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This report covers the period October 1994 through D. Golimowski, D. Hall, C. Holmes, E. Kaiser, J. W. Kruk,

September 1995. Y. Pei, K. Ratnatunga, D. Sahnow, Z. Tsvetanov, and W.
Zheng, Associate Research Scientists; J. Daniels, R. Della
1. INTRODUCTION Ceca, G. Meurer, L. Neuschaefer, Post Doctoral Fellows; K.

S. Long, Associate AstronomdSTSc)/Adjunct Research
Professo(JHU/CAS); P. Madau, M. A. McGrath, and H. A.
Weaver, Assistant Astronomer$TSc); H. C. Ferguson,
Hubble Fellow(STSc); and F. Paresce, Senior Astronomer
rgESA/STSc].

The Johns Hopkins University Center for Astrophysical
SciencegCAS) again put astronomer Sam Durrance in orbit
in 1995. Below, we sketch the participation of the Hopkins
Ultraviolet TelescopgHUT) in the Astro-2 mission. Many
Hopkins astronomers spent weeks in Huntsville, Alabama, i
an extraordinarily successful second flight of HUT.

Participation in major NASA missions has been the foun-3 THE ASTRO-2 MISSION
dation stone of the growth of astronomy and astrophysics One of the highlights of the past year was the extremely
research activity at Hopkins. This growth continued in 1995Successful flight of the Hopkins Ultraviolet TelescaptJT)
with the selection of CAS Director Holland Ford as principal _ . part of the Astro-2 space shuttle mission abdndeav-
investigator for the Advanced Camera for Surveys project for : I L :
the Hubble Space Telescapkt press time, the Hopkins Ul- our (STS-67. HUT is the brainchild of principal investigator

. . Arthur F. Davidsen, and it grew out of the JHU sounding
traviolet Background Explorer projedtHUBE), has ad- . ; - . .
vanced to the final round in the NASA MIDEX selection rocket program in the late 1970’s. HUT’s first flight was in

December 1990 as part of the nine day Astro-1 mission
process.

. L . . (STS-35 on Columbia In contrast, the Astro-2 mission was
Another major space mission that passed a major mile:

. nearly twice as long, with launch occurring at 6:38 GMT on
stone was the Far Ultraviolet Spectrograph ExpléFISB), .1995 March 2. Once again, payload specialist and JHU prin-

W:'tc; h T(afs rbien?nl Srlribittai‘itli”)k; rel\lsggztu\:\?ig]’ Ib Utnwr:] Ii(|:’1h 1%%\’\7/ I%ipal research scientist Samuel Durrance was aboard along
on frack for implementation by ' aunc " with six other astronauts who operated the observatory

However, a foundation stone, by itself, does notabuildingaround the clock for the next 16 days as part of this dedi-

”_‘a"e? below you V\."” find the detallz of a vehry _broaﬂ an_d cated astronomy mission. HUT was the only one of the three
vigorous program in a_stronomy and astrop ysics that In'primary telescopes in the Astro payload to have undergone
clut;ies strong contributions to theory, observation, and &XSubstantial improvements since the first mission. New optical
periment. coatings and a new spectrograph resulted in 2.3 times higher
sensitivity achieved during Astro-2.
2. PERSONNEL The operational phase of the Astro-2 mission went very
G. Bowers, M. Martinez, A. Naim, and S. Regan are newsmoothly, and HUT operated almost flawlessly. The mission
Post Doctoral Fellows to CAS. J. C. Mihos begins hisultimately stretched out to 16.5 days, the longest shuttle mis-
Hubble Fellowship at CAS in October 1995. W. Oegerlesion to date. Supporting the astronauts was a large contingent
comes to CAS as a Research Scientist to work on the FUSHEf scientists, engineers, and support people at NASAs Mar-
mission. S. Friedman and J. Murthy are now research sciershall Space Flight Center in Huntsville, Alabama, including
tists. Davis Fellow Bogi Wang left JHU during the summer about 30 JHU/CAS scientists, staff, and students and person-
of 1995 to accept a position with a major Wall Street invest-nel from the JHU Applied Physics Laboratory in Laurel,
ment firm. M. Vogeley and Hubble Fellow C. Mark Voit are Maryland.
leaving JHU to accept positions at STScl. A tremendous wealth of astronomical data was obtained
Other permanent staff are: P. J. Dagdigian, A. F. David-and is in the process of being analyzed and published by the
sen, J. P. Doering, P. D. Feldman, H. C. Fdiirector, HUT team, which includes seven groups of Guest Investiga-
CAYS), R. Giacconi(Director, ESQ, T. M. Heckman, R. C. tors selected by NASA in 1993 to participate in Astro-2.
Henry (Director, Maryland Space Grant ConsortiyrB. R.  Increased observation time, coupled with technical improve-
Judd, C. W. Kim, J. H. Krolik, H. W. MoogChair, Physics ments to HUT and the Instrument Pointing System, and im-
and Astronomy C. A. Norman, D. F. Strobel, A. Szalay, and proved mission planning procedures, enabled HUT scientists
R. Wyse, Professors; D. Neufeld, Associate Professor; So gather roughly five times more data than they did during
Lubow, Assistant Research Professor; W. P. Blair, R. Grif-Astro-1. In all, HUT was used to make 385 science pointings
fiths, and G. A. Kriss, Associate Research Professors; Wmat 260 unique astronomical targets for over 20 different key
G. Fastie, Adjunct Research Professor; M. Finkenthal, Visitscience programs during Astro-2. Nearly 20 presentations of
ing Professor; S. T. Durrance, Principal Research Scientisgarly HUT results were made at the Pittsburgh AAS meeting
R. Burg, S. McCandliss, S. Friedman, and A. Uomoto, Re4n 1995 June, and a special issueltfe Astrophysical Jour-
search Scientists; M. Allen, R. Buss, A. Connolly, B. Espey,nal (Letters)for 1995 November 20 will be dedicated to
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results from HUT on Astro-2, less than nine months after thdilaments(just obtaineg, which will be analyzed in the com-
launch. These results really only amount to the proverbialng year.
“tip of the iceberg,” and many more results are in process at Blair, O. Vancura(CfA), and Long published FUV spectra
this writing. of the Vela supernova remnant obtained with ¥eyager

To facilitate access to scientific and technical informationultraviolet spectrometers. The data for two positions showed
about the HUT project and its scientific results, a World-the presence of O VI emission lines for the first time in this
Wide-Web site was established, accessible at the URL httpdbject, but at a weaker level than had been seen previously in
Ipraxis.pha.jhu.edu/hut.ntml. There, information about thehe Cygnus Loop. This paper laid the ground work for HUT
instrument, the science programs and the science results dpectroscopy during Astro-2. With J. SakéiTSc), Long,
provided at both a general and technical lev#lany of our  and P. F. WinkleMiddlebury), optical andROSATdata on
technical publications, for instance, are available on4ine.the galactic remnant 3C 400.2 were used to rule out a “mul-
We will continue to update these pages with new sciencgiple supernova” picture for this remnant; rather, an interac-
results as they become available. tion of the blast wave with an inhomogeneous ISM is more

The Astro-2 Mission exceeded the most optimistic expeciikely to explain the observed characteristics of the object.
tations held for it by members of the HUT team. Based on |y the time approaching Astro-2, several remaining
the quantity and quality of the unique new scientific dataastro-1 results were published. With C. W. BowéGBSFQ
gathered on this flight, Astro-2 must be judged an unqualifiechng other HUT team members, a paper on the high excitation
scientific success. We thank the many NASA personnel abjanetary nebula NGC 1535 was published. The HUT spec-
headquarters, MSFC, KSC, and JSC whose input and hakgym of the 70,000 K central star surprisingly shows deep
Wt_)rk_ were so important to the successful execution of thisypsorptions due to molecular hydrogen, presumably due to a
mission. relic shell surrounding the visible nebula. The fact that mo-

lecular hydrogen had not been seen in infrared observations
demonstrates the great sensitivity of the ground-state-

4. RESEARCH AND ACTIVITIES connected transitions in the HUT range for detecting small

Marsha Allen continues to work with R. C. Henry's amounts of this molecule. _ _
group (with J. Murthy on preparations for the upcoming Gary A. Bower, in collaboration with J. MulchaeyCar-
launch of theMSX spacecraft in early 1996. She has beenn€gie Obs, A. Wilson (U. Maryland, T. Heckman, J. Kro-
testing data analysis software, writing documentation, andk. and G. Miley (Leiden Observatofy published their
assisting the calibration team. analysis ofHST imaging of the Seyfert galaxy NGC 2110.

William P. Blair is an associate research professor in theAnalysis of similar images of NGC 5930, the interacting
Department of Physics and Astronomy and is deputy projecgompanion of the Seyfert galaxy NGC 5929, was published
scientist for the Hopkins Ultraviolet TelescopgiUT) by Bower and Wilson.
project. With the successful two-week flight of HUT on the ~ Bower, Wilson, J. Mors¢STSc), R. GeldermanGSFQ,
Astro-2 space shuttle missigBTS-67 in 1995 March, HUT M. Whittle (U. Virginia), and J. Mulchaey completed their
duties have dominated this year’s activities, from preparainvestigation of Seyfert galaxy Mkn 1066, resulting in a pa-
tions for the flight(first half of the reporting periodo initial ~ Per which is in press in the Ap20 Nov 1995.
data reductions and paper writifisecond half With Blair’s Bower, Wilson, D. RichstongU. Michigan), and Heck-
involvement in revamping the mission planning process foiman are continuing their investigation of the stellar dynamics
Astro-2 over the last several years, he was particularly gratiln AGNs. Our HST spectroscopic observations of M81 show
fied to see this process run so smoothly over the course dfreliminary evidence of rapid rotation and high velocity dis-
the Astro-2 mission. Initial results already in press includepersion within 5 pc of the nucleus. Although such kinematic
the first ultraviolet detections of the galactic supernova remfeatures are expected if a10'M¢, black hole exists at the
nants Puppis A and SN 10@&ith J. C. Raymond, SAO; and hucleus, additional HST observations are required to confirm
K. S. Long, STSd, a comparison of Astro-1 and Astro-2 this suggestive result.
HUT spectra of U Geminoruntalso with Long and Ray- Bower, R. Elston(CTIO), Heckman, Richstone, and M.
mond, and the FUV spectra of two novaeith B. Greeley, Franx (U. Groningen, Netherlangisnitiated a study of the
JHU; and Long. Many more results are in progress from the stellar dynamics in the nearby dusty AGNs Centaurus A and
exceptional performance of the HUT on Astro-2. NGC 4945. Imaging and spectroscopic observations at near-

In addition, Blair has continued independent research omfrared wavelengths have been obtained. Such observations
galactic and extragalactic supernova remnants using botallow for the nucleus to be viewed through the prominent
ground-based telescopes and space-based instrumertdsist lanes which obscure the nuclei of both galaxies at opti-
Hubble Space Telescopmagery of the supernova remnant cal wavelengths.
N132D in the Large Magellanic Cloud, a member of the Richard H. Buss, Jr. participated in the training, mission
“oxygen-rich” class of remnants, was carried out this year.planning, and satellite operations of the HUT Astro-2 mis-
These images show the structure of the nebulosity in exquission. He conducted spectral FUV observations of Galactic
ite detail and demonstrate the stratification of the supernovatars and nebulae, ensuring successful data acquisition. Ana-
ejecta and the interaction of the blast wave with the surlyzing these data for publication in a speckatrophysical
rounding interstellar medium. These data have been followedournal Lettersssue, Buss verified that hot stars in the FUV
by Faint Object Spectrograpti-OS observations of three are matched by existing stellar atmospheric models and, with
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J. Kruk and H. Fergusof(8TSc), compiled a variety of use- investigator of the Hopkins Ultraviolet Telescope project,
ful stellar FUV spectra in an atlas. Buss presented at thand has collaborated with other members of CAS and stu-
January AAS, the results of the first observations of FUVdents on a variety of topics addressed with HUT. His primary
molecular hydrogen fluorescence from the HUT Astro-1 mis-interest has been the measurement of the He Il opacity of the
sion, with J. Kruk and JHU undergraduate K. Ennico. Theintergalactic medium, which has been the main scientific
FUV spectrum shows much higher excited vibrational stategoal for HUT ever since it was first proposed to NASA in
than previously known from longer wavelength data. Also1978. A successful measurement was made on the Astro-2
with Kruk, Buss completed the analysis of the general FUVmission toward the quasar HS 17064 atz=2.74. The He
flux calibration by intercomparing HUT arvbyagerspectra, |l opacity at a mean redshift of 2.4 was found to be 1.00
finding that the FUV calibrations agree. The results of a(#+0.07). Most of this opacity arises from intergalactic gas
study of a young stellar disk were published in the ApJ withwith very low neutral hydrogen column densities, less than
JHU graduate student T. Brown. We found evidence for thehose associated with the widely studied Lyman alpha forest
alteration of the disk composition by the central star. Finallylines. This low density intergalactic gas has a HeHll ratio
Buss completed a paper with T. Sna. Colorad9 and  of order 100, producing a much larger He Il Gunn-Peterson
others on the origin of interstellar diffuse absorption bandseffect than the correspondjrH | absorption. This result was
whose strengths depend on the ionization state of the nebulpresented in an invited paper at the AAS meeting in June
environment. 1995 and is described in a forthcoming paper by Davidsen,

Istvan Csabaiworks with A. Szalay on the SDSS science Kriss, and Zheng.
archive. The Sloan Digital Sky Survey, a multi-color digital  Davidsen has continued to serve on the NAS/NRC Com-
mapping of the northern sky will result in a complex archive mittee on Astronomy and Astrophysics.
of about 20 terabytes data of parameters, spectra and imagesS. D. Doty joined CAS as a postdoctoral fellow in Janu-
of galaxies. The maintenance of an archive of such a massivary, 1995. Recent work, in collaboration with D. A. Neufeld,
size and the need to support various queries for effectivlias concentrated on the detailed modeling of the radiative
usage present major design challenges. Building this contransfer, chemistry, and thermal structure of dense cloud
plex archive will use methods of computational geometrycores. Utilizing an ALI code written by Doty, simulated ob-
and object oriented database techniques. servations are produced with the intent of comparing model

Julian Daniels, post-doctoral fellow and Space Grant Fel- results with upcomingSWASand ISO observations. Doty
low for the Maryland Space Grant Consortium, continues hisalso continues his collaboration with C. M. Leufigensse-
work on producing a full-blown model of the ultraviolet sky: laer Poly. Insf, where they find that detailed treatments of
the first elements of which were presented interactively usinghe radiative transfer in dust, and photodissociation of CO
NASA Goddard's SkyView(a virtual astronomical observa- and H, match observations of IR€ 10216 much better than
tory) at the ADASS 94 conference. any previous models.

Daniels was heavily involved as assistant project scientist Brian R. Espey’s main work this year involved participa-
for phase 1 studies of the Hydrogen Recombination Radiation in the Astro-2 flight of the Hopkins Ultraviolet Tele-
tion Experiment; he led a team of 15 students from Hopkinsscope. In his role as guest investigator on the mission using
the Applied Physics Lab, and Morgan State University in theboth the HUT and Wisconsin Ultraviolet PhotoPolarimeter
area of science and data processing. (WUPPB instruments, Espey obtained good data for a

In a collaboration with L. Smith(Morgan State U, sample of eight symbiotic stars from the Lyman limit im-
level-4 software to validate the calibration MSX (Mid- posed by our Galaxy to 3BOA . In addition, supporting
course Space Experimentltraviolet and visible instrumen- ground-based antUE data were obtained which will con-
tation is under development. siderably enhance the usefulness of the space-borne data.

Daniels, in collaboration with J. Murthy, is conducting a During the mission the symbiotic systems CH Cyg and AG
study of dust and gas in the Coalsack Nebula using infra-red)ra were observed during their outburst phéSspeyet al.
radio, optical and ultraviolet data. 19953. The observation of CH Cyg occurred only one week

In a JHU-MSU (Morgan State U. collaboration, NASA  after the first reported ejection event; the first ever FUV data
JPL's Surveyor Softwaréa powerful software package for showing P-Cygni profiles in low ionization ions were ob-
the visualization and animation of 3D data getss been tained of this phenomenon. The first paper from the mission,
successfully applied to the scientific and educational displayeporting the observation of Raman-scattered O VI in RR Tel
of astrophysical data for the first time: using data from anusing a combination of Astro-2 and ground-based data, is
integrated(over 5 by 5 galactic degreksltraviolet starlight currently in presgEspeyet al. 19950. A subsidiary paper
model. discussing emission line diagnostics based on FUV Ne lines

In a further JHU-MSU collaboration, Daniels has beenis nearly ready for submission. Espey’s symbiotic work also
assigned project scientist for MSU’s participation in the En-forms part of the calibration effort for the HUT and he is also
vironmental Monitoring of Chesapeake Bay with specifica collaborator on a number of other Astro-2 projects involv-
emphasis on the correlation between bay grass growth andg observation of the UV and FUV observation of Active
blue crab yields using hyperspectral imaging data from &alactic Nuclei(AGN). Other duties involve supporting the
NASA Stennis airplane fly-over and possibly from the forth- guest investigators on the HUT team for the Astro-2 mission.
coming Lewis and Clark satellite project. Espey has continued his collaborations with faculty at the

Arthur F. Davidsen continues in his role as principal University of Pittsburgh where he has an adjunct position as
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research assistant professor. Work with D. TurnsftuekPitt) 121.6 nm. The WFC “discovery efficiency,” defined as the

has led to the submission of a paper on the metallicity ofproduct of the area and quantum efficiency at 800 nm, will
Broad Absorption Line QSOs in which metallicity estimatesbe ten times higher than the discovery efficiency of the
are made taking account of the influence of the intrinsic ion\WFPC2. Progress on the CCDs and design of the ACS is
izing spectrum on these determinations. Further work on thexcellent.

analysis ofHST data on the “Cloverleaf” gravitational lens In collaboration with W. Jaffe and F. van den Bosch

is in progress. (Leiden Univ), R. O'Connell (Univ. Virginia), and JHU

As part of the Pittsburgh AAS Summer meeting, Espeygraduate student L. Ferrarese, Ford usedHBd to image
organized a well attended special session on metallicity irand study a complete sample of 14 E/SO galaxies in the Virgo
the environment of AGN which was well attended. The ses<luster. The observations show that early-type galaxies are
sion examined questions of the origin and evolution of met-divided into two types by shape and luminosity profile. Type
als pertinent to cosmic evolution models. The meeting drew galaxies, the bright classical elliptical$ig< —20), have
together a number of strands of research and permitted conuminosity profiles in their centers which can be fitted by a
parisons between results from different sub-fields. double power law. The cores have shallow power laws which

Work also continues in collaboration with A. J. Cooke continue into the innermost measurable radiu0(2r =14
(IfA, Edinburgh), and R. F. CarswellloA, Cambridgeé on a  pc), and relatively low central surface brightnessgpically
maximum likelihood determination of the intergalactic ion- 17 > u, > 16 mag arcsec?2). In contrast, the Type Il
izing background at high redshifts. Preliminary results of thisgalaxies have power-law brightness profiles which rise
work were presented at the Space Telescope Science Institugteeply into the very center, giving a high central surface
meeting on the Ly forest in June 1995. The main result of brightness. These flattened galaxies often have a small
this work is that the background is nearly constant over(r ~2100 p9, thin (r <25 pg stellar disk in their centers. We
2.0<z<4.5 and has an intensity similar to those found byconclude that the dynamically cold stellar disks and highly
previous determinations. A paper detailing the method andlattened structures of Type lls imply they formed during
results is nearly ready for submission. conditions when gaseous dissipation was important and spe-

Paul D. Feldmandirects the NASA supported sounding cific angular momentum was high. The persistence of the
rocket program, which has as its main focus the developmergxtremely thin, cold disks with scale heights less than 25 pc
of new instrumentation for far- and extreme-ultraviolet as-suggests these galaxies have not undergone major dynamical
tronomy. He has also continued HdE comet program(in disturbances since their creations. Alternatively, the galaxies
collaboration with M. F. AHearn of the University of Mary- have not undergone major dynamical disturbances since the
land) and his collaboration with H. A. WeavéApplied Re-  disks formed. Understanding the dichotomy in E/SO galaxies
search Corporatignin a program ofHST observations of undoubtedly will tell us a great deal about galaxies formed.
comets both of which included the newly discovered comet Ford and colleagues continue to pursue a vigorous pro-
Hale-Bopp. He collaborated with M. A. McGrattJHU/  gram of searching for massive black holes in the centers of
STSc), D. T. Hall, and D. F. Strobel itdST observing pro- galaxies. They have neWST observations of the center of
grams of Jupiter, Titan and the Saturn ring plane atmospher®)87 using the FOS 0.086aperture. The velocities in the
and with A. Vidal-Madjar(IAP) in HST studies of CO and gaseous disk, which are being analyzed, continue to rise on
atomic carbon in the gaseous disk surroundgpictoris.  the smallest observable scales. FOS observations of the nu-
During March 1995, as part of the HUT team during theclei of both M31 and NGC 4261 strongly suggest that these
Astro-2 mission(described above in this repptie was re- galaxies also have massive black holes in their nuclei.
sponsible for planning the solar system observations that ac- Scott D. Friedmanis the Hopkins project scientist for the
quired far-ultraviolet spectra of lo, the lo plasma torus, Jupi{Lyman Far Ultraviolet Spectroscopic ExplorédfUSE) mis-
ter's equator and aurora, Venus and Mars. During thesion. FUSE will make observations in the critical 910-1195
mission, simultaneous HUT spectroscopy af8TWFPC2 A region at a spectral resolving power of approximately
imaging of Jupiter’s north polar aurora were obtained. He is30,000. FUSE will address problems such as the abundance
currently a member of the HST Users Committee, NASAsof primordial light elements, including the deuterium/
Small Bodies Science Working Group and Sounding Rockehydrogen ratio and the distribution of intergalactic helium,
Users Group, and served on the bilateral Rosetta Sciendbe composition and dynamics of galaxies, and the origin and
Working Group through March 1995. evolution of stars and stellar systems.

Holland Ford, in collaboration with Ball Aerospace and Along with A. Uomoto, S. Smee, and P. Feldman, Fried-
colleagues from JHU, the STScl, the University of Arizona,man is also designing and constructing two fiber-optic spec-
the University of California Santa Cruz, and Leiden Univer-trographs as part of the Sloan Digital Sky Survey. Each spec-
sity, won the NASA contract to build an Advanced Cameratrograph will record the spectra of 320 separate objects over
for the Hubble Space Telescop€he Advanced Camera for a wide field of view. The spectrographs are expected to be
Surveys(ACS) will have three cameras: a 208 200r wide  completed by the end of 1995, and will then be delivered to
field camera (40984096 CCD optimized for maximum the dedicated 2.5-meter telescope at Apache Point Observa-
sensitivity at 800 nm, a 10241024 CCD high-resolution tory in New Mexico.

(0.025r per pixe) camera with sensitivity optimized be- David Golimowski is an associate research scientist at-
tween 200 nm and 300 nm, and a 102M024 solar-blind tached to the Extrasolar Planet Search program headed by
photon-counting array optimized for maximum sensitivity atHST Guaranteed Time Observers W. G. Fastie and D.
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Schroeder(Beloit College. The search for faint, low-mass ent (V-l) color does not change betweér 18 andl =22.
companions to 18 nearby stars usii§Ts Planetary Cam- The bulk of the microJansky radio population may be iden-
era (PC began in earnest in early 1994 and will continuetified with these spiral galaxies with enhanced star formation,
until June 1996. The first results of the program, observaespecially with the MDS galaxies showing evidence of inter-
tions of the very-low-mass star GL 105C, will appear in anaction (Windhorstet al. 1995.
October issue ofhe Astrophysical Journal The two-point correlation functiofall galaxies, irrespec-
Golimowski continues his ground-based search for substive of morphology shows a constant slope down to arcsec
tellar companions to nearby stars along with collaborators Sscales, with no evidence for the excess galaxy pairs that
Kulkarni, T. Nakajima, and B. Oppenheim@ll at Caltech. ~ might result from a high rate of “major” mergers. The deep-
The circumstellar environments of over 100 nearby stargst of the MDS fields and the deepd8T surveys indicate,
have been observed using the Palomar 60-inch telescope aRgwever, that mergers of galaxy components may have been
JHU’s Adaptive Optics CoronagraphOC). The first suc-  common at epochs which are presumably earie., at
cess of the program occurred in late 1994, when a faint, very> 1).
red companion to the astrometric binary GL 105A was de- (y) The excess number countsVhand| are largely ex-
tected. Based on the companion’s intrinsic brightness, it ig|ained by the high fraction of irregulars/peculiars and com-
estimated that its mass is 8%-9% that of the Sun—jushact objects, including dwarttE, Im) candidates and galax-
above the minimum mass needed to sustain hydrogen buriss or protogalaxies with starburst knots. These combined
Ing. o _ objects show a steeply rising number count with magnitude.
Richard Griffiths is principal investigator for theAST vy iple. high surface-brightness cores are evident within
Medium Deep Survey, a Key Project which has continued,, \+ 3096_40% of the irregulars. The irregular/peculiar
into Cycle 5 of theHST General Observer program. The JHU population comprises great morphological diversity, how-

Klaa_m mc(ljudSeSCK. R?tnatllmga,t I_S.Tl\éelle_cl:‘Eaefer, 'I\/l _Im, A'ever, including galaxies in various stages of maturity, some
am an - Casertan@lso a 9 € conclusions ity superluminous starburst regions or knots.

f“’”.‘ the Medium Deep Survgy so far are as follows: (vi) If the dwarf candidates are identified by their expo-
(i) Hubble-type morphological classification has been rou-

. ) S . tial luminosit files, d sh , bl I d
inely ccieved 0 22 (s o 1998, Drver ot oy oo POl 00 shipes, b colr an
al. 1995, Glazebrooket al. 1995. Spectroscopy is in b P ’

progress for large subsets of these galaxies tics of dEs or Ims, then these constitute about 20% of all
(i) Statistical properties of galaxies are measured t alaxies atl=20~21. Taken together with the irregulars,

|=25. For the pre-refurbishment WE/PC images, the Struc__hese appear to be responsible for the excess number counts

. in the bright magnitude range of the MOBn et al. 1995h.
tural parameters of about 13,000 objects have been presentﬁ? this b?ightergend of thegMDS distrigution such ok?jects

by Casertanet al. (1999, using data taken from about 112 _ . .
fields. Sizes, magnitudes, colors and crude classifications afe?dy b.e the evolved versions of the dwqrf imegulars at higher
based on two-dimensional model fitting to undeconvolveQrEdSh'ﬂ' Low surface brl_ghtness Qa'ax'mme nucleated
images. For galaxies witH<22 in WFPC2 data, the are common amongst this population.

maximum-likelihood fits have been found for combined (Vi) To I =25, there is some evidence that the small ex-
disk-plus-bulge models of all galaxies. cess in the number of pairs of galaxies with separations less

(i) The universe is dwarf-rich a=0.3-0.5. The mar- than 3.'0 is predominantly caused by “satellite” galaxies

ginal distribution of size vs. magnitude can be comparedVnich are fainter than the “primaries” by at least 1 or 2

with the predicted distributions based on various galaxy evomads: (Neuschaeferet al. 1995h. Such observations may

lution models such as the no-evolution model, the mergefOnstitute strong evidence in support of the “minor merger”
model, and the dwarf-rich model. The data are consisterfiyPothesis. _ S
with the dwarf-rich models and a dwarf luminosity function  (Viil) There is a population of unresolved nuclei within
with a steep faint-end slope. those galaxies fitted simultaneously with disk and bulge
(iv) The excess number counts are only partially ex-components Iy ;< 22); these galaxies show narrow emis-
plained by “giant” spirals or ellipticals, which are observed Sion lines in the spectroscopic follow-up prograf&T pho-
to have little cosmological evolutiofDriver et al. 1995,  tometry indicates that these stellar nuclei have the colors of
Glazebrooket al. 1995, size vs. redshift, or structural pa- moderately redshifted Seyfert | galaxies. About 6% of field
rameters(Phillips et al. 1999: the bulk of the local giant galaxies az=0.5 may therefore contain AGN which are 3—4
population was apparently in place at half the Hubble timemagnitudes fainter than the host galaxi&arajediniet al.
Furthermore, this population has either undergone relativelyt999.
little merging (about 10% sincez~0.7, or else the mergers  (ix) There is evidence for “weak shear” lensing, as evi-
have been of the “minor” kind(with gas-rich dwarfsand  denced by the preferential orientation of background field
have not caused major disruptio(@river et al. 1995. For  galaxies (=22-24, in the vicinity of foreground galaxies
those galaxies which do show evidence of merger activity(l =18-22. Also, the first HST-discovered “Einstein cross”
photometry shows bluer colors and thus increased star fotype of gravitational lenses have been found in archive and
mation (Forbeset al. 1995. MDS data; such objects would not have been discovered in
Spiral galaxies are, however, slightly bluer in the pastground-based data and are the first lenses centered on rela-
when their K-corrections are taken into account; their appartively bright elliptical galaxies with well understood proper-
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ties; such objects may eventually be powerful cosmologicathe predicted ram pressure of the superwind. The inferred
tools. outflow velocities and the size of region affected by the out-
Griffiths is also a co-investigator on the science team foiflow both increase with the starburst luminosity.
WFPC2. The behavior of WFPC2 in orbit has been well Heckman and collaborators L. Armu&Caltech, M.
characterized in order to support the detection and measur®ahlem (STSc), G. Fabbiano(Harvard-Smithsonign D.
ment of the faintest possible sources. In collaboration withGilmore (STSc), M. Lehnert(Leiden, J. Wang(JHU), and
other members of the WFPC2 team, Griffiths has begun inK. Weaver(JHU and GSFChave continued their analysis of
vestigations into the nature of starburst galaxy nuclei. ROSATHRI and PSPC data for a sample of a dozen starburst
XMM is an ESA cornerstone mission scheduled forgalaxies spanning a broad range in starburst luminosity. In all
launch in 1999, supported on the Science Working Team bgases studied to date, the keV X-ray emission is spatially-
Griffiths as one of two U.S. Mission Scientists. Griffiths is resolved, and can be detected out to radii of tens-oftkpg:,
supported in this role at JHU by R. Della Ceca. As well aswell beyond the optical isophotal rafiiln the case of the
carrying out simulations of the XMM observations, Della edge-on galaxies, the X-ray emission is preferentially ex-
Ceca works on the luminosity functions of extragalactictended along the optical minor axis, strongly suggesting that
X-ray sources, using data from the Einstein Observatory anchuch of the X-rays are produced by a galactic “superwind.”
the Deep Surveys witROSAT for which Griffiths is princi-  The Fe-L emission complex has been detected in a few cases,
pal investigator. ThRROSATDeep Surveys have been carried demonstrating that much of the keV X-ray emission comes
out in collaboration with co-Investigators in the U.K., and from hot gas with a temperature of several million K. There
have been used to show that the X-ray Background at 1 keig also spectroscopic evidence for a much harder component
is dominated by AGN, but with important contributions from that can be fit as either thermal emission with XT> few
star-forming and other galaxies. In collaboration with Heck-keV or as a hard powerlaw. One interesting byproduct of the
man and Della Ceca, Griffiths has obtained data from theX-ray survey was the discovery of a highly unusual variable
Japanese X-ray astronomy satelit8 CAon dwarf starburst X-ray source in the center of NGC3628. It is either a very
galaxies, and has shown that these galaxies contain compagatusual AGN or the most luminous-know X-ray binary. Mul-
binary X-ray sources and hot, outflowing winds. Thesetiphase 1-D numerical hydrodynamical simulations of super-
winds, implying the loss of interstellar gas, may be verywinds conducted with collaborators V. Bermé&aTSc), D.
important to the fading of dwarf galaxies at moderate andBalsara(lllinois), A. Suchkov(STSc) reproduce many of
high redshift. The fading of these galaxies is responsible fothe properties of the X-ray data and suggest that the X-rays
the fact that there are far more blue dwarf irregular galaxiesrise primarily from cloudy gas that is shock-heated by su-
in the past than there are in the local universe. pernovae inside the starburst and then carried out by the
Timothy Heckman and collaborators have continued wind.
their studies of the galactic “superwind” phenomenon: the In a related project, JHU graduate student A. Marlowe,
galaxy-scale outflows associated with starburst galaxies andeckman, R. Wyse, and R. Schomm@&TIO) discovered
presumably driven by the collective effect of the energy ancevidence for a qualitatively similar starburst-driven outflow
momentum input from massive stars and supernovae. He amghenomenon in a sample of 20 dwarf galaxies undergoing
M. Lehnert(Leiden are analyzing spectra of the interstellar bursts of star formation. About half the galaxies studied have
Nal D doublet in a large sample of starbursts. Outflows ofkpc-scale “superbubbles” seen in deep Fabry-Perat in-
gas(seen in absorptignare common among very luminous ages. Long-slit echelle spectra show that these structures are
starbursts. The outflow speeds are typically a few hundregéxpanding at about 100 kni'$ (comparable to the escape
km s ! and the associated kinetic energy represents a sigrelocity from these galaxi@sROSATX-ray images of the
nificant fraction of the energy injected by supernovae. prototypical dwarf starburst galaxy NGC1569 provide addi-
Heckman and Lehnert have also analyzed long-slit opticational evidence that the expanding superbubbles are being
spectra and deep H-images of a sample of 50 of the nearestinflated by hot gas supplied by the central starburst. These
and brightest starbursting disk galaxies oriented such thaibservations provide key observational support for models of
their large-scale stellar disks are seen nearly edge-on. Thike evolution of dwarf galaxies which posit that starburst-
orientation is the most favorable one for studying the superdriven mass loss is the fundamental mechanism that governs
wind as it flows out along the minor axis of the galaxy. Theythe evolution of such galaxies. This has received additional
find evidence that outflows are occurring in most if not all of support fromASCA observations of NGC 1569 and NGC
the galaxies in their sample. Faint emission-line loops and449 (with JHU collaborators R. Della Ceca and R. Grif-
bubbles extend far out into the galactic halo in many casediths). These show that the soft X-ray emission is dominated
The gas projected along the optical minor aialo gas plus by gas at a temperature far above the virial temperature in
disk gas seen in projectipiis much more kinematically dis- these small galaxies.
turbed than the gas along the major agmire disk gas Heckman has also participated in several other studies of
While the gas along the major axis has emission-line ratiostarburst galaxies. Heckman and Lehnert have emission-line
implying it is photoionized by OB stars, the gas along theimages and rotation curves of their sample of starburst gal-
minor axis has emission-line ratios consistent with shockaxies to show that:)lthe observed correlation between dust
heating by the superwinge.g., strong emission in lines like temperature and IR surface brightness is consistent with a
[S lITand[O I]). The measured gas pressures in the galactisimple foreground screen model for the dust;sfarbursts
halos are far larger than in normal galaxies, and agree withave a maximum surface-brightness, suggesting that some
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type of feedback is occurring between the massive stars ardlick), M. Lehnert, and J. Elia€CTIO) obtained optical con-
the interstellar medium;)3he starburst is located within the tinuum (B or V), and near-IR continuurtK) images of two
central region of the galaxy where the rotation curve indi-samples of radio-quiet quasafene atz=1 and one at
cates solid body rotation;)4ypical starburst galaxies have z=2 to 3. In contrast to their earlier results on radio-loud
masses ranging from a few percent to about 100% that of thquasars at these redshifts, the radio-quiet quasars are all
Milky Way. 5) In some extreme cases, starbursts appear to bspatially-unresolved. The host galaxies of these radio-quiet
forming stars at the maximum rate allowed by causdlity.  quasars are therefore fainter by at least two magnitudes than
turning all the gas into stars in one orbital time are either the host galaxies of radio-quiet quasars or powerful
C. Robert(U. Laval), C. Leitherer, and Heckman have radio galaxies at similar redshifts. Lowenthal and Heckman
constructed synthetic ultraviolet spectra of starbursts for @re also using deep Ly-and multicolor images of fields
wide range in initial mass functions and star-formation his-aground high redshift radio-loud and radio-quiet quasars to
tories. These models were comparedUW spectra of star- search for galaxies at the same redshift as the quasar. Heck-
bursts with roughly solar composition. The data are well fitman, Lehnert, Miley (Leiden), and van Breugel(IGPP/
by models in which stars have been forming for at least 1QLNL) have recently obtaine#iST images of highe qua-
Myr, with an IMF that extends at least as high as 60 solalsars  and these often show complex “knotty” UV

masseg(contrary to some other published claims of a defi-morphologies. These may represent starbursting companion
ciency of very massive stars in starbujstSogether with  gajaxies, dusty clouds that are scattering quasar light, or
collaborators A. KinneySTSc) and D. GarnettU. Minne-  ¢qreqround galaxies responsible for Mg Il absorption.

sotg they are extending their analysis HST FOS data on A. Koratkar (STSc), S. Deustua(IGPP/LLNL), Heck-

three starbursts. The superior signal-to-noise and spectr@Aan A. Filippenko(Berkeley, L. Ho (Berkeley, and M
resolution of these data have allowed them to compare thﬁao,(S'IlScb have usedROSATIO .study the X-ra;/ emission
predicted and observed stellar wind lines in detail. The datg " o sample of low-luminosity AGNs. They find that the
o S o F3<—ray emission is dominated by the nucleus in all cases and
tion lines, indicating large column densities of turbulent, OUt'the X-ray spectrum in the&ROSATband is similar to that
flowing gas spanning a wide range in ionization sta@s$to observed for much more powerful type 1 Seyfert nuclei.
N z\)li.th Leitherer, H. FergusoiSTSc), and J. Lowenthal These low-luminosity AGNs extend the correlation between
. o 9 o the luminosity of the X-rays and the Broad-Line Region
(Lick), a small sample of starburst galaxies were observe ownward by another order-of-magnitude. These galaxies
below the Lyman break with the Hopkins Ultraviolet Tele- appear have genuine AGNalbeit of very. low power

scope on Astro-2. The upper limit on the fraction of the . L
ionizing radiation produced in the starburst that “leaks” out Wht_ather there exists some fgndamental lower fimit to the
Aumlnosny of a true AGN is still not clear.

into the intergalactic medium is less than a few percent, .
result that suggests that quasars probably dominate the ionc-: A. Wl!sorj](h/'iar)ll_lsn(\;)hﬂeckmdarg GM_E?OWT_r’ ‘; Mu:]chaey
ization of the IGM. Similar observations witHST of more (Carnegi¢, J. Krolik (JHU), an . Miley (Leiden have

distant starbursts are being analyzed by Heckman ananglyzedHSTimages of the ioni;ed gas in t.he central-most.
Meurer, while Heckman and Lowenthal are attempting toregions of several Seyfert galaxies. These images show evi-

measure the escaping fraction of starburst ionizing photond€nce for “ionization cones” produced as ionizing radiation
by deep He imaging d H | clouds near starbursts. from a h|dden AGN shlngs qut through the poles of a_cgntral
B. Wang (JHU/STSc) and Heckman have used optical, “obscuring torus.’i The |or_1|zed_gas bears a surpnsmgl_y
space-UV, and far-IR data to study the dependence of dust’ong morphologmal relationship to the nonthermal r_ad|o
opacity on galaxy luminosity for normal late-type disk gal- 16tS: Suggesting that these latter may play some role in the
axies. They find that opacity increases with luminosity.neating and/or redistribution of the interstellar gas near the
Simple models of plane-parallel slabs of intermixed stars anc€yfert nucleus.
dust are able to reproduce the observed correlations, pro- Heckman has also studied a sample of mid-IR, optical,
vided that the total dust optical depth is proportional to thednd radio data for Seyfert nuclei and used them to test the
square-root of galaxy luminosity and is roughly unity for a Popular model of an “obscuring torus.” In agreement with
typical Schecter L* spiral galaxy. The luminosity depen-the predictions of this model, he finds that type 1 Seyfert
dence of opacity probably results from the correlations ofuclei are on-average several times brighter in at 10 microns
luminosity with both metallicity and surface mass density inthan are type 2 Seyfert nuclei with the same radio p@d
disk galaxies. They show that the opacity-luminosity corre-l1 15007 luminosities. On the other hand, with collaborators
lation should have interesting implications for the form of Calzetti, Kinney, Koratkar, Krolik, Meurer, Robert, and Wil-
the optical galaxy luminosity function, for the Tully-Fisher son, he showed that no more than about 20% of the ultravio-
relation, and for the interpretation of the faint blue galaxylet continuum in Seyfert 2 galaxigas measured in 2020
population. With D. Calzetti, R. Bohlin, and A. Kinnggll at ~ arcseclUE apertur¢ can be scattered light from a hidden
STSc), Heckman has considered the likely heating sourcetype 1 Seyfert nucleus. After considering several possible
for the warm dust in starbursts and has concluded that thalternative explanations, they concluded that the most likely
non-ionizing radiation is crucial. origin for this light was a dusty circumnuclear starburst. If
Heckman has continued to investigate the environmenttue, this would make such starbursts an energetically signifi-
of high-redshift quasars. He and collaborators J. Lowenthatant part of the Seyfert phenomenon. UltravidhkST imag-
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ing and spectroscopic observations are underway to te®uring the past year he has been involved in developing
these ideas. operating and observing procedures for use by the astronauts
Richard C. Henry conducts research on the interstellar during the Astro-2 space shuttle mission, in serving as one of
medium, cosmology, and ultraviolet background radiation. Athe team leads in the Payload Operations Control Center at
proposal to obtaitHST observing time to study the ration of Marshall Space Flight Center during the mission, and then
deuterium to hydrogen in the local interstellar medium waswith postflight instrument calibration and data analysis.
successful28 orbitg; Deputy Pl is W. Landsman, and Co- Kruk is collaborating with D. FinleyEureka Scientifig
Investigators include J. Murthy and J. Linsky among othersR. Kimble (GSFQ, and D. KoestefKiel) in the analysis of
Several lines of sight will be investigated to obtain the abunspectra from eight hot DA white dwarfs. Two of these stars
dance ratio, especially any evidence for variation of theare being used for purposes of instrument calibration, the rest
abundance ratio with direction. This will extend earlier work, for tests of refinements to model atmosphere codes. Prelimi-
which began with sounding rockets, and extended throughary results are noted in the reference section below.
Copernicusand IUE observations. ArApJ Letteris in press Spectra of five PG 1159 stars were also obtained with
presenting Henry's analysis of the lunar albedo in the faHUT, which are being analyzed in collaboration with K.
ultraviolet, measured using HUT on the Astro-2 Mission. Werner(Potsdam Preliminary results were presented at the
The Hopkins Ultraviolet Background ExploréHUBE) has  Bamberg Conference on Hydrogen Deficient Stars. One im-
been submitted as a MIDEX proposal; the result of prelimi-mediate result is a much clearer demonstration than hereto-
nary NASA selection is expected shortly. Work continues onfore possible of the absence of He in the atmosphere of
study of the HUBE as a joint US/Argentina project in the H1504+65. Detailed modeling of this and the other PG1159
SAC-D mission planned for early in the next millennium. stars is presently in progress.
Finally, planning continues for the Cosmic Background ex- Kruk and collaborators G. Kriss, A. Davidsen, and W.
periments on the Department of Defengédcourse Space Zheng are analyzing HUT spectra of extragalactic objects for
Experiment(MSX), which is now scheduled for launch in absorption by hot gas in the galactic halo. Preliminary results
1996 March. With Murthy, Henry continues to work y-  for Markarian 421 were presented at the AAS meeting in
agerdiffuse ultraviolet background radiation data that appealPittsburg.
to be of very high quality and that certainly are of very Kruk is also collaborating with T. Lan¢gGSFQ on the
extensive quantity; concrete results should be reported ovemalysis of hot sdO stars observed with HUT, and with R.
the coming year. Henry continues as Director of the Mary-Buss, H. FergusonSTSc), and JHU graduate student T.
land Space Grant Consortium. Brown on the analysis of sdB and hot main sequence stars.
Gerard A. Kriss is an associate research professor in the S. Lubow together with P. ArtymowiczStockholnm) have
Department of Physics and Astronomy. As project scientistontinued investigations of the nature of disks around young
for the second flight of the Hopkins Ultraviolet Telescope,stars. They determined the long-term evolution of a young
the highlight of 1995 was the enormously successful Astro-dinary’'s semi-major axis and shown that it depends mainly
mission in March. As detailed elsewhere, HUT performedon global properties of the disk. More results have been ob-
extremely well and returned a wealth of far-UV spectral dataained about the eccentricity evolution, using a semianalytic
extending down to the Lyman limit on a wide variety of approach. The results show that disks rapidly cause binary
astronomical objects. Of particular interest to Kriss were ob-eccentricity to increase to at least 0.1, for typical parameters.
servations of more than a dozen AGN, including six obser-They have also found that circumbinary disks can transfer
vations of NGC 4151 at intervals of 2—3 days, and two ob-mass via gas streams to the binary, under certain circum-
servations of NGC 3516 that were simultaneous with X-raystances. A semianalytic description of the gas stream was
observations made with the Japanese satdl8€A found. The gas stream mass flux is modulated on an orbital
The six observations of NGC 4151 show significant fluxtimescale. Various predictions of observational signatures are
variations in the lines and the continuum as well as correunderway.
lated variability in the strong UV absorption lines, including  S. Lubow and H. SpruitMPI) have completed a study of
the Lyman lines of neutral hydrogen. On average, the UMhe stability accretion disks supported by poloidal magnetic
continuum was five times brighter than observed on Astro-1fields. The main effect is that matter is subject to an inter-
and all high ionization absorption lines show a dramatic in-change instability in the radial direction, if the field strength
crease relative to Astro-1. The Lyman lines are also strongemcreases sufficiently inwards. However, the effects of shear
but the inferred column density is lower—the increase apare important in limiting the extent of the instability. Strong
pears to be due entirely to a substantial increase in the tugrowth of disturbances is possible only if the growth rate
bulent velocities broadening the lines. These variationgalculated in the absence of shear exceeds the shear rate.
should prove fruitful in building a consistent model of the  Lubow and J. PringléloA) investigated a possible model
UV and X-ray absorbing gas in NGC 4151. A useful tool in for giant molecular clouds, based on the picture that they are
this regard will be the warm absorber models developed ovetomposed of clumps and are supported by MHD turbulence.
the past year by Krolik and Kriss, which will also be applied To form stars, the gas must lose magnetic flux. They inves-
to the simultaneous UV and X-ray observations of NGCtigated the viability of a model for flux loss based on mag-
3516. netic reconnection, as opposed to the usual mechanism of
Jeffrey W. Kruk is the deputy project scientist for instru- ambipolar diffusion. Since random motions in the cloud are
mentation for the Hopkins Ultraviolet Telescope project.in virial equilibrium with the magnetic field, the model indi-
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cates that magnetic reconnection can achieve high enoughill test whether the high contrast of UV to visible intrinsic
efficiencies to be an important source for creating low fluxto unreddened hot stars along with the low scatter of the
matter matter. holographic grating can mitigate problems with red leak in
Lubow continued his investigations of superhump modeldJV observations with CCD’s.
for CVs. A likely model to explain the slight period shift McCandliss has a contract with JPL to work on methods
observed in superhumps is that they are due to an eccentriof windowless vacuum UV CCD calibration techniques. He
precessing disk. A possible source of eccentricity which hatas recently been awarded a NASA research grant, along
been discussed in the literature is the gas stream. Lubowith J. Kruk to develop windowless vacuum UV calibration
investigated the dynamical effects of the gas stream in gedamps. He continues to work on various hot star topics such
erating eccentricity using an analytic model. The result isas: a two-dimension classification of WN type Wolf-Rayet
that the gas stream is very inefficient in generating eccentricstars;(with R. Buss; determining the interstellar absorption
ity, although it does disturb the disk. The main problem isof molecular H in the FUV extinction in OB star pairs ob-
that eccentricity is efficiently generated by disturbances thaserved by HUT on the Astro missions; and the time variabil-
are stationary in the inertial frame, while the gas streanmity of line profiles in OB and Wolf-Rayet stafsvith Massa
tends to generate disturbances that are stationary in the frane¢ al. [1995)).
of the binary, even for variable mass transfer rates. Gerhardt R. Meurer is a postdoctoral associate working
Lubow, PapaloizouQMW), and Pringle(loA) investi-  with T. Heckman. Meurer, Heckman, and collaborators C.
gated the possible configurations of a magnetized accretiobeitherer, A. Kinney(STSc), C. RobertLaval), and D. Gar-
disk which removes its angular momentum through a cennett (U. Minnesota finished a detailed analysis of ten ultra-
trifugal wind over a large range of radii. The magnetic field violet (\,~2320 A) images of starburst galaxies obtained
is assumed generated outside the disk and advected inwandth the Faint Object Camera oHST. They find that the
by the accretion flow. Three solutions were found: one cortypical starburst structure is a cloi@l of diffusely distrib-
responding to a purely vertical field with no accretion, oneuted high mass stars with an effective radius of 100 to 1000
corresponding to bent field lines like that discussed bypc. Embedded in the clogs) are luminous young clusters
Blandford and Payne, and the last with highly bent fieldwhich on average comprise 20% of the total ultraviolet lu-
lines. They argued that the last solution is unphysical beminosity. The formation of clusters is thus an important and
cause the mass loss is too rapid, while the middle solution isfficient mode of star formation in starbursts. Most starbursts
unstable, and the first solution is stable. Based on these reccupy a very narrow range of effective ultraviolet surface
sults, it appears that the actual solution which produces jetrightnesses. This suggests that a negative feedback mecha-
likely involves only a local mechanism near the disk centemism is limiting the star formation intensity of starbursts. A
and may involve a dynamo generated field. strong correlation between the ultraviolet to far-infrared flux
Stephan R. McCandlissis engaged with preparing two ratio and ultraviolet spectral index is well modeled by dust in
NASA sounding rocket§NSR) for launch. The first NSR a simple foreground screen geometry. Thus much of the ex-
36.132/.136 UG is a mission to observe the core of the LMQincted ultraviolet flux can be recovered by deshrouding this
nebula 30 Dor with a long slit (2@60x 12r) FUV spectrom-  screen.
eter(912—1300 A at a resolving power of 100. The mission ~ Meurer showed that the clusters within starbursts have
goals of this dual flight are to determine the extinction to-sizes and luminosities consistent with the hypothesis that
ward the 30 Dor core and account for its stellar contentthey are proto-globular clusters. This is despite the form of
while serendipitously searching for nebular emission. Theaheir luminosity function, a power law of slope2, which is
work is being carried out with J. McPhate and Paul Feldmanvery different from that of Galactic globular clusters which
The second NSR 36.115 is a mission to simultaneously imhave a Gaussian luminosity function. The difference can be
age atomic and molecular hydrogen UV emissions from thexplained by the fact that Galactic globular clusters are old
Jovian aurorae with 1 resolution. The /24 telescope for the and essentially coeval, while the clusters in starbursts are
Jupiter mission uses a curved LiF prism for the dispersingroung and have a significant age spread.
element and a thinned backside charged and illuminated Warren Moos is the chair of the Department of Physics
SITE (formerly Tektronic$ CCD as the imaging device. This and Astronomy. He is also the principal investigator for the
work is being carried out with JHU graduate student P. Mor-Lyman Far Ultraviolet Spectroscopic ExploréFUSE) as-
rissey and P. Feldman. In a paper with Morrissey and Feldtronomy satellite. Also participating in this activity at the
man it is shown that a UV-flooded SIiTE CCD has a QE ofCenter are: A. F. Davidsen, P. D. Feldman and S. Friedman
~ 40% in a bandpass spanning 1200-2500 A and that thas co-investigators, C. Holmes and W. Oegerle as operations
number of € per detected photon at 1216 A was approxi-scientists, D. Sahnow as instrument scientist, and M. Mar-
mately twice that in the visible. tinez as a postdoctoral fellow. Warren Moos also patrticipates
Athird NSR currently in the development stage will use aas a co-investigator in the definition of the Space Telescope
high ruling density(5800 I/mm) holographically recorded Imaging Spectrograph; M. E. Kaiser is the STIS calibration
Rowland circle grating R=635 mm with an ion-etched scientist. Moos is also principal investigator of the DOE-
blaze profile provided by Jobin-Yvon through a collaborationsupported “XUV Diagnostics Based on Layered Synthetic
with A. Vidal-Madjar (CNRS/IAP. This grating will be  Microstructures for Magnetically Confined Fusion Plasma.”
coupled with a small pixel CCD~ 12um) and used for high M. Finkenthal is principal research scientist and S. Regan a
dispersion studies of hot stars around 1026 A . This missiopostdoctoral fellow on this grant.
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Jayant Murthy is analyzing archivaloyagerdata to in-  sers that are several orders of magnitude more luminous than
vestigate the ultraviolet radiation field. He is also involvedany observed to date.
with planning for theMSXspacecraft which is due to launch ~ With former JHU graduate student M. Kaufmémow at
in March 1996. Other projects include the HUBE satellite NASA/Ames, Neufeld has completed a comprehensive
which is currently under consideration for the NASA MidEx model which predicts the molecular emissions that are ex-
program andHubble Space Telescopmbservations of the pected to result from magnetohydrodynamic interstellar
local interstellar medium. shock waves. The results suggest strongly that such shock

Abraham Naim conducted statistical studies of the mor- waves are the source of submillimeter water maser emissions
phology and evolution of normal and peculiar galaxies in thethat have recently been detected in star-forming interstellar
local universe and at high redshifts. These studies uskegions. This study also indicates that non-masing far-IR wa-
B-band photographic plates for nearby galaxies, and |- an&er emissions will carry most of the luminosity that is emitted
V-band CCDs for MDS galaxies at redshifts of 0.1-0.7. Fol-by dense molecular shock waves in star-forming regions.
lowing the successful application of techniques, such as aModel predictions for the far-infrared spectrum will guide
tificial neural networks, to morphological classification of SO observations of shock-excited water to be carried out in
galaxies, Naim is seeking to apply these methods to othefollaboration with M. Harwit. With JHU graduate student W.
problems of a similar multivariate nature. Studies of dwarfChen, Neufeld has carried out analogous studies of molecu-
galaxies and their relation to normal galaxies are underwalf’ €missions from outflows from oxygen-rich late-type stars,
using multicolor CCD photometry of dwarf elliptical galax- another astrophysical environment in which far-infrared wa-
ies. ter emissions are expected to dominate the radiative cooling.

David Neufeld's research efforts remain primarily in the 11 results suggest that previous studies, which were based
theoretical study of the interstellar medium and of funda-UPOn Overestimates of the likely gas temperature in the emis-

mental physical processes that operate there. With S. LepI on rfgloqhhe:\éetyleld?d plred|ct;)ons for ::Ihe wfater mt.?t'(;)nal
(UNLV) and G. Melnick(SAO), Neufeld modeled the radia- ¢ >endins that are 1oo farge by an order of magnitide or

tive cooling of molecular astrophysical gas over a wide rangémre' Once again, model predictions for the emitted water

of temperatures and densities. Their model for the rad|51t|V(§pec.trum.WIII be con_frontqd WIRSO qbservatlons to be
. : : obtained in collaboration with M. Harwit.
cooling of molecular gas included a detailed treatment of the . . .
Neufeld continues to work as a co-investigator on the

interstellar chemistry that determines thle abundances of IMs bmillimeter Wave Astronomy Satell®WAS project, a
portant coolant molecules, and a detailed treatment of th . ) . . .
mall Explorer mission which will fly an orbiting radiometer

excitation of the species i CO, H0, HCI, O;, C, O, and capable of detecting line emission from cold interstellar wa-

their isotopic var.lar.1ts wher_e important. They obtalne.d result§er’ molecular oxygen, atomic carbon, and warm carbon
for the total radiative cooling rate and for the cooling rate, . - oxide

due to individual coolant species, as a function of the gas Yichuan Pei with Z. Tsvetanov, H. Ford, and G. Kriss,

temper_a t_ure, de_n_sity and optigza_l depth. They ?'SO ComPUtelqas been examining neMST (post-COSTAR spectroscopic
the individual millimeter, submillimeter and far-infrared line observations of the nucleus of M31. PrevioHST (pre-

strengths that contribute to the total radiative cooling rateCOSTAR) observations indicate that one of the double peaks
and obtained example spectra for the submillimeter emissiop, the center of M31 hosts a nuclear black hole. Unfortu-

expected from molecular cloud cores. Many of the importan{,tely these observations have missed some of the important
cooling lines will be detectable using thefrared Space Ob-  ghertyre positions covering the very center of the nucleus.
servatory(ISO) and theSubmillimeter Wave Astronomy Sat- New HSTobservations will then allow them to complete the
eII|te_(SWA$ _ kinematic measurements in these positions and to confirm
With P. Maloney(JILA), Neufeld has continued to model the existence of the nuclear black hole in the center of M31.
the physical and chemical conditions expected within mo-This work is in preparation to be submitted for publication.
lecular gas close to an AGN. Neufeld and Maloney con- pgj with S. M. Fall(STSc), has proposed new models
structed a specific model for the warped molecular disk irfor cosmic chemical evolution, applicable to comoving vol-
the active galaxy NGC 4258. Modeling this system as a Visymes large enough to contain many damped Isystems
cous accretion disk that is illuminated obliquely by a centraland hence to be representative of the universe as a whole.
X-ray source, they were able to obtain an estimate for therhe damped Ly systems, identified by strgnH | Ly« ab-
mass accretion rate through the disk, based upon the oBorption in the spectra of quasars, are usually interpreted as
served X-ray luminosity and the observed extent of the watethe progenitors of present-day galaxies and thus represent the
maser emission detected from the disk. The resulting estbest hope of tracing the evolution of ordinary galaxies at
mate for the mass accretion rate was 70 °a solar masses  high redshifts. The models presented here are intended to be
per year, wherex is the dimensionless viscosity parameter, aillustrative rather than definitive. Nevertheless, they agree
value which implies that the active nucleus must convert restemarkably well with all available data of dampedd._gys-
mass energy into 2-10 keV X-rays with an efficiencytems and are consistent with the average properties of
0.0l 1. They also investigated how the properties of mo-present-day galaxies. The models illustrate a consistent pic-
lecular circumnuclear disks are expected to depend upon there for histories of star formation, gas consumption, and
mass and luminosity of an active galactic nucleus: the resultmetal production in ordinary galaxies at high redshifts. One
suggested the possible existence of extragalactic water mapecific prediction in Pei and Fall’'s models of chemical evo-
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lution is that the damped ly systems experience rapid star regions. Thus one must be careful to include the diffuse
formation at relatively low redshifts. This work will appear emission when making an inventory of ionizing photons
in the 1995 November issue of tiestrophysical Journal from which to infer a massive star-formation rate.
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chemistry and vertical transport in lo's atmosphere and theion, mainly in the science planning, data evaluation and
vertical temperature structure of Pluto’s atmosphere in colanalyses. Among the first Astro-2 results, he and other HUT
laboration with colleagues M. Summefi§RL) and X. Zhu team members report the far-UV spectral properties of Fair-
(JHU). During the last six months he has devoted considerall 9. The UV continuum may be extrapolated to the soft
ably theoretical effort to understanding the interaction of theX-ray band, forming a weak UV bump. The weak O VI
lo plasma torus with Europa thin molecular oxygen. With €émission strength in Fairall 9 supports an earlier claim that
Meudon colleague E. Lellouch, millimeter wave observa-the intensity of this high-ionization line is correlated to the
tions of lo this past summer lead to the discovery of SO inX-ray strength. Based on a major Astro-2 result, i.e., the
lo’s thin atmosphere. measurement of the He Il Gunn-Peterson optical depth, he

Alan Uomoto continues building the two fiber-optic spec- Uses simulated spectra to argue that forest lines can only
trographs for the Sloan Digital Sky Survey. This survey will Produce up to a half of the observed He Il opacity, hence the
use a dedicated 2.5-m telescope at Apache Point Observatdppservations indicate the contribution from the long-sought
to image 1/4 of the sky in five bandpasses and measure orf@tergalactic medium.
million galaxy redshifts during a five year observing period. ~As part of the archival studies of th¢STdata, he and his

His other interests include work with K. Davidsgty. ~ colleagues construct a composhST spectrum of quasars.
Minnesota, G. MacAlpine, S. LawrencéJ. Michigan, and ~ The very high S/N level enables to reveal many new fea-
W. Blair on imaging and spectroscopy of the Crab Nebula,ture?- such as sgvergl very weak emission lines, the detailed
polarization imaging of Seyfert nuclei with R. Antonucci profl_les of emission lines, and the turnover of the power-law
(UC Santa Barbajaand JHU collaborators, and continuing continuum.

observations of faint broadband photometric standard stars £"€ng also joins a collaborative work to study the optical
with A. Landolt (LSU). spectra of radio galaxy 3C 390.3 between 1974 and 1990.

Kim Weaver is currently studying iron Ke fluorescence The study confirms the varigbility of narrow lines in period;
lines in Seyfert galaxies using data froR8CAwith collabo- @S Short as four months. It is suggested that the narrow-line
rators J. NousekPenn State T. Yagoob, R. Mushotzky r€gion in .'[hIS object must bg excgptlonally compact and
(GSFQ, C. Otani, F. Makino, I. Hayashi, and K. Koyama Probably linked to the broad-line region.

(Japan. The Seyfert 1.9 galaxy, NGC 2992, possesses a nar- In cooperation with LipariU. Cordoba and Tsvetanov,
row line with a FWHM of less than 6.600 km' &. The line  £heng studies the broad-band properties of several quasars

flux lags decreases in the continuum flux byL0 years im- with exhibit extremely strong optical Fe Il emission. They
plying a distance of~3.2 pc to the reprocessor. This sug- find that these objects show strong broad absorption in the
gests that the iron line is the X-ray signature of the “obscur-JV range, suggesting a transition phase between starburst

ing torus” expected within the context of unified models. and AGN phenomena. .

The Seyfert 1.9 galaxy, MCG-5-23-16, possesses a remark- The aSS|stan'ce of .S' Busc'h.mg, R C. Henry and B. Gree-
able iron K« line which consists of two distinct compo- ley was appreciated in compiling this report.

nents. The primary feature is narrggimilar to NGC 2992,

while the secondary feature is very broad with a FWHM of PUBLICATIONS
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