four 1l-meter telescopes located at appropriatelystars with abundance anomalies similar to those seen in hot
spaced longitudes was used to achieve 24-hour coveragsubdwarfs of the Galactic field. Furthermore, they placed
PLANET collaboration monitored nearly 100 microlensing strong upper limits on the O VI emission arising from the
events, of which more than 20 had sensitivity to the perturfornax cooling flow—limits that were significantly lower
bations that would be caused by a Jovian-mass companion than the expectations arising from simple cooling flow mod-
the primary lens. No clear signature of such a planet wagls of the X-ray emission.
detected. These null results indicated that Jupiter-mass plan- A long-standing problem in globular cluster research had
ets with separations of 1.5 to 3 AU occurred in less than 1/%een to understand the physical mechanisms responsible for
of systems. A similar limit applied to planets of 3 Jupiter the special mass scale of old globular clustess, why their
masses for separations of 1 to 4 AU. These were the beshass function was relatively narrow and peaked at-M0®
Iimits for extrasolar planets at these separations by any techy_ ) and why this depended only weakly if at all on the
nique. locations of the cluster@.e., whether they were in high-mass
Sahu and R. Gilliland explored the astrophysical implica-or |ow-mass galaxies or the inner or outer parts of galaxies
tions of near-field microlensing and its effects on stellar tranpne possibility was that this special scale was imprinted at
sit observations, with a special emphasis on the Kepler misthe time the clusters formed:; the other was that it was a result
sion. The main goal of Kepler was to detect a large numbeps the selective disruption of low- and/or high-mass clusters.
of extrasolar, Earth-like planets by obtaining near-continuous;. Fall and Q. Zhang developed models that explore the
photometry of 100,000 F, G, and K dwarfs for four years. Atsecond(disruption possibility in some detail. They found
the expected photometric precision of Kepl@d micromag, that the observed peak mass and low-mass shape of the mass
the effect of microlensing by a transiting companion couldfynction of old globular clusters and its near universality
be significant. This effect could be used to break the degensg,id be explained well by disruption, principally by evapo-
eracy between a planetary-mass object, for which the microration of stars by two-body relaxation. The Fall-Zhang mod-

lensing effect was negligible, and a more massive object ofs predicted weak variations of the mass function of globu-
the same size. Kepler would be sensitive to white dwarfsiy; cjysters on the mass and location within their host

neutron stars, and black holes in binaries through their migaxies. which should be observable with Hubble.
crolensing signatures. These observations could be used ?o O. Gnedin, Fall, M. Livio, and G. Meylan, in collabora-

derive the frequency of such compact objects in binaries angyn, with J. Pringle and H. ZhaéCambridge, studied the

to determine their masses. unusual globular cluste® Centauri, which displayed mul-
tiple stellar populations. They calculated the escape probabil-
4 STARS ity for stellar winds from all Galactic globular clusters. They

R. Bohlin worked on new UV/VIS/IR absolute flux stan- concluded thatw Centauri was not special in its ability to
dards, using STIS observations and models to extend puréetain winds despite being the most massive cluster and that
hydrogen WD stars and solar analog stars into the IR. Afdt must have formed away from its present Galactocentric
observing program for a fainter extensi(PASTEX) was in ~ Position and likely within one of the Galaxy's progenitor
progress. Repeat observations of fainter stars in NGC 6681alos.
were completed. The original four FASTEX stars were Gnedin, in collaboration with D. Yakovlev, A. Kaminker,
supplemented in Cycle 11 Hubble observations by two moré@nd M. Gusako(offe Institute, St. Petersburgtudied the
stars at the faint end to support Galex, the astronomical coneffects of nucleon superfluidity on the cooling of isolated
munity in general, and JWST in the longer term. In addition,neutron stars. All theoretical cooling models could be classi-
the primary Sloan standard BEL7D4708 was observed, ty- fied into three main types, with faster cooling for more mas-
ing the ground based Sloan Survey directly to the ACS Sloagive stars. For a given equation of state, the masses of slower
filters. cooling neutron stars could be determined from the compari-

Bohlin worked with the SNAP program to develop a setson with soft X-ray observations.
of fundamental standard stellar flux distributions accurate to P. Goudfrooij, in collaboration with M. Alons@bs. Cor-
1%. This level of precision was required over the 3500 todoba, Argenting C. MarastofMPE, Germanyand D. Min-
17,000 A wavelength range in order to distinguish amonghiti (P. Univ. Catolica, Chile obtained ground-based
cosmological models. BVIJHK and WFPC2 BI photometry of globular cluster can-

T. Brown, A. Sweigar{GSFQ, T. Lanz(UMd/GSFQ, W. didates in the giant, early-type merger remnant NGC 1316
Landsman (SSAI/GSFQ, and |. Hubeny (NOAO/GSFQ (Fornax A, for which they had previously determined a
analyzed the STIS UV imaging of NGC 2808 to understandnerger age of 3 Gyr from spectroscopy of its brightest
its unusual horizontal branch morphology. They found thatglobular cluster candidates. They found that the optical-
the subluminous stars and the hottest gap in the horizontalear-IR colors and luminosities of the brightest clusters in
branch distribution could be explained by a new, theoreticaNGC 1316 were consistent with those of a population of
avenue of stellar evolution involving a late helium flash on3-Gyr-old clusters of solar metallicity. Also, the luminosity
the white-dwarf cooling curve. functions(LFs) of the blue and red parts of the cluster color

T. Brown, H. Ferguson, R. O’'ConnglUVa), and R. Ohl  distribution were different. The ‘red’ cluster LF was well
(GSFQ analyzed the FUSE spectra of the giant ellipticalrepresented by a power laiwonsistent with the LF of globu-
galaxy NGC1399. They found that the far-UV emissionlar clusters in young mergersvhile the shape of the ‘blue’
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cluster LF was consistent with that of ‘normal’ spiral and the jet speed in the bipolar source Hen 2-90 to be 150 to 360
elliptical galaxies. After the 3-Gyr-old, metal-rich clusters km s? .
fade to an age of 10 Gyr, they would form a red ‘peak’in a K. Long pursued research topics associated with obtaining
bimodal cluster color distribution. This ‘red peak’ would a physical understanding of cataclysmic variables, supernova
have a color consistent with that found in ‘normal, old’ giant remnants, and X-ray sources in nearby galaxies.
ellipticals of the same galaxy luminosityaking age dim- Long and C. Knigge(Southamptondeveloped a Monte
ming into account The surface-density profile of clusters in Carlo radiative transfer code that was capable of calculating
the innermost regions was lower than that of the integratepoth the ionization structure of an azimuthally-symmetric
light of the galaxy, presumably due to the collective effect ofwind of a cataclysmic variable and radiative transfer through
extended star formation in the inner regions of NGC 131@his wind. Nearly all prior attempts to model the spectra of
and tidal shocking of the inner clusters. Outside the core, th#ind-dominated cataclysmic variables were limited to a
surface density profile of clusters was consistent with that ofingle line—CIV. The new code was used to create model
the underlying starlight, suggesting that the cluster systerfPectra covering a broad UV wavelength range at arbitrary
originally experienced the same violent relaxation as did th&vavelength resolution. The model spectra were compared to
main body of the merger remnant. These features of the stafV Spectra to constrain the wind geometries and mass-loss
cluster system of NGC 1316 were fully consistent with sce-ates of disk-dominated CVs. _
narios for forming ‘normal’ giant elliptical galaxies through ~ -0ng, C. Froning(Coloradg, J. Drew(Imperial Collegg,
gas-rich mergers at look-back times~ 10 Gyr. L. Hartley, C. Knlgge(Southamptop and R. Prinja(UCL)

C. Keyes, in collaboration with J. Sokoloski and S.analyzed UV spectra obtained with STIS and FUSE of a
Kenyon (CfA), B. Espey(Trinity College Dublin, S. Mc- variety of disk-dominated cataclysmic variables, including U

Candliss(JHU), and P. CharlegéSouthampto) led the FUSE Gem, UX UMa, IX Vel, V3885 Sqr, QU.Car and S.W ng, in
component of a combined X-ray, FUV, optical, and radio®" attempt to better understand the winds and disks in these

investigation of the cause and nature of symbiotic star out—SyStemS' Their analysis of UV and optical spectra of QU Car

bursts. Observations of class prototype Z And throughout itS uggested it was exiremely luminous for a cataclysmic vari-

recent major outburst led the group to propose a new dlsk@ble’ with a luminosity approachlng that of a supersoft

. . . . source, and that the mass-donor in the systers av& star.
trigger model for the outburst mechanism in classical sym- ; .
biotic systems In the case of SW Sex, they found that lines usually attrib-

Keyes, Kenyon, and D. Prog&SFQ analyzed very high uted to the wind had shapes that change dramatically with

) . . ; orbital phase, which indicated that the wind from this system
quality Faint Object Spectrograph spectra of AG Pegasi 1Er0mwas not azimuthally symmetric with respect to the disk.

four separate epochs to evaluate nebular diagnostics, physi- Long, P. Winkler(Middlebury), S. Reynold§NCSU) and
cal conditions in the red giant wind, and system mass-losi RaymondSAO) continued their X- ray and optical studies

megh?msms f?lr this symtgc:(nc Eova. Slmpdle llllurr?lnatlc_)n f the remnant of the type la SN 1006. This was the super-
models generally accounted for the magnitude of the opticgy,, remnant(SNR) for which the observation of GeV

and ultraviolet emission line fluxes, where high-energy pho-

f he h ionized th h (%amma rays had made it the touchstone for cosmic ray ac-
tons from the hot component ionized the outer atmosphere Qlg|eration models of synchrotron emission. With P. Gha-

the red giant. Other high ionization emission Ilpes, such a%amian(Rutgers, they obtained an accurate measurement of
[Ne V], [Mg V], and[Fe VII], suggested mechanical heating the shock speed2890 + 100 km &' ) from Balmer-
in the outer portions of the red giant wind. This material yominated filaments at the primary shock front on the NW
originated in a region where the weak wind from the NOtym ang confirmed that the electron temperature was much
component interacted with material lost by the red giant. |ogg than(< 0.07) of the proton temperature immediately
Keyes, Kenyon, Proga, R. Downes, and W. Hack continfyehing the shock. With their improved measurement of the
ued analysis of their STIS ultraviolet survey spectra of Six'proper motion, they obtained an accurate measurement of the
teen symbiotic stars, 11 of which had never before been olyistance—2.17 0.08 kpc—and physical radius—9.5 pc—
served in the ultraviolet. This program facilitated a 50%fgr the SNR. Analyzing Chandra ACIS imagery of the NE
increase in the number of symbiotics for which quantitativegng NwW limb of the SNR, they set stringent limits on the
physical parameters were known. surface brightness of the X-ray halo expected around the
Livio and N. Soker(Haifa) studied the effects of planets SNR, assuming the conventional Fermi theory of cosmic ray
and brown dwarfs on their parent stars when the latter engulicceleration, and showed that ejecta-dominated material ex-
the planetary or brown dwarf companions. They examined iRended to the edge of the SNR.
particular the effects on the rotation rate and on mass loss. Long, P. Charle§Southampto)) and G. DubugCaltech
Livio, in collaboration with R. CorradiLa Palma, U.  attempted to understand the nature of the brightest X-ray
Munari (Padova, A. Manipaso (Tenerifg, D. Conclaves source in the local group, a source located in the nucleus of
(Tenerifg, and H. SchwarzCTIO), observed the large-scale M33. They obtained and analyzed UV-visible STIS spectra
outflow from the symbiotic system CH Cygni, and deter- of the nucleus of M33 in the context of models of instanta-
mined its ionization properties. neous and continuous star formation. There was no obvious
Livio, in collaboration with R. Saha{JPL), R. Brillant  signature of the X-ray source. The spectra could be modeled
(ESO, E. Grebel(Heidelberg, W. BrandenESO), S. Tingay in terms of a small starburst of age 40—60 Myrs superim-
(Paul Wild Observatony and L. Nyman(ESO, measured posed on an older 1 Gyr population. All of the X-ray and
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optical data were consistent with a binary system consistinghemically fractionated core of either a C-O-Ne or O-Ne-Mg
of a 10-solar-mass black hole and a massive companion, witihite dwarf, an explanation put forward to explain the re-
similarities to Cyg X-1 and some microquasars. sults of Chandra high-resolution X-ray spectroscopy.

J. Mae-Apellaniz studied various aspects of massive stars E. Nelan, along with collaborators from Texas, Virginia,
and their interaction with their environment, ranging from Yale, New Mexico, and Lowell Observatory, reported the
the nearest ones to those located several Mpc away. He prtrigonometric parallax of delta Cephei obtained with FGS.
posed a new theory for the origin of the Local Bubble andThis was the most accurate direct measurement of the dis-
elaborated on its possible consequences on Earth. He altance to this fundamental distance calibrater= 3.66 *
analyzed in detail the interactions with their environments 0f0.15 mag This yielded a V- band distance modulus for the
two dwarf starbursts, 30 Doradus and NGC 4214, and prokarge Magellanic CloudLMC) of m-M = 18.50 = 0.13.
vided the first reliable distance to the latter. He analyzed th&hey also reported the trigonometric parallax of the funda-
structural properties of the nearest massive young clustersental distance calibrator RR Lyrae, = 3.82 = 0.2 mas,
provided a new classification scheme for them, and obtainethe most accurate measurement to date.
new evidence for their role as progenitors of globular Nelan, Makidon, and R. SafféNillanova) obtained high
clusters. angular resolution observations of cool white dwarf stars

R. Makidon, in collaboration with L. RebulSIRTF Sci- with FGS. The object of this search was to discover binary
ence Centgr S. Strom (NOAO), and L. Hillenbrand white dwarf systems and to identify suitable candidates for
(Caltech, continued his analysis of the relationship betweenfollow-up studies to derive the orbital elements and ulti-
angular momentum evolution and circumstellar accretiormately to determine the mass of the individual white dwarf
disks for PMS stars in the NGC 2264 OB association. Withstars dynamically. Of 57 objects observed, 5 double degen-
S. Wolff (NOAO), Rebull, and Strom, he extended this erate systems were discovered. The occurrence rate of 10%
analysis to other nearby star-forming regions and found eviwas about what was anticipated. However, a surprising out-
dence for a regulation mechanism early in the angular moeome of this study was the discovery of systems with angular
mentum history of low-mass stars. separations that imply physical separations significantly less

B. Margon continued his work with a collaboration led by than 1 AU, in contrast with the expected outcome of
D. Pooley (MIT), which obtained deep Chandra X-ray im- common-envelope evolution.
ages of globular clusters. Results were published on NGC Panagia, in collaboration with M. Romaniell&S0O), S.
6752 and NGC 6440. In both cases large numbers of fainBcuderi(Osservatorio Astrofisico di Catanjaand R. Kirsh-
sources were detected, many of which were probably catarer, developed a new technique based on multiband near-
clysmic variable stars. The elusive population of close binaultraviolet and optical photometry to measure both the stellar
ries in globular clusters, previously inferred theoretically tointrinsic properties(i.e., luminosity and effective tempera-
stabilize clusters against collapse, was finally being observetlire) and the interstellar dust extinction along the line of
directly. sight to hundreds of stars per square arcminute. As a test

Margon and R. Downes, together with L. Homer, S.case, this technique was applied with success to the study of
Anderson, and E. DeutsdWashington, used Chandra and stellar populations in the region around SN 1987A in the
Hubble data to confirm the optical identification of the X-ray LMC, as imaged with the WFPC2 on board the Hubble
burster X1746-370 located in the globular cluster NGC 6441Space Telescope by the SINS project.

X1746-370 was the longest period confirmed burster in a C. Proffitt, in collaboration with S. Adelmafrhe Cita-
globular cluster and the only one with a period typical of thedel), G. PeterUSC), and G. WahlgreiiLund), continued to
galactic population as a whole. study very heavy elements in both normal and chemically

Margon, in collaboration with P. CallanatUniversity  peculiar B stars using coadded IUE spectra. He improved
College Cork and others, confirmed the optical identifica- coaddition techniques and procedures for generating detailed
tion of the intense galactic X-ray source GXiZ, probably spectral atlases of the best-observed narrow-lined stars.
the brightest source on the sky previously lacking an optical In a project led by Livio, Proffitt analyzed deep STIS
counterpart, despite 30 years of observation. The object, vis2CD images that targeted the brightest clump in the sub-mm
ible only in the near-IR due to high extinction, was often disk around the nearby star epsilon Eridani to set constraints
seen at K= 15 but varied dramatically in an as yet undeter-on the dust properties and catalog objects visible in the field.
mined pattern, fading by at least 3 magnitudes. They pro- In collaboration with T. BragéLund) and P. JudgéHAO-
posed that large radio outbursts observed in the source al$¢CAR), Proffitt contributed to a STIS study of the 1487.9 A
gave rise to synchrotron flares in the IR. N IV hyperfine line in the planetary nebulae NGC 3918. This

Margon, in collaboration with Homer, Anderson, and S.study yielded the first measurement of a transition probabil-
Wachter(Washington, presented Hubble UV spectra of the ity for this class of hyperfine transitions, confirming previous
X-ray pulsar 4U 1626-67= KZ TrA). This object was un- theoretical calculations and providing a powerful new diag-
usual even among X-ray pulsars due to its ultra-short binaryostic for very low-density plasmas.
period (41 min and remarkably low mass-function Proffitt, in collaboration with Brage, F. Rogers, and C.
(< 1.3X10° Mg, ). In emission, the usually prominent lines Iglesias(LLNL ), continued theoretical work on the radiative
of N V and He Il were absent, while both O IV and O V were acceleration of heavy elements in stellar envelopes and at-
relatively strong. The spectra therefore provided independenhospheres. He improved calculation techniques and imple-
support for the suggestion that the mass donor was thmented large-scale model atoms of gallium and other very
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heavy elements for use in non-LTE calculations. the Magellanic Clouds. Through caustic-crossing time scales

I. N. Reid continued work with K. CrugPennsylvanig J.  of binary events, spectroscopy of microlensed sources, and
Liebert(UA), J. Kirkpatrick(IPAC), and J. GizigDelawarg, statistics of binary events, he argued the stars within the
on an NStars survey for previously unrecognized low-mas$lagellanic Clouds played a dominant role as gravitational
stars and brown dwarfs within 20 parsecs of the Sun. Analenses. This implied that the contribution of MACHOs to the
lyzing 2 Micron All Sky Survey(2MASY) data, both directly dark matter was less than 5%.
and in combination with proper motion catalogues, this Sahu, Reid, and Hawley presented an alternative interpre-
project identified over 250 new solar neighbors, including 8Qtation of the extremely cool, high-velocity white dwarfs
ultracool M dwarfs(M8, M9) and 100 L dwarfs. These in- found by Oppenheimer et al. in a high-latitude astrometric
cluded an M8.5 dwarf at only 5.7 parsecs. Hubble imaging ourvey, which were claimed to be part of the dark matter
a subset of these low-mass dwarfs indicated an apparent Hialo. They argued that the velocity distribution of the major-
nary fraction of 20%, significantly lower than in higher- ity of the sample was more consistent with the high-velocity
mass stars, with no companions at separations exceeding 14l of a rotating population, probably the thick disk, rather
AU. than a pressure-supported halo.

Working with Gizis and S. HawleyWashington, Reid Sahu and S. Kané€St. Andrew$ continued a spectro-
completed a comprehensive re-analysis of the stellar lumiscopic study of microlensed sources towards the Galactic
nosity and mass functions, combining a Hipparcos 25-parselsulge. Through spectroscopy of 17 sources, they showed that
data set with M dwarfs from the PMSU survey. The initial there was an extinction shift between the microlensed popu-
mass function was best fit by two power-laws, broker-dt  lation and the non-microlensed population. This implied that
solar mass, with an index of 1 at low masses and(Bedr 65% of the microlensing events were caused by self-lensing
Salpeter at high masses. They also found that the distribu-within the bulge. The sample needed to be increased to about
tion of chromospheric activity in disk M dwarfs was consis- 100 sources to get a clear picture of the kinematics of the
tent with a constant star formation rate. bulge.

M. Robberto, S. Beckwith, and N. Panagia completed Sahu, in collaboration with G. Bakd€fA) and P. Nem-
their theoretical study of the infrared emission of circumstel-eth (JATE), updated the Luyten half-second catalog with
lar disks in H Il regions. Their model applied to the photo- more accurate coordinates and proper motions using DSS-I
evaporated diskgproplyds in the Orion Nebula, most of and DSS-Il images.
them illuminated by the 06.5 star thetal Ori-C. Taking into  Sahu, with collaborators A. TejStrasboury T. Chan-
account the different types of nebular radiation, they estidrasekhar, and N. AshalPhysical Research Lab, Indjale-
mated the Spectral Energy DistributiBED) of three types veloped a statistical method to derive the mass functions of
of sources: dusty spherical envelopes photoevaporated by tlopen clusters using sky survey data such as 2MASS and the
UV radiation, passive flaring disks, and photoevaporatedsuide Star CataloguéGSCO. They used this method to de-
disks. They found that in the presence of an external radiarive the mass functions in the stellar/substellar regime of
tion field, relatively evolved star/disk systems displayed ahree young, nearby open clusters, namely IC 34yionis,
variety of SED depending on a number of physical and geoand the Pleiades. The mass function in the low mass range
metrical parameters. A common feature was a peak at mid-IRM < 0.50 M, ) was appreciably flatter than the stellar
and far-IR wavelengths, which accounted for the strongSalpeter function for all three open clusters. The contribution
mid-IR excess that Robberto and co-workers detected at 16f objects below 0.5 |\, to the total mass of the cluster was
microns from proplyd sources in the Orion Nebula. ~ 40% and the contribution of objects below 0.08§ Mto

Robberto and collaborators completed the reduction otfhe total was~ 4%.
deep 10- and 20-micron mosaics of the Orion Nebula using a Through the PLANET collaboration, Sahu carried out
data processing algorithm developed for this project. Thesepectroscopic and photometric monitoring of the binary lens
spectacular images showed for the first time the detaileévent EROS BLG-2000-5 during the caustic crossing. This
structure of the Orion Nebula in the mid-IR. Together with was a unique binary lens event, wherein the source star di-
the classical BN/KL object and Ney-Allen nebula, a variety rectly passed behind the cusp—the region where the caustics
of filamentary structures, arcs, bright clumps, anrd150 meet—thereby highly magnifying the portion of source star
point sources were visible. lying directly behind the cusp. This allowed a rare opportu-

Robberto, in collaboration with Beckwith, Panagia, Maki- nity to study the structure of the stellar surface in detall,
don, and J. Son¢gMinnesota, obtained WFPC2 photometry measure the limb darkening parameters, and determine the
of point sources in Orion Nebula in bands corresponding tanass of the lengAn et al. 2002. The limb-darkening param-
the Stromgren u and Johnson B. In order to obtain the massters measured here were among the first for normal giants
accretion rates from the UV excess, accurate estimates of thyy any technique and for stars as distant as the Galactic
extinction were needed. Orion, however, was known to posbulge.
sess anomalous extinctigR ~ 5). Using previously pub- M. Siegel and H. Bond continued an investigation into the
lished photometry and data from the Hubble archive, theysuitability of post-asymptotic giant brandRPAGB) stars as
were developing a new estimate of the extinction for indi-standard candles. Theoretical models showed that the lumi-
vidual stars. nosity function of PAGB stars should be sharply peaked, and

K. Sahu continued his investigations to find the locationsthe small number of PAGB stars known in globular clusters
of the lenses for the observed microlensing events towardsuggested that the peak lies at aroung #1-3.4. The obser-
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vational effort to confirm this hypothesis includét) estab- cluded that the PN sample was complete up to about 7 kpc.
lishment of a standard star system in the Gunn u band plushey analyzed the distribution of PN nuclei on the logL-logT
Johnson-Kron-Cousins BV(2) identification of field, globu-  plane and found that nuclei of bipolar PNe were, on average,
lar cluster, and Local Group PAGB stars through multi-colormore massive than nuclei of elliptical and round PNe. Sta-
observations, an¢) identification of PAGB stars in Hubble tistically, bipolar PNs were richer in nitrogen than round or
archival images of more distant galaxies. elliptical PNs, in agreement with the hypothesis that asym-
D. Soderblom continued a program with J. KifigNLV) metric PNs originated from the evolution of massive pro-
to measure chromospheric activity among all the G dwarfgenitors(M > 2.5 Mg, ).
within 50 pc, working with a Hipparcos-defined sample. A. Suchkov and R. Griffin(Cambridge continued the
They completed data acquisition, mostly at the KPNO Coudestudy of overluminous F stars observed with the almost
Feed Telescope, and reduced the data. They began preparitigee-year(2000 to 2002 Cambridge CORAVEL radial-
a database of results, together with ancillary information orvelocity survey. Of the total 111 stars that they could adju-
the targets. These observations were being used to assist witlicate, 58% proved to be binary systems—twice the 29%
a SIRTF Legacy program led by M. Meygkrizona). Soder- found in a sample of randomly selected stars in 1997 by
blom also continued work with B. Jonékick Observatory ~ Nordstrom et al. This result quantified the earlier inference
to study solar-type stars in nearby open clusters for the varidby Suchkov and McMastd1999 that overluminous F stars
tions with age of such properties as activity, rotation, andshould be mostly binaries. The rest of the program stars were
lithium abundances. found to be consistent with being either extremely old single
L. Stanghellini and collaborators R. ShalMOAO), C.  stars, whose surface gravity was too high for their luminosi-
Blades, B. Balick(Washington, M. Mutchler, and E. Vil-  ties, or extremely young, possibly PMS stars, also with sur-
laver made progress in their Magellanic Cloud Planetaryface gravity anomalies.
Nebulae(PNs study, with the aim of understanding PN evo-  Suchkov continued the study of candidate young and
lution in different environments. They observed about 70PMS F stars using the combined data from uvby and 2MASS
LMC and 30 SMC PNe with imaging and slitless STIS spec-photometry and the Hipparcos data. Many of the metal-rich
troscopy, revealing stellar and nebular characteristics at oncé€. stars earlier than F5 were found to show signatures ex-
They found that the LMC and SMC PN morphological typespected for PMS stars, including anomalous surface gravity,
were similar to those of Galactic PNs. The ratio of reddening, near-infrared excess, and UV excess. Stars possi-
symmetric-to-asymmetric PNe was higher in the SMC tharbly harboring hot dust disks were isolated on the basis of
in the LMC. Future completion of the samples would con-their intrinsic near-infrared excess. Similarly, accretion disk
firm whether morphology was related to the metallicity of candidates were identified, using UV excess in combination
the progenitor’s population. They also found that the surfacevith reddening and infrared excess as a signature. Attention
brightness of LMC and SMC PNe declined with physicalwas drawn to an unusual star HD 81270, which was ex-
photometric radii, as predicted by hydrodynamic models, andremely underluminous and metal rich. It had a large intrinsic
that the asymmetric PNe were typically low surface bright-infrared excess and was speeding away from the Galactic
ness objects. They could infer that the dynamic evolutiordisk at 70 km & .

also depended on morphological type. Villaver, Manchado, and G. Garcia-Seguii&-UNAM )
Stanghellini and collaborators built a public web page topublished two papers on the evolution of the circumstellar

collect all their results:http://archive.stsci.edu/hst/ gas around low- and intermediate-mass stars. They per-

mcpn/. formed numerical simulations of the gas evolution for the

Stanghellini, the above collaborators, and D. Karaklarange of progenitor masses of PNs studying the AGB and the
worked on the STIS program of observing UV slitless specN formation. Among other findings, they predicted the ex-
tra of LMC PNs. The monochromatic images showed goodstence of large regionfup to 2.5 p¢ of neutral gas sur-
signatures of the carbon and neon lines, strongest in the Uxbunding the molecular envelopes of AGB stars as a conse-
and essential for abundance analysis. Modeling of the centrgjluence of the mass-loss experienced by the star during the
stars’ UV emission began. AGB evolution.

Stanghellini, with A. Manchaddinst. de Astrofisica Ca- N. Walborn and collaborators completed several major in-
nariag, Villaver, and M. Guerrerdlllinois), used the IAC vestigations. A comprehensive examination of the optical
sample of Northern Galactic PNs—the only complete andspectra of the earliest O-type stars led to the introduction of
homogeneous PN morphological survey—to determinaenew types O2 and O3.5 to describe the range of the criteria.
whether the correlations between the PN morphology and than extensive atlas of the complex, high-velocity interstellar-
stellar and nebular physical parameters were due to selectidime profiles observed with STIS toward four stars in the
effects, distance determination, dust absorption, or other sy&€arina Nebula was published; many new velocity compo-
tematic biases—or whether they were signatures of actualents were resolved. An investigation of discrepancies in the
links between morphology and evolution. They found thatabsolute magnitudes of O stars in several northern associa-
60% of the Galactic PNe were elliptical, 26% were round,tions revealed that the B stars from which the distance
and 14% were bipolar or quadrupolar. They found that thenoduli had been derived were not colocated. An atlas of OB
spatial distribution of PNe varied depending on the morphostars in the Magellanic Clouds observed with the FUSE was
logical types: bipolar PNe were found closer to the Galactiqublished, showing the systematic trends with spectral type
Plane than either elliptical or round PNe. They also con4n the numerous stellar-wind features in that spectral range.
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Further structural details of the 30 Doradus Nebula, includperatures, pressures, gas densities, and far-UV fluxes in these
ing the complete interface between the central cavity andalaxies.
surrounding molecular clouds, were presented based upon In a paper led by A. ConturgiPAC), Malhotra carried out
observations with several Hubble instruments. detailed studies of two nearby galaxies NGC 1313 and NGC
R. Williams continued his work on the detection and iden-6946. They used mid-infrared spectroscopy on ISO to char-
tification of faint emission lines and their uses for nebularacterize the emission from warm dust and from poly-
diagnostics. He collaborated with J. Baldwin and B. Sharpearomatic hydrocarbons, an important component of the ISM
(MSU) and P. van Hoof(Queens University Belfaston a  in galaxies.
program to obtain high signal-to-noise ratio spectra of plan- Panagia, in collaboration with K. Weiler and M. Montes
etary nebulae, for which they developed logic and softwardNRL), analyzed the extensive radio emission data available
to make automatic line identifications via interrogation of for the unusual supernova SN 1998bw, which was possibly
spectroscopic databases. This procedure, named EMILI, waslated to the gamma-ray burster GRB 980425 and repre-
publicly available on the webghttp:/imww.pa.msu.edu/ sented a possible link between these two classes of objects.
people/sharpee/emili.html). The radio emission could be best explained as the interaction
Together with Baldwin, Sharpee, and E. JenkiRsinc-  of a mildly relativistic (' ~ 1.6) shock with a dense, pre-
eton, Williams developed a technique to combine both ab-explosion, stellar-wind-established circumstellar medium
sorption and emission line analyses of nebulae to determingnass-loss rate of 2.6 x TOMg,, yr' ) that was highly
ion abundances, demonstrating the importance of using bottructured both azimuthally, in clumps or filaments, and radi-
types of lines when obtaining abundances. cally, with two 40% density enhancements separated-18/
Williams continued his work on the deconvolution of line x 107 ¢m.
profiles by Principal Component Analysis as a means of ob- panagia, in collaboration with J. Sollerman, B. Leibund-
taining line intensity ratios for objects for which there was gut, and F. PataESO), C. Fransson, C. Kozma, and P. Lun-
no detailed spatial or kinematical information. dqvist(Stockholm Obs, S. Holland and P. Garnavidhotre
With M. Della Valle (Arcetri), Williams obtained a series pama, C. Challis and R. KirshnetCfA), A. Filippenko
of spectra of the nova V382 Vel/99, for which they inter- (UCB), and C. Wheele(Texas, studied the late-time BVRI
preted the spectral evolution in the context of outburstight curves of the supernova SN 1998bw, based on template
models. images taken at the VLT, and extended to the very last ob-
In a paper on non-emitting gas in nebulae with L. Rod-servable phases using STIS imaging observations. The super-
riguez(UNAM) and M. Gos§NRAO), Williams studied the  nova was found to be in a rapid decline up to more than 500
H 1 gas in the Helix PN(NGC 7293 from its 21 cm radia-  days after explosion, with no sign of complete positron trap-
tion, discussing its relation to the CO component of theping from thes6C0 decay_ Thereafter, the ||ght curve was
nebula. found to flatten out significantly. A possible explanation was
powering by more long-lived radioactive isotopes, if they
were abundantly formed in this energetic supernova.
51SM & IGM Panagia, in collaboration with many members of the SINS

. ) . ject (Pl: Kirshney, lyzed STIS long-slit ob ti
G. Kriss, R. Telfer(Orbital Sciences and W. Zheng project( irshney, analyze ong-sit observations

. of the optical and ultraviolef1150 to 10,270 A emission
(JHU) used archival FOS spectra of quasars to study th‘ﬁne spectra of the rapidly brightening spot 1 on the equato-

ionization and composition of the intergalactic medium. Therial ring of SN 1987A between 1997 September and 1999
distribution of individual quasar sp_ect_ral i_ndic_es showed aOctober(days 3869 to 4606 after outbursThe observed
broad: shape that matched the distribution mferred_ fro lux ratios of optical to highly ionized UV lines were found
FU.SE and Keck observaﬂons of H_e G H | column density to be greater by a factor of 2 to 3 than predictions from the
rat|o§ (Telfer et al. 2002 This confl_rmt_ad_ that quasars Were€ o diative shock models. Model calculations for the observed
the likely sources for most of the ionizing radiation at red—Ha line widths and profiles suggested that a chaotic flow

shifts of 2 to 3. . . - .
. . existed in the photoionized regions of these shocks.
S. Lubow, J. Pringl¢Cambridgé, and R. Allen proposed K. Sembach focused on understanding the properties of

;Tct)ﬁa flor glant molect:glar .C.IOIUdS' rge mo?eltsugg&ste%e intergalactic gas in the low-redshift universe and the in-
at the clouds were not In virial equiibrium. Instead, M€Y o sta|jar media of galaxies. Highlights of this research in-
resulted from the temporary concentration of molecular gagjeq an extensive survey of highly ionized, high-velocity
thaéwil/ls l(;]thtermse ?_resedntr:n a dlstnburt]ed ;:orm.t ina th as traced through O VI absorption with the FUSE Observa-
- Malhotra continued her research characterizing ory and several studies aimed at estimating the baryonic

ISM of normal galaxies using observations with the Long : . : :
content and physical properties of the warm-hot intergalactic
Wavelength Spectrograph on ISO. She led a paper that Ch%edium physical propert W Interg !

acterized the star-forming ISM of 60 normal galaxies using

fine structure lines in the IR, prominent among thigin1] at

158 microns andO 1] at 63 microns. These lines were the

prime coolants of the cold neutral medium and showed in6 GALAXIES

teresting correlations with each other and with the dust tem- In a collaboration led by A. PetrosidByurakan Obs. and
peratures derived from the IRAS 60/100 micron continuumisaac Newton Inst. of Chije R. Allen, C. Leitherer, J.
ratios. These lines were also used to derive the mean tenMacKenty, B. McLean, and N. Panagia, a systematic study
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of the morphological characteristics of several samples ofmorphologies from the UV to the near-IR. Their first quali-
galaxies drawn from the 1401 objects that comprised théative results were(1l) Most early-type galaxies showed a
Second Byurakan Surve6BS was started. As a first step, decrease in surface brightness going from the red to the
they selected suitable samples that could provide informatiomid-UV but little morphological changé&?2) Half of the mid-

for studies of the relation between galaxy interactions andype spiral and star-forming galaxies appeared as a later mor-
galaxy star formation activity. phological type in the mid-UV(3) Most of the heteroge-

H. Bushouse, K. BornéRaytheon STX L. Colina(Insti-  neous subset of late-type, irregular, and merging galaxies dis-
tuto de Estructura de la Matefjaand R. Lucas analyzed the played F300W morphologies that were similar to those seen
results of two Hubble snapshot programs in order to bettein F814W but with differences due to recognizable dust fea-
understand the origin and nature of Ultraluminous Infraredtures absorbing the bluer light and to UV-bright hot stars,
Galaxies(ULIRGs). WFPC2 and NICMOS images of a large star-clusters, and star-forming ridges.
sample of ULIRGs showed that nearly all were systems of de Jong, in collaboration with a team led by P. James
interacting galaxies, many with indications of Active Galac- (Liverpool), obtained narrow-band &l imaging of 334
tic Nuclei (AGN). A significant fraction of the systems ap- nearby galaxies to determine local universe star formation
peared to be the result of the interaction and merging ofates for all Hubble types and to investigate the distribution
several progenitor galaxies. As a class, however, the ULIRGsef star formation within galaxies. In their first analysis, they
did not appear to represent a simple transition stage betweesmowed that star formation rate was correlated with Hubble
galaxy mergers and QSOs, as had been suggested in the pagpe, with galaxies Sh-Sc having the highest star formation

J. Caldwell reduced data obtained as part of the WILSates, but that late-type irregular galaxies had the highast H
(Widefield Imager Lensed-Quasar Searcbllaboration. The equivalent width(new-to-old stars ratijo Surprisingly, they
data consisted of 962 square degrees of matched UBR CCidund no correlation betweenddequivalent widths and the
images obtained in four observing runs. He planned to us#otal luminosities of the galaxies.
approximately 20 million photometric measurements to a In collaboration with M. NeesdiObservatory of Munich
limiting magnitude of B~ 21 to select lensed-quasar can- P. Sacket{Mt. Stromlo Observatory and F. Paresc€ESO),
didates based on color and structure information. G. De Marchi used ultra-deep VLT images in the V and R

S. Beckwith and Caldwell participated in the GENiGal-  bands to study the low surface brightnés$SB), late-type
axy Evolution Morphology and SEDsollaboration project. spiral ESO 342-G017. Surface brightness photometry, reli-
They began data analysis for the earliest of the 125 schedble for the detection of faint extended structures to a level
uled orbits of ACS WFC data, wherein F606W and F850LPof V = 27.5 and R= 28.5 mag arcsét, revealed a thick
imaging was used in conjunction with 17-color ground-based:xponential disk with an intrinsic scale height about 2.5
imaging to constrain the evolution of galaxy structure from ztimes that of the thin disk and a comparable scale length,
~1.2. contributing 20 to 40% of the totabld) stellar disc luminos-

R. de Jong, in collaboration with L. Simar@IA), R. ity. This was the first detection of a thick disc in LSB galax-
Davies(Oxford), and the rest of the EFAR team, performed ies, generally thought to be unevolved.
2D bulge/disk decompositions of a set of 800 early-type gal- L. Dressel continued to make emission line kinematic
axies from the EFAR sample, investigating whether the classtudies of the nuclei of LINER galaxies. By taking dithered
sical R/ de Vaucouleurs bulge profile shape was indeed th&TIS spectral images with Hubble, she showed that the black
norm or whether other ‘n’ values of the Sersi¢Rprofile  hole in NGC 3998 was within 1pc of the photometric center
shape were more prevalent. They found that most of thef the galaxy, in contrast to a possible offset seen in lower
bright elliptical galaxies in their sample indeed had ‘n’ val- resolution kinematic data.
ues close to 4, but that the trends toward fainter galaxies In collaboration with M. Dopita(ANU) and M. Allen
suggested a continued decrease in ‘n’ toward later type galStrasboury Dressel used STIS to observe the nuclear spec-
axies, strongly correlated with bulge-to-disk luminosity andtrum of NGC 3998 from 1200 to 10,000 A. They used emis-
scale size ratio. Furthermore, they found that the distributiorsion line diagnostics to study the ionization and excitation of
of galaxies in the luminosity-radius plane was consistenthe gas in the nucleus of this galaxy, which was one of the
with large elliptical galaxies having formed from spiral gal- brightest and most active nearby LINERs.
axy mergers, but that the low luminosity ellipticals were too  H. Ferguson studied galaxy evolution through a combina-
small to be formed that way unless much of angular momention of investigations of nearby galaxi€gas and stellar

tum was lost during merging. populationg and distant galaxies. Ferguson was one of the
de Jong, with R. Windhors{ASU) and the Hubble originators of the Great Observatories Deep Survey
Mid-UV Morphology team, performed an imaging survey of (GOODS; hitp://www.stsci.edu/science/goods/)

37 nearby galaxies observed with WFPC2 in the F300W angroject, which over the following two years planned to ob-
F814W filter and 11 galaxies in F255W. They also obtainedain deep Hubble, SIRTF, and ground-based images and
ground-based UBVRJHK imaging for most of this galaxy spectroscopy of roughly @listant galaxies in an area of 0.1
sample. The main goal of their survey was to quantify mor-deg and to detect several dozen high-redshift supernovae.
phological change with wavelength, as a basis for morphoThe first GOODS supernova detections were reported in
logical K-corrections for high-redshift work. In their first pa- September 2002.

per on this data set, they presented a preliminary analysis By analyzing the SEDs of galaxies at redshifts<2z <
predominantly based on an eyeball comparison of galaxy.5 observed in the Hubble Deep Field, Ferguson, C. Papov-
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ich, and M. Dickinson set interesting constraints on the navery inner regions of the galaxy, reinforcing the idea of a
ture of sources responsible for reionizing the intergalacticlose link between the hot and warm phases of the interstel-
medium at redshifts z ~ 6. Specifically, if stars were re- lar medium. Fits to the SED of the hot gas were made
sponsible for reionization, either they formed with a top-throughout the Chandra image. Interestingly, the energy
heavy initial mass function, or they did not reside in unob-transport into the core of NGC 5846 by heat conduction
scured parts Lyman-break galaxies at-Z3. agreed with the energy radiated in the nebular emission lines.
Ferguson, T. Brown, and E. Smith, together with M. Rich They proposed that electrons provided the gas ionization re-
and M. Mouhcine(UCLA), analyzed WFPC2 images of the sponsible for the optical line emission and conducted heat
outskirts of six nearby spiral galaxies. Individual halo red-within the hot gas.
giant branch stars were resolved in every case. The metallic- Goudfrooij, in collaboration with E. Emsellei®bserva-
ity distributions were found to vary from galaxy to galaxy, toire de Lyon, analyzed WFPC2 images and TIGER
with more luminous, more bulge-dominated galaxies showintegral-field spectroscopy of the elliptical galaxy NGC 2974
ing both a higher mean metallicity and a larger spread. to derive the kinematics of the stellar and ionized gas com-
Ferguson and J. Lotz developed a Bayesian relativeponents in its central 500 pc. They built a two-integral dis-
likelihood technique to test galaxy evolution models againstribution function from a multi-Gaussian expansion mass
the full distribution of apparent magnitudes, colors, and phoimodel of the stellar component, which fit all available data
tometric redshifts of galaxies in any survey. This techniquewell. The Hubble images revealed the presence of a high-
was applied to constrain the epoch of formation of dwarfcontrast, two-arm spiral structure of ionized gas of a size of
galaxies using HDF and SDSS data. about 200 pc, which was confirmed by the analysis of the
M. Giavalisco led the ACS imaging survey component ofdeconvolved TIGER data cube. This was the first time a
the GOODS project and published a review paper on Lymannuclear, gaseous spiral structure had been found in a ‘normal’
break galaxies. He continued research on galaxy evolutiorglliptical galaxy. Strong departures from circular motions
in particular on the clustering properties of Lyman-break gal-were observed in the gas kinematics and were successfully
axies and techniques to constrain their mass spectrum. Giaaodeled via a density-wave model.
valisco also worked on chemical enrichment of early galax- B. Holwerda worked on a project to determine the opacity
ies, the evolution of galaxy morphology, and the propertiesof spiral galaxies in a Ph.D. project under supervision of
of faint AGN at high redshifts. Allen. The goal was to determine the dust opacities of nearby
As PI, Giavalisco led the definition, implementation, andspiral and irregular galaxies by counting background galax-
execution of GOODS ACS, which was a Hubble Treasuryies detected through the foreground galaxy in WFPC2 archi-
program of 398 Hubble orbits to image the HDF-N and theval data. For calibration, the project compared the number of
Chandra Deep Field SoutiltDFS in 4 bands(B, V, i, and  background galaxies with simulations that added an extinc-
z). GOODS, which included coordinated observations fromted HDF frame to the original image. Holwerda made tech-
Hubble, SIRTF, Chandra and major ground-based telescopesical improvements, including drizzling the data selected
including Keck, VLT, Gemini, Subaru, and NOAO, aimed at from the archive, automatic detection of background galax-
understanding galaxy formation and evolution, including theies, and a ‘fuzzy boundary’ technique, where an object was
evolution of star formation, the stellar and total mass contentrewarded’ for galaxy-like properties and ‘penalized’ for star-
of galaxies, and the assembly of the Hubble sequencdike ones. Promising initial results showed a relation between
GOODS ACS studied galaxies at 05z < 7, including the  the inferred opacity and radial distance from the galaxy
evolution of their mass spectrum and sought to identify acenter.
large sample of high-redshift Type la supernovae at high M. Livio and T. Alexander(Weizmann Institute showed
redshift to understand the dynamics of the cosmological exthat a significant fraction of the stars around massive black
pansion and test the presence of the cosmologicdioles in galactic centers underwent extreme tidal interactions
constant. with the hole, but survived total disruption. They showed
O. Gnedin, in collaboration with H. S. Zhd@ambridge,  that this might explain the existence of blue stars in galactic
used numerical simulations to investigate the effect of stellacenters.
feedback on the dark matter profiles of dwarf galaxies. They R. Lucas continued his extragalactic research on the
found that even the maximum feedback might lower the denHDFs. He collaborated in the GOODS project, which
sity in the inner dark matter cusp only by a modest factor ofplanned to cover a wider area around the HDF-North and the
2 to 6 and thus could not solve the discrepancy withCDF-South. He also observed VLIRG¥ery Luminous In-
observations. frared Galaxies—slightly less luminous than ULIRGsing
P. Goudfrooij, in collaboration with G. TrinchietDsser-  the Nordic Optical Telescop@ OT) in collaboration with S.
vatorio Astronomico di Brena used the Chandra X-ray tele- Arribas, Borne, Bushouse, and Colina.
scope to obtain high-resolution images of the X-ray bright For the Hubble Heritage program, Lucas supported B, V,
elliptical galaxy NGC 5846. They detected an abundance o&nd I-band observations by WFPC2 of Hoag's Object, an
hot gas with a disturbed morphology on the arcsecond scaleinusual ring galaxy, which might be related to polar ring
revealing unprecedented details. The morphological pecujalaxies and probably resulted from one galaxy passing too
liarities were coupled with a complex SED of the X-ray pho- near another, being shredded, and captured in orbit.
tons. The previously reported morphological similarity of the  Lucas collaborated on three publications on ULIRGs
X-ray emission and the & emission was extended into the based on data from the Hubble snapshot programs of Borne
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and M. Rowan-Robinsofimperial College. Bushouse et al., Stiavelli studied the evolution of substructure in dynami-
which was an atlas of NICMOS H-band images of 27 galax-cal systems and the transport of angular momentum. He used
ies, found that at least 85% were obvious interactions oN-body simulations to study the evolution of substructure in
mergers, ~ 93% showed some sign of interaction, andboth collapsing and equilibrium dynamical systems embed-
~37% showed some AGN features. Colina et al., whichded in dark massive halos. He studied the effects of various
treated the nuclear properties of the same 27 galaxies, fourdynamical processes, like global tides, clump-clump heating,
~ 67% of the galaxies appeared to have multiple nuelei, clump-clump merging, and dynamical friction. The simula-
52% had sub-L* luminositie§mplying the interactions and  tions suggested that spiral galaxies cannot be formed by col-
mergers involved sub-L* galaxigsand only one of 49 nuclei lapse of a few large clumps but could be formed by accretion
was quasar-like. Thus, an evolutionary merging sequencef many small clumps. He also found that the collapse of a
possibly generated the various types of ULIRGs and QSOS§lumpy system was not sufficient to form the extended en-
based on the masses of the progenitors. Farrah et al., whigtglope of a cD galaxy.

presented WFPC2 V-band imaging of 23 ULIRGs from the R.van der Marel worked with several collaborators on the
QDOT redshift survey, found that 87% appeared to be interStructure, dynamics, and orbit of the Large Magellanic Cloud
acting, that QSO host galaxies were typically interacting ga|_(LMC) by fitting general expressions for the velocity field to
axies or ellipticals, and that ULIRGs were a diverse groupkinematical data for 1041 carbon stars. This improved sig-

rather than a simple transitional stage between galaxy merdtificantly on previous studies of LMC kinematics, which

ers and QSOs, with local environment and progenitor morimade unnecessary over-simplifications and led to incorrect

phologies driving evolution of the IR power source and the€stimates of important structural parameters. For example,
ultimate merger morphology. the new analysis implied that the LMC rotation curvéRy

D. Macchetto, Panagia, and W. Sparks, in a (:ollaboratiorh1ad amplitude 49.& 15.9 km s', 40% lower than tradition-

that includes F. Ferrari M. Pastoriza. and C Bonattoa”y believed. This in turn implied that the LMC had a larger

(UFRGS, Brazil, discussed the mid-IR photometric proper- vertical thickness than previously thought; its V/sigma was

ties of a sample of 28 early-type galaxies observed at 6'7éess; than the value for the Milky Way thick disk. The study

9.63, and 15 microns with the ISOCAM instrument on boardzls‘t?] ;:honsLtl\rAacl:ned dtrt]r? TA"’_‘IT(S \6/1\7d ethTrt] of t?e _?ark :alc;)s_,t of
the ISO satellite. The total mid-IR luminosities were found to 0 € an € Milky Vay an € velocity and orbi

be in the range3 to 42 X 108 L, . The SEDs of the of the LMC in the Galactocentric rest frame. The latter were

. . o - ound to be consistent with models for the Magellanic
galaxies clearly showed that the mid-IR emission originate tream
from dust heated at 260 K. The masses of that hot dust ) .
mponent were found to be in the range 10 to 4 van der Marel worked on a project led by E. Verolme
co MpOSt'e "_e ed? c 0 te € ? ge d tho Q"Ql’l\:l ELeider) on dynamical models for the nearby compact ellip-
M. Stiavell and 5. L.asertano constrained the EVolution of; ., galaxy M32. The models fit high-quality stellar kine-
field elliptical galaxies by studying the evolution of the Fun-

d | Pl h ith T T | Thev d matical measurements obtained with the integral-field spec-
a_lmenta ane together with T. ré@g tech). They eter—_ trograph SAURON on the William Herschel Telescope, as
mined the Fundamental Plane properties of a sample of fiel

e . _ , ell as STIS long slit data. They implied a best-fit central
ellipticals at z= 0.7 by using the VLT to obtain velocity black hole mass of2.5 = 0.5) X 10° M., and a stellar
dispersion measurements and archival WFPC2 images to 0by, o mass-to-light ratio 1.8% 0.15 in solar units. The

tain their structural parameters. Their measurements indiz,,gels also provided the first constraint on the inclination of
cated that field ellipticals formed more recently than clustef;3, (70 + 5 degreesand revealed the power of integral-

ellipticals, as evidenced by their stronger luminosity evolu-ie|q spectroscopy for constraining the dynamical structure of
tion and higher incidence of star forming activity. nearby galaxies.

Stiavelli studied the nuclear properties of the bulges of \an der Marel worked with M. GehdLick) and P.
spiral galaxies. He obtained both WFPC2 and NICMOS im-GhathakurtdUC Santa Cruzon the internal kinematics of
ages for a sample of about 100 spiral galaxy bulges and useflyarf elliptical (dE) galaxies. These were among the most
the data to demonstrate that pseudo-bulges were on averaggorly studied galaxies due to their faint luminosities and
younger than the better-known classical bulges with a d@haracteristic low effective surface brightness. Keck/ESI
Vaucouleurs light profile. He found that nuclear sources werepectroscopy of six dE galaxies in Virgo yielded their mean
very common in pseudo-bulges and showed colors compafne-of-sight velocity and velocity dispersion as a function of
ible with the bulge stellar populations. These results supradius along the major axis. This nearly doubled the total
ported models where bulge formation was an on-going pronumber of dEs with spatially-resolved stellar kinematics.
cess, perhaps triggered by bar instabilities and quenched yone of the observed objects showed evidence of much ro-
the formation of a massive central concentration. tation, which placed strong constraints on dE galaxy forma-

Stiavelli and C. Scarlata analyzed the presence of nucleaion models. The dynamically inferred mass-to-light ratios
disks in the cores of spiral galaxies. They carried out a morwere in the range 3 to 6/-band solar unitg consistent with
phological analysis of archival WFPC2 F606W data to showan intermediate-age stellar population. There was no evi-
the presence of nuclear stellar disks in some spiral galaxieslence for a significant dark matter component inside an ef-
This indicated that accretion of material with decoupled an{ective radius.
gular momentum was a process occurring not only in ellip- S. Laine, van der Marel, T. LauéNOAO), M. Postman,
ticals but also in spiral galaxies. C. O'Dea, and F. OwerfNRAO) derived central surface
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brightness profiles for 60 brightest cluster galaxies usingstars in the crowded central regions. These observations
WFPC2 images. They confirmed that the large majority oftripled the number of stars within the central arcsec of M15
bright elliptical galaxies had cores near the center, although that had reliably measured velocities. Upon dynamical mod-
few had steep power-law profiles. Together with Lauer anceling, the data provided strong evidence for a central dark
the Nuker team, Laine and van der Marel demonstrated thanass component, possibly an intermediate-mass black hole.
the surface brightness profile even turned over near the cerhe mass was consistent with the correlation between veloc-
ter in some ellipticals. All these results were consistent withity dispersion and black hole mass that had been inferred for
theoretical scenarios where galaxy mergers create central kgalaxies, which suggested a new link between the structure,
nary black hole systems, which scattered stars and convert@yolution and formation of globular clusters, galaxies, and
power-laws to core profiles or even central dips. their central black holes. However, with the available models
Laine, together with S. Jogé€altech, J. KnapenING), and data it was neither uniquely implied nor ruled out that
. Shlosman(Kentucky), N. Scoville (Caltech, P. Englmaier M15 had a black hole.
(MPE) and C. Wilson(McMaste}, obtained optical and near-
infrared imaging and interferometric CO observations of they oAgN

nearby spiral galaxy NGC 5248. Through a combination of S. Casertano, together with T. Hamilté6SFO and D.

morphological and dynamical arguments, they demonstrateq, nshek (Pittsburgh, studied the luminosity function of
that this galaxy had a previously unrecognized large-scalgygg host galaxies in archival Hubble images. They found
stellar bar. This result was likely to have far-reaching impli- 4t the hosts were optically very luminous, comparable to

cations for the properties of bars locally, as well as for the,jghtest cluster galaxies, and constituted a substantial frac-
paucity of observed bars at high redshifts. A comparison ofjyn of all luminous galaxies.

the multiwavelength data with hydrodynamical models A Koekemoer, in collaboration with B. Mobasher, R.
showed that a large-scale bar could generate both the exjoris (ATNF), C. JacksonfMSSSO/RSAA, and members
tended grand-design spirals on kpc scales and the nuclegf the GOODS team, initiated an ultra-deep radio survey at
spirals in the inner few hundred parsecs. _ 20 cm with the Australia Telescope Compact Ar&ICA)

G. Verdoes Kleijn, van der Marel, T. de Zeedheiden,  of the CDFS. A total of 15 days of observing time were
J. Noel-Storr, and S. Baum studied the gas disk in the radigeceived, which were expected to allow 1-sigma sensitivities
galaxy NGC 4335 and constrained the central black holgf apout 10 micro-Jy to be obtained. The field contained
mass using Hubble and ground-based observations. The Ugayeral hundred radio-loud AGN and starburst galaxies, and
per limit to the black hole mass inferred from gas velocitiesihe gata were being used in conjunction with the deep X-ray,
fell a factor ~ 6 below the mass expected from the stellargptical, and IR data from GOODS to investigate the relative
velocity dispersion. Thus, NGC 4335 possibly had an unexproperties of starbursts and AGN as well as the nature of
pectedly low black hole mass. Alternatively, the customaryradio-loud galaxies in the early universe.
aSSUmptionS for the gaS disk model were pOSSiny invalid for Koekemoer Carried out a deep Optica' Spectroscopic sur-
this object despite its regular behavior. vey of compact radio galaxigCSS/GP$ working with C.

M. Cappellari(Leiden), together with van der Marel, Ver- o'Dea, S. Baum, A. LabianéKapteyn Institutg and W. de
does Kileijn, and others, estimated the black hole mass in thgries (LLNL ). This program aimed to study the dynamics of
counter-rotating core of 1C1459 using stellar kinematicsgas near the nucleus and the effects of interactions with the
from Hubble and ground-based observations. The mass esfadio jets. Low-dispersion spectroscopy of these sources re-
mate was an order of magnitude higher than that obtainegealed a correlation between the gas excitation state and the
from gaseous kinematics. This cast doubt on the validity okjze of the radio source, suggesting that the smallest sources
both techniques, although higher quality stellar kinematicalvere embedded in extremely dense gas, which gradually dis-
information was required to confirm this. persed with increased source age, likely due to continuous

J. Gerssen, K. KuijkeriLeiden and M. Merrifield (Not- interactions with the radio jets.
tingham derived the bar pattern speeds of four barred spiral Koekemoer coordinated the GOODS/AGN research team
galaxies using a model- independent technique pioneered byt the Institute, specifically in the context of the evolution of
Tremaine and Weinberg. The results were consistent WittAGN with cosmic time and their relationships with other
fast rotating bars, and this suggested that dark matter halos gulaxies. This work involved developing a set of models of
barred galaxies were not as centrally concentrated as preéumber counts and redshift distributions of various classes of
dicted by cosmological simulations. This result was at oddAGN, covering the entire spectrum from X-ray through to
with current understanding of dark halos in non-barred spiratadio wavelengths. This would allow direct predictions and
galaxies. In the optical, applications of the Tremaine andests of various scenarios of AGN evolution, including evo-
Weinberg technique were restricted to early-type barred galution of the fraction of obscured AGN with redshift, and
axies. Gerssen collaborated with V. Debatti$Base) to  possible changes in the ratio of AGN luminosity as a func-
show from numerical simulations that the method could betion of their Eddington luminosity. The deep SIRTF data up
applied successfully to all barred galaxies along the Hubbléo 24 microns, when combined with deep Chandra, optical/
sequence when infrared spectra were used. near-IR and radio surveys, was expected to prove invaluable

Gerssen, van der Marel and several other collaboratoris revealing how AGN evolve with redshift.
finished a study of the dense Galactic globular cluster M15. Koekemoer continued work with G. BicknelMSSSO/
They used STIS to measure the radial velocities of individuaRSAA) on detailed studies of 3-dimensional spectroscopy of
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emission-line gas in powerful radio galaxies, to investigateD. Axon (Hertfordshire, P. Barthel(Kapteyn Institute A.
the relationships between galaxy mergers and AGN fuelingCapetti(Osservatorio Astronomico di TorinoR. Fanti(lsti-
in specific objects. Combined with theoretical constraints ortuto di Radioastronomia del CNRR. Gelderman(Western
the dynamics and energetics of the gas, these results showkeéntucky), R. Morganti (Netherlands Foundation for Re-
that the origin of the gas was most likely related to a mergesearch in Astronomy and C. Tadhunte{Sheffield obtained
event that was also responsible for having triggered thesTIS long slit spectroscopy of the aligned emission line
AGN. The results were yielding valuable constraints on thenebula in three CSS radio sources in order to test models for
timescales involved. the interaction of powerful radio sources with their environ-
G. Kriss and the FUSE AGN Working Group used FUSEments. They found systematic offset®ughly 300 to 500
observations of O VI and Lg absorption to evaluate the km s?!) of the emission line velocities on one or both sides
relationship between UV absorbers and X-ray absorbers igf the radio sources. There was also evidence for moderately
low-redshift AGN (Zheng et al. 2001; Brotherton et al. proad linesSFWHM 500 km s* ) and complex emission line
2002. In all cases, the FUSE spectra showed multiple kineprofiles. Comparing the CSS kinematics with those of the
matic components spanning a wide range of ionization pagaum et al.(1990 sample of extended radio galaxies re-
rameters and column densities. Working with J. Krolik yealed that the three CSS sources exhibited kinematics that
(JHU), they developed a physical explanation for this com-gjstinguished them from typical low redshift large radio gal-
plexity as the natural condition for a thermal wind driven off gyjes in the sense that the CSS sources tended to have larger
the exposed faces of the obscuring tofiisolik and Kriss 45 of the side-to-side velocity difference. The complex
2001). At the critical ionization parameter for evaporation in kinematics, side-to-side asymmetry in the velocity varia-
these models, there was a broad range of temperatures thaf,q he |ack of a signature of Keplerian rotation, and the
could coe;mst n eqwhbnum at nearly constant pressure. Th'solssociation of the velocity variations with the radio lobes
resulted n a str_ongly mhomogen_eous gas flow. ngh M ere consistent with the motions being driven by the expan-
perature, highly ionized gas causing X-ray absorption coul ion of the radio source. Clouds with densities in the range
co-exist with more dengely plumped, lower temperature 93300 to 1000 cn? could be accelerated to the observed range
that formed UV absorption lines. of velocities for bow shock velocities in the range 0.05 to

M. Livio examined the properties of jets in AGN and . ith . b din th h
other astrophysical sources. He showed that it was possib%2 c—consistent with proper motions observed in the muc
' smaller CSO40.1 to 0.2 ¢ and with expansion velocities

that the same acceleration and collimation mechanism oper-__. .
. estimated from spectral aging.
ated in all the sources.

Livio, in collaboration with A. Riess and W. Sparks, P. Padovani, in collaboration with H. Landt, and P.

showed that a serendipitous observation of a Type la supecr’:'omml (BeppoSAX/ASDG, investigated why Bl Lacertae

nova associated with an AGN jet might indicate that jets canOb]eCtS(BL LaF:s) had values of the Ca H and K. bredé
llar absorption featuréower than low-power radio galax-

enhance the rates of both supernovae and novae. They algbe

showed that these findings might help identify the progeni-'es and whether its use was justified to separate the two

tors of Type la supernovae classes. They found that the Ca H and K break value de-
Livio. in collaboration Wit'h J. Biretta and W. JundXew creased with increasing jet powers and anti-correlated with

Mexico), presented evidence for poloidal collimation of the t€ radio core dominance parameter but not with extended
jet in M87 by the accretion disk around the central black'@dio emission. They concluded that the Ca H and K break
hole. value of BL Lacs and radio galaxies was a suitable indicator

S. Lubow, G. Ogilvie, and J. PringkCambridgg inves-  ©f orientation. _
tigated the properties of a low-viscosity disk surrounding a Padovani continued his work on BeppoSAX data of blaz-
misaligned rotating black hole. They found that tilt waves&'s- In collaboration with L. Costaman(#plfK), G. Ghis-
were generated in the disk that could propagate to the disgllini (OAB), P. Giommi (BeppoSAX/ASDG, and E. Per-
center and might cause jets to be misaligned with their hodfnan(UMBC), he presented new BeppoSAX observations of
galaxies. four flat- spectrum radio quasatESRQ having effective

S. Malhotra and J. Rhoads continued their work on find-Spectral indices typical of high-energy peaked BL Lacs. The
ing high redshift Lyr emitters using the Large Area Lyman BeppoSAX band in one of the sources, RGB J162008,
Alpha (LALA) survey. A sample of 18 candidates at redshiftwas dominated by synchrotron emission peaking at
z = 5.7 was published and four candidates were followed up~ 2 X 10'° Hz, as also shown by its stedpnergy index
spectroscopically in collaboration with A. Dé}NOAQ) and ~ ax ~ 1.5 spectrum. This fact made this object the first
H. Spinrad(UC, Berkeley. Three out of four Ly candidates known FSRQ whose X-ray emission was not due to inverse
were confirmed. Meanwhile, modeling of the 160 or sarLy Compton radiation. Two other sources displayed a flat Bep-
emitters at z= 4.5 by stellar population showed that the POSAX spectrun{ay ~ 0.7) but with indications of steepen-
equivalent width of the line could not be reproduced by steling at low X-ray energies. This was also supported by RO-
lar populations without invoking extreme stellar initial mass SAT and multifrequency data and a synchrotron inverse
function, youth(age less than 10 million yearsor zero me- Compton model, which suggested synchrotron peak frequen-
tallicity. Narrow-line AGNs were a possibility, but deep cies of ~ 10" Hz, typical of ‘intermediate’ BL Lacs for
X-ray imaging with Chandra had failed to detect such AGNs.which the synchrotron and inverse Compton components

C. O'Dea, S. Baum, W. de Vriegd LNL ), A. Koekemoer, overlapped in the BeppoSAX band.
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8 CLUSTERS & COSMOLOGY and Fall found instead that the existing data on metallicities

M. Dickinson was the Principal Investigator of the in damped Lyr systems in fact supported a risingt¥rela-
GOODS Legacy Science Program with SIRTF. This projection, consistent with the models of cosmic chemical
planned to obtain the deepest observations with that faciligvolution.
at 3.6 to 24 microns in order to study the evolution of stellar A. Koekemoer, in collaboration with S. Baum, C. O'Dea,
mass in galaxies and their energetic actiiiyom star for- J. Mack, and A. Lao(Technion), continued a STIS Far-UV
mation and active nuclebut to z= 5 or beyond. A Hubble imaging and spectroscopic study of nearby cooling-flow
Treasury progranfM. Giavalisco, P obtained deep, four- clusters. This study revealed striking large-scale, coherent
band imaging of the two GOODS fields with the ACS. The structures of Ly emitting gas, together with complex knots
GOODS Legacy program planned to commence observaef UV continuum emission, distributed around the central
tions shortly after the launch of SIRTF in 2003. Dickinson galaxy and also associated with the radio lobes. The ratio of
continued preparing for the Legacy observations and playingy « flux relative to Hv and to the UV continuum were used
a leading role in the ACS program. He was active in theto address the question of how the gas was ionized; photo-
collection and compilation of ground-based optical and nearionization by hot young stars was possible for a very limited
infrared data on the GOODS fields. He analyzed the evolvfange of parameter space, while additional energy supplied
ing global stellar mass density at<0 z < 3 using the best from shocks or directly from the ICM, as well as possible
data currently available and found that only 5 to 15% of theeffects from unusually low abundances, were investigated to
present-day stellar mass density was in place-at¥, build-  explain the high observed ratios of dyo He in a number of
ing rapidly to 50 to 75% by z~ 1. Dickinson continued regions. These studies also showed that the dust content of
research on a variety of other projects and publications corthe extended gas was low, with substantial dust being present
cerning the evolution of galaxies, galaxy clusters, distant acenly in dense, localized regions.
tive galactic nuclei, and cosmology from high redshift super- A. Koekemoer, collaborating with E. Schreier, N. Grogin
novae. (JHU), and other members of the CDFS team, published the

M. Fall collaborated with P. Molle(European Southern results from their deep, multi-band WFPC2 observations of
Observatory, S. Warren(University College, Londop and 40 X-ray sources within the CDFS field. The detailed
P. JakobseESA) on a long-term project to determine the WFPC2 morphologies and colors allowed classification of
nature of the damped lay absorption-line systems. These the host galaxies of the X-ray sources and investigation of
systems, detected in the spectra of background quasars, wdhe different populations of objects revealed by ultra- deep
generally believed to represent the interstellar components of-ray surveys. A principal result from this study was that the
high-redshift galaxies. However, until this project, little was optical counterparts of the X-ray sources were composed of
known about their stellar components, including the mor-two sub-groups(1) an optically bright population, contain-
phologies and sizes of the galaxies. Moller et al. obtainedng a mixture of low-redshift spirals, ellipticals, starbursts,
deep STIS and NICMOS images of the fields around manyand AGN, and2) an optically fainter group, apparently part
quasars with known damped &yabsorption and VLT spec- of the faint blue galaxy population, with X-ray emission con-
tra of the candidate galaxies. Contrary to current belief, theistent with being produced by higher redstifp to z= 2)
found that the damped laygalaxies were similar to the gal- obscured AGN. This represented a significant extension of
axies detected by emission alofiee., Lyman-break galax- the population of nearby, moderate-luminosity AGN to cos-
ies) when compared at the same redshift and luminosity. Thignological distances, thereby directly enabling studies of
had implications for a wide range of issues concerningtheir evolution and relationships with normal galaxies.
galaxy formation. M. Livio examined models for Type la supernovae and

Fall collaborated with S. SavaglidHU) to determine the their implications for the determination of cosmological pa-
metal and dust content of the absorbing gas in the foregrounmeters. He demonstrated that the recent indications of an
of gamma-ray bursts. They found that the columns of metalgiccelerating universe could not be an artifact of the existence
and dust in the gamma-ray bursts were higher than those f two classes of progenitors of Type la supernovae.
most damped Ly systems. This was consistent with the idea  Livio, in collaboration with A. Riess and others, discov-
that the gamma-ray bursts occurred in regions of active stegred the farthest known supernova, at redshift 1.7, and
formation, where the columns of interstellar material, includ-showed that this supernova was consistent with an accelerat-
ing metals and dust, were high. The lines of sight to backing universe dominated by dark energy.
ground quasars, on the other hand, sampled random lines of Livio’s book The Accelerating Universeas published in
sight through galaxies, or perhaps even those with lowerGerman, under the titl®as Beschleunigte Universum
than-average dust columns. Livio, in collaboration with L. Sies$Brussel$ and J. Lat-

V. Kulkarni (South Carolinaand Fall reexamined the re- tanzio(Monash calculated the evolution of the firgbrimor-
lation between the global mean interstellar metallicity indial) stars in the mass range 0.8 to 20 solar masses from the
damped Lyr systems and their redshifts. There were severapre-Main Sequence to the asymptotic giant branch phase
recent claims that this(Z) relation was flat or nearly stpy ~ (and up to carbon ignition for massive star§hey showed
Pettini and Wolfe and their collaboratgrdhis was contrary that primordial low- and intermediate-mass stars could have
to intuition and to models of cosmic chemical evolution, been significant contributors to the production of carbon and
which indicated that the mean metallicity should increasenitrogen.
from Z ~ 102 Zg,,at z= 3 to Z ~ Zg,,at z= 0. Kulkarni L. Lubin, M. Postman, and J. OK®AO/Caltech contin-
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ued a Keck/KPNO/Hubble program to study massive clusters Mobasher, in collaboration with D. Cartgtiverpool
of galaxies at redshifts approaching 1. Their latest researchohn Moores T. Bridges(Anglo- Australian TelescopgeB.
revealed a strong change with redshift in the measured std&toggianti(Padova, the University of Tokyo, and National
formation rates and morphologies of the cluster galaxies, aéstronomical Observatory of JapaiNAOJ), completed a
well as evolution in the global relation®.g., the L, - ¢  wide-area photometric and spectroscopic survey of dwarf
relation between the cluster galaxies and the intraclusteand giant galaxies in the Coma cluster. Using the strength of
gas. These results suggested that infall from the field popuspectroscopic line indices for 500 galaxies in this sample,
lation and transformation of galaxy morphologies was ac-the following issues were addressed: formation and evolution
tively occurring during this epoch. For example, the fractionof dwarf and giant galaxies, environmental dependence of
of early type(E+S0) galaxies in rich clusters was a factor of their properties, luminosity function of cluster galaxies, age
1.5 times lower at z~ 0.9 than in nearby clusters. This and metallicity of elliptical and SO galaxies, and dynamical
evolution implied that early-type galaxies were forming outevolution of dwarfs.
of the excess of late-typ@piral, irregular, and peculipgal- Mobasher and B. TullfHawaii) completed near-IR im-
axies over the approximately 7 Gyr timescale. aging observations of a sample of spiral galaxies with known

L. Lubin, in collaboration with C. Fassnacht, exploited a distances from SNe la. Results were to be compared with
new technique to detect small groups of galaxies in the predistances derived from the near-I&K-band luminosity-
viously unexplored redshift range of=z 0.3 to 0.9 through velocity width relation.
their association with gravitational lens systems. This pro- P. Padovani worked on a high-redshift Lyman Break gal-
gram permitted them to better constrain the mass models iaxy with S. Savaglig@JHU) and N. Panagia. Very Large Tele-
gravitational lens systems and to study the evolution ofscope(VLT), high-resolution observations of MS 1512-cB58
groups of galaxies. They planned to observe the discovere@ = 2.724, V= 20.64 revealed, with unprecedented detail
groups in X-rays using the Chandra Observatory in order t@long a galaxy sight line, the kyforest due to intervening
measure their gas and dark matter properties. The first 10€louds in the intergalactic mediuhGM), with indications
ksec observation of BO732472 at z= 0.2909 was sched- of a possible excess of absorption close to the galaxy. This
uled for 2002. high-density region was at least 606B6)* Mpc comoving

B. Mobasher, in collaboration with L. Craf®ydney, J.  wide, but the large Ly absorption of the galaxy itself pre-
Afonso (Imperial College and A. Hopkins (Pittsburgh,  vented the detection of a possible structure extending down
completed a deep, wide-area radio survey at 1.4 GHz, usintp the galaxy. This excess of kyclouds was suggestive of
ATCA. The survey covered an area of 3 demd was com-  two possible scenarios: the presence of a superclustereof Ly
plete to~ 40 micro-Jy. This was the deepest and the mostlouds not associated with MS 1512-cB58 or a high density
homogeneous radio survey available over such a large areaf gas associated with the environment of MS 1512- cB58.
Using the 2-degree Fiel®dF multi-object fiber spectro- D. Macchetto and Panagia, in collaboration with A. Saha,
scopic facility and optical/near-IR/mid-IR imaging observa-A. Dolphin and J. ChristensedNOAO), A. Sandage
tions, these data were used to address deep micro-Jy radi@CIW), and G. TammantiBase), continued their Hubble
source counts, the nature of faint radio population, and dusfrogram to calibrate the peak brightness of type la superno-
free star-formation rate from 1.4 GHz andvHluxes. vae (SNIa) by studying the case of NGC 3982, the parent

Mobasher and Afonso discovered the closest Extremelgalaxy to SN 1998aq. The resulting distance modulus was
Red Galaxy(ERG) at z= 0.65. This was the first ERG with (M- m), = 31.72* 0.14(22 = 1.5 Mpg. The derived V and
detection at mid- and far-IR wavelengths, allowing a detailed band luminosities were fully consistent with the mean of
study of the nature of these sources. The SED of this ERGhe eight normal SNe la previously calibrated with Cepheids.
best fit a combination of a starburgtith a star-formation  Together they yielded fHi= 60 * 2(interna) km s* Mpc?
rate of 470 M,,yr'! ) and a dust-enshrouded active nucleusbased on an assumed LMC distance modulus of 18.50.

(A, = 5to 6 mag. Panagia, as a member of a wide collaborafitve Super-
Mobasher, R. Ellis(Caltech, Cram, M. Sullivan(Cam-  nova Cosmology Projeried by S. PerlmuttefLBL), con-
bridge and M. Treyer(Marseille performed a comparative tinued his studies of high redshift supernovae. Using four
study of different star formation diagnostigmdio 1.4 GHz, large subsets of data from the Supernova Cosmology Project,
Hea, UV), investigating the origin of the difference in star which surveyed about 12 square degrees, thirty-eight super-
formation rates for the same object, estimated from differenhovae were detected at redshifts 0.25 to 0.85. In a spatially-
diagnostics. flat cosmological model consistent with the results obtained

Mobasher completed study of the near- infrared Fundaby the Supernova Cosmology Project, the rest-frame Type la
mental Plane of elliptical galaxies in two clusters at=z  supernova rate was found to be 1.5 = 0.3 x 10* h®
0.07. This showed a scatter similar to that in the Coma clusMpc® yr! at a mean redshift z[F0200.55.
ter and the optical Fundamental Plane. A relation was also H. Bond and Panagia, in collaboration with S. Palen and
found between the near-IR M/L ratios and mass of ellipticalsB. Balick (Washington, A. Hajian (USNO), and Y. Terzian
with a shallower slope than what was found in optical wave-{Cornell, combined two epochs of Hubble Space Telescope
lengths. Using the strength of the near{R3 micron CO  WFPC2 imaging data with ground-based expansion veloci-
absorption line features, the effect of intermediate-age stellaies to determine distances to three planetary nebiN&C
population on the scatter in the NIR FP of ellipticals was6578, NGC 6884, and IC 2448
studied. Panagia, in collaboration with H. Lamers and W. de Wit
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(Utrechd, Romaniello, Scuderi, M. Spaaf@&roningen, and  4-meter telescopes at Kitt Peak and Cerro Tololo, and was an
Kirshner, analyzed the WFPC2 observations of the inner kiactive member of GRB follow-up teams using Hubble and
loparsec of the interacting galaxy M51 in six bands frem the European Southern Observatory facilities. Finally,
2300 to 9000 A, which were obtained in 1994/95 as part oRhoads joined the Swift MidEx collaboration and helped
the SINS project. Clear evidence was found that the formaplan optical and near-UV observational strategy for the Swift
tion of massive stars outside clustées in very small clus- UV-optical telescope.
ters was occurring in the bulge of M51, with an estimated M. Stiavelli, C. Scarlata, and N. Panagia defined a sample
star formation rate of1 to 2 X 103 Mg, yr' . This sug- of candidate Ly emitters at z= 2.4. They used the CFH12K
gested that the ongoing massive star formation in the bulgeamera to find objects with an excess flux in a medium band
of M51 was fed or triggered by the interaction with its com- filter centered at 4160 A. They focused on a redshift around
panion aboti4 x 10° yrs ago. The mode of formation of Z = 2.4 because galaxies at this redshift had their optical rest
massive stars in the bulge of M51 possibly resembled théame lines in the infrared atmospheric windows and were
star formation in the early universe, when the CO and duseptimal candidates for measuring star formation rates, dust
contents were low because of the low metallicity. content and metallicity. The main result of this study was
M. Postman, T. LauefNOAO), B. Oegerle(GSFQ, and that the majority of these candidates had much redder colors
M. Donahue obtained a new measure of the space density #an expected for star forming galaxies with strongaly
galaxy clusters over the redshift range 82z < 1.2. The emission. This result possibly indicated the presence of an
measurement was derived from an automated search for galder stellar population or of dust in a complex configura-
axy clusters within a contiguous 16 degband survey in the  tion.
north Galactic hemisphere. The estimated redshift distribu-
tion of the cluster candidates was consistent with a constant
co-moving density over the range 62z, < 0.8. Adecline 9 INSTRUMENTS & SOFTWARE

in the cluster space density by more than a factor of 3 over \with G. Li Causi (Osservatorio Astronomico di Roma
this redshift range was rejected=at99.9% confidence level. 5,4 F. ParescéESO, G. De Marchi studied the accuracy
This result represented the best constraint on cluster numbgg,q reliability of the WFPC2 exposure-time calculasi C)
evolution done in the optical spectral range. The fact that thgitn the objective of determining how well it represented
estimated space density of massive distant clusters agreggiyal observations and therefore how much confidence
well with that seen locally supported a scenario where theoy|d be invested in it and in similar software tools. In cer-
space density of clusters had evolved very little, if at all, overgin circumstances, the ETC gave very optimistic values for
the past half a Hubble time. A percolation analysis revealeghe signal-to-noise rati¢S/N) of point sources, overestimat-
that 10 to 20% of the spectroscopically confirmed distantng the Hubble performances for deep-imaging observations
clusters were linked into superclusters at overdensities beyy up to a factor of 2. The investigators calculated corrective
tween 10< Ap/p < 50, similar to what was seen in the local factors to compute the appropriate SN and detection limits,
cluster distribution. This suggested that there had been littlgyhich vary with field crowding and sky background. They
evolution of the cluster-cluster correlation length for2.5.  discussed the scientific implications for the search for old
Postman worked with numerous collaborators on theyhite dwarfs in globular clusters.
Sloan Digital Sky Survey to study the clustering of galaxies Jj. MacKenty led the development on the Infrared Multi-
and the mass distribution of clusters found in the survey. QObpject Spectrometer. IRMOS was planned to be a ZJHK
J. Rhoads worked on high-redshift galaxies and orcryogenic spectrometer capable of rapid target selection by
gamma-ray burst afterglows. Rhoads and S. Malhotra useghe use of a MEMS micro-mirror array positioned at the
their Large Area Lyman Alph&@ ALA ) survey to identify a  telescope focal plane. Typically 20 to 100 targets could be
sample of Lyr galaxies at redshift z= 5.7 and used these observed simultaneously. This collaborative effort between
objects to demonstrate that the reionization epoch had to bge Institute, GSFC, and KPNO had completed testing nearly
at z> 5.7. Malhotra and Rhoads used the larger LALAall subsystems and was integrating its major components.
sample at z= 4.5 to show that these kygalaxies were very First light was expected in late spring 2003 at KPNO.
young objects with relatively little chemical evolution or A, Sivaramakrishnan worked on theoretical, numerical,
dust. Additionally, Rhoads and Malhotra were extending theand instrument-related aspects of Extreme Adaptive Optics
sample of Lyr galaxies both through az 6.6 narrowband (ExAO). He developed a theory of the structure of the
search and through a slitless spectroscopic se@hehACS  moderate-to-high Strehl PSF, with J. Lloy8erkeley, P.
Pure Parallel Ly Emission Survey, ‘APPLE$ using the Hodge, and B. MacintostLLNL ). He led an effort with M.
ACS in collaboration with a multinational team. Perrin (Berkeley, R. Makidon, and E. BloemhofJPL) to
Rhoads continued work on the theory and observation oflemonstrate the use of this theory in ExAO. The theory dis-
Gamma Ray Burst€GRBs and their long-wavelength after- pelled the notion that speckle decorrelation was a viable
glows. A. Fruchter, J. KroliKJHU), and Rhoads modeled the technique of increasing dynamic range. It uncovered various
effects of GRBs on interstellar dust grains in their environ-symmetries in the point-spread functié®SH, which could
ments, demonstrating that X-ray heating could evaporatee used to improve AO instrument design, observing strat-
grains at distances up to 10 parsecs while Coulomb exploegy, and data reduction methods. Makidon, Sivaramakrish-
sions might destroy them at even larger distances, up to 108an, L. Roberts(Boeing, B. OppenheimefAMNH) and J.
parsecs. Rhoads led GRB observational efforts with 2- an@Graham (Berkeley quantified the amount of wavefront
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reconstructor-generated waffle-mode error present in the DePoy, D. L., Dominik, M., Gaudi, B. S., Gould, A.,
AEOS AO PSF, which helped lead to AO performance im-  Greenhill, J., Hill, K., Kane, S., Martin, R., Menzies, J.,
provement. He taught a course on high dynamic range coro- Pogge, R. W., Pollard, K. R., Sackett, P. D., Sahu, K. C.,
nagraphy at the SPIE conference on Astronomical Telescopes Vermaak, P., Watson, R., & Williams, A. 2002, “A Short,
and Instrumentation at Kona. He led the instrument software Nonplanetary, Microlensing Anomaly: Observations and
effort for a JHK-band ExXAO coronagraph for the AEOS  Light-Curve Analysis of MACHO 99-BLG- 47,” ApJ,
3.6m 941-channel AO telescope on Maui, to explore regions 572, 1031
as close as 0.2 arcseconds of stars brighter than8/and to  Albrow, M. D., An, J., Beaulieu, J.-P., Caldwell, J. A. R.,
enable protoplanetary disk and companion brown dwarf DePoy, D. L., Dominik, M., Gaudi, B. S., Gould, A.,
searches. He also developed the theory of quadrant phase- Greenhill, J., Hill, K., Kane, S., Martin, R., Menzies, J.,
mask coronagraphy with Lloyd and D. Gavel. Pogge, R. W., Pollard, K. R., Sackett, P. D., Sahu, K. C.,
Suchkoy, in collaboration with a team of scientists from  \ermaak, P., Watson, R., & Williams, A. 2001, “PLANET
the Institute, HEARSARQGNASA), and CDS(Strasboury Observations of Microlensing Event OGLE-1999-BUL-
worked on creation of a system for automated classification 23: Limb-darkening Measurement of the Source Star,”
of X-ray sources. That system, ClassX, was envisaged as a ppJ, 549, 759
prototype of the Virtual Observatory. The areas of research\lexander, T. & Livio, M. 2001, “Tidal Scattering of Stars
included: (a) conceptual issuegp) classification methods on Supermassive Black Holes in Galactic Centers,” ApJ,
and algorithms(c) selection and definition of classésbject 560, L143
types, and(d) identification of strategies to search for sourcepllen, M. G., Sparks, W. B., Koekemoer, A. M., Martel, A.
counterparts across multi-wavelength data. Machine learning R, o'Dea, C. P., Baum, S. A., Chiaberge, M., Macchetto,
methods were applied to generate ClassX classifiers from g p & Miley, G. K. 2002, “Ultraviolet Hubble Space
‘training’ data. A number of metrics were proposed and used Tglescope Snapshot Survey of 3CR Radio Source Coun-
to quantify the quality and efficiency of the classifiers. A terparts at Low Redshift,” ApJS, 139, 411
concept of a classifiers network was introduced. In a netajlen M. G, Sparks, W. B., Koekemoer, A., & Martel, A. R.
work, each classifier was optimized for a particular research 5002 “ST|S Ultraviolet Imaging of Low-Z 3CR Radio
task, outputting its own class assignment and class probabili- G ajaxies,” in Active Galactic Nuclei: from Central Engine

ties for a supplied X-ray source. An experimental set of clas- 5 Host Galaxy Abstract, eds. S. Collin, F. Combes and .
sifiers was generated from the data from the ROSAT WGA, Shlosman(San Francisco: ASP58

GSC2, and 2MASS catalogs. That set was integrated into thg, jin H.. Albrow. M. D.. Beaulieu. J.-P.. Caldwell. J. A. R.
ClassX pipeline together with an engine that searched and I’DePoy’ D L. Dominik M. Gaudi B. S. Gould A
retrieved for a supplied target the multi-wavelength counter- s connill 3. Hill K. Kane. S. Martin. R.. Menzies. J.

parts from the worldwide data storage media. Application of Pogge, R. W., Pollard, K. R., Sackett, P. D., Sahu, K. C.
the ClassX experimental version to the real-world problems Vermaak, P., Watson, R.. & Williams, A. 2002, “First mi-

proved to be quite encouraging. Albeit still halfway to crolens mass measurement: PLANET photometry of
completion, the ClassX demonstrated the soundness of the rp5g5 BL.G-2000-5. AplJ, 572, 521
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