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1. INTRODUCTION
Among the highlights of 2000 were the successful ongo-

ing operations of the Far-Ultraviolet Spectroscopic Explorer
~FUSE! and the Sloan Digital Sky Survey~SDSS!. The
former project is managed directly from Johns Hopkins. The
latter is a broad collaborative effort, within which astrono-
mers from JHU play a major role. Work continues on the
ACS ~Advanced Camera for Surveys! for the Hubble Space
Telescope. In addition, scientists from JHU have success-
fully proposed for a Phase A study for a SMall EXplorer
project, PRIME~PRIMordial Explorer!, a near IR, multiple
color, wide-field survey. Finally, we continue to pursue a
broad range of theoretical and ground-based astronomical
projects.

2. PERSONNEL
CAS visitors were E. Agol, R. Burg, C. M. Carollo, P.

Chayer, J. Crocker, I. Csabai, A. Dey, A. Fullerton, T.
Henry, J. Najita, P. Rosati, P. Tozzi, and R. Walterbos. De-
parted from CAS are E. Agol~to the California Institute of
Technology!, T. Henry~to Georgia State University!, M. Io-
vea ~to the Institute for Nuclear Reactors in Bucharest, Ro-
mania!, E. Murphy ~to University of Virginia!, E. Perlman
~to UMBC!, K. Roth ~to Gemini Observatory, HI!, G.
Szokoly ~to Astrophysikalisches Institut Potsdam!, and P.
Tozzi ~to Osservatorio Astronomico di Trieste!.

Permanent staff are Professors S. Beckwith~Director,
Space Telescope Science Institute!, P. J. Dagdigian, A. F.
Davidsen, J. P. Doering, P. D. Feldman,~Chair, Physics and
Astronomy!, H. C. Ford, K. Glazebrook, T. M. Heckman, R.
C. Henry ~Director, Maryland Space Grant Consortium!, B.
R. Judd, C. W. Kim, J. H. Krolik, H. W. Moos, D. Neufeld,
C. A. Norman, D. F. Strobel, A. Szalay, E. T. Vishniac~Di-
rector, CAS! and R. F. G. Wyse, Research Professor R. Gi-
acconi, Assistant Research Professor S. Lubow, Associate
Research Professors W. P. Blair and Z. Tsvetanov, Adjunct
Assistant Professors D. Figer~STScI! and K. Weaver
~GSFC!, Adjunct Associate Professor G. Kriss~STScI!, Ad-
junct Professor R. F. Mushotzky~GSFC!, and Visiting Pro-
fessor M. Finkenthal.

STScI Scientists are R. J. Allen, R. Brown, H. C. Fergu-
son, M. Hauser, G. A. Kriss, M. Livio, K. S. Long, P.
Madau, M. McGrath, M. Postman, P. Stockman.

Research Scientists are L. Bianchi, S. Friedman, M. E.
Kaiser, J. Kruk, S. McCandliss, G. Meurer, W. Oegerle, A.
Uomoto, H. A. Weaver and W. Zheng.

Associate Research Scientists are B.-G. Andersson, N.
Benitez, J. Blakeslee, E. Colbert, D. Golimowski, C. Gron-

wall, C. Holmes, B. Jain, P. Kunszt, S. Malhotra, A. Martel,
S. Ridgeway, R. Sankrit, D. Sahnow, K. Sembach, M. Siri-
anni, D. Stutman, A. Thakar, H. Tran and T. Yaqoob.

Postdoctoral Fellows are G. Catanzaro, R. Chandar, B.
Chen, R. C. Fernandes, C. Hoopes, M. Houdashelt, C. Howk,
M. Kerscher, N. Levenson, S. Malhotra, T. Matsubara, M.
May, E. Neilsen, K. Rauch, R. Shelton, P. Sonnentrucker, D.
Strickland, J. Wiseman and B. Wolven.

3. THE FAR ULTRAVIOLET SPECTROSCOPIC
EXPLORER

The largest project in the Center for Astrophysical Sci-
ences is the Far Ultraviolet Spectroscopic Explorer~FUSE!,
an astronomy mission within the NASA Origins program.
FUSE has been successfully executing observations of a di-
verse set of targets for well over one year. FUSE is exploring
the Universe through high-resolution (R;20,000) spectros-
copy at far ultraviolet wavelengths~910-1190 Å!. The tran-
sitions of many astrophysically-important atoms, ions, and
molecules lie in this spectral range, permitting detailed study
of the interstellar medium, the intergalactic medium, active
galactic nuclei, quasars, massive stars, supernovae, planetary
nebulae, and the outer atmospheres of cool stars and planets.
FUSE has 10,000 times the sensitivity of theCopernicus
satellite, which was launched nearly 30 years ago.

The first set of scientific results was published in the 20
July 2000 issue of theAstrophysical Journal Letters, which
was devoted entirely to FUSE. These papers were based al-
most entirely on data collected in the first few months of
operation. Since then, many additional observations have
been made and placed in the MAST archive at STScI. Since
the proprietary time for FUSE data is only 6 months, many
of these data sets are publicly available now. This year ap-
proximately half of the observing time is devoted to guest
investigators~GIs!, and the remaining half is guaranteed to
the FUSE science team. Next year 75% will be devoted to
GIs, and 100% thereafter.

FUSE was developed by a team led by JHU, with partici-
pation by the University of Colorado, UC Berkeley, several
commercial companies, and the space agencies of Canada
and France. It is operated from the Bloomberg Center on
JHU’s Homewood campus, and is the largest, most complex
mission NASA has ever allowed a university to develop and
operate. It has a three year lifetime, but NASA recently au-
thorized a two year extension.

JHU personnel participating in the FUSE mission are
Principal Investigator Warren Moos, and T. Ake, B-G
Andersson, L. Bianchi, W. Blair, P. Chayer, A. Davidsen, P.
Feldman, S. Friedman, A. Fullerton, C. Hoopes, C. Howk,
M. Kaiser, J. Kruk, N. Lehner, W. Oegerle, D. Sahnow, R.
Sankrit, K. Sembach, R. Shelton, P. Sonnentrucker, H.
Weaver, and W. Zheng. In addition, a group of about 20
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engineering and technical staff at JHU participate in mission
operations and support activities.

4. THE SLOAN DIGITAL SKY SURVEY
SDSS was officially dedicated in October 2000 and rou-

tine observations are now under way at Apache Point Obser-
vatory. Again this year the highest redshift quasar (z55.8)
was found in the five-band imaging data. Other discoveries
include new methane dwarfs~with new objects filling the
spectral space between the L and T spectral classes!, descrip-
tion of an A-star halo component to the galaxy, and evidence
of a thick disk component to the Galaxy by JHU postdoc B.
Chen.

JHU hosted a successful collaboration meeting in Septem-
ber, 2000, where the above research, and more, was pre-
sented.

JHU’s contribution to SDSS include the two fiber optic
spectrographs on the 2.5 m telescope, development of the
high speed science database, and installation of the 20-inch
photometric telescope used to calibrate the 2.5 m SDSS im-
aging.

5. THE ADVANCED CAMERA FOR SURVEYS
The Advanced Camera for Surveys~ACS! will be in-

stalled in the Hubble Space Telescope during the fourth ser-
vicing mission~SM-3B!, now scheduled for November 2001.
The ACS is being built by collaboration between Ball Aero-
space, the Johns Hopkins University and the Goddard Space
Flight Center. Members of the science team, led by the PI
Holland Ford, are at JHU, the Space Telescope Science In-
stitute, the University of Arizona, the University of Califor-
nia Santa Cruz, Leiden University, the European Southern
Observatory, and the Goddard Space Flight Center.

A list of science and engineering team members and in-
formation about the ACS can be found at http://
adcam.pha.jhu.edu/. The ACS now has excellent flight detec-
tors for the Solar Blind Camera, the High Resolution Camera
~HRC!, and the Wide Field Camera~WFC!. The cause of the
image motion that was described in last year’s BAAS report
was finally found to be due to warping of the forward bulk-
head that carries the M2 mirrors. The M2 mirrors were re-
moved from the bulkhead and mounted on a small optical
bench attached to the bottom of the ACS optical bench. Ex-
tensive testing at Ball Aerospace during June 2000 suggests
that the image motion is now smaller than the specifications.
This will be confirmed during thermal vacuum testing at the
Goddard Space Flight Center in late October 2000.

The engineering model of the WFC revealed two serious
problems. The first was scattered light from point sources
positioned near the edge of an internal thermal mask. Two
steps were taken to correct the problem. The interior of the
WFC was coated with a multi-layer dielectric ‘‘black mir-
ror’’ that reduced the reflectivity in the red to a few percent,
and the edge of the mask was machined into a knife-edge.
Subsequent stray light measurements showed that the WFC
now meets the specifications for scattered light.

The second problem appeared during vacuum bakeout of
the WFC. Expansion of the inner radiation shield broke one
or more of the two-stage thermoelectric coolers~TECs! that

both cool and support the housing. The problem was solved
by mounting the radiation shield on stainless steel flexures
and connecting the TECs to the radiation shield with heat
straps. There is still adequate thermal margin, and the TECs
no longer break. We now have two Wide Field Cameras, one
for flight and one for a spare. Both cameras have success-
fully completed all of their environmental tests.

During the summer the ACS was tested at GSFC for over-
all noise performance and for susceptibility to noise induced
by either the Aft Shroud Cooling System’s external heat
pipes, or by the NICMOS Cryo-cooler. The ACS detectors
have shown no susceptibility to operation of any of the Aft
Shroud or NICMOS Cryo-cooler components during testing
with the Cooling systems Hardware Electrical System Test.
Final tests of noise susceptibility will be made during forth-
coming thermal-vacuum tests. We expect the CCDs to have
4 to 5.5 electrons rms read noise, depending on the CCD and
the individual amplifiers.

We expect the ACS to be ready for a launch in November
2001. The ACS will provide the HST with important new
capabilities, including a factor of 10 improvement in survey
efficiency that will be made with twice the resolution of the
WFPC2 and;8 times the overall spatial information. We
think that observations with the ACS will greatly improve
our understanding of phenomena ranging from nearby cir-
cumstellar disks to the evolution of galaxies in the early
universe to the present.

6. RESEARCH AND ACTIVITIES
Steven Beckwith, Stefano Casertano~STScI!, and Paul

Kalas ~STScI! have been pursuing an idea to improve the
astrometric accuracy of HST using WFPC2 in a scanning
mode. The fundamental limit to the accuracy of present as-
trometry with the cameras is sub-pixel and pixel-to-pixel
variations in sensitivity that sets a floor to the precision by
which positions of objects can be measured in the images.
The basic idea is that by scanning the objects across the
detector array creating long trails, we can average over many
(;1000) pixels and reduce the inherent uncertainties of
dealing with a small number of pixels in pointed images. In
principle, we could gain more than an order of magnitude in
astrometric precision with HST taking it to below the 1 mil-
lisecond of arc level. At that accuracy, HST becomes inter-
esting to look for astrometric signatures of extrasolar plan-
etary systems. The first data were obtained in August 2000.

Beckwith, Michael Meyer~U. Arizona!, and Massimo
Robberto~STScI! had time on ISO to search for thermal
emission from circumstellar disks around stars between the
ages of 106 and 108 years, the period during which planet-
building is thought to occur. The data have been analyzed
with several different versions of the PIA reduction software.
Early versions of this software produced results that were
inconsistent with extant data on some of the objects~mainly
from IRAS!; in some cases, they were internally inconsis-
tent. There is now a consistent set of reduced data, and the
group is preparing the results for publication.

Meyer, Beckwith, Antonella Natta~Arcetri!, and Rob-
berto obtained observations of 16 stars in Chameleon to give
spectral energy distributions from 3 to 200mm, including
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continuous spectra~PHOT-S! from 3 to 13mm for the first
time. The scientific goal is to distinguish among the various
geometrical models for circumstellar disks around these stars
- for example, flared vs. flat disks. The spectra demonstrate
that 10mm silicate emission features from optically thin dust
are commonly seen in these disks. This result was recently
published. Thomas Herbst~MPIf Astronomie!, Beckwith and
their collaborators surveyed a large area with the Calar Alto
Omega camera to search for brown dwarfs. The limits estab-
lished were very good, and the data were published. Unfor-
tunately, the survey could not reach the same area as the
2MASS survey, whose results on brown dwarfs have super-
ceded those of this group.

Robberto, Beckwith, Herbst, and Meyer used the MAX
camera to detect disks around ionized and silhouette disks in
the Orion nebula. During 1997, the team observed and de-
tected essentially all of the disks in the Trapezium core that
were discovered with HST - both the ionized and dark disks.
Owing to the strong background emission from the nebula,
background subtraction is difficult. By varying the spacing
used for background subtraction, it was possible to eliminate
most of the extended emission to get photometry on the un-
resolved disks. The preliminary results have been published
in two conference proceedings, and the final results are in
preparation for publication in theAstrophysical Journal.

David Thompson~Caltech!, Filippo Mannucci~Arcetri!,
and Beckwith continued their search for young, emission line
galaxies at high redshift using narrow-band interference fil-
ters to look for emission-line objects~MAGIC and Omega
Prime cameras on the Calar Alto 3.5m telescope! and the
CGS4 spectrometer on UKIRT for spectroscopic follow-up.
The first survey targeted emission-lines at the same redshifts
as quasars in the survey fields. One object was discovered in
a survey of 276 square minutes of arc described in a publi-
cation in 1998. A second survey targeted the redshifts of
damped Lyman alpha or metal absorption systems seen in
the spectra of quasars in the fields. This survey covered only
150 square minutes of arc but revealed 18 emission-line ob-
jects. Two of these objects were imaged by the Hubble Space
Telescope as part of another program. A paper describing the
results of this second survey has been published and
follow-up with CGS4 of one of the objects confirmed the
emission-line. It appears that damped Lyman alpha absorp-
tion systems pinpoint regions of vigorous star formation and
will lead to a revision of the search strategies for young
galaxies at high redshift.

The team continued its research by including new obser-
vations with HST taken last year~data analysis underway!.
Part of this research is the study of extremely red objects that
show up in our survey fields~mainly the CADIS survey
fields!. We published the first paper describing this research
early last year, and we are preparing a second that incorpo-
rates new Keck observations for publication in the coming
year.

Herbst, Beckwith, Thompson, and Dietrich Lemke~MPIf
Astronomie! continued their program to observe faint light
associated with galaxy halos. Evidence for luminous matter
was reported by Sackettet al. ~1994, Nature!, who looked at
the edge-on Sc galaxy NGC 5907 for faint R-band light, and

subsequently by Rudyet al. ~1997, Nature!, who observed
near infrared emission at K. They reported the detection of
excesses in the halo well above and below the disk plane.
Herbst’s group observed several edge-on spirals, including
NGC 5907, with the MAGIC and Omega Prime cameras,
reaching limits of 26th and 25th mag/sq. arcsec in J and K
bands, respectively, and do not see the emission claimed by
Rudy et al. The group believes the initially reported results
are in error, and they can show that the intensity profiles
above and below the disk plane are inconsistent with a lumi-
nous component of the dark matter needed to produce the
observed rotation curves. This work is currently being pre-
pared for publication.

Luciana Bianchi is co-Investigator of the NASA SMEX
mission GALEX ~The Galaxy Evolution Explorer!, and is
leading the GALEX science data archive development~Bi-
anchiet al.2000a, b and references therein!. GALEX will be
launched in late 2001 to perform Ultraviolet imaging and
spectroscopic surveys of the sky in a 28 month mission.

Bianchi continues to lead a study of hot massive stars in
Local Group galaxies based on HST, FUSE and ground
based data. In this program she involved postdocs Gianni
Catanzaro and Rupali Chandar, and graduate student Miriam
Garcia~from the University of La Laguna!. Bianchi is using
46 orbits of Hubble Space Telescope in cycle 10 to charac-
terize a young co-eval population of NGC 6822, discovered
from her earlier WFPC2 multiband photometry. The pho-
tometry also led to the discovery of several very massive star
candidates in this metal poor environment.

From October 1999, science data from the FUSE satellite
allowed her to significantly expand the study of stellar winds
and mass loss properties of hot massive stars. In an ApJ
Letter dedicated to the FUSE ERO’s, Bianchi~et al. 2000c!
demonstrated the potential of the far-UV lines to measure for
the first time the ionization of supersonic winds, and com-
pared the ionization in two O7 supergiants in the LMC and
SMC. She is also co-author of 3 other papers in the issue
dedicated to the FUSE ERO’s~Moos et al. 2000, Fullerton
et al. 2000, Massaet al. 2000! and of three works presented
at the AAS 195, on FUSE data.

Bianchi also continues the study of stellar clusters and HII
regions in Local Group galaxies with Rupali Chandar and
Holland Ford~Chandar, Bianchi and Ford, 2000!.

Bianchi is serving on the Organization Committee of IAU
Comm. 42, and served on the HST TAC panels in 1999.

William P. Blair is an Associate Research Professor in
the Department of Physics and Astronomy. He is the Chief
of Mission Planning for the Far Ultraviolet Spectroscopic
Explorer ~FUSE! mission, which is headquartered at JHU,
and he is in charge of the operation of the mission planning
segment of the ground operations system. While these duties
have taken the bulk of his time, Blair has continued his in-
dependent research projects on supernova remnants using
FUSE, the Hubble Space Telescope~HST!, and other space
and ground-based observatories.

Work with HST has concentrated in two areas. With post-
doc R. Sankrit~JHU/CAS!, K. S. Long ~STScI!, and J. C.
Raymond~SAO!, HST/STIS data on a non-radiative shock in
the northeastern Cygnus Loop have been analyzed and an
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initial paper published. This faint filament is at the very edge
of the X-ray emission represents the primary blast wave as it
first encounters the interstellar medium. With STIS spectra
cutting across the filament at one position, we are able to
measure differences in the spatial distributions of various
UV lines behind the shock. Comparing to shock model cal-
culations allowed us to constrain the shock velocity and pre-
shock density at the observed position. On-going work with
additional STIS spectra, and including FUSE O VI observa-
tions, will allow us to generalize this result over the coming
year.

Another HST project came to fruition this year after sev-
eral years of effort. Blair led a large group of collaborators in
publishing HST images and FOS spectroscopy on two
oxygen-rich young supernova remnants in the nearby galax-
ies known as the Magellanic Clouds. Even though these ob-
jects are much more distant than galactic supernova rem-
nants, they do not suffer from very much foreground
extinction, making observations possible across the entire
UV/optical region. Careful modeling of the FOS spectra has
provided the best information on the chemical make-up of
the debris from these exploded stars, and points toward
masses of 25-40 solar masses for the progenitor stars. Blair
gave an invited review talk at the 2000 Maryland Astrophys-
ics Conference on these young supernova remnants. With
graduate student Charles Danforth, postdoc Nancy Leven-
son, and collaborators from NASA/GSFC, Blair published an
atlas of UV/optical imagery of selected regions in the Cyg-
nus Loop. The UV data were from the Ultraviolet Imaging
Telescope. Combining these images with optical ground-
based images of the same regions, we have characterized the
spatial distributions of the various emissions and investigated
the effects of resonance line scattering, which are more wide-
spread than thought previously. Other projects have included
an X-ray study of a luminous supernova remnant in the gal-
axy NGC 6946 with E. M. Schlegel~SAO! and R. A. Fesen
~Dartmouth!, and an optical ground-based study of shock
precursors in Tycho’s supernova remnant with P. Ghavamian
and P. Hartigan~Rice University! and Raymond.

Blair participated in numerous papers on Early Release
Observations from FUSE, leading the paper on the super-
nova remnant N49 in the Large Magellanic Cloud. Several
additional FUSE projects are already in the works and should
be published over the coming year. Important duties on the
FUSE operations team have included continued development
of the mission planning system and support of on-going
FUSE mission planning activities. In addition, Blair main-
tains the public Web site for the FUSE project~see http://
fuse.pha.jhu.edu/! and participates in various education and
outreach activities, including duties as Press Liaison Officer.

Rupali Chandar is a Postdoctoral Fellow working with
Holland Ford and Luciana Bianchi, continuing a long term
project to understand the formation of late-type galaxies
through star cluster properties. By measuring age, mass, me-
tallicity, and radial velocity for a system of star clusters, one
can constrain the different evolutionary pathways of these
galaxies. Comparison of age and metallicity of two clusters
in NGC 6822 hint that this galaxy has had a slower chemical
enrichment than either the Small or Large Magellanic Cloud.

Abundances of seven HII regions suggest that there is a cor-
relation of abundance with position in NGC 6822~Chandar,
Bianchi, and Ford 2000, AJ, vol.120!. To extend our results,
data has been collected from the VLT FORS1~integrated
optical spectroscopy of 25 clusters and cluster candidates in
NGC 6822!. Integrated spectra of Galactic globular clusters
and intermediate age Magellanic Cloud clusters were also
obtained, from the CTIO 1.5-m. The CTIO spectra~all clus-
ters have resolved color magnitude diagrams! are used to
study age and metallicity degeneracy in integrated spectra of
single stellar populations, and to derive an empirical calibra-
tion of line strengths for intermediate age populations. In
addition to obtaining ground based spectroscopy, R. Chandar
is obtaining samples of star clusters in nearby galaxies~M81,
NGC 55, and NGC 253! by identifying them in multiband
HST WFPC2 images. These will serve as the basis for future
spectroscopic work.

Paul D. Feldmancurrently serves as Chair of the Depart-
ment of Physics and Astronomy. He directs the NASA sup-
ported sounding rocket program, collaborating with S. R.
McCandliss~JHU! in the development of new instrumenta-
tion for far- and extreme-ultraviolet astronomy. He has con-
tinued his collaboration with H. A. Weaver~JHU! in a pro-
gram of HST/STIS observations of comet LINEAR, with H.
W. Moos, D. F. Strobel~JHU!, and M. A. McGrath~STScI!
in HST/STIS observing programs of Io and Europa, and with
A. Vidal-Madjar ~IAP! and colleagues in HST and FUSE
studies of CO and atomic carbon in the gaseous disk sur-
roundingb Pictoris. He is a member of the science teams for
the Far Ultraviolet Spectroscopic Explorer~FUSE!, the Ad-
vanced Camera for HST, the Alice ultraviolet spectrometer
experiment for Rosetta, and the Comet Nucleus Tour mis-
sion.

Scott D. Friedman is the Hopkins project scientist for the
Far Ultraviolet Spectroscopic Explorer~FUSE! mission,
which was launched June 24, 1999. FUSE is making high
spectral resolution (R;20000) measurements in the 910-
1190 Å spectral region. With FUSE Friedman is address-
ing problems such as the properties of molecular hydrogen in
the Milky Way and the Large and Small Magellanic Clouds,
and the deuterium/hydrogen ratio in the local interstellar me-
dium. Friedman’s interests also include astronomical instru-
mentation.

David Golimowski is an associate research scientist who
splits his time between searching for and studying substellar
objects and performing functional work as a member of the
Hubble Space Telescope~HST! Advanced Camera for Sur-
veys ~ACS! Instrumental Definition Team~IDT!. His
searches for substellar objects, as companions to nearby stars
or as isolated members of the solar neighborhood, are both
ground- and space-based. This work includes searching for
very low mass~VLM ! stars and brown dwarfs in the Sloan
Digital Sky Survey~SDSS! image data, photometric moni-
toring of substellar objects for possible planetary eclipses
using NASA’s Infrared Telescope Facility, and astrometric
monitoring of nearby brown dwarfs for possible planet-
induced perturbations using HST.

Substellar objects presently fall into two categories: ‘‘L
dwarfs,’’ whose near-IR spectra feature carbon exclusively
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in the form of carbon monoxide~CO!, and even cooler ‘‘T
dwarfs,’’ whose near-IR spectra show carbon predominantly
in methane~CH4). In mid-2000, the SDSS team, including
Golimowski, broke new ground by producing the first three
examples of the ‘‘missing link’’ between the CO-dominated
L dwarfs and the CH4-dominated T dwarfs. These transition
objects thus completed a continuous spectral sequence from
the hottest O stars (Teff' 40,000 K! to the coolest known
brown dwarfs (Teff' 750 K!. Golimowski and collaborator
Tom Geballe~Gemini Observatory! presented this discovery
at the semiannual meeting of the American Astronomical
Society in June 2000.

With collaborator Todd Henry~Georgia State University!,
Golimowski has established a JHU chapter of the Research
Consortium on Nearby Stars~RECONS!, consisting of Goli-
mowski, Alan Uomoto, and five JHU undergraduate stu-
dents. These students participate in several activities ger-
mane to the study of the solar neighborhood. These activities
include ~1! searching for nearby stars and brown dwarfs us-
ing SDSS,~2! forming a census of all known objects lying
within 25 pc of the Sun,~3! obtaining SDSS photometry of
nearby stars using the SDSS Photometric Telescope at
Apache Point Observatory~APO!, ~4! mapping the location
of VLM stars and brown dwarfs in the color spaces of SDSS
and the Two Micron All Sky Survey, and~5! analyzing spec-
tra of M and L dwarfs obtained by Golimowski and Henry at
APO and Cerro Tololo Inter-American Observatory.

As a member of the ACS IDT, Golimowski manages JHU
laboratory tests of non-flight ACS Wide Field Camera
~WFC! detectors and oversees the development of the ACS
Guaranteed Time Observer~GTO! science data archive. This
archive will contain all the data products from the GTO
team’s internal data reduction and analysis pipeline, as well
as data from supporting ground-based observations. In Janu-
ary 2000, Golimowski presented an analysis of the effects of
cosmic radiation upon the charge transfer efficiency~CTE!
of the WFC detectors at the Workshop on Hubble Space
Telescope CCD Detector CTE.

Caryl Gronwall is an Associate Research Scientist with
the Advanced Camera for Surveys science team. She has
spent the last year planning for the development of the sci-
ence data analysis software pipeline. This pipeline will be
used for reducing distant galaxy images and grism spectros-
copy acquired as part of the guaranteed observing time
awarded to the ACS science team.

In collaboration with John Salzer~Wesleyan!, Gronwall
has continued working on the KPNO International Spectro-
scopic Survey~KISS! for nearby emission-line galaxies. This
is a modern objective-prism survey which combines the wide
field survey capability of a Schmidt telescope combined with
the deep sensitivity of a CCD detector. The first survey lists
for galaxies selected both in the red~Ha) and the blue
~@OIII #l5007! have been completed. A detailed description
of the survey was published in Salzeret al. ~2000!. The first
blue survey strip covers 117 deg2 and includes 223 ELG
candidates or 1.9 per square degree. The first red
~Ha-selected! survey strip covers 62 deg2 and includes 1128
ELG candidates fora surface density of 18.1 per square de-

gree. These surface densities are significantly higher than
previous surveys of this type.

Gronwall and Salzer are also currently pursuing a vigor-
ous program of follow-up spectroscopy of these ELGs using
a variety of telescopes, including the Apache Point Observa-
tory. We have in hand spectra of;800 ELG candidates
which confirm that 94% of our Ha-selected sample are con-
firmed ELGs with about 10% being AGN. The spectroscopic
data are being used to study the chemical evolution, spatial
distribution, and star-formation rates of these galaxies.

Timothy M. Heckman conducts research on starburst
and active galaxies and serves as the Chair of the Board of
Governors of the Astrophysical Research Consortium, which
manages the 3.5-meter telescope and Sloan Digital Sky Sur-
vey at the Apache Point Observatory. He is also a member of
the science team for the Galaxy Evolution Explorer
~GALEX! mission~PI, C. D. Martin, Caltech!.

Heckman, with D. Strickland~JHU!, K. Weaver~GSFC/
JHU!, C. L. Martin ~Caltech!, and M. Lehnert~MPIE, Garch-
ing!, is continuing a long-term program to elucidate the
physics of starburst-driven galactic winds~‘‘superwinds’’!
and thereby ascertain their role in the evolution of galaxies
and the inter-galactic medium. Recent work has focused on
the analysis of new Chandra X-ray data for the prototypical
starbursts NGC 253 and NGC 1569, and spectroscopy of the
interstellar absorption-lines using ground-based telescopes,
FUSE and HST. The two approaches are complementary: the
X-ray data probe the hot gas that may contain the majority of
the energy in the superwind, while the absorption-lines yield
unique diagnostics of the dynamics and energetics of cooler
material entrained into the hot outflow. The data show that
superwinds are ubiquitous in local starbursts, and that star-
bursts are ejecting metal-enriched material at a rate similar to
the star-formation rate and at a velocity sufficient in principle
to leave low-mass~but not high-mass! galaxies. The
absorption-line data strongly suggest that dust is also being
carried out in the flow. These results quantitatively support
models in which powerful galactic winds driven by the star-
bursts associated with the formation of bulges and elliptical
galaxies have chemically-enriched and heated the intra-
cluster and inter-galactic media.

Heckman, with G. Meurer~JHU!, C. Leitherer~STScI!,
D. Calzetti ~STScI! and C. Tremonti~JHU!, is conducting
several complementary programs designed to document the
UV properties of local starbursts. The overall goals are to
understand the roles played by dust, metallicity, ‘‘host’’ gal-
axy mass, etc., in determining the UV properties of local
starbursts, and to use these results to make inferences about
actively-star-forming galaxies at high-redshift. Results to
date suggest that typical UV-selected galaxies at high-z suf-
fer 2 to 3 magnitudes of extinction, have metallicities from
0.1 solar to solar, and may represent less extreme~lower
metallicity, lower mass, lower luminosity! versions of the
high-z sources selected by sub-mm surveys. The lessons
learned for local starbursts will ultimately be exploited to
interpret the data obtained with GALEX.

Heckman, with R. Cid Fernandez~JHU!, R. Gonzalez-
Delgado~Instituto de Astrofisica de Andalucia!, C. Leitherer
~STScI!, H. Schmitt~STScI!, and T. Storchi-Bergmann~Uni-
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versidad Federal do Rio Grande do Sul!, is engaged in a
systematic spectroscopic survey of the brightest Type 2 Sey-
fert nuclei. Near-UV spectra directly demonstrate that an un-
usually hot~young! stellar population is present in roughly
half of these nuclei andmaybe present at a low-level in the
others. In the best-studied cases, these young stars are lo-
cated in a compact~radius of 102 pc! dusty starburst that
provides a significant fraction of the bolometric luminosity
of the galaxy. Heckman, with N. Levenson~JHU! and K.
Weaver ~GSFC!, has extended this investigation into the
X-ray regime and shows that the Seyfert/starburst composite
nature of these nuclei determines the X-ray properties. Taken
togther, the available evidence suggests that the luminosity
of the starburst and hidden AGN correlate with one another.
These nuclei are valuable local laboratories in which we can
investigate the processes that built supermassive black holes
and galactic spheroids at high-redshift.

Heckman, with S. Ridgway~JHU!, M. Lehnert ~MPIE!
and D. Calzetti~STScI!, has obtained and analysed HST
NICMOS near-IR images of 5 high-redshift (z; 2! radio-
quiet quasars. An underlying ‘‘host’’ galaxy is detected in all
5 cases. These galaxies are surprisingly small and faint com-
pared to radio galaxies at similar redshifts and to the hosts of
similarly-powerful quasars at lower redshifts. They are how-
ever quite similar to the Lyman Break population of field
galaxies at similar redshifts. These results support the stan-
dard model for the hierarchical assembly of galaxies at mod-
erate redshifts, and imply that the relatively rare radio-loud
AGN population is not representative of AGNs as a whole.

Richard C. Henry conducts research on the interstellar
medium, cosmology, and ultraviolet background radiation.
Henry is principal investigator for HUBE, the Hopkins Ul-
traviolet Background Explorer, which in the first MIDEX
round was selected by NASA as an ‘‘Alternate’’ Mission. A
disappointment of 2000 was NASA’s failure to select HUBE
~which is now named ‘‘Hot Universe Background Ex-
plorer’’! in the most recent SMEX round.

With Murthy, Henry continues work on the Voyager body
of observations of the cosmic ultraviolet background radia-
tion, as well as on data acquired during the Air Force MSX
Mission. Their ‘‘modeling’’ report on the Air Force work
~dated 1998! appeared in 1999 and is referenced below.
Newton’s method of establishing the acceleration that is as-
sociated with circular motion was re-discovered by Henry,
who has published it in theAmerican Journal of Physics.
Henry submittedtwo versions of the paper, with two differ-
ent authorships, asking the Editor to decide what was appro-
priate. The Editor ‘‘called Henry’s bluff,’’ as may be seen in
the publication list below.

Henry calculated the expression for the Kretschmann sca-
lar for the most general possible black hole~mass, angular
momentum, and electric charge!, and the result appears in
the Astrophysical Journal. Henry is continuing to calculate
other scalar quantities that are associated with such black
holes.

Henry was a member of the Scientific Organizing Com-
mittee for ‘‘Small Missions for Energetic Astrophysics,’’ J.
Robert Oppenheimer Study Center, Los Alamos, in 1999,
where he presented papers on ‘‘The Interstellar Medium’’

and ‘‘The Intergalactic Medium;’’ these papers have now
appeared.

Henry continues as the Director of Maryland Space Grant
Consortium, a NASA program for career advancement of
females and under-represented minorities, education, and
public outreach. Henry was Chair of the National Council of
Space Grant Directors until June 2000, and he continues on
the Executive Committeeex officio, as Past Chair.

Bhuvnesh Jain currently works on gravitational lensing
and the clustering of galaxies. In collaboration with U. Seljak
at Princeton University and S. White at the Max-Planck-
Institute for Astrophysics, Jain has developed ray tracing
simulations to compute weak lensing statistics in different
cosmological models. Jain has worked on different ap-
proaches to measure the signal due to weak lensing by dark
matter structures. In collaboration with L. van Waerbeke at
CITA, Toronto and T. Matsubara at Johns Hopkins, Jain has
proposed new statistical measures of the non-Gaussianity of
the lensing signal to measure the cosmic mass density. With
A. Szalay at Johns Hopkins, he has worked with the Sloan
Digital Sky Survey collaboration to measure the magnifica-
tion effect of large-scale structure through the cross-
correlation of low and high redshift galaxies.

Mary Elizabeth Kaiser , a research scientist in the De-
partment of Physics and Astronomy, has joined the FUSE
team and is a co-investigator with the Space Telescope Im-
aging Spectrograph~STIS! Investigation Definition Team.
Kaiser and collaborators are pursuing research activities fo-
cussed on the kinematics and ionization structure of Seyfert
galaxies and the dynamics and kinematics of the near-
nuclear regions of normal galaxies.

As part of the STIS team investigating the central dynam-
ics of normal galaxies led by Green~NOAO!, Kaiser has
analyzed STIS and KPNO spectra of the Ca II triplet stellar
line profiles in NGC 4742. Axisymmetric 3-Integral models
are being run to model the observed stellar kinematics and
hence constrain the central dark mass in this galaxy. These
results will help populate the low luminosity region of the
black hole mass to bulge luminosity distribution and further
our understanding of the relationship between the formation
of galaxy spheroids and central black holes.

Together with collaborators Bower~NOAO! and Green
~NOAO!, STIS long-slit spectroscopy of the nuclear gas disk
in the elliptical galaxy NGC4552 is being analyzed to search
for the kinematic signature of a central black hole.

As part of the FUSE AGN team led by Kriss~STScI!,
FUSE and STIS spectra of the Seyfert 1 galaxy NGC3783
are being analyzed for the presence of intrinsic absorption.
FUSEobservations of O VI are important for characterizing
the ionization state of this warm X-ray absorbing gas and
providing a link between the lower ionization species, such
as N V and C IV, seen in the ultraviolet, with spectrographs
such as STIS, and the higher ionization X-ray warm ab-
sorber.

As a member of the STIS NGC4151 team, Kaiser and
collaborators Hutchings~DAO!, Bradley ~JHU!, Crenshaw
~CUA!, Gull ~GSFC!, Kraemer ~CUA!, Nelson ~UNLV !,
Ruiz ~CUA!, Weistrop~UNLV ! have analyzed STIS slitless,
long-slit, and echelle observations to probe the kinematics
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and physical conditions in the near nuclear region of this
nearby Seyfert 1.5 galaxy. Our results include the detection a
high velocity kinematic component~v , 1400 km s21) of
emission-line gas in the narrow line region~NLR! and a
decreasing gas density in the NLR as a function of radial
distance.

VLA observations of M51 at 3.6 cm have been obtained
and are being analyzed in collaboration with Baan~NFRA!
and Bradley ~JHU!. These data complement high spatial
resolution STIS spectra of M51, obtained in collaboration
with Bradley ~JHU! and Crenshaw~CUA!, which extend
from 3100Å 2 9000Å. We are analyzing these data to de-
termine the relative importance of photoionization versus
shocks for the emission-line clouds observed in the near
nuclear region of this Seyfert 2 galaxy.

Gerard A. Kriss is an Adjunct Associate Professor in the
Department of Physics and Astronomy and an Associate As-
tronomer at the Space Telescope Science Institute where he
is the Spectrographs Group Lead in the Science and Instru-
ment Support Department.

Kriss is studying the far-ultraviolet spectra of AGN in
collaboration with Wei Zheng~JHU!, Arthur Davidsen
~JHU!, graduate student Randall Telfer~JHU! and other
members of the Far Ultraviolet Spectroscopic Explorer
~FUSE! team. At low redshift, they are obtaining FUSE
spectra of the 100 UV-brightest AGN. To supplement these
900-1200 Å spectra, a Cycle 8 HST snapshot program~in
collaboration with A. Koratkar and W. Zheng! obtained
STIS spectra covering 1200-3200 Å of 25 AGN to date,
many simultaneously with FUSE observations. This sample
will have a mean redshift of;0.1 when it is complete. At
the higher redshift end, mining of the HST archive is con-
tinuing. Randall Telfer has more than doubled the number of
QSOs now contributing to on-going construction of a spec-
tral composite. This will permit study of the spectral shape as
a function of redshift or luminosity, a crucial perspective that
will illuminate not only our understanding of the energy gen-
eration mechanism in AGN, but also the shape of the meta-
galactic ionizing spectrum as a function of redshift.

A topic of high current interest concerning the near-
nuclear structure of AGN is the nature of the ‘‘warm’’~or
ionized! absorbing gas that is common in the spectra of low-
redshift AGN. About half of all low-redshift AGN show ab-
sorption by ionized gas, and a similar fraction show associ-
ated UV absorption in highly ionized species such as C IV.
A key question is how the two spectral domains are related.
Mathuret al.suggest that the UV absorption is caused by the
same gas as that producing the X-ray absorption. Krisset al.
argue that the strongest UV absorption lines arise in lower
ionization gas with a lower total column density. The case
for this disparity between the UV and X-ray absorbers is
bolstered by two recent results. A study of NGC 7469~Kriss
et al. 2000! shows again that most of the UV absorption is
by lower ionization, lower-column-density gas than that ab-
sorbing the X-rays. The disparity between the UV and X-ray
absorbers is illustrated most clearly by the high spectral reso-
lution observation using FUSE of the O VI absorption in the
Seyfert 1 galaxy Mrk 509~Kriss et al. 2000b!. This observa-
tion resolves the UV absorption into multiple kinematic

components. Comparison of the O VI, H I, and C III column
densities permits one to independently assess the total col-
umn density of each kinematic component. Of the seven sys-
tems present, only one, a system near the systemic velocity
of Mrk 509, stands out clearly as having the same level of
ionization and the same column density as that required by
ASCA X-ray observations. This clearly shows that the warm
absorber phenomenon is complex. On-going observations
with FUSE show O VI absorption in about half of all AGN
observed. The high-ionization components are obvious in the
FUSE spectra. These high spectral resolution UV observa-
tions together with the studies of the X-ray absorbing gas
enabled by the Chandra X-ray Observatory should finally
unravel the location and kinematics of this new structural
component of AGN.

Jeffrey Kruk is presently the System Scientist for the Far
Ultraviolet Spectroscopic Explorer~FUSE! project at JHU.
He is responsible for Science Data Processing, including in-
strument calibration, data processing software, and ar-
chiving, and for providing scientific oversight of FUSE sys-
tems engineering. Kruk is a member of the FUSE groups
investigating the deuterium to hydrogen ratio and the distri-
bution of ionized helium in the intergalactic medium. Other
projects include a collaboration with Klaus Werner and Ste-
fan Dreizler ~Tubingen! to investigate the properties of
PG 1159 stars, a collaboration with Pierre Chayer~JHU! to
study hot DA white dwarfs, and a collaboration with Robin
Shelton~JHU! and others to investigate the emission from
diffuse O VI in the Galactic halo.

Nancy Levensonis a Postdoctoral Fellow studying Sey-
fert galaxies and Galactic supernova remnants at X-ray en-
ergies and the Galactic interstellar medium at near-infrared
wavelengths. Collaborating with K. Weaver and T. Heck-
man, she has identified the signatures of Seyfert/starburst
composite galaxies in X-rays, which include extended, soft
thermal emission due to the starburst ‘‘superwind,’’ and the
characteristic unresolved power-law spectral component of
the active nucleus. In these composite galaxies, the starburst
contributes to the obscuration of the central engine. These
results imply that X-ray observations may be used to identify
composite galaxies and further support the suggestion that
the Seyfert and starburst phenomena are related.

Levenson is investigating observations of the Cygnus
Loop supernova remnant from the Chandra X-Ray Observa-
tory in collaboration with J. Graham of UC Berkeley. The
goal of this work is to obtain spatially resolved spectroscopy
of interactions between the supernova blast wave and inter-
stellar clouds.

Knox S. Long is an adjunct professor at JHU and an
astronomer at STScI. Long pursues research topics in the
ultraviolet characteristics of cataclysmic variables, supernova
remnants, and the properties of the interstellar medium in
nearby galaxies. He is an active investigator with Hubble
Space Telescope, Chandra, and FUSE. He also has active
instrumentation interests as a result of his involvement in
phase A studies for NGST. Long and Froning~STScI! have
conducted an intensive set of FUSE observations of the
dwarf nova U Geminorum with FUSE in order to better un-
derstand the evolution of the disk and wind of this system.
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The observations during the peak of the outburst are reason-
ably well understood in terms of emission from a steady-
state disk with absorption from relatively low-velocity mate-
rial located near outer edge of the disk. However, by the time
the optical magnitude has dropped to 12.5, still well-above
optical quiescence, the FUV spectrum has transitioned to that
of an approximately 45,000 K white dwarf.

Long, Knigge ~Southampton!, Hoard ~CTIO!, Szkody
~Washington!, and Dhillon ~Sheffield! have completed an
initial analysis of HST data obtained of the SW Sex star DW
UMa. The data, obtained in an unusual optical low state, are
well-fit in terms of a WD spectrum with a temperature of
46,000 K. The UV flux shortward of 1450 Å is actually
greater than observed when the system is in its normal opti-
cal high state. The observations suggest that the disk rim
blocks our view of the WD primary in the high state. If flared
accretion disks are common among SW Sex stars, we can
account for many of the defining characteristics of SW Sex
stars. Long, Drew~Imperial!, Knigge, and Proga~GSFC!
have begun an intensive search for wind variability in 3
novalike variables – IX Vel, V3885 Sgr, and QU Car – with
HST/STIS. Our goal is to attempt to test theoretical sugges-
tions by Drew and Proga that the wind in these systems
should be very inhomogeneous, as well as to model the over-
all flow. We plan to model the time-averaged spectrum using
a Monte Carlo spectral synthesis program developed by
Long and Knigge. Beginning with a kinematic description of
the wind, the ionization state of the wind is then determined,
followed by a synthesis of the spectrum.

Long, Dubus~Caltech!, and Charles~Oxford! conducted
HST/STIS observations of the nucleus of M33 in an attempt
to identify the counterpart to the brightest X-ray source in
the Local Group. There are no obvious signatures of the
X-ray source in the FUV spectra. An analysis of the data in
order to constrain the star formation history will be carried
out when the remainder of the data, covering the NUV and
optical are obtained later this year.

Long and Winkler ~Middlebury! have continued their
work on SN1006. This remnant of a type Ia supernova ex-
plosion was already known to contain freely expanding
ejecta as a result of UV observation of the Schweitzer-
Middleditch star located beyond the SNR. We have identi-
fied 5 more objects~4 stars and 1 quasar! that also appear to
lie behind the SNR. HST UV spectroscopy is now scheduled
to use these objects as probes of unshocked material in the
ejecta of SN1006. In addition we, in collaboration with Ray-
mond ~SAO!, Petre~NASA/GSFC! and Reynolds~NCSU!
have begun a detailed study of the X-ray properties of the
NE ~synchrotron-dominated! and NE ~plasma-dominated!
rims of SN1006. The combination of UV absorption line and
X-ray emission spectra should allow us to create a far better
3-dimensional picture of the SNR, and to explore the char-
acteristics of shocks parallel and perpendicular to the inter-
stellar magnetic field in SN1006.

Stephan R. McCandliss is a Research Scientist in the
Department of Physics and Astronomy. He is a Principal
Investigator on a NASA supported grant to develop window-
less lamps and is a Co-Investigator with the NASA sup-
ported sounding rocket program where he is directly engaged

with the preparation and calibration of far UV long slit spec-
troscopic telescopes. The group’s most recent flight,
launched from White Sands Missile Range as NASA sound-
ing rocket 36.186 UG on 11 February 2000, was a successful
mission to study the extended nebular emissions and dust
scattered far UV radiation field in the reflection nebula NGC
2023 over the 912 – 1400 Å bandpass. Future research
directions for these program include: the ongoing develop-
ment of a high dynamic range dual-order spectrograph; the
use of windowless lamps as onboard calibration devices; the
development of a portable full aperture vacuum collimator
for in-the-field characterization of the telescope sensitivity
and imaging properties; and the pursuit of light weight tele-
scope designs. This work is being carried out with graduate
students Eric Burgh and Kevin France and is overseen by
Paul Feldman~PI!.

McCandliss has a broad interest in the variation of far UV
dust scattering and extinction within different stellar environ-
ments and how it influences the abundances of molecules
sensitive to destruction by far UV radiation. He has recently
published a paper, along with Eric Burgh, B.-G. Andersson
and Paul Feldman, describing a correlation between CO ab-
sorption and far UV extinction. He continues his collabora-
tion with Principle Investigator Brian Espey and Co-
Investigators Gary Ferland, Francis Keenan, and Fiona
McKenna on an ongoing cycle 1 FUSE guest investigator
program to study the variation in far UV atomic and molecu-
lar absorption lines created by cool star atmospheres eclipses
of hot white dwarf companions in symbiotic binary systems.
He is also working with Ken Sembach analyzing the very hot
molecular hydrogen absorption features in a recently ob-
tained FUSE spectrum of the central star of the planetary
nebula M27.

Warren Moos is the Principal Investigator for the Lyman
Far Ultraviolet Spectroscopic Explorer. Warren Moos also
participates as a Co-Investigator in the analysis of data from
the Space Telescope Imaging Spectrograph. Moos is also
Principal Investigator of the DOE-supported XUV Diagnos-
tics Based on Layered Synthetic Microstructures for Mag-
netically Confined Fusion Plasmas.

David Neufeld’s primary research interests lie in the field
of molecular astrophysics. During the past year he has con-
tinued to work on the planning, analysis and interpretation of
observations with the Submillimeter Wave Astronomy Satel-
lite ~SWAS!, a NASA Small Explorer Mission on which he
is a co-investigator. The SWAS satellite has continued to
operate perfectly, producing a wealth of data that probe the
chemistry of interstellar molecular clouds and its relation to
star-formation. SWAS observations have led to the detection
of water vapor in several dozen interstellar sources, in three
circumstellar outflows, as well as in the coma of Comet
C/1999 H1~Lee! and in the atmospheres of Mars, Jupiter and
Saturn. In addition, large scale maps of submillimeter emis-
sions from CI and13CO have been obtained for several pho-
todissociation regions, and stringent upper limits placed
upon the abundance of interstellar O2 . An analysis of the
implications of these data for our understanding of the chem-
istry and thermal balance in molecular clouds continues: first
results from the SWAS mission were presented in a dedi-
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cated issue of theAstrophysical Journal Letterson August
20th, 2000. Neufeld has also continued to work on theoreti-
cal models for emissions from the masing circumnuclear gas
found in active galaxies; a recent paper presents results on
the response of circumnuclear masers to changes in the lu-
minosity of an AGN.

Eric Perlman, in collaboration with J. Biretta, W. Sparks
and F. Macchetto, continued his work on the jet of the pro-
totype radio source M87. These results, presented in Perlman
et al. ~2000a! show that its spectrum is considerably harder
than previously thought.

Perlman has also been working with J. Stocke, C. Rey-
nolds ~Colorado! and J. Conway~Onsala! on HST observa-
tions of the youngest radio galaxies. Those observations
show massive nuclear dust disks in the three objects ob-
served, but normal elliptical morphologies, thus placing in-
teresting constraints on the triggering of activity in radio
sources. These results are presented in Perlmanet al.
~2000b!.

Perlman has continued his work on the Wide-Angle RO-
SAT Pointed Survey, WARPS, a serendipitous X-ray survey
for Clusters of galaxies. This survey has found no evolution
in the X-ray luminosity function of clusters out toz;0.8,
and also no evolution in the X-ray temperature function at
high redshifts~see Fairleyet al. 2000!. It has also found the
two highest z X-ray luminous clusters now known~see Ebel-
ing et al. 2000a, b!. Perlmanet al. ~2000c! have published
the WARPS catalog for the first stage of the survey.

Perlman has continued his work with P. Padovani, H.
Landt ~STScI!, R. Sambruna~George Mason U.! and P. Gi-
ommi ~ASI/SAX SDC! on the Deep X-ray Radio Blazar Sur-
vey, DXRBS, which is probing the blazar population at radio
fluxes 20 times deeper than was previously possible. DXRBS
has found a new class of X-ray bright flat-spectrum radio
quasars, previously thought not to exist, and has also ex-
panded our knowledge of the radio luminosity function of
blazars at luminosities 1-2 orders of magnitude than was pos-
sible previously, including right down to the limit predicted
by unified schemes. Further results from DXRBS have been
published in Landtet al. ~2000!. Perlman also continued his
work on the Einstein Extended Medium Sensitivity sample
of BL Lacs, publishing a summary paper on the properties of
the sample in Rectoret al. ~2000!. Perlman also gave a re-
view paper at the Snowbird meeting on gamma-ray astro-
physics on the topic of blazar surveys~Perlman 2000! which
summarized the findings of blazar surveys and their findings
about the evolution and energetics of blazars. Perlman and
his collaborators~G. Madejski, GSFC, J. Stocke, Colorado,
T. Rector, NOAO! were also lucky enough to be observing
PKS2005-489 with RXTE when it began a spectacular flare,
the brightest blazar flare ever seen in the X-rays. They have
published their results on the variability and spectral changes
in Perlmanet al. ~1999!.

Robin Shelton has been working with the FUSE team to
examine the hot component of the Galactic interstellar me-
dium. She and collaborators have made the first observation
with a good signal to noise of the emission from diffuse O
VI ions in the general interstellar medium outside of super-
nova remnants and superbubbles. The observation has been

used to indicate the physical conditions within the hot gas,
the probable location, and an estimate of the cooling rate of
the hot plasma. The results were described in a presentation
at the January 2000 American Astronomical Society meeting
and in a paper submitted to theAstrophysical Journal. Shel-
ton is also a co-investigator on several proposals for future
instruments capable of examining the interstellar medium.
These proposals include SPEAR, which was accepted by
NASA in 2000 for a Phase A study.

During this period, Shelton continued her theoretical,
computational, and observational work on supernova rem-
nants. This work is part of a long term effort to determine
how the interstellar medium is affected by supernova rem-
nants, and how particular physical processes affect super-
nova remnants. To these ends, Shelton computationally
simulated the spectral signatures of supernova remnants in
diffuse environments. The results will be compared with ul-
traviolet data from FUSE and X-ray data from Chandra and
XMM in order to determine if supernova remnants in the
lower halo may be producing much of the hot gas previously
seen with older observatories. Shelton, Cox, Maciejewski,
Smith, Plewa, and Rozyczka, and Pawl found that thermal
conduction influences the distribution of mass within super-
nova remnants. This may explain the odd appearances of an
emerging class of remnants. They also found some evidence
indicating that compression in the collapsing shells of middle
aged remnants adiabatically accelerate cosmic rays and boost
the synchrotron emission rates. While at JHU, Shelton has
been working with the FUSE SNR group~led by B. Blair! in
a campaign to observe supernova remnants. At the time of
writing, FUSE data on N49 in the Large Magellanic Cloud,
and the Vela supernova remnant have been examined.

Marco Sirianni is an Associate Research Scientist work-
ing for the Advanced Camera for Survey team. His primary
functional responsibility is testing and selection of CCD de-
tectors for ACS.

He has been assisting the lead detector scientist Mark
Clampin~STScI! in the characterization and selection of the
CCD detectors. This includes planning for tests of charged-
coupled devices, observing tests, assisting in data acquisition
and logging, and analyzing of test results; reviewing and
analyzing image data generated during tests, and making rec-
ommendations concerning fabrication and treatment of
CCDs to improve image quality.

Sirianni’s primary research interests lie in the field of low
mass star Initial Mass Function~IMF! in young clusters. The
quest for a universal IMF has been a long standing problem
in stellar astrophysics. With HST and the new generation of
large ground based telescopes, the studies of the IMF have
expanded to new domain of the faintest and least massive
stars but also triggered new questions, and added new uncer-
tainties. If we consider the situation in the IMF of star clus-
ters, where the distance effects are removed and the star
formation history is simpler, at high and intermediate masses
~10-100 M () there is a good agreement that the Salpeter
IMF is ubiquitous. At smaller masses~1-10 M () the situa-
tion is very different: deep photometry of clusters has pro-
duced wildly discrepant results, ranging from very steep IMF
to much shallower slopes. Are the IMF discrepancies at the
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smallest masses true deviations from the Salpeter IMF, most
likely triggered by local conditions of stellar density or star
formation history? Or are we simply dominated by the ob-
servational uncertainties, related to the data analysis and in-
terpretation, such as the choice of the evolutionary models or
treatment of completeness?

In collaboration with Antonella Nota~STScI/ESA!, Claus
Leitherer~STScI!, Guido De Marchi~STScI/ESA! and Mark
Clampin~STScI! we started to investigate the low end of the
IMF in a number of young, rich clusters in the LMC/SMC, at
different conditions of star density, metallicity and age, to
explore how the local conditions may impact the IMF at low
masses. We collected HST/WFPC2 and VLT IR deep high
resolution imaging of eleven clusters. All the data will be
analyzed and interpreted in uniform manner. In our first tar-
get, R136, the dense core of the giant HII region 30 Doradus
we found that the shape of the IMF at masses larger than
;3M ( is compatible with a slope ofG. -1.2, in agreement
with previous IMF determination and with the Salpeter
slope. Below the 3M ( limit, however, we find a flattening in
the logarithmic plane indicating that increase of the number
of objects with decreasing mass proceeds at a lower pace.
Although in principle crowding could be the origin of this
effect, the flattening of the IMF occurs where our photom-
etry is robust with a completeness better than 75%. Our
larger program will clarify whether the flattening that we
observe in R136 is characteristic of this cluster or a more
general feature depending on density, age or metallicity.

David Sahnow continues as the instrument scientist for
the Far Ultraviolet Spectroscopic Explorer, and is respon-
sible for tracking and optimizing the performance of the de-
lay line detectors. He also has numerous duties related to the
optical performance of the FUSE instrument, such as devel-
oping astigmatism correction algorithms in order to improve
the spectral resolution of the data.

Aniruddha R. Thakar and Peter Z. Kunszt have con-
tinued their development of the Science Archive for the
Sloan Digital Sky Survey. The Science Archive~the SX! is
being developed at JHU under the supervision of A. Szalay.
Thakar and Kunszt have devoted the past three years to the
design, development and support of the software for the SX,
which will be the ultimate repository of all the calibrated and
pipeline-processed SDSS data. The SX features a client/
server interface to a commercial object-oriented database
management system~DBMS!. Both the client ~a Tcl/Tk
Graphical User Interface or GUI! and the server~a multi-
threaded, distributed C11 application! have been developed
at JHU, representing nearly 100,000 lines of code. The SX is
already being used by the entire SDSS collaboration for con-
ducting scientific research as well as for testing the data and
selecting targets for follow-up spectra of quasars and galax-
ies. The SX can be deployed on a range of different hardware
platforms, from multi-processor machines like the SGI Ori-
gin 2000 to PC/Linux clusters, and is accessible from any
user platform including laptops. The SX is the first scalable,
parallel, distributed multi-terabyte astronomical archive, and
Szalay, Kunszt and Thakar propose to use it as a basis for
designing an archive template for the National Virtual Ob-

servatory. Public release of the data in the SX is scheduled to
begin in 2001.

Paolo Tozziworked as a Postdoctoral Fellow at the Johns
Hopkins University during the last year. He works on the
physics of the Intra Cluster Medium~ICM! and on the X–ray
data from the Chandra Deep Field South.

Tozzi worked with Colin Norman~JHU! on the physics of
the ICM. He explored the effects of the non–gravitational
heating of the cosmic baryons on the X–ray emission from
groups and clusters of galaxies. The topic raised a strong
interest in the scientific community after the direct observa-
tion of an entropy excess in the center of small groups. The
semianalytic model of Tozzi and Norman allows to connect
in great detail the X–ray emissivity of the ICM to its ther-
modynamic quantities. The work shows that the entropy is
the key quantity to understand the ICM. In fact, the model
provides detailed predictions for the entropy profiles in
groups and clusters and, in particular, for the signature of the
accretion shocks in the outskirts of large clusters. Such pro-
files can BE observed with the present–day X–ray satellites
~Chandra, XMM!, and can be used as a probe of the thermal
history of the cosmic baryons~Tozzi, Scharf & Norman
2000!.

Tozzi is currently working on the data reduction of the
Chandra Ultra Deep Field South~PI R. Giacconi!. The data
at present consists of 4 exposures for a total of 300 ksec. The
exceptional quality of the data allowed identification of
about 200 X–ray sources, mostly AGNs, with a high degree
of confidence, down to fluxes of F.10216 erg s21 cm22 in
the soft band (0.522 keV! and to fluxes of F.10215 erg
s21 cm22 in the hard band (2210 keV!. This set of data
extends by more than one order of magnitude in flux the
number counts from previous X–ray missions, especially in
the hard band, where about 60–80% of the total X–ray back-
ground~XRB! has been resolved. The number counts and the
spectrum of the X–ray sources are consistent with the pre-
dictions of AGN synthesis models. In particular, sources at
fainter fluxes have harder spectra. Most of the hard sources
are expected to be highly absorbed AGN or type II quasars.
The nature of the sources responsible for the hard XRB will
be investigated in greater detail when the optical follow up
will be completed~fall 2000!.

H.D. Tran , in collaboration with M. S. Brotherton
~NOAO!, S. A. Stanford~LLNL !, W. van Breugel~LLNL !,
A. Dey ~NOAO!, D. Stern~UC Berkeley! and R. Antonucci
~UCSB! completed the spectropolarimetric analysis of three
radio-selected ultraluminous infrared galaxies~ULIRGs!.
These galaxies were discovered in the positional correlations
between sources detected in deep radio surveys and the
IRAS Faint Source Catalog. Only the high-ionization Seyfert
2 galaxy TF J173611122 is highly polarized, displaying a
broad-line spectrum visible in polarized light. The other two
objects, TF J102016436 and FF J161413234, display spec-
tra dominated by a population of young~A-type! stars simi-
lar to those of ‘‘E 1 A’’ galaxies. They are unpolarized,
showing no sign of hidden broad-line regions. The presence
of young starburst components in all three galaxies indicates
that the ULIRG phenomenon encompasses both AGN and
starburst activity, but the most energetic ULIRGs do not nec-
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essarily harbor ‘‘buried quasars.’’ We find that a luminous
infrared galaxy is most likely to host an obscured quasar if it
exhibits a high-ionization spectrum typical of a classic Sey-
fert 2 galaxy with little or no Balmer absorption lines, is
‘‘ultraluminous,’’ and has a ‘‘warm’’ IR color. The detection
of hidden quasars in this group but not in the low-ionization,
starburst-dominated ULIRGs~classified as LINERs or H II
galaxies! may indicate an evolutionary connection, with the
latter being found in younger systems.

With collaborators M. H. Cohen~Caltech! and M. Villar-
Martin ~IAP!, Tran completed a study of the ULIRG IRAS
P0910414109 using imaging and spectropolarimetric obser-
vations with the 10-m Keck Telescope. We detected the clear
presence of broad Hb, Hg, and Mg II l2800 emission lines
in the polarized flux spectra of the nucleus and of an extra-
nuclear emission region; 59 away, confirming the presence
of a hidden central quasar. One notable characteristic of the
extranuclear knot is that all species of Fe are markedly ab-
sent in its spectrum, while they appear prominently in the
nucleus. In addition, narrow Mg II is observed to be much
weaker than predicted by ionization models. Our favored in-
terpretation is that there is a large amount of dust in the
extranuclear regions, allowing gaseous refractory metals to
deposit. Near the nucleus, dust is destroyed in the strong
radiation field of the quasar, inhibiting metal depletion onto
grains. The extended emission regions are most likely mate-
rial shredded from nearby cluster members and not gas con-
densed from the cooling flow or expelled from the obscured
quasar.

Alan Uomoto continues work on the Sloan Digital Sky
Survey~SDSS!, a catalog of 1/4 of the sky in five broad band
colors with spectra of one million galaxies and 100,000 qua-
sars. Installation and commissioning of the 20-inch SDSS
Photometric Telescope, formerly a student telescope at JHU,
was completed. This instrument is used to calibrate 2.5 m
telescope imaging data.

Jennifer J. Wiseman is continuing as a Hubble Fellow at
JHU and studies active regions of star formation within local
molecular clouds. In particular, Wiseman is studying the
dense gas surrounding the equatorial accretion region of
forming protostars using radio interferometry. She is also
studying the larger-scale disruption of dense gas where jets
and outflows from protostars disrupt it. In 2000, she con-
ducted a VLA ammonia survey of circumstellar gas around
the youngest~Class 0 and Class I! protostars and protostellar
jets, with collaborators G. Fuller~UMIST! and A. Wootten
~NRAO!. The sources of study are all systems with powerful
and collimated jets such as L1634, NGC 2023, HH 111,
IRAM 04191, and HH 24-25. In these very young systems, a
large part of the system mass is still distributed in an ex-
tended circumstellar envelope and has not yet been accreted
onto the protostar nor dispelled by the outflowing jets or
winds.

Wiseman’s preliminary results for several of these
sources show that the equatorial gas is flattened in morphol-
ogy, extending several thousand AU from the embedded
source, with the major axis perpendicular to the jet axis. In
cases analyzed so far, the ammonia emission reveals a veloc-
ity gradient across the disk as evidence for rotation. These

discoveries illustrate an important stage in the star formation
process where angular momentum has not yet been fully
shed from the condensing gas. Wiseman is studying the ro-
tation curves in these systems, looking for evidence of rigid
versus Keplerian rotation signatures in the disk gas kinemat-
ics, in an effort to relate observed envelope kinematics to the
evolutionary stage of the embedded protostar. She is also
studying the plausibility of outflowing jets as a path of re-
lease for excess angular momentum in these accreting sys-
tems.

She has detected evidence for heating of this gas by the
escaping protostellar jets as they chisel through the environ-
ment. She has also begun a comparative study of protostellar
jets with extragalactic jets with collaborator J. Biretta, look-
ing for similar processes on these vastly differing scales. As
part of this effort, she participated in a workshop on the
‘‘Collimation of Astrophysical Flows’’ at the Aspen Center
for Physics in the summer of 2000. Wiseman also presents
talks on astronomy and space exploration to elementary
schools and adult science groups.

Wei Zheng, a research scientist, studies quasars and ac-
tive galactic nuclei~AGN!. He and other JHU researchers are
using the imaging data of the Sloan Digital Sky Survey in the
search for high-redshift quasars. The five-band imaging data
enable them to distinguish quasars of redshift 5 or less with
most stars. To further select quasars at higher redshifts,
Zheng and Z. Tsvetanov carry out near-infrared photometry
at the IRTF. They also use the APO 3.5m telescope for op-
tical spectroscopic follow-up. They have found five quasars
at z.4.7, including one atz55.28. A collaborative project
has been carried out at the AAT and with the 2dF instrument.
As a result of these efforts, a number of T-dwarfs have also
been found, which share similar colors.

The SDSS database also enables Zheng, A. Davidsen and
their SDSS colleagues to investigate the UV property of
many newly discovered bright~V,18! quasars atz;3. If
any of them has a detectable flux below 1500 Å, the HeII
absorption lines in its spectrum will serve as a valuable
probe of the intergalactic medium in the early universe. Such
an observation is being carried out at a slightly lower redshift
with FUSE. Zheng, G. Kriss~STScI! and W. Oegerle have
been involved in the data analyses of the FUSE spectrum of
HE2347-43.

Zheng is a team member of the Chandra Deep Field
South, led by R. Giacconi~AUI ! and C. Norman. His task is
to determine the photometric redshifts using the optical and
infrared imaging data taken at ESO and CTIO. He also ana-
lyzes the optical spectra taken with the VLT. The observa-
tions, even at their initial stage, have revealed many new
previously unknown objects in the deep universe.

The collaborative work with J. Huang of NanJing Univer-
sity, China has led to the discovery of two new Wolf-Rayet
galaxies. They have also studied the multi-band properties of
LINERS and find a possible correlation between starburst
and AGN.

Zheng continues his collaboration with the astronomers at
the Crimean Observatory in Ukraine to monitor the spectral
variations in several AGN. A proposal, with B. Peterson of
Ohio State University, has been approved by The U. S. Ci-
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vilian Research and Development Foundation~CDRF! to en-
hance such activities.

Zheng’s SMEX proposal ‘‘PRIME - The Primordial Ex-
plorer’’ has been selected by NASA for a phase-A concept
study. The proposed mission will carry out a deep sky survey
in four near-infrared bands, as a pilot mission for the Next
Generation Space Telescope~NGST!. PRIME will reach an
epoch during which the first quasars, galaxies and clusters of
galaxies were formed in the early Universe, discover hun-
dreds of Type-Ia supernovae to be used in measuring the
acceleration of the expanding Universe, and detect hundreds
of small cool stars known as brown dwarfs and even Jupiter-
size planets in the vicinity of the solar system. PRIME fits
NASA’s long-term science themes of ‘‘Astronomical Search
for Origins’’ and ‘‘Structure and Evolution of the Universe.’’
The JHU participants are: W. Zheng~Principal Investigator!,
H. Ford~deputy P. I.!, Z. Tsvetanov, A. Davidsen, A. Szalay
and J. Kruk.
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