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This report covers the period October 1996 throughNorthern Hemisphere. These data were used to support the
September 1997. NASA Pathfinder mission, at the time en route to Mars.
The commissioning process did not occur without its own
special brand of pitfalls. On February 24, barely 5 days after
1. INTRODUCTION the Servicing Mission, the susceptibility of tI8TISs elec-
tronics to charged particle impacts first appeared. Within a
_few more daysNICMOSelectronics displayed the same sus-

tronomy (AURA), directs science operations for thkibble ceptibility. Then, on March 4_’ the pool—dqwn curve of the
Space TelescopéHST), which was launched into a near- NICMOSdewar displayed an inflection which could only be

Earth orbit in the Spring of 1990. ST Scl is also the home tointerpreted as a thermal short that would lead to unexpected

an active scientific staff of more than 100 people empk)yedaquilibrium temperatures for the detector and the filters, as

by AURA, the European Space AgendgSA), and the well as the possibility of a seriously shortened lifetime for
Computer Science Corporatig€S0O, which is under con- the NICMOSinstrument. By March 14, it became apparent

tract to provide ground support and data analysis facilities. tat this thermal anomaly was causing dewar expansion such

Most of this year's activities concentrated around the secthat theNICMOSCamera 3 was no longer within the Pupil

ond HST Servicing Mission(SM2), which was launched on Alignment Mechanism range of focus. Later in SMOV, Qt.her
February 13, 1997. The main goal of the mission was tOSTISand NICMQS anomalies caused delays anq modifica-
replace theGoddard High Resolution SpectrogragBHRS tions to the original plans before the relevant science could
and theFaint Object SpectrograpFOS with the Space P€ enabled. _
Telescope Imaging Spectrograf®TIS and theNear Infra- .Fortunately., .these problems did not delay the focus and
red Camera and Multi-Object SpectrometéNICMOS. alignment activities forSTISand for NICMOS Cameras 1
NICMOSandSTISwere both installed during the first Extra- and 2. _ o
Vehicular Activity (EVA-1) on February 14, 1997. For each  With .the focus and allgnment activities complete except
instrument, teams of engineers and scientists were on hant@ continuous focus monitoring, by the first week of April,
both at the ST Operations Control Center at Goddard Spadd/CMOSSMOV activities shifted to execution of the Early
Flight Center and at the ST Scl to perform immediately theRelease ObservatioitERO9 and the series of basic science
analysis of data from the instruments. Formal pass/fail critecalibration programs needed to enable regular GO science.
ria had been established for each instrument which were used TheNICMOSEarly Release Observati¢gRO) program,
to determine the success of the installation. In a matter of &0dified to use only cameras 1 and 2, resulted in several fine
few hours from the start of the EVA, both instruments wereimages, two of which, an image of the Orion Molecular
declared successfully installed. On subsequent EVAs, instafloud 1(OMC1) and an IR image of the Egg Nebula, were
lation and testing of the neWine Guidance SensdFGS presented at the May 12 Press conference to demonstrate
and Solid State RecordeiSSR met with similar success. HSTs new capabilities. Since then, several more EROs have
A reboost ofHSTs orbit using the Vernier Reaction Con- been carried out for publication at the June AAS meeting and
trol System jets was performed in four separate steps, aftésewhere.
each of the last three EVAs. The lower thrust of the VCRS A set of STISCCD spectroscopic ERO observations were
system was necessitated by the fact that the solar arrays rearried out for the May 12 press confered&N1987A and
mained deployed during the servicing mission. The reboos¥84) and, likeNICMOS several more have been performed
amounted to approximately 8 nautical miles, resulting in arsince then for presentation at the AAS meeting and else-
HST orbit of approximately 335 by 320 nautical miles. An- where.
other reboost is planned for the 1999 mission, which occurs Cycle 7NICMOSscience observations began the week of
around the time of solar maximum. June 2 and are continuing at a progressively higher rate each
The release of the telescope from the shuttle on Februanyeek. Aside from Camera 3/Grism science, the one remain-
19 at 1:42 a.m. EST marked the start of the Sevicing Missioring science mode yet to be completely enabled is that of
Observatory VerificatiofSMOV) period. SMOV consisted coronography. Plans for this mode include a flight software
of a suite of tests for each instrument, scheduled over &pgrade and subsequent testing that are planned for comple-
several-month period, with the goal of commissionMiC-  tion within a few weeks.
MOS and STISfor science operations aneGS1 for fine STISSMOV was designed to commission the CCD sepa-
guidance. rately from theNUV andFUV MAMAs. By June STISCycle
Very early in the SMOV process, GO science observa-7 science has been enabled, involving CCD imaging and
tions with WFPC2and FOC were resumed after a short re- CCD long-slit spectroscopy, using point source acquisitions
commissioning period. Of special note are images of Mar®r certain types of diffuse source acquistions, and slits at
taken on March 10, 1997 with the recommissioMgBPC2  least 0.2 arcseconds wide. CCD coronographic verification
These images, taken just before Mars opposition, show thproceeded nominally and CCD coronographic science is now
planet during transition between Spring and Summer in thenabled.

The Space Telescope Science Institi8& Sc), operated
by the Association of Universities for Research in As
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In the case of thdAMAs, the electronics’ South Atlantic 2. SOLAR SYSTEM
Anomaly susceptibilities, similar to those of the CCD, pre- M. Hauser, in collaboration with Lisse and A’Heafu.
sented a potential health and safety problem, and therefolD), Lien (Bucknel), and Kelsall, Moseley, Reach, and Sil-
the initiation of MAMA SMOV was delayed by over five verberg(GSFQ, studied four comets observed in t8©BE
weeks, from March 23 to April 28, while the problems were Diffuse Infrared Background ExperimedDIRBE) all-sky
studied and operational and flight software protections wergurvey. The extended dust tails revealed variations in particle
devised. properties and mass loss rate. Estimated mass loss rates were

By the week of May 19, thaMAMAs were being used sufficiently high to supply the_interplangtary dl_Jst cloud.
extensively to carry out their planned SMOV calibrations A Storrs has continued his analysis 5T images of

and EROs.MAMA imaging, first-order spectroscopy, and asteroids. In particular, imaggs c_)f asteroid 4 Vesta has re-
ging . P Py sulted in three refereed publications: Zellretral. (1997,
coronography are now enabled. Flight software upgrades L?homaset al. (1997, and Binzelet al. (1997). Additional

correct an on-board Doppler processing deficiency and tthservations were reported in Zellneral. (1996. A sum-

truncation problem, which had preventedhelle spectros- v haner of alHST observations of asteroids is in prepa-
copy and CCD acquisition peak-ups for narrow-sit @2 raiion. Observations of small Uranian satellites were reported

arcseconyl spectroscopy, are now installed. Such science is, siorrset al. (1996 and a refereed paper is in preparation.
now enabled, with the first observations scheduled to start in

October.

Although the last SMOV activity did not occur until late 3. STARS
September, bothNICMOSand STIShad been doing normal R. Bohlin has been working with L. Colina on redefining
science, interleaved with their commissioning activities,the UV/optical absolute flux standard3TISobservations to

since the first week of June. extend the current standards to 1.02 microns are starting to
Over the course of the 218-day SMOV period, more tharPe executed. _
130 SMOV proposals were executed and over AT or- An HSTGO program to observe a set of PN in the LMC

bits of pointed observations, an average of about 3.6 orbitd"d SMC is in progress with M. Dopita as PI. E. Vassiliadis
per day, were dedicated to the observatory’s recommissiorlS "€turning for a six week visit to continue the work. They

ing. Meanwhile, the otheHST orbits were dedicated to sci- were awarded gme by the TAC in every cycle except 4 and
ence as the SMOV Program quickly re-enabled \ttiePC2 7, when thgy .d'd not apply. : .

and FOC for resumption of Cycle 6 observations, and en- C. Cacciari has been working on the RR Lyrae variables

o in the globular cluster M3.
abledNICMOS and STIS mode-by-mode, for the initiation Fullton is researching post-asymptotic giant branch stars

of Cycle 7. At this point,STISspectroscopy is being per- \ith H. Bond, A. Saha, K. SchaeféST Sc) and R. Saffer

formed in all three detectors anNICMOS infrared as-  (villanova). A photometric search for post-asymptotic giant

tronomy is being carried out routinely in Cameras 1 and 2. pranch(PAGB) stars is being conducted in Local Group gal-
In view of the expected shortened lifetime MfCMOS a  axies to study the application of PAGB stars to a number of

special call for proposals for a cycle dedicatedlCMOS  outstanding astronomical problems:

observations has been issued. This resulted in 450 proposals 1 Late stellar evoluton and galactic chemical

being submitted. evolution—The time for a star to transit the HR dia-

On October 16—18, 1996, a workshop was held at ST Scl  gram from the asymptotic giant branch to the planetary
titled Planets Beyond the Solar System and the Next Genera-  nebulae central star stage is poorly known, primarily
tion of Space MissionsThe purpose was to bring together since theoretical calculations depend on uncertainties
researchers in the rapidly growing field of the detection of concerning the mass-loss rates. Statistics of the num-
extra-solar planets with those planning and designing future ber of PAGB stars found in the Local Group survey
space missions that can hope to enlarge capabilities in that ~ Will help reveal this poorly known timescale, and con-
area. About 100 US and European astronomers attended, and  Strain the mass-loss rates. _
the proceedings have now appeared as volume 119 in the 2- Extent and structure of galactic halos—PAGB stars in
ASP Conference Series, edited by D. R. Soderblom. galactic halos are more numerous than globular clus-

As a part of its contribution to the promotion of scientific te_rs and p_Ianetary nebulz_ie. Additionally, these are the
: . . . visually brightest Population Il stashey are about 4
interaction, ST Scl hosted during the past year its annual . . ;
May Symposium, on the topic ofhe Hubble Deep Field magnitudes brighter than RR Lyraes V), therefore,

y Symp ; P P they should be good tracers of the spatial properties of
(HDF). The meeting was held at ST Scl on May 6-9, 1997.

A _ 1 galactic halos.
Thirty invited talks were presented during the meeting, 3 Eygragalactic distance scale—Stellar evolution theory

which was attended by about 150 participants. Works on a predicts that PAGB stars should have a very narrow
variety of topics, ranging from deep surveys aimed at the  |yminosity function in old stellar populations. The Lo-
hlgh redshift universe to searches for normal stars and white cal Group survey seeks to establish these stars as
dwarfs, were presented and discussed extensively. It was  Population Il standard candles that can provide reliable
quite astonishing to discover how much research has been  stellar distances to galaxies that do not contain Ceph-
inspired by the HDF. eids (e.g. elliptical galaxies. PAGB stars appear in
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small numbers in Milky Way globular clusters. With tures in the spectral lines indicating inhomogeneities in the
new subdwarf parallaxes, distances to these clusterstellar winds.
can be obtained, allowing calibration of the PAGB lu- Gang has also been involved in a long-term monitoring
minosity in the globulars, the Magellanic Clouds, and program of early-type stars.
M31. This calibration would be completely indepen-  Livio, in collaboration with Pringl§Cambridge, showed
dent of the Cepheid distance scale. PAGB stars ar¢ghat accretion disks that are irradiated by a central source can
bright enough that they could be applied to galaxies a®ecome unstable to warping. They demonstrated by means of
far as the Virgo Cluster. a numerical simulation that such disks start to wobble and
Fullton is also conducting a search for binaries in aprecess. They used this result to explain the formation of
WPFC2Survey of Planetary Nebulae with H. Bond and K. point-symmetric planetary nebulae.
SchaeferST Sc), R. Ciardullo and M. SipiofPenn State Livio, collaborating with Lubow and ToutCambridge,
A Cycle 5 WFPC2 snapshot survey of Galactic Planetary showed that in a close orbiting giant planet, resonant tides
Nebulae(PN® was conducted to search for close, resolvedcan lead to a rapid spin-down. In particular, they showed that
binary companions that can be used to determine distances % Peg B could be spun-down to below Jupiter's rate in 100
the PNe through photometric parallaxes. The survey proy€ars.
vides a group of objects with accurate distances, which can LiVio, in collaboration with Shahbaz, Southwell, and
be used to calibrate other methods of determining PNe discharles(Oxford), discovered what appears to be the first
tances. Shoring up the Galactic PNe distance scale provid&9!limated jet in a cataclysmic variable system. _
further understanding of the birth rate and evolution of PNe, With the MACHO collaboration, Livio presented optical

and gives context for the use of PNe as extragalactic distandd0tometry of the two LMC supersoft X-ray sources CAL 83

indicators. Seventeen visual binaries have been discovered ﬂ'pd CAL 87, and showed that these observations are consis-

the course of the survey. Additionally, the high—resolutiontent \;Vltr;]_ahmodeltm which tr;ese rslourc?s t;egretserét abWh'.t ©
images contain a great deal of information concerning théjwar w 'C_t accrfe €S mass at such a rate that steady burning
nebulae themselve®.g. a resolved circumstellar disk and oceurs on Its surtace.

jets around the proto-planetary nebulae HD 44179 tK.riSt.i Lonfg pl:rSLIJesmries\?arricrgltoplcs n :Sevultrramf]ler:tcharr; d
With Jacoby(NOAO), Fullton is also searching for plan- actenstics of cataclysmic vanables, supernova remnants, a

) . X-ray sources in nearby galaxies.
etary nebulae in globular clusters. The Galactic globular Long and postdoc Knigge, in collaboration with Wade

cluster(GC) system consists of approximately 150 clusters, )
133 of which were imaged in an on-band/off-band photomet—(PSu and Home(St. Andrews have completed the analysis

) of two sets of high time-resolution FOS spectra of the nova-
ric survey at 5007 A[OIIl]) to search for member Planetary like variable UXgUMa. The eclipse light cSrves obtained are

Nebulae(PNg. The survey was conducted across a variety ualitatively consistent with the gradual occultation of an

&fPtNegszcgpes, tl;utcn;cljgtlcéuste_lts were g’kilserved g{'th th ccretion disk with a radially decreasing temperature distri-
-~+morihe =M. TWO NEW FINE WEre ISCOV-, tinn. The integrated spectra are not particularly well fit

gredr:n the ICOWSE of t?e sury(a;ac?bygt aII. é9|97), ?”ng' with model spectra constructed for steady-state accretion
ing the total number of PNe in Galactic globular clusters 104y Better spectral fits are obtained if an optically thin

four. The globular-cluster luminosity function an_d the ob- component, perhaps associated with a transition region be-
served PN production rate for metal-poor populations can bg,een the disk and fast wind, is included. In the first set of

used to estimate the expected number of globular cluster P'\H’ata, low amplitude, coherent 29-s oscillations are also de-
in the Galaxy. Adjusting these numbers to account for SUrVeYectaq. The spectra of these oscillations are quite blue com-
depth, theory predicts that there should have been 16 PNgyreq 1o the time-averaged spectra, suggesting that the ulti-

imaged in the survey if every star produces a visible PN. Apate source of the oscillations is a hot, compact region near
possible explanation of this discrepancy is that globular clusghe gisk center.

ter AGB stars have inadequate mass to produce visible PNe | ong and Knigge are also developing a Monte Carlo

unless they are binaries. Supporting this hypothesis is thgpectral synthesis program which models the spectra of high
observed correlation between GC PNe and clusters with sigstate cataclysmic variables in the far and extreme ultraviolet.
nificant X-ray luminosities, sometimes considered an indicageginning with a kinematic description of the wind, the ion-
tion of the presence of interacting binaries. Spectra of thezation state of the wind is then determined, followed by a
new PNe found in Pal 6 and NGC 6441 suggest [Q8Fe]  synthesis of the spectrum. In an initial application of the
in these clusters’ PNe are lower than the value usually assrogram, Long and Knigge have been able to create spectra
sumed in stellar evolution models. which mimic the observed spectrum of U Gem in outburst
As part of his PhD thesis, ®g participated in the LBV-  with EUVE, which supports the hypothesis that most of the
workshop in Kona, Hawaii, in October 1996. For this projectfeatures in this spectrum are created by scattering in the
he and his collaborators in Utrecht and Heidelberg obtainegvind.
very high resolution R=60000-100000 optical Long and Gilliland(ST Sc) are completing an analysis of
(A=3600-7000 A spectra of about 20 Luminous Blue Vari- a set ofHST/GHRSspectra in U Gem in quiescence, spectra
ables (LBVs) and LBV candidates on various telescopes.which are dominated by emission from the white dwarf. The
Due to the high quality datghigh resolutionand S/N) he  observations permit very accurate determination of the or-
was able to see previously undetected wiggles and substrubital parameters of the U Gem system as well as a direct
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measurement of the surface gravity. An abundance analysiddes us with a stringent constraint on the progenitor’s initial
shows evidence of CNO processing of material now on thenass; SN 1993J, for which the profile of the wind matter
surface of the WD. supports the picture of the progenitor’'s evolution in an inter-
Long and Winkler (Middlebury) have completed an acting binary system; and SN 1979C, where a clear change
analysis of X-ray and optical observations of the bright ga-in presupernova mass-loss rate occurred abotiygars be-
lactic SNR SN1006. Their improved dlimages show the fore explosion.
existence of non-radiative Balmer-dominated filaments Panagia, in collaboration with Romaniello and Scuderi,
around most of the periphery and also across the face of thigas done a study of the stellar population around SN 1987A
SNR. They have also identified a quasar behind SN1006, based on an analysis of multibaR$T-WFPCJdmages. The
second UV light bulb, that can be used to probe high veloceffective temperature, radius and reddening of each star were
ity, unshocked gas from the SN explosion. determined by fitting the measured broad-band magnitudes
Panagia, in collaboration with Scuderi, Stanghellini, Tri-to the ones calculated with model atmospheres. In addition,
gilio and Umana, has discussed the radio observations efll stars with Hx equivalent widths in excess of 8 A were
fifteen O and B supergiants which were measured with thédentified. An inspection of the HR diagram reveals the pres-
Very Large Array(VLA) at 4.85, 8.45, and 14.95 GHz, in ence of several generations of stars, with ages between 1 and
order to make a detailed comparative study of the mass-losg50 Myr, superposed on a much older field population. The
rates evaluated from 4d and radio continuum observations youngest stars in the field appear to bdaustars, charac-
and reveal and quantify possible departures from standangérized by strong ki excesses. It is concluded that SN
wind conditions. Out of the 15 targets, 12 sources were de1987A is associated with a region in which star formation
tected, 7 for the first time, thus increasing by 30% the totahas been active over a long stretch of time and is still very
number of detections of OB supergiants in the northern skyactive at present.
Radio spectral slopes indicate that the radio emission is K. Sahu continued his efforts on monitoring on-going mi-
mainly of thermal origin in all objects with one exception crolensing events through the PLANEProbing Lensing
(HD 190603 out of the 12 detections. These results demon-Anomalies NETwork collaboration, where a network of
strate the value of using dd for mass loss rate determina- four 1-meter telescopes, located at appropriately spaced lon-
tions, especially for stars that are too distant or too faint to bgjitudes, is used in order to achieve 24-hour coverage in the
detected with radio techniques. The relationsM[}L for monitoring program. PLANET looks for planets around lens-
supergiants turns out to be appreciably flatter than commonling stars, and is the only method sensitive to detection of
reported,i.e., logM = (1.25+0.30)logL. Earth-size planets around normal stars using ground-based
Panagia, in collaboration with Weiler, Van Dyk, Montes observations. In this ongoing program, more than fifteen
and Sramek, has analyzed the observations of SN 1985L ievents have been monitored so far, and two binary-like
NGC 5033 with theVery Large Arrayradio telescope, which anomalies have been detected. If every star has a Jupiter-size
have resulted in two detections of radio emission at 6 cnplanet, then the probability of detection through microlens-
wavelength, about 8 and 16 months after optical discoverying is about 15%. Thus, this program should soon produce
Combined with a number of upper limits and a study ofdetection of planets; even non-detection will provide very
possible models, it appears that SN 1985L was probably &seful constraints.
fairly normal Type II-L radio supernova, somewhat interme-  This past year, Schaerer has been researching the devel-
diate in radio properties between the well-studied radio suepment of stellar interior and atmosphere models for massive
pernovae SN 1979C and SN 1980K. A possible late-timestars, the development of evolutionary synthesis models, and
optical detection continues the observed correlation betweetioing studies of massive star populations in starbursts and
radio and late-time optical emission. Also radio observationdd Il regions.
of SN 1986E have shown a clear detection of emission at 6 In the past year, Soderblom continued studies of young
cm wavelength about 8 months after optical discovery. Comsolar-type stars in clusters. An analysis of Keck spectra of G
bined with new upper limits recently established, it appearsind K dwarfs in M34(NGC 1039, for instance, shows a
that SN 1986E, too, was a normal Type II-L supernovadistribution of lithium abundances similar to the younger
somewhat similar to SN 1980K, with radio emission atPleiades, with the same lower bound, despite a significantly
roughly expected levels. higher age(M34 is about 250 Myr old versus 100 Myr for
Panagia, in collaboration with Weiler, Van Dyk, Montes the Pleiades Similar work is being done on G dwarfs in
and Sramek, has shown that the radio emission from supeM67, which has the same age and metallicity as the Sun. The
novae provides a direct probe of a supernova’s circumstellav67 stars show a bimodal distribution of lithium abundance,
environment, which was established by mass-loss episodegth some having upper limits to Li that are consistent with
in the late stages of the progenitor’s presupernova evolutiorthe solar abundance, but many having about ten times solar.
The observed synchrotron emission is generated by the SN Soderblom also completed a study of the multiple system
shock interacting with the relatively high-density circumstel-HD 98800 that used observations from HipparddS;T, and
lar medium which has been fully ionized and heated by thehe ground. Four stars orbit each other in this system, and the
initial UV/X-ray flash. The study of radio supernovae there-parallax shows it must be only about 10 Myr old, making it
fore provides many clues to and constraints on stellar evolua “post-T Tauri” star.
tion. This is clearly illustrated by recent results on several In the past year, Soderblom, working with T. Henry, de-
cases, including SN 1980K, whose recent abrupt decline prdivered a northern target list to Project Phoenix, which is
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working at NRAO in Green Bank. Project Phoenix is the star formation history in the core of the galaxy. They find
descendant of NASA's HRMS, under which auspices thehat corrections for the effects of dust reddening are impor-
work was begun. tant even in the case of metal-poor galaxies: the peak of the
Walborn, in collaboration with C. Blades, completed anstar formation activity in NGC 5253 coincides with one of
optical spectral classification study of 106 OB stars withinthe most obscured regions in the galaxy, with an optical
the 30 Doradus Nebula, which has sharpened the descriptiatepth of at least 9 magnitudes. Star formation has been ac-
of the spatial and temporal structures among the associate@e at least over the past 100 Myr in the core of the galaxy,
clusters. Five distinct stellar groups were recogniéfithe  as indicated by the age distribution of both the blue diffuse
central early-Q(Carina phaseconcentration, which includes  stellar population and the bright stellar clusters.
R136; (2) a younger(Orion phasg population to the north In collaboration with K. Gordor{LSU) and A. Witt (To-
and west of R136, containing heavily embedded early-Qedo U), Calzetti modelled the dust distribution in a sample
dwarfs and IR sources, the formation of which was likely of starburst galaxies, using observed UV, optical and near-
triggered by the central concentratioi®) an older popula- infrared spectral energy distributiofSEDS and a Monte
tion of late-O and early-B supergianiScorpius OB1 phase  Carlo radiative transfer model of the stellar light through the
throughout the central field, whose structural relationship, ifqust. A combination of a clumpy shell of dust plus a Small
any, to the younger groups is uncledd) a previously \agellanic Cloud-type interstellar extinction curve can ex-
known, older still, compact cluster’ orthwest of R136, plain the observed characteristics of the galaxies. The pos-
containing A- and M-type supergiant and x Persei sjple presence of dust reddening in distéredshift ~3)
phasg, which evidently affects the nebular dynamics sub-gajaxies has been investigated by Calzetti using the observed
stantially; and(5) a newly recognized Sco OB1-phase asso-yy SEDs and the obscuration curve derived in Calzetti
ciation, surrounding the recently discovered Luminous Bluest 5], (1994, ApJ, 429, 582and Calzetti(1997, AJ, 113,
Variable R143 in the southern part of the nebula. The intri-152) An average factor of 5 in UV flux reduction due to the

cacy of this region and the implications for the interpretationyresence of dust obscuration has been derived for the distant
of more distant starbursts were emphasized. The evidence é%laxies.

that the formation of the 30 Dor stellar content was neither In collaboration with H. SchmittUFRGS, A. Kinney

instantaneous nor continuous, but rather that it corresponctg-r Sc), and T. Storchi-BergmanfUFRGS, Calzetti com-

to discrete events at different epochs. piled X-ray-to-radio SEDs for quiescent elliptical, quiescent
Walborn presented the above and .relat“ed results at oo starburst, Seyfert 2, and LINER galaxies, and for H Il

specialized workshops during this period, “Luminous Blue reqinns, and thermal and non-thermal supernova remnants.

Variables: Massive ?tars in Transi_tion”.at Kona, Hawaii, In pitterences among the galaxy activity classes have been in-
October 1996, and “Boulder-Munich 1I: Properties of Hot, vestigated with the observed SEDs.

Luminous Stars” at Windsor, England, in July 1997. R. A. GonZéez, in collaboration with Allen, Dirsch

Cgrrently, in go!laborgtior_l with his postdoqtoral fellow R. (Sternwarte Bonp Ferguson, Calzetti, and Panagia, has been
Barba Walborn_ is myestlgatlng compact multiple stellar sys- working on developing a method for establishing the opacity
tems and relatllonshlps beéweer; IR sourcesfand r?g;}“'?r M5t spiral galaxy disks by studying the counts and colors of
\(;\I’/C'):SFEYCUZC.IUI’GS in 30 Doradus, by means of archigT background galaxies seen through the foreground galaxy

images. disk. The method will be used to measure the opacity of

; I(;\_ ?”"’rﬁosr_?}iga;\g;t D. _Elb?ets and tJ Pa;kﬂe;r, Walbofmseveral galaxies previously observed WHBT, and is to be
SEtu 'g a Surprisi Iav't(;]e (i ﬁerva_mdn 0 te COre Ol calibrated using the Hubble Deep Field as a reference. The
a tarinae. Surprisingly, the stefiar wind Spectrum commes,oih4q has been applied first WFPC2images of NGC

sponds to a composite B-supergiant type, and it is very simi-, : .
lar to that of the fellow LBV P Cygni. 4536 (archiva) and of the Magellanic irregular NGC 3664.

Walborn, in collaboration with A, Danks, K. Sembach, R. Posters with preliminary results of the work have been pre-

Bohlin, E. Jenkins, T. Gull, S. Hulbert, and others, led ansented at the 1997 ST Scl Symposiuihe Hubble Deep

HST/STISEarly Release Observation of an O star in the Ca—FIeId) and in the AAS June 1997 meeting. The final results

i . . : . will be submitted for publication shortly.
rina Nebula, to investigate the very high interstellar
S O ) . ? : From the galaxy number counts, NGC 4536 shows an
absorption-line velocities in this region with the high- . . . :
. . : : extinction A;~1 mag in the Northwestern arm region, and
resolution UV ehelles. The IUE observation of this star had X L .
) ) - Ipwer than 0.5 mag in the corresponding interarm rediom
shown 3 high-velocity components; the STIS data resolve a : L
: correction for inclination has been attemptedHowever,
least 16, and reveal numerous new aspects of the mterstell?r )
i L . . . rom the galaxy colors, the same reddenind=¢¥/ —1)~0.2
physics along this sightline. This work will be extended in an. . . .
is observed in both the arm and the interarm regions. The
HST Cycle 7 GO program led by Danks. T L . . .
combination of extinction and reddening yields a galactic
reddening law in the interarm region, but a much greyer
4. ISM extinction law in the arm. These results are consistent with a
D. Calzetti, in collaboration with G. MeurgiJHU), R.  diffuse absorbing component everywhere in the disk, and
Bohlin (ST Sc), D. Garnett(U. MN), A. Kinney (ST Sc), more opague clumps in the arms. The results for NGC 3664
C. Leitherer(ST Sc), and T. Storchi-BergmanfiUFRGS, (a greyer than galactic extinction lavare also consistent
analyzedHST/WFPC2mages of the nearby starburst dwarf with a clumpy dust distribution.
NGC 5253 to investigate the dust distribution and the recent M. Hauser, in collaboration with colleagues on th&BE



SPACE TELESCOPE SCIENCE INSTITUTE 619

science team, has studied the properties of infrared cirruthe stellar population, especially in the cores, as well as
clouds using data from th€OBE Diffuse Infrared Back- globular clusters in M31, and usingST data to study the
ground Experiment(DIRBE) and Far Infrared Absolute morphology and characteristics of the horizontal branch and
Spectrophotome(FIRAS. The data are generally well rep- red giant branch. She has also been observing the nearby
resented by a model including polycyclic aromatic hydrocar-halo population(HB stars, RR Lyraésto study the charac-
bon molecules as well as graphite and silicate grains. A sepaeristics of the local halo.
rate study yielded a three-dimensional model of the galactic Fall is collaborating with Whitmore, Miller, and Sch-
infrared emission from dust in the atomic, molecular, andweizer(DTM) on a program oHST/WFPCobservations of
ionized gas phases of the ISM. Galactic gradients of dust anghe star clusters in interacting and merging galaxies. Many of
the interstellar radiation field were determined, and it washese clusters formed recently, evidently in response to the
found that the Galaxy would be optically transparent ifinteractions. The luminosity functions of the young clusters
viewed externally at low inclination angle. have power-law form, not the lognormal form exhibited by
Panagia, in collaboration with Gilmozzi, Scuderi and Kir- the Juminosity functions of old globular clusters. The mass
shner, has analyzed seveHT-FOSspectra of portions of = fynctions of the young clusters could in principle deviate
the inner ring and the northern outer ring around SN 1987Afrom the power-law form, but this is severely limited by the
complemented wittHST-WFPC2narrow-band imaging and re|atively narrow range of colors and hence ages of the clus-
ground-based spectroscopy. This study has revealed th@drs. Further investigation, both observational and theoreti-
these circumstellar features consist of highly N-enriched magg| is needed to understand the evolution of the mass func-
terial that was ejected by the supernova progenitor in tWQjons of the star clusters in interacting galaxies.
distinct e_pisoqles,_ the inner ring corresponding to the last, kg continued his study of damped Lymangalaxies in
more N-rich ejection. _ _ collaboration with CharloflAP, Parig and Pei(JHU, now at
~ R E. Williams continued his research on the interpreta-st sc). The main focus has been on the global properties of
tion of emission lines in the presence of large inhomogenegy|axies at different redshifts, including the mean comoving
ities. With J. Kingdon and N. Panagia, he is developinggensities of star formation, gas consumption, and metal pro-
methods whereby lines which are formed in different regiongjyction betweerz=4 and the present. The results of this
of a gas may be deconvolved into their distinct kinematicaly o, which is based entirely on quasar absorption-line ob-
components, and the resulting flux ratios used to determinggyations, are remarkably consistent with subsequent results
physical conditions in the gas. Principal Component Analy-fom imaging observations with th6FHT, HST, and Keck
sis has been used to deconvolve line profiles so that differeRtg|escopeThe global star formation history, when combined
kinematical components can be identified. A kinematicalit, stellar population sythesis models, predicts correctly the
model is then assumed for the gas and used as a basis fofs 4 intensity of cosmic background radiation over an ex-

determining flux ratios of the different components of thetremely wide rage of wavelengttigoughly 0.1 to 1000 mi-
lines. Densities, temperatures, and abundances of the gas C@r’ans)

be calculated for distinct regions of gas in this manner. King- Wit.h collaborators S. Balachandran and R. Bell MD)
don and Williams have also used the CLOUDY ionizationg Carney(UNC-CH), John Laird(Bowling Green U

code to determine those lines which are most invariant t 4 o StetsoiiDAO), Fullton studied extreme metallicity
changes in density and temperature, and which are thereftzgl; ' ’

b b d in abund d o A arid of obular clusters near the Galactic Center. They are using
est to be used in abundance determinations. A grid of MOy rpcoandNICMOSaboardHS Tto image globular clusters

els was run that has been used to define the best networks ﬁ'éar the Galactic Center that are at the extremes of the

I(ljn?s 0 b?. usedv\;ql_the Ehm|33||on-L|n§ _Chztir'ijf_or abund??ﬁ%lobular cluster metallicity distribution. Photometry of the
eterminations. Yviiliams has also participated in some o fmages will produce color-magnitude diagrams suitable for

foIIt(;w—ulp mt_erp;etl\t/ﬁ worktr(]) n thSDHFUbee D?epﬂf '?I.d’tang determining the relative ages of these clusters compared to
N the planning for the southern campaign that 1S 10 B& a5 of similar composition farther out in the halo. In con-
carried out in 1998/99.

- - junction with imaging, high-resolutioncbelle spectra are
R. Gehrz, J. Truran, and Williams have finished work ony, ing obtained to provide accurate elemental abundances

a review of abundance determinations of novae ejecta, A at will enable them to choose appropriate isochrones and

an analysis of the contribution of novae to the composition . L
: comparison clusters of similar abundance. These observa-
of the ISM in the Galaxy.

tions will help answer the question of whether star formation
began first in the dense central regions of the Galaxy, or
5. GALAXIES conversely, if the outer clusters formed first, while the inner
R. J. Allen, Bohlin, and KnapeflU. Hertfordshir¢ com-  clusters were formed from leftover halo gas.
pleted their analysis of the H I, & and UIT-UV data in The target clusters span the rang®.2< [Fe/H] <+2.0
M81. The morphology of these tracers is understood in thelex in metallicity. If metallicity increased monotonically
context of a photodissociation region model, wheeelthl is  with time and enrichment of the interstellar medium was
produced by photodissociation of an underlying layer of mo-+apid, then the chosen clusters will likely span the range of
lecular gas. A paper has been published on these results. farmation times of the inner halo. The observations will pro-
follow-on project on M101 is planned. vide evidence concerning the duration of star formation in
C. Cacciari has been studying globular clusters in the Galthe inner halo and the length of time required to enrich the
axy, using bottHSTand ground-based observations to studylSM from [Fe/H] = — 2.0 to near solar metallicity.
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P. Goudfrooij and G. Trinchie(Brerg are obtaining high between theM/L computed from the integrated stellar light
spatial resolution imaging at X-rqROSATHRI) and optical  at smaller radii, and that computed from recent X-ray obser-
wavelengths of nearby X-ray bright,dHemitting early-type vations at larger radii.
galaxies in an attempt to study the physical relation between Goudfrooij, M. V. Alonso (Cordoba and D. Minniti
the hot, warm and cold components of the ISM in early-type(LLNL ) have used the&eSO/MPI2.2m telescope to obtain
galaxies. First results on NGC 5846, the dominant galaxy ofleep near-IR imaging of NGC 1316 Fornax A and NGC
a small group of galaxies, have been finalized: they used ne@399, two giant ellipticals in the Fornax cluster. The main
deepROSATHRI andESONTT broad-band images as well aim is to obtain optical-IR color-color diagrams of the globu-
as existingeSO 3.6m narrow-band imagery. A filamentary lar clusters in these galaxies and to study the difference of
dust lane with a dust mass 6f7x 10° M, is detected in the the two cluster systems as they are in rather different envi-
central few kpc of NGC 5846. The optical extinction prop- ronment(NGC 1316 is a recent merger remnant, whereas
erties of the dust features are consistent with those of dust INGC 1399 is embedded in a cooling flavilrhe near-IR ob-
our Galaxy. The morphology of the dust features is strikinglyservations reach only the brightest clusters, but provide a
similar to that observed for the optical nebuloséigd the  much larger color baselindcompared to existingHST/
X-ray emission. A physical connection between the differentWFPC2 photometry to identify intermediate-age clusters
phases of the interstellar medium therefore seems likelysuch as those found in the LMC and—by this group—in
They discuss three different options for the origin of theNGC 5128(= Cen A), and to measure more accurate metal-
dusty nebular filaments: condensation out of a cooling flowlicities, particularly at the metal-rich extreme of the distribu-
mass-loss of late-type stars within NGC 5846, and materiation. Preliminary results show that the globular clusters in
donated by a small neighbouring galaxy. They conclude thaNGC 1399 span a wide color range: £B—H<4.2. This
the dust as well as the optical nebulosity are most likelyimplies a wide range in metallicity for the cluster system of
products of a recent interaction with a small, relatively gas-NGC 1399, confirming previous results obtained with optical
rich galaxy, probably of Magellanic type. Dust grains in the photometry. Using the integrated color of Galactic globulars
dust lane are destroyed by sputtering in the hot, X-rayto estimate metallicities, the range implied is
emitting gas in<10" yr, which is shorter than the crossing —2.5< [Fe/H]<+0.5. Indeed, some of these bright clusters
time of a(smal) galaxy through the central 5 kpc of NGC in NGC 1399 are redder than the reddest Milky Way clus-
5846. This indicates that the dust must be replenished to bters.
consistent with the observed dust mass, at a rate bd 3 Livio, in collaboration with Yungelson and Tutukov
Mo yr i, They argue that this replenishment can be(Moscow, calculated the expected nova rates in galaxies of
achieved by evaporation of cool, dense gas cloudlets thatifferent morphological types, masses, and star formation
were brought in during the interaction. The evaporation ratéistory. They showed that in irregular and spiral galaxies, the
of cool gas in NGC 5846 is consistent with the “mass depo-currently observed nova rates are determined mainly by the
sition rate” derived from the X-ray measurements. The enpresent disk star formation rate, while in ellipticals the rate
ergy lost by the hot gas through heating of dust grains andepends mainly on the mass of the galaxy. This explains the
evaporation of cool gas clouds in the central few kpc of NGCdifferences in the observed nova rates per Knitiminosity
5846 is adequately balanced by heat sources: transport of different galaxies.
heat by electron conduction into the core of the X-ray- L. Loinard, in collaboration with P. Thadde€fA), T.
emitting gas and loss of kinetic energy of the infalling gal- Dame (CfA), J. Lequeux(Obs. de Parjsand M. Heyer
axy. There does not seem to be a need to invoke the presen@@CRAO), finished his CO survey of the southern half of M
of a “cooling flow” to explain the X-ray and optical data. 31 with theFCRAO 14 meter radiotelescope. Though much

Goudfrooij, D. Minniti (LLNL ), M. Kissler-PatiglUCSQO of the CO emission is confined to two prominent molecular
and G. Meylan ESO have used thESO NTTin MOS mode  spiral arms, faint CO emission is ubiquitous across the disk
to obtain radial velocity measurements of 53 globular clusteof the galaxy. The CO emission is well correlated with the
candidates in the giant elliptical galaxy NGC 1399, theatomic gas, the IR100 microng emission and the dust as
dominant galaxy of the Fornax cluster. The globular clusteiseen on optical pictures. As in the Milky Way. the ratio of
candidates were chosen to cover a suitable range-i the CO to H | emission peaks at a radius of 2—3 kpc, but if in
color in order to study the nature of the putative bimodalthe Galaxy this radius corresponds to a region of high CO
color distribution of globular clusters in NGC 1399. Some brightness, in M 31, it corresponds to a region where the CO
candidate young and super metal-rich star clusters were alsamission is very faint. The results will be published shortly.
observed. From the radial velocities, all candidate young and Loinard and Allen carried out CQ-0) observations of a
super metal-rich star clusters turn out to be foreground haldust cloud in the inner disk of M 31 with th@wens Valley
stars or background galaxies. From thena fideglobular  Radio Interferometeat a resolution of~5". This cloud had
clusters, 18 objects were selected—from their magnitudepreviously been observed with thiRAM 30 meter radiotele-
and colors—to be metal rich. For this cluster sample, theyscope. Only 10-20% of the flux density recorded by the
measure a mean velocity of,;=1353*79 km s'!, and a  30-m is recovered by the interferometric observations, show-
velocity dispersion ofr=338+56 km s 1. Using a few dif-  ing that most of the emission comes from an extended, very
ferent mass estimators, this implied/dL ratio in the range smooth source larger than about’1Blence, the dilution in
50-130 within a radius of 28 kpc, consistent with a risingthe beam of the 30-mi23’) must be very low, and the CO
M/L with radius. These values favl/L are intermediate intensity detected with the 30m closely represents the true
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CO brightness of the source and can be used to obtain avbjects have sizes similar to typical globular clusters, yet the
estimation of the kinetic temperature of the gas, providingcluster luminosity function is a power law of slopel.8

the gas is thermalized. To check that last point, they obtainedown to the completeness limit ®t= 26. In the dynamically

a CO3-2) spectrum at the center of the cloud in collabora-young elliptical NGC 3610 they have tentatively identified a
tion with R. Tilanus(U. HI). The CQ3-2) brightness mea- 4 Gyr-old cluster population, indicating that NGC 3610 may
sured is in perfect agreement with that expected for a therye 3 “missing link” between young merger remnants and
malized gas at the temperature deduced from thél@d ellipticals.

and CQ2-1) observations: Ji;=3.25 K. These results sug- \jijier and Fall are using the luminosity functions and

gest that large amounts of very cold molecular gas that haV(‘f"olors; of the cluster candidates in NGC 7252 and NGC 3921

escapgd detect.lon so far may be hidden in galact!c d'Sk.S' Tt‘;[% investigate the shape of the cluster mass function. All the
analysis of the interferometric and €&2) observations will o .
old globular cluster systems have a Gaussian-shaped lumi

be published shortly. nosity function, while young cluster systems have power-la
Long, Dubus(Parig, and CharlegOxford) have begun !y u ! W ll€ young ciu y . Ve pow W
luminosity functions. Yet, for any spread in ages that repro-

analyzing a multi-year set ®OSATHRI observations of the oo ,
nearby galaxy M33. They have identified a total of 39 poimduces the observed color distributions, simulated clusters

sources in these images. A detailed study of the nucledirawn from a lognormal mass function do not match the
source X-8, the brightest point source in the Local GroupobPserved power-law luminosity functions. On the other hand,
reveals a 156 day periodicity which suggests that the objecimulations using a power-law cluster mass function repro-
is a binary black hole system, rather than a mini-quasar ofluce the observations extremely well. This implies that the
collection of discrete sources. A similar timing analysis of physical process that form young star clusters are scale-free.
X-7 confirmed the 3.45-d periodicity known from earlier ob-  Miller, Whitmore, Ferguson, Stiavelli, LotzJHU) and
servations and revealed a 0.31-s pulse period, implying tha¥lack are continuing analysis of data from HST snapshot
this system has a neutron star as its compact object. survey of dwarf elliptical(dE) galaxies. In a sample of 25

R. Lucas, in collaboration with K. Borngiughes/ STX  galaxies we find that nucleated dEs have higher globular
H. Bushouse(ST Sc) and L. Colina(ST Sc), has been cyster specific frequenciesy, than non-nucleated dEs.

participating in an I-bantiST/WFPC2snapshot program 10 (s, the value ofSy in the nucleated galaxies is more like

observe Infrared Ultraluminous Galaxies. About 120 of thegiant ellipticals than spirals or irregulars. Finally, many of

approximately 160 objects in the sample have been observ He “nuclei” are offset from the geometrical centers of the

so far, and these observations are being used to address t 8 axies. These may be the most massive globular clusters

guestion of the fraction of this sample which shows an AGN- . . .
like structure versus that which indicates the presence of E{]at are still being dragged into the centers. Therefore, they

starburst. Although the effects of obscuration by dust stillmay be W|tng35|ng some process associated with nucleus or
call for more high-resolution infrared imaging, there arebulgg formann. i )
many new details of morphological fine-structure seen in the Stiavelli has done work on three topics: an infrared study
I-band images, and they are strongly correlated with the vie?f the M87 jet and radiolobe, aiSTstudy of the bulges of
of ULIRGs being predominantly interaction-related. spiral galaxies, and aRIST study of the interacting system
From their observations, they estimate that 80—-90% oNGC 454. For M87, the deepest K band image of the radi-
ULIRGs are examples of the starburst phenomenon, andlobe was obtained and used to constrain theoretical models
probably related to an interaction or merger. There is still 2of the synchrotron emission. The data allowed to show that
small fraction which is AGN-like at the limits of the obser- the known apparent shift of the radio to optical spectral in-
vations, and these, as well as the others, may benefit fromex in the jet is actually due to a shift in the break frequency
more high resolution infrared imaging. Many new featuresof relativistic electrons. Images of the bulges of spiral galax-
such as previously undetected dust lanes, multiple nuclei gqes from on-goingHST snapshot surveys witdFPC2and
hot-spots, and objects which may be young super star cluggcmoSswere analyzed. It was found that many early-type

ters, etc. have also been detected, adding a new wealth gf;ro| galaxies have nuclear star formation and spiral struc-
detail to the investigation of these objects. Some of thes?ure extending down to the center

data have ?"SO been u.sed.to simulate what one would expect Stiavelli, in collaboration with Panagia, Carollo, Ro-
to see at higher redshift with the detectors and type of optics

being considered for tidGST(Next Generation Space Tele- mame_llot,hHeé/A(faéOa:/r\\/d I%%%@ga, dh?:ssfzwlii\MEpfilmj i
scopeg, and the results were very encouraging. ages in the ! an iters of the inter-

Miller, Whitmore, Fall, and SchweizeDTM) continued acting p_air_ of galaxies NGC 454.. The d_ata indicate th_at the
their efforts to study young star clusters in galaxy mergersy:stem is in the early stages of interaction. A population of
remnants. They have identified 499 cluster candidates i¥OUng Star-clusters has formed around the late component,
HST/WFPC2images of the young merger remnant NGC and substantial amounts of gas have sunk into the center of
7252. These clusters can be divided into three groups: ithe earlier component, where it has not yet produced signifi-
very young objects with ages less than 10 Myr associate@ant visible star formation or nuclear activity. Photometric
with the central gas disk;)2700 Myr-old clusters that were evidence is found that the star-clusters have strong line emis-
probably formed during the merger; anil tBe brightest of  sion, which indicate the presence of a substantial component
the old(15 Gy clusters from the progenitor galaxies. Theseof hot, massive stars which formed less than 5-10 Myrs ago.
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6. CLUSTERS AND COSMOLOGY ner (U. MD), is continuing his work on the Wide-Angle

Koekemoer took up a postdoctoral position at ST Scl aROSATPointed SurveWARPS for Clusters of Galaxies.
the start of 1997 and has been collaborating with O’'DeaS0 far WARPS has surveyed 180SATfields (approxi-
Baum, and SarazifU. VA) on HST/FOSand GHRS mately 35 square degreem the region between '3-15
absorption-line studies of the intra-cluster medium in thefrom the pointing. The sample features more tharz3®.3
cluster Abell 1030. The presence of a bright quasar in thiglusters and the highest-redshift X-ray selected cluster now
relatively nearby cluster has allowed them to obtain strongnown. Their survey uses VTP, a Voronoi Tesselation and
limits on the column densities of a wide range of molecular,Percolation algorithm, to find low-surface brightness X-ray
neutral and ionized species, with upper limits for each spesources. The survey methods are described in Scharf
cies typically in the range 6-10" cm™2. Lyman<w and C et al. (1997. The first results from 86ROSATfields show
IV absorption systemgalso with low column densities, convincingly that the strong negative evolution seen for
~10" cm?), associated with the redshift of the quasar,high-mass clusters of galaxies by the EMSS does not con-
have been detected, hence this object is likely the closesinue to lower masses and X-ray luminosities. This places
example of an associated absorption system. They find th&trong constraints on hierarchical models for structure forma-
the most likely candidates for producing the associated altion in the early universe. They are continuing to expand the
sorption are the ISM of the quasar host galaxy, or otherwisVARPS sample and hope to complete the observational
faint foreground tidal filaments from a previous interactionphase in the next year.
involving the host galaxy. Together with X-ray data on this Perlman’s work with J. van GorkorfColumbia, Stocke,
cluster, currently being analysed, they hope to obtain a mord. M. Shull (Coloradg, and C. Carilli(NRAO) on the H |
detailed picture of the overall ionization physics of gas inenvironment of nearby Lymaa-absorbers has culminated in
non-cooling flow clusters. the publication of a recent paper describing redshifted 21 cm

M. Hauser, with collaborators KashlinskfNORDITA),  observations of several AGN sightlines. Galaxy counterparts
Mather (GSFQ, and OdenwaldHughes/STX, searched for were revealed for some but not all ofetiid | absorbers.
evidence of the cosmic infrared backgrouf@B) through Postman, OkéDAO, Caltech, and Lubin(OCIW) com-
its clustering properties. An analysis of the clustering of thepleted an extensive observational campaign of 9 distant
diffuse near-infrared light in theCOBE Diffuse Infrared (z>0.6) clusters using the Low Resolution Imaging Spec-
Background ExperimernDIRBE) maps provided upper lim- trograph on théeck landll 10m telescopes. To date, 1500
its on the CIB from clustered matter. redshifts have been measured in these 9 fields. Each field

Panagia, in collaboration with Gilmozzi, Kirshner and also has BVRIK broad band photometry and all have been or
Sonneborn, has used refined reductions of HHE light  will soon be observed withWVFPC2 The goal is to study the
curves and an extensive setld6Timages of SN 1987A to morphological and spectroscopic properties of the cluster
repeat and improve an earlier analysis, and obtain a betténembers. The key findings to date are:
determination of the distance to the supernova. The absolute (1) The number of cluster members found in each cluster
size of the inner ring at the time of the UV line maximum is 22 to 25, that is about 15% of the total sample. The re-
intensity is estimated to b&,,=(6.17+0.18)x 10 cm  maining objects represent a pencil beam survey out to a red-
and the corresponding angular sR&=808+ 18 mas, whose shift of 1.5.
ratio gives a distance to the supernow{SN1987A) (2) Allowing for the small number of galaxies for which
=50.9+ 1.8 kpc. Allowing for a displacement of SN 1987A no redshift could be obtained, between 70 and 80% of all
position relative to the LMC center, the distance to the barygalaxies observed have emission lines. There is no difference
center of the Large Magellanic Cloud is also estimated to bén frequency between clusters and non-clusters or as a func-
d(LMC)=51.5+1.9 kpc. This is 3% higher than the value tion of redshift. The central regions of the clusters have a
of 50 kpc canonically adopted after Madore and Freedmartarger fraction of elliptical-like objects and hence a smaller
(1991, PASP, 103, 933 fraction of emission line objects.

Panagia, in collaboration with Saha, Sandage, Labhardt, (3) The prevalence of emission lines indicates that for
Tammann and Macchetto, has continued the Cepheid calimost galaxies star formation continued long after the initial
bration of the peak brightness of type la supernof&isia) burst. The oldest elliptical-like galaxies in the clusters have
to be used to determine the Hubble constant. So far sevexges of approximately 3 Gyr. The more active galaxies have
SNla in spiral galaxies have been calibrated in this wayapparent ages of 0.5 to 3 Gyr, which indicates that star for-
resulting in average absolute magnitudéég=—19.52 mation is still very important.
+0.07 andM, = —19.48+0.07. Entering these values into  (4) Because they are dealing with young galaxies at these
Hubble diagram of more distant SNla leads to values of theedshifts, the conventional measurement of the 4000
Hubble constant around,=58+2 km s Mpc™2. Allow- A break is no longer adequate since the Balmer jump is now
ing for the revised distance to the LMC that affects the Cepimportant. An algorithm has been developed which measures
heid distance scale, as well as for the dependence of SNIae break or the jump and also indicates which is more im-
peak brightness on its decay rate, and for reddening correportant. Models indicate that the 4000 A jump, when it
tions in distant supernovae, one finllg=60+6 km s  dominates at ages greater than 2 Gyr, does not depend on the
Mpc™ L. age. It is therefore a measure of the metallicity. For the two

E. Perlman, in collaboration with L. Joné3irminghan), clusters which have been studied in detail, there is no evi-
H. Ebeling(Hawaii), C. Scharf(GSFC/ST Scoland D. Hor-  dence that the metallicity is different from solar.
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(5) In order to provide a detailed description of the char-and others from NASA/MSFC and the University of Amster-
acteristics of the galaxies in the central region of each clusdam, observed wittHST the optical counterpart of GRB
ter, Postmaret al. are using theHST images to perform 970228, the first ever optical counterpart identified for a
both a quantitative and qualitative study of the morphologi-GRB. The GRB was observed in two wavebands W®iTs
cal and structural properties of the galaxies; this includes th¥VFPC2camera about 26 and 38 days after the outburst. The
automated classification procedure of the Medium Deep Sumeptical counterparfOT) was clearly detected and the asso-
vey, as well as expert “by eye” classifications according tociated extended source was resolved in both photometric
the standard Hubble scheme. The results of the morphologbands. The optical decay behavior of the GRB, the size of
cal analyses of the first two clusters indicate that, even ahe extended source, and the apparent constancy between the
similar epochs, there is a large diversity in cluster galaxytwo epochs ofHST observations imply that the extended
properties. They have found that over 80% of all clustersource is the host galaxy of the GRB. The observed decay in
galaxies brighter than = —17.5 in the central 0.5h(=1) the optical is consistent with an impulsive fireball model for
Mpc of CL1604+4304 are early-type galaxie@llipticals the GRB. The OT is about 0.3 arcsec away from the center,
and SO while approximately 80% of all cluster galaxies in Which suggests that GRBs, as a class, are not related to
the same region of CL0O0230423 are late-typdspiral or ~ nuclear activity of galaxies.
irregula) galaxies. These morphological results imply that Based on these observations, it was claimed by Caraveo
CL1604+4304 is a cluster which is already well-formed and €t al- that the GRB showed a proper motion of 16 milli-
relaxed, whereas CL0023423 appears to be young and in @rcsec during the twelve days between the tM&T obser-
the process of formation. vations. This was refuted by Sahu and collaborators, who did

(6) The dynamical results also indicate that the two clusNOt detect any proper motion. For a definitive answer, GRB
ters are very different. CL00230423 appears to consist of 970228 was observed again about five months later. It
two substructures with mean redshifts of 0.8297 and 0.845ghowed no proper motion, or fading, strengthening the argu-
respectively, each with a dispersion of approximately 350_Ment that the extended source is indeed the host galaxy of
400 km s'1. The two systems are separated in velocity bythe GRB. )
approximately 2000 km's and also in the plane of the sky. Sahu and colllaborators reported the discovery observa-
The virial and projected mass estimates arex1L.8* and tions for the optical counterpart of the-ray burster GRB

3.4x 10" M, , respectively, for each of the substructures. 970508, and discussed its light curve in the context of the

The dispersions and masses are thus more consistent withePall model. Several aspects of the neutron-star merger

those of local groups of galaxies, implying that they maymodel for y-ray bursts were examm_ed. _In _par_t|cular, this
constitute the merger of two spiral-dominated galaxy groupsm0del was used to predict the redshift distributiomefay
CL1604+4304 has a mean redshift of 0.8967 and a velocityPUrSters, and, adopting a recent determination of the cosmic
dispersion of 816 km . The virial and projected mass star—formatlon history, it was sh_own thqt the pr(_ad|cted distri-
estimators give 3.810" and 3.4<10' M, respectively, bution of logN—log P relation is consistent with that ob-
with a mean harmonic radius of 157 kple£€0.75,q=0.2). served for _GRBS' .
The velocity histogram is consistent with a Gaussian distri- Sahu, with several other collaborators, used the newly in-
bution. The dispersion and mass are consistent with thoggjalled STIS on-board HST 'to observe t_he cluster RXJ
found in class 1 and 2 Abell clusters. 1347.5—-1145, the most luminous cluster in the X-ray wave-

In a related effort, Postman has completed a wide aregengths. Its relatively high redshif0.453) and luminosity
(4°%4°) deepl bané:l survey. This is one of the largest indicate that this is one of the most massive of all known

contiguous deep galaxy surveys to date. The Hmit is clusters. ThesTISimages unambiguously show several arcs

| =24. The survey was conducted using KRNO4m prime in the cluster. Th&TISimages also show approximately 100
focus. camera. Co-investigators on the project include Tfaint galaxies within the radius of the arcs, whose combined

- - . — l _ -
Lauer (KPNO), W. Oegerle(JHU), and J. Hoess&l. WI). Iut;‘nlnoatt.y IS 4X1§ .L@d' fGrtc;]und bf;\sed spectrr?s;:]opkllc
The goal of the survey is to constrain the evolution of Iarge0 servations were obtained for the northern arc, which snow

scale structure frorm~ 1 to the present epoch. The resulting gzei dcelcnefilfriceargz)s: Iggolw]e:;?;?ﬁ()ié- ;I'?rl]s IZ ::eodnssr:isff[ec:}tg\l ;BT
object catalog contains over 700,000 galaxies down t » IMPlyIng ’

|=23.5. With I. SzapudiENAL), an analysis of the angular ?or this arc. The mass of the lensing cluster, as derived from

. . . . 4
n-point clustering properties has been completed for thisthe gravitational lensing, is-6.3x 10" Mo . The resultant

sample. They find the 2-point function is consistent with amass-to-llght ratio of~1500 is higher than what is seen in
many clusters.
power law out to scales of 1 degree over the range
17<1<23. At the bright end, they confirm the slope and
amplitude reported by Maddogt al. (1996 for the APM 7. AGN
galaxy catalog. The higher momeri&rd and 4th suggest a The single most significant fact about Active Galactic Nu-
further confirmation of the hierarchical clustering scenarioclei (AGN) is their ability to generate extraordinary lumi-
The search for distant clusters in the survey has yieldedosities in small volumes. The simplest process that can pro-
about 15 candidates per square degree with richness classdlice such energy is accretion of matter onto a massive black
or higher. They estimate that approximately 70% of theséiole. Although this scenario postulates the ultimate power
candidates are indeed real systems. source of AGN, there are many complications in understand-
K. Sahu, in collaboration with Livio, Petro, Macchetto ing how gravitational energy is transformed into radiation
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and kinetic power. Observations that probe close to the heasgeveral areas with>50% polarization, near the maximum
of the central engine provide important clues to the physicgossible for synchrotron radiation. This implies that the mag-
and energetics of the AGN phenomenon. A. Koratkar’'s renetic field in the jet must be extremely well ordered. The
search has made use ) multi-wavelength spectroscopic spectral index of superluminal knots in the jet appears to be
studies in the UV, optical and X-ray$2) UV and X-ray significantly flatter than more diffuse areas, supporting a pic-
variability, and(3) UV spectropolarimetry to study AGN.  ture whereby the electrons in the superluminal components
Livio, in collaboration with Xu, has shown that the are accelerated to higher energies. Interestingly, these areas
double-peaked emission lines that are observed in somef the jet, while highly polarized, do not have the highest
AGNs have to originate in an accretion disk, and cannofraction of polarized flux. Two papers are currently being
come from a two-sided outflow. The reason is that the disk igvritten on these results.
expected to be optically thick to such a radial distance that Perlman, in collaboration with P. Padova(8T Scl/ Il
the receding jet is expected to be obscured from view, antniv. di Roma, P. Giommi (SAX), R. SambrunaPenn
therefore it cannot produce the observed red-shifted peak. Statg, and L. Jone$Birmingham) has continued his work on
Livio, collaborating with Storchi-Bergmann and Ruiz the Deep X-ray Radio Blazar SurvépXRBS), which capi-
(Brazil), Eracleous and FilippenkéBerkeley, and Wilson talizes on the archiveROSATdatabase to find the faintest
(U. MD), showed that the double-peaked lines in the mildblazars known. 119 of 218 candidates now have spectro-
AGN NGC 1097 vary in a way which is consistent with the scopically confirmed identifications, with 111 being
presence of a precessing accretion disk in this system.  blazars—an efficiency of>90%. DXRBS is sampling the
O’Dea and Baum have studied the global properties ofow-luminosity end of the blazar luminosity function far bet-
combined complete samples of GHz Peaked SpectGiRS ter than previous surveythanks to its high sensitivijy and
and Compact Steep Spectr{@SS radio sources. The dis- has already more than quadrupled the number of flat-radio-
tribution of rest-frame turnover frequency extends above 1@pectrum quasars in complete samples at 5 GHz luminosities
GHz. This reveals the presence of a previously unsuspectd@wer than 18*° erg s* Hz *. In addition, DXRBS has
population of sources which peak at high frequencies. Thergiscovered that all previous surveys have missed a large
is a strong correlation between rest-frame turnover frequencgopulation of blazars {'/; of the DXRBS samplewith
(vm) and linear size I(S) of the form vy, o« LS™%% The  high (>107°) ratios of X-ray to radio luminosity. This
continuity on this plane suggests that GPS and CSS sourcg®pulation is somewhat akin to the X-ray selected BL Lacs
are related either by evolution or by the mechanism for then their high ratios of X-ray to radio luminosity, but unlike
turnover or both. for BL Lacs, there do not seem to be any FSRQs at
O'Dea and Baum have compared the GPS and CS$,/L,>10° (there are BL Lacs known with values of
sources with the LRL 3CR classical doubles in the redshift_, /L, as high as 10°). Perimanet al. have recently sub-
range 0.2z=<1.0. The GPS and CSS sources in these brighinitted a paper to AJ on these results.
samples would be members of the LRL 3CR if their spectra Periman is also continuing his work following up on low-
did not turn over. The number per bin of log size is roughlyluminosity BL Lacs in the Einstein Medium Sensitivity Sur-
constant for the GPS and CSS sources, while for the LRIvey with J. Stocke, T. Rectdboth of Coloradpand I. Gioia
3CR classical doubles the number increases with increasingHawaii). A total of seven BL Lacs have been added to the
size adN(LS) « LS4 These results imply that the GPS and ist of 36 BL Lacs in the survey, and a paper is being pre-
CSS sources evolve in a way that is qualitatively differentpared which will recalculate the luminosity function of the
from the LRL 3CR classical doubles. One possibility is thatsample. The process of identifying new BL Lac objects com-
some of the GPS and CSS sources will not evolve into clashines ROSATHRI data, and optical spectroscopy at the
sical doubles and instead might be transient or frustratedPNO 2.1m andMMT telescopes.
sources. Alternatively, the GPS and CSS sources, due to Perlman also led multiwavelength campaigns with SAX
their interaction with the ISM of the host galaxy, evolve and RXTE on the BL Lac objects 1E124804 (RXTE, col-
differently from predicted by simple self-similar models. laborating with MadejskiGSFQ, Stocke and Rectprand
Assuming that allor nearly al) the GPS and CSS sources 1ES2344-514 (SAX, collaborating with Padovani and Gi-
are progenitors of larger sources, O’'Dea and Baum have commmi). The results of both campaigns are exciting. Ground-
sidered the implications for evolution of the GPS and CSShased monitoring of 1E1238304 during the campaign re-
sources and their relationship to the LRL 3CR classicaleals variations of- 0.4 magnitude on timescales less than 1
doubles. A simple model where the sources evolve with conhour. This will allow placement of strict limits on emission
stant velocity and constant radio luminosity is ruled out. Ifmodels. The SAX data on 1ES2345814 show possible evi-
the sources evolve with constant velocity, the radio luminosdence for an increasing contribution from inverse-Compton
ity must decrease with linear size hs,g, = LS % This  radiation at energies5 keV, as the character of the vari-
strong luminosity evolution implies that the GPS and CSSability changes. Below that point, the harder bands are seen
sources evolve into sources which are of intermediate radito lead softer bands, but above 5 keV, the opposite seems to

luminosity. be the case. Interestingly, however, no evidence for a spec-
E. Perlman, collaborating with J. Biretta, W. Sparks, andtral break is seen.
F. Macchetto, has usddSTimages of the nearby radio gal- Perlman also continues his research into the origins of the

axy M87 to produce polarization and spectral index imagesliffuse gamma-ray backgrouf®GRB). Along with D. Ka-
of its jet with 0.1’ resolution. The polarization image shows zanas(GSFQ, he has written a paper modeling the DGRB
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emission seen by EGRE(h the 30 MeV-10 GeV rangeas reflection spectra of the Seyfert galaxy M@8-11-11 and
being due to the low-state gamma-ray emission from blazarghe broad-line radio galaxy 3C120.
Urry, O'Dowd, Scarpa, Pesce, Falomo, Treves, and Gia-
valisco continue thellHSTNVFPCZImaglng survey of BL 8. INSTRUMENTS AND SOFTWARE
Lac objects, investigating the properties of their host galaxies
and environments. The first results describe the detection %r
host galaxies out to redshift=0.7. Altogether WFPC20b-
servations of nearly 100 BL Lacs reveal detections of host,mittee.
galaxies in most objects with<0.5. These results will illu- R. Bohlin is a co-l on theJltraviolet Imaging Telescope
minate the nature of BL Lac objects, their connection tO(UIT) on the Astro 2 Spacelab Mission, launched in March
radio galaxies and other AGN, their evolution fra=0.1t0 5 1995 The Pl is T. P. Stecher of GSFC. Bohlin and his
z=1, and the role of interactions in triggering nuclear activ-post-doc D. Smith are working on the data analysis.
ity. During the past year, Bohlin has been working mainly on
Urry has continued multiwavelength monitoring of blaz- ST|Scalibration.
ars with Maraschi, Pian, Pesce, Wehrle, and collaborators, The DBSA (Database and System Administration t¢am
carrying out radio-through-gamma-ray campaigns on the&ompleted the coordination and implementation of the AS-
UV-bright BL Lac objects Mrk501 and PKS2155-304, and SIST database redesign this past year. The new database was
quasars 3C279 and 3C273. Mrk501 underwent a major flardesigned to better meet the needs of current and future pro-
in April 1997, during which its upper synchrotron cutoff in- posal processing. The PEP database was merged into the
creased from below 1 keV te- 100 keV, an unprecedented ASSIST database, eliminating many redundant and obsolete
electron acceleration event. For PKS2155—-304, a series dields. In addition, many obsolete fields and tables were re-
papers has been published describing correlated flares at Xaoved. Visit information that was not stored in the original
ray, EUV, UV, and visible wavelengths. The detected lagsdatabase was added to the new database.
of order 1 day from one band to the next, can be explained Some of the structure information in ASSIST was origi-
by the energy_dependent Coo|ing of Synchrotron_emitting'la”y duplicated in the PMDB. Hence this information was
electrons. More recent high_energy monitoring data Shov\ﬂeleted from ASSIST. This resulted in procedural ChangeS
similar large-amplitude variability. For 3C279, coordinatedfor the population of the PMDB since data needed to be
variations at gamma-ray through optical/lUV wavelengthsStored at a much earlier phase in the process.
imply associated changes in both Compton-scattering elec- 1he entire redesign process resulted in a great deal of

trons and seed UV photons, as may happen if the broad-lingoordination with other teams around the institute including
region is photoionized significantly by the jet radiation. For 17@ns, Spike, DADs, and SPSS. Many software tools needed

3C273, the gamma-ray through radio variations and thdo be modified to support the redesign effort. This included

gamma-ray spectrum hardening with increasing intensity caHje [r)]opulattl)rsffor: thedAS_SISTffdatgbase. b hati
be explained by Compton-scattering of lower energy photons The result of the redesign effort is a database that is more

or by proton-initiated cascade models. A re-analysis of archidccurate and consistent than ever. Query performance has

val IUE spectra of 3C273 shows that intrinsic variability of |mpr9ved as well due to faster hardware and better designed
) : . A . ... relations.
UV lines is very small, implying that gamma-ray variability

N . Another major development effort for the DBSA team
must be due to electron acceleration if external comptoniza-
. was related to the PC and CS tools. These tools are used by
tion models apply.

) . : . . Program rdinators an n ienti ry an
With Ulrich and Maraschi, Urry has written a review of ogram Coordinators and Contact Scientists to query and

o . . update the ASSIST and PMDB databases. They are easy to
AGN variability, covering blazars and normal AGN. The im- use graphical user interface tools that are utilized on a daily

portant distinction between the wo classes is the domlnancgasis_ These tools are critical for maintaining accurate and

of thermal emission in the latter and non-thermal jet €MIStonsistent information within the databases as well as pro-

sion in the former. For blazars, the presence of very strongiding efficient querying capabilities.

gamma-ray emission confirms the importance of relativistic s’ Hauser, in collaboration with members of tB©BE-
beaming and indicates a distinction between relatively lowy rRBE andFIRASteams, carried out a careful comparison of
luminosity blazar4BL Lac objects, for which the synchro-  the apsolute calibrations of thBIRBE and FIRAS instru-
tron self-Compton model most likely applies, and higher lu-ments in their region of spectral overlap, 100 to 240 microns.
minosity blazars(quasars for which external Compton The two data sets were found to be consistent within their
models are dominant. estimated gain and offset uncertainties.

Urry continues to study the X-ray properties of AGN, H. Stockman, collaborating with many staff at the ST Scl,
with Sambruna, Grandi and collaborators. With Sambrunay, Mather at GSFC, and a volunteer science working group,
the ASCA spectrum of the high-redshift blazar 05284  studied the scientific program of tiéext Generation Space
has been used to constrain the activity of the gamma-raYelescopgNGST. The NGSTis a large aperturédiameter
component, andASCA ROSATand BBXRTspectra of the >4 m), passively-cooled space telescope optimized for ultra-
BL Lac object 1426-428 have been used to constrain thesensitive imaging and spectroscopy in the near-infrared.
presence of hot, X-ray-absorbing gas. With Grandi, X-rayNASA and two major aerospace firms have proposed designs
and gamma-ray data have been combined to investigate tlikat achieve the 1 nJy sensitivity needed to detect the first

R. J. Allen continued his involvement with the Space In-
ferometer Mission, serving on the Science Working Group
and chairing the Imaging, Interferometry, and Nulling sub-
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stars and galaxies at high redshift> 15. Overviews of the Blair, W. P., & Long, K. S. 1997, “Identification of Super-

spacecraft designs and the science mission appear in a re- nova Remnants in the Sculptor Group Galaxies NGC 300

cently published booklet and a number of conference pro- and NGC 7793,” ApJS, 108, 261

ceedings. Boller, T., Voges, W., Frontera, F., Costa, E., Piro, L., Ped-
ersen, H., Benetti, S., Turatto, M., Goudfrooij, P., Mar-
coni, A., Jablonka, P., Palazzi, E., Heise, J., Studt, J., &

PUBLICATIONS Castro—Tirado, A. J. 1997, “GRB970228,” IAUC, 6580,

This list includes papers published or submitted betwee
October 1996 and September 1997 by ST Scl staff (or b
visitors, if a substantial portion of the work was done at ST
Scl). Some papers published in this period may have been

included as “submitted” or “in press” in the previous an- K., Crenshaw, M., Collins, N., Dar:ks, A Robi_nson, R.,
nual report. Cornett, R., & Gruzyzak, A. 1997, “In-flight Optical Per-

Alcock, C. et al. 1997, “The X-Ray Off State of the Super- formance of the Space Telescope Imaging Spectrograph,

soft Source CAL 83 and lIts Interpretation,” MNRAS, BAAS, 190, 836“ _ .
286, 483 Cacciari, C. 1997, “Globular Clusters in M31,” BAAS, 190,

Alcock, C. et al. 1997, “Optical Photometry of the Eclips- 824, . L .
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