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This report covers the period from September 1, 1997 t®. ACADEMIC PROGRAM

August 31, 1998. 2.1 Graduate and Undergraduate Majors

1. PERSONNEL Eighteen graduate and ;ixty-one undergr.aduate astronomy
majors were enrolled during the academic year 1997-98.
1.1 Faculty During that time eight B.S. degrees, four Ph.D.  degrees

were awarded in Astronomy & Astrophysics. Doctoral re-
cipients were Lee Carkner, Sally Hunsberger, Jeffrey Men-
denhall and Darren Williams.

The regular members of the faculty during the academi
year 1997-1998 were Professors Petesikims (Department
Head, Eric Feigelson, Gordon Garmif&van Pugh Profes-
son, Lawrence Ramsey, Douglas Sampson, Peter Usher,

Daniel Weedman, and Alexander Wolszczévan Pugh 2.2 Educational Initiatives
Professor, Associate Professors Jane Charlton, Robin Ciar- For the third summer, the Department offered summer

dullo, Pablo Laguna, Donald Schneider and Richard Wadey 5quate classes for high-school science teachers interested
Assistant Professors William Brandt and Louis Winkler, learning more about astronomy and its potential as a me-

were joined by Michael Eracleou$ormerly of the Univer-  gim for physical science education in secondary schools.

sity of California-Berkeleyand Steinn Sigurdssdformerly e 1998 program, entitlied Penn State Inservice Workshops
of the University of Cambridge, Englapndand Senior jy astronomy(PSIWA), consisted of two 1-week courses on
Scientist/Professors David Burrows and John Nousek.  «giars and Planets for Science Teachers” and “Galaxies and
. James Beatly, Associate Professor of Physics, holds @,smology for Science Teachers.” Both courses were of-
joint appointment as Associate Professor in AStronomy &fereq at Penn State’s main campus and included a variety of
Astrophysics. _ _ classroom, laboratory and computer activities. Over forty
Research Associates in the program were Karen Camardgachers from around Pennsylvania participated in the pro-
George Chartas, Christopher Churchill, Audrey Garmlre,grams_ Funding was received from the PA Space Grant Con-
Scott Horner, Eugene Moskalenko, Jerome Orosz, Georg& ium. Feigelson and Weedman were the workshop in-

Pavlov, Jorg Rachen, Frederick Ringwald, Rita Sambrungrctors, Numerous department faculty, research associates
and. Leisa Townsley. Joining the department as Re'searg:h Ashd graduate students also participated in the programs.
sociates were Steven Bran@d@rmerly of the Albert Einstein

Institute Max-Planck-Institute for Gravitational Physics Pots-
dam, Germanyand Mijan Huq(formerly of the University
of Texas at Austin Joseph Pesce was a Lecturer/Research The department outreach effort in 1998 has been tremen-
Associate. Fred Ringwald departed July 1998 to take up @ous, in part, because of the recent swell in public interest.
visiting assistant professorship at Florida Institute of Tech-Synchronous with that rise in public appeal has been an in-
nology. crease in departmental outreach awareness, support, and par-
Adjunct Associate Professor was Hans Kraus at the Oxticipation amongst graduate students and faculty members.
ford University Nuclear and Astrophysics Laboratory. Ad- The number of public service programs sponsored by the
junct Assistant Professor was Matthew Bershady at the Unidepartment, either in concert with the Penn State Astronomy

2.3 Outreach

versity of Wisconsin-Madison. club or independently, has grown to an all-time high; over 47
programs have been offered this yésince January of 1998
1.2 Visitors to the Department alone, and the number of students and adults attending has

exceeded 2400. The programs have included planetarium
Visitors to the department included William Krivan and ghows, observing with telescopes, and public lectures. A
Johannes Ruofffrom the University of Tubingenworking  complete listing of outreach programs offered by the Penn
with Pablo Laguna; David Monte§from the Universidad giate Astronomy Dept. may be viewed at http:/
Complutense de Madrid, Spaiworking with Larry Ram- astro.psu.edu/outreach/k12.html.

sey; and Maciej Konacki, Grazyna Walentynowicz, Mal-
gorzata Redmerska and Wojciech LewandowsKrom
Nicolaus Copernicus University, Centre for Astronomy, To-
run, Polang, and Dr. Norbert Wex(from Max-Planck- The Astronomy Club continued to conduct monthly pub-
Institut fuer Radioastronomie, Bonn, Germanworking lic observing sessions, uninterruptedly since 1973. These
with Alexander Wolszczan; Dr. Yoshitomo Maedfrom Open Houses attracted hundreds of visitors to the roof of
Koyoto University Department of Physics, Japavorking  Davey Laboratory to view selected celestial objects through
with the X-ray Astronomy Group. Dr. John Bahcall from the various telescopes. The Nittany Observer, a newsletter pub-
Institute for Advanced Study presented the 1998 Marketished by the Club, included articles on general astronomy
Lecture Series in March, with the general title of Astronomy.and covered Club activities. Members also participated in

2.4 Astronomy Club
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outreach programs for school children, making use of thepen loop performance and begin science operations at some
Department’s planetarium. Club officers are: President, Jankevel in 1999 while we implement a closed loop system.

Rigby; Vice President, Andy Lonsbary; Secretary, Ken Pel- Several commissioning observing runs were conducted by
man; Treasurer, Cyndi Pruss. Usher is the Club’s facultythe science commissioning team this last year. These tested

advisor. the HET systems as a whole and highlighted areas critically
needing attention. One success this last year has been the
3. RESEARCH ACTIVITIES target pl_anning software. Thg naturg of the HET mgke; it
challenging to use as any given object only has a limited
3.1 Instrumentation for Observing time window in which it can be accessed. Thus, observing
3.1.10ptical with the HET is more akin to HST than to a typical ground

based telescope. The early planning software that has been

. i implemented has proven to be up to the task and given the
last year the Hobby-Eberly telescoléET) remained in the observers the tools needed to efficiently use the telescope.

commissioning process. The most significant milestone th|§Nhile the data set is very limited, the HET facility appears to

past year was the installation and successful testing of thﬁ]eet our desian qoal of delivering seeind as qood as the site
final spherical aberration correct®AC). This complex 1/2- offers gng 9 gasg

meter diameter corrector consists of 3 conics and a low order There are three facility instruments under construction for

asphere. The last of these mirrors was delivered in late sprin@le HET. Dr. Robert Tull at UT Austin is working on a high
after an extensive fabrlcat|oq delay. Thg SAC s part of Fesolution single object spectrogra@iRS) which will com-
larger pa(?kage palled th? prime fogus mstrgment platfom]ﬂence integration on site in spring 1999. The second instru-
(PFIP Wh'Ch delivers the image to_elther a prime focus |°W|g1ent is the MOS capable medium resolution spectrograph
resolution §pectrograph ora fiber instrument feed. Th_e PF (MRS) that is addressed in more detail below. The schedule
a_Ils_to cogtalns tthe a%qu!silj(_m camera as wng?:s Eli gxlder fafé captive to the procurement of calcium fluoride for the vis-
cility and an atmospheric dispersion correct ). In Au- ible camera. The earliest commissioning date now appears to

gust 1998 we tested the basic optical system without th%e late fall 1999. Both the HRS and MRS are fiber fed in-

guide facility or ADC. Sixty SIx primary mirror Segments o, nents and depend on the fiber instrument feed. This sys-
that spanned the system pupil were used in these tests aﬂg{n will undergo a second commissioning run in early 1999

showed that the SAC performed well over the center 2 arcg i, o5 finers and be complete by mid 1999. Dr. Gary Hil

minutes of the 4 arc-minute science FoV. Due to a mechamét UT Austin is leading the effort to build a prime focus low

cal problem in the PFIP we were unable to test the outer Palksolution spectrograph with multi-slit capability. This in-

of the field during this run. However we are gratified W'th trument is in the integration phase and a commissioning run
the performance we have seen to date from the SAC Whlc‘i expected in late 1998 or early 1999

w_alllsbone of ?ulj :lgfh-r]lcskthsysierr;_s. After rework this fall it = 1, Hobby-Eberly telescope is an international collabora-
will be re-instafled for further testing. tion between the University of Texas at Austin, The Penn-

The primary mirror always has been and remains Oursylvania State University, Stanford University, Ludwig-

most critical risk area. This last year, and the last few monthg, .o Do Universitaet Muenchen. and the Georg-August-
in particular, have seen significant improvement. As we haV(?:Jniversitaet Goettingen. For currént information on the

gone from 21 'active mirrors in summer 1.99.7 to 66 currently,HET, its science programs or partnership contact L. Ramsey,
our average time to stack the array in tip/tilt had decreaseg'ET project scientist, at lwr@astro.psu.edu. The latest infor-

from 40tm|nutes to ttlypltifi[lL 10_tm|nu(';esl.I A'||I| lt)he_ 91 Irlnltrjlror ation and pictures can be viewed at http://
segments are currently at the sfie and afl witl be Insta’ie an‘(’vav.astro.psu.edu/het which also has links to HET sites at

activated by the _en(_j of 199.8' P_rlor experience leads us ®T Austin and other partner institutions. The HET is oper-
expect that the tip/tilt stacking time will remain about 10 ated by the McDonald Observatory on behalf of the HET
minutes. The major challenge with the primary mirror is participants. The McDonald Observatory annual report con-

maintaining the alignment O.f all the segments. The low- COStiains details on staffing and infrastructure development as
high-risk approach taken with the segment alignment Systeye| as complementary materiel on telescope operations.

was to forego edge sensors that continually provide an align- Weedman continued as a member of the HET Science
ment feedback signal and operate open loop allowing 6 minéommissioning Team

hour to tune the mirror and a thermal model to minimize
drift. The mirror truss is instrumented with 50 thermal sen-
sors. So fqr the therm_al modelmg approa(_:h has not worked 1 5 |nstrumentation

and the mirror can drift out of alignment in a few tens of

minutes. However, when the temperature gradients are low, 3.1.2.1 Optical and Near Infrared Instrumentatidrhe

we have gone several hours without alignment with arcPenn State Optical and Near IR instrumentation team has
second images. Also we have not yet met our 6 min spec bdbcused this last year entirely in the design and implementa-
that is not seen as a barrier as times as short as 8 minutésn of HET instrumentation. Members of the OIR team this
have been achieved with 10 being more typical. We are alspast year included professional staff Leland Engle and Ben
accelerating our understanding of this complex system anB&hoads, Drs. Scott Horner, and L. Ramsey, graduate students
still reserve hope that we can mitigate some of the drift withDave Andersen and Jason Harlow as well as undergraduate
a thermal model. The current strategy is to maximize thestudents and Eric Mamajek, Joe Maywalt and Kevin

3.1.1.1 The Hobby-Eberly Telescopriring this entire



442 ANNUAL REPORT

McGouldrick. Dr. Horner left in spring 1998 to take a posi- electronics and has procured most the of the required hard-
tion at the US Naval Observatory. Eric Mamajek graduatedvare. Leland Engle has designed and overseen the fabrica-
with honors in spring 1998. tion of the echelle grating holder. During this last year we
3.1.2.2 Medium Resolution Spectrografls mentioned also procured the dewar, grating and have a bare MUX from
this last year this basic fiber fed dual beam spectrograph had8ockwell to test the electronics. Ramsey had completed the
been re-scoped from a blue and red beam to a visible andesign of a 5-element all transmitting camera that will allow
near IR beam. The visible beam has complete spectral covesolving powers up to 13,000 to be achieved in the current
erage over the 450-900 nm octave with capability from 390system. Remaining tasks are to procure the camera fabrica-
to 950 nm. The near IR beam will go from 900 to 1600 nm.tion and integrate and test the electronics. Our goal is to
The resolving power capability will remain in the 4,000- commission the system at the telescope by mid 1999.
20,000 range. This last year Engel and Horner have com-
pleted at the 90% level the design of the Fiber InstrumenB.1.3 X-ray

Feed(FIF) portion of the MRS project. This complex system 3.1.3.1 CCD Imaging Spectrometer on AXBEring the

is described in more detail by qunet al. (SPIE \{ol 3355, _past year the ACISAXAF CCD Imaging Spectrometgr

p 399 but briefly it can place either a synthetic long slit 1o, ot PSU has concentrated on reducing the very large
capability, 10 MOS probes, single fibers or an Integral Field, 60t of calibration data collected at the X-ray Calibration
Unit (IFU) in the HET 4 arc minute diameter focal plane. g5l |ocated at the Marshall Space Flight Center in
Initial on-telescope testing was conducted with the FIF strucyyqyille, Alabama. Preliminary results of this work was
ture and a single MOS probe with its fiber cable in August, esented at the Estes Park Meeting of the High Energy As-
1998 to validate routing paths and instrument lifting and iN-trophysics Division of the AAS in early November of 1997.

stallation sequences. Engel is refining the FIF structure, fibefne 11 text of this report is available at the PSU Astronomy
cable and probe designs based on that experience and gxsep page as is the “Final” Report.

pects completion of all FIF mechanical components in early The ACIS instrument has been undergoing integration
1999 for a final integration test on the telescope. The elecynq testing with the remainder of the AXAF. During the Fall
tronic control system for the FIF is being assembled by,ng winter months the integration took place at Ball Aero-
Rhoads with completion expected before the end of 1998. '%pace Corp. in Boulder, CO with the Instrument Module.
late spring, Ramsey finalized the basic MRS optical layoutrpen in the Spring and Summer the observatory has been
for both the visible and NIR beams. We contracted Dr. Har-4gsempled and tested at TRW in Redondo Beach, CA. Dur-
land Epps to produce a design for the visible beam Camergng the final phase of the thermal vacuum test, the ACIS
A preliminary all refracting design using 10 elements wasgoor, which protects the CCD’s from contamination and the
completed by mid summer and we are now optimizing thalpptical light blocking filter from acoustic loads during
design to the pre-production stage. Barring unusual procurgaynch, was to be opened to check for stray-light leaks in the
ment problems, we expect the full up FIF and MRS visiblegpacecraft. The camera body had been at -60 deg C for about
beam to be in integration at the telescope in late 1999.  gne month when the attempt was made, with the result that
As part of MRS testing and validation effort, REU stu- the door failed to open and the protective shear disk in the
dents Mamajek, Maywalt and McGouldrick have been up-yax actuator that opens the door was functioned to keep the
dating fiber evaluation hardware. Maywalt and McGouldrickactuator from exploding. A failure investigation was under-
constructed and characterized a test MOS cable used on t}f@(en by the manufacturer of the door and mechanism, Lock-
FIF test run in August 1998. The design for the HET's IFU heed Martin Astronautics, as well as Marshall Space Flight
was finalized in the past yegAndersen, Bershady, Ramsey, Center, MIT, PSU, and Starsys, the company that built the
Horner 1997, BAAS, 188, 06.06A single 45 fiber IFU, actuator. Several modifications to the door mechanism and
sampling position angles of zero, ninety, and plus and minugrocedure for opening the door were put in place, and the
thirty degrees, was decided upon. This IFU pattern covers 14oor was successfully opened at TRW six times after being
by 14 square arcseconds of sky. A MOS probe will carry arsubjected to the thermal and vacuum conditions expected
additional six fibers to be used for sky subtraction. The fibergjuring the AXAF launch sequence. The root cause for the
will be 200:230:260 (core:clad:buffer diametgrmicrons failure of the door to open has not been determined at this
which corresponds to a core diameter of 1 arc-second in théme, although testing is still in progress on engineering cop-
focal plane of the HET. We are currently building a 2-m testies of the door at Lockheed Martin Astronautics.
array that will be used to characterize the optical behavior of Townsley and Broos have implemented a Monte Carlo
the fibers. The final IFU is scheduled to be completed and imlgorithm in order to model and predict the response of
laboratory testing in April, 1999. X-ray CCDs to photons and minimally-ionizing particles.
3.1.2.3 JCAMThe JCAM project is a joint project with This algorithm draws on empirical results and predicts the
Drs. James Beatty in the Physics Department and Jane Chaesponse of all basic types of X-ray CCD devices. It relies on
Iton, Chris Churchill and Larry Ramsey in Astronomy & new solutions of the diffusion equation including recombina-
Astrophysics. It has the goal of implementing an early HETtion to predict the radial charge cloud distribution in field-
capability in the 950-1300 nm region. It uses the Upgradedree regions of CCD$Pavlov and Nousek 1998By adjust-
Fiber Optic EchellfUFOE) with a 31.6 I/mm echelle and a ing the size of the charge clouds, they can reproduce the
Rockwell/Boeing 1024 x1024 HgCdTe detector. Dr. Beattygrade distributioribranching ratiosseen in ACIS calibration
has completed the design of the detector control and readodata event lists. Using a model of the channel stops devel-
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oped here and an insightful treatment of ®iED, layer un- have made a new treatment of charge diffusion in CCD
der the gate structure developed at MIT they are able tX-ray detectors. They find that previous work has ignored
reproduce~ 1% features in the spectrum of ACIS front- the velocity saturation effect, which leads to non-Gaussian
illuminated devices. They have also developed and tuned profiles to the observed charge clouds. Including this effect
model of charge transfer inefficiency, resulting in charge losdeads to superior modeling of the observed X-ray event grade
and the spatial redistribution of char¢eailing) in both the  distributions.
parallel and serial registers of ACIS back-illuminated CCDs, 3.1.3.4 Astre-E Nousek was named to serve as the sci-
that is necessary to reproduce the spatially-dependent gain efce coordinator for selection of stellar X-ray targets for the
these devices. Their goal is to use the simulator to prediclapanese Astro-E mission. Astro-E will carry US X-ray tele-
what AXAF, with ACIS, will see in order to choose appro- scopes and an X-ray calorimeter from the Goddard Space
priate targets for observation and to configure the instrumerftlight Center, CCD cameras from Japan and MIT, and a
to yield the best possible data. Used in conjunction with diard X-ray detector from the University of Tokyo and ISAS.
model of the AXAF mirrors, an observer can predict both theLaunch is set for February, 2000, with annual meetings in
spatial and spectral characteristics of a given astronomicdhe US and Japan for science working group meetings prior
field and prepare analysis techniques in advance of the o0 launch.
servation. As a check on the fidelity of the response matrices 3-1.3.5 Constellation Xousek formed part of a consor-
and data modeling, the observer can run a model spectrufym headed by Stephen Kali@olumbia University, which
and spatial distribution of photons through the simulator andvas selected to carry out advanced technology development
assess his or her ability to reproduce the data. for a reflection grating-CCD instrument for the Constellation

Chartas made significant contributions towards the accuX mission. Constellation X, proposed by Harvey Tananbaum
rate characterization of the detectors response and towar@AO) and Nick White(GSFO, is a set of multiple X-ray
optimizing its performance. In particular using an automated®l€Scope carrying spacecraft, designed to provide large col-
event filtering software package developed at PSU, he and€cting area for precision X-ray spectroscopy of astrophysi-
lyzed a subset of the calibration data to investigate the dec@l targets. The grating-CCD instrument will provide high
pendence of the effective area and energy response of ACI&pSOlution measurements on the X-ray spectrum below 2
HRMA as a function of grade selection, split event threshold k€Y, complementing the cryogenic detectors which have
CCD and CCD amplifier, off-axis angle and region of inter- 'd€@! properties above 2 keV. ” .
est on the ACIS focal plane. This work will facilitate the ~ NOUSek is also heading the ISM panel of the Facility Sci-
selection of the appropriate ACIS parameters that will lead t&"c€ TeamFST) for Constellation X. Meetings of the FST
the enhancement of a particular scientific feature in the ob@'® held twice per year, alternating between SAO and GSFC.
served ACIS spectrum.

Sambruna and Chartas analyzed ACIS pile-up spectrg-1.4Future Missions
based on data collected at the XRCF in 1997 during the Weedman continued to serve as a regular member of the
calibration of ACIS. The primary goals of the analysis are toStructure and Evolution of the Universe Subcommittee, ad-
investigate possible trends of pile-up with source flux andvisory to the NASA Office of Space Science. He was the
grade selection, and to compare in detail the measuremhitial chairman of the NSF Millimeter Array Oversight
pile-up fraction with current theoretical models, in order to Committee. He was on the scientific organizing committees
access the general validity of the latter for predicting pile-upfor IAU Symposium 194, “Activity in Galaxies and Related
for in flight observations. Phenomena” and the Maryland Astrophysics Conference

3.1.3.2 Sounding Rocket Payload3SU’s successful “After the Dark Ages, When Galaxies Were Young.”
sounding rocket program continued this year with a flight Weedman continued to serve as a member of the SIRTF
from White Sands, New Mexico to observe X-rays from thelnfrared Spectrometer Tea(R.l. is James Houck of Cornell
source Scorpius X-1. The flight was successful and producedniversity) and as a member of the SIRTF Science Opera-
a high quality CCD spectrum of this source, using a CCDtions Working Group. He was also an initial member of the
originally acquired as a flight backup device for PSICTH- SIRTF Science Center Users Panel. SIRTF, NASA's final
BIC experiment on the SAC-B satellite. More information Great Observatory, received final authorization in 1998 and
about this launch is available from PSU’s Sounding Rockets scheduled for launch in 2001.
Home Page at http://www.astro.psu.edu/xray/rockets/36.176.

Burrowg, con.tinues to colla_borate with Dr. Hans Kraus of3 2 Observational Research
Oxford University on a sounding rocket payload designed to
fly a cryogenic X-ray bolometer developed in his laboratory.3-2.1 Stellar Astronomy
Burrows and Roming are currently developing both X-ray 3.2.1.1 Halo B staréJsher has been a resource for the use
mirrors and support electronics for this flight. The X-ray mir- of the US Survey for the detection of the Halo component of
rors are being designed and built in collaboration with Mar-the field subdwarf B-star population by K.J. Mitchéstro-
shall Space Flight Center, and feature a three-shell grazinghysical Journal 494, 256 199&nd for a new complete
incidence telescope fabricated from electroformed nickebample of Halo B stars, also by K.J. MitchéWlonthly No-
mirrors. They have begun fabrication of the first mirror pairtices of the Royal Astronomical Society 295, 225, 1998.
for this X-ray telescope. 3.2.1.2 Cool StarsFor the 1997/98 academic year Dr.

3.1.3.3 CCD Detector Physidzavlov and Nousek1998 David Montes from the Dept. Astrofisica, Facultad de Fisi-
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cas, Universidad Complutense de Madrid was a visiting reX-rays will ionize substantial parts of the circumstellar disk,
searcher in the department. His work focused on activity irlikely inducing Balbus-Hawley instabilities and MHD turbu-
cools stars using, in addition to his own data, the large arlent viscosity resulting in accretion onto the star. X-ray ion-
chive accumulated at Penn State and by the Penn State Fikiegation may also play a role in star-disk and disk-outflow
Optic Echelle at KPNO to expand his research in this area.magnetic coupling. MeV protons, likely to accompany the
3.2.1.3 Pre-Main Sequence Stakéontes, and Ramsey radio-observed MeV electrons in YSOs, may cause a variety
conducted a 10 night observing run at the McDonald Obseref solid state and spallogenic nuclear effects on disk solids.
vatory 2.1 telescope in January 1998. Montes, and Ramseyonsiderable evidence for this is independently found in me-
collaborated on studies of activity in pre-main sequence star®oritic studies of the solar nebula. Thus, high energy pro-
as well as RS CVn stars. A description of this work can becesses may have important astrophysical roles in cool YSOs.
found on Dr. Montes’ web site at html://www.ucm.es/  3.2.1.4 Interacting Binary Star®rosz and Wade, work-
OTROS/Astrof/dmg.html ing with C. Koen(SAAO), discovered that the hot subdwarf
Feigelson continued his investigations of magnetic activstar KPD 0422-5421 is a single-lined spectroscopic binary
ity and high energy processes in young stellar objects witlwith an orbital period of 2h 10m. The¥ andB light curves
students and colleagues. Two results were obtained in thdisplay an ellipsoidal modulation with amplitudes-=f0.02
radio band using the NRAO Very Large Array. First, gradu-magnitudes. The sdB star contributes nearly all of the ob-
ate student Lee Carkner, undergraduate Eric Mamajek, Feserved flux. This and the absence of any reflection effect
gelson and German coworkers reported a successful surveyggest that the unseen companion star is small and therefore
of nonthermal radio continuum emission from widely dis- degenerate. Based on light curve modeling, the orbital incli-
persed Li-rich young stars in and around the Taurus-Auriganation isi = 78.05 = 0.50° and the mass ratiq
star forming complex. With 1/3 of stars detected, it supports= M ¢omp/Msgg = 0.87 = 0.15. The sdB star fills 69% of its
the argument that these stars are true pre-main sequenceRbche lobe. The mass function of the companion is 0.126
Tauri stars and not foreground ZAMS stars. The origin of= 0.028 solar masses, and the individual masses are thus
these stars so far from active clouds is then a serious puzzMgy;z = 0.72 = 0.26 andM¢oy,, = 0.62 £ 0.18 solar
(Feigelson 1996 Second, Feigelson, Carkner and Brucemasses. A spectroscopic analysis, however, shows that the
Wilking (Univ. Missour) detected circular polarization in subdwarf star has a gravity consistent with membership on
the X-ray luminous, radio variable Class | protostars IRS 5 inthe Zero Age Extended Horizontal Branch, in which case its
the Corona Australis star forming cloud. This shows thatmass is expected to be near 0.50 solar masses. Further ob-
protostars, like older weak-lined T Tauri stars, exhibit ex-servations to improve the orbital mass determination are
tremely high levels of magnetic activity and, in particular, planned. KPD 04225421 has one of the shortest known
acceleraten situ particles up to MeV energies. orbital periods of a detached binary, evolving on a timescale
In the X-ray band, Carkner, undergraduate Jennifer Kozalkf ~ 10° years by gravitational wave radiation, which should
and Feigelson completed a survey of over 150 extremeljead to a merger of the stars. If the mass estimates remain
young stellar objectémostly Class 0 and | protostargsing  high, the total mass of the system is close to the Chan-
the archived ROSAT database. Considering recent reports afrasekhar limit for electron degenerate matter. This system is
X-rays from several protostars, it was surprising that onlyalso one of only a few known binaries which contain a sub-
one new case was uncoverged 110/IRS 6 in the Chamae- dwarf B star and a white dwarf.
leon | cloud. They conclude that protostars may have X-ray Orosz, Wade, Eracleous, and Harlow with J. R.
emission similar to, but not substantially brighter than, olderThorstensen and C. J. Tayl@artmouth Collegemade an
T Tauri stars. Feigelson also participated in a ROSAT studybservational study of the composite spectrum binary star
of more distant star forming regions, led by French col-PG 1224+309. Spectroscopy was obtained at both Lick and
leagues Jane Gregorio-Hetem and Thierry Montmerle. TheiMDM Observatories, with filter photometry obtained at Kitt
show that, at distances around 1 kpc, existing technology caReak National Observatory. The two stars are a DA white
locate X-ray luminous T Tauri and Herbig Ae/Be stars. dwarf (Tes = 29,000 K and a dwarf M star, the M star
During the year, Feigelson worked on several review arcontributing 10 — 15 per cent of the red light in the system.
ticles for an Italian conference, ti¥otostars and Planets IV The M star is irradiated by the DA star and shows a phase-
conference, and foAnnual Reviews of Astronomy and As- modulated K emission line, arising from one hemisphere.
trophysics High levels of magnetic activity characterized by The irradiation modulation is also evident in the photometry.
powerful magnetic reconnection flares appear to be a generBloth of these modulations are phased correctly with respect
phenomenon for low-mass pre-main sequence stars froto orbital conjunction in a binary whose orbital period is 6.1
their protostellar phases through the ZAMS. In the olderhours. There is no eclipse, so the white dwarf's mass is un-
stars, the phenomena are quite similar to that seen in otheertain but less than or equal to about 0.45 solar masses.
magnetically active stars and is thus likely to arise from mul-Thus PG 1224 309 is another example of a binary star that
tipolar fields rooted in the stellar surface. For younger YSOshas undergone common envelope binary evolution, probably
it is possible(and has been widely theorizethat the pow- interrupting the growth of the white dwarf prior to the he-
erful flares arise from reconnection in large-scale star-disk olium flash.
disk-disk field lines. In either case, the resulting high energy Orosz and Wade began a spectrum analysis study of the
radiation may have substantial effects on the cold moleculanot subdwarf members of composite-spectrum binary sys-
and dusty environment. Calculations indicate that YSOtems found in the Palomar-Green catalog and other sources.
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At issue is whether there is a systematic difference betweethetic spectra are available as machine-readable ASCII files
hot subdwarfs in binary systems and similar stars in the fieldvia ftp.
Moderate-dispersion blue spectra were collected using tele- Orosz and C. KoefSAAO) found (during a survey of
scopes at McDonald Observatory and Cerro Tololo Intersubdwarf B starsthat the UV-bright star PG 2337300 was
american Observatory. Preliminary results show that it cataclysmic variable star, and not a subdwarf B star as
should be possible to extract approximate temperatures aratiginally supposed. This new classification was arrived at
surface gravities, and in some cases surface He/H ratiogfter three hours of high-speed photometric observations and
even in these composite spectra. The spectra obtained to datwderate-resolution spectroscopic observations carried out at
will be used to identify a subset of the targets for intensivethe McDonald Observatory. The light curve showed the
follow-up work with higher dispersion and ultraviolet spec- “flickering” characteristic of cataclysmic variables and the
tra. spectrum showed emission lines of hydrogen, helium, nitro-
Orosz and Wade modified their synthetic spectrum codgen, and carbon.
for accretion disks in binary star systems, to deal with the Orosz, in collaboration with R. Jain, C. Bailyivale), J.
case of a disk that is partially eclipsed by the mass-losing/cClintock (Center for Astrophysigs and R. Remillard
star. As in all eclipse mapping procedures used to study diskéVIT), established the orbital period and mass function of
in binaries, the known Roche geometry of the binary systenthe soft X-ray transient 4U 1543-47. Their spectroscopic ob-
permits the correspondence to be made between the spegervations revealed a sinusoidal radial velocity curve with a
trum observed over some phase interval and the region of theeriod of P = 1.123+ 0.008 days and an amplitude Kf
disk that contributes to the spectrum. The code can generafe 124 = 4 km s™*. The resulting mass function M)
simulated observations corresponding to arbitrary phase ir= 0-22+ 0.02M¢ There were no emission lines seen from
tervals, with arbitrary spectral sampling and resolution. Thighe accretion disk, and the measured fraction of disk light in
capability clearly includes generating broad-band lightthe B andVbands was 10% and 21% respectively. Thend
curves as a limiting case. At present, the inflotal, rest- I light curves exhibit two waves per orbital cycle with am-
frame spectra are from non-irradiated LTE models self-Plitudes about 0.08 mag. Oroszt al. modeled the light
consistently computed using . Hubeny’s TLUSDISK and CUrves as e!llpsmdal \_/arlanons in the secondgry star, and
SYNSPEC codes, and contain all relevant lirggically ~ Showed thati < 40° is a reasonable upper limit on the
thousands from the Kurucz CD-ROM distribution. Angle- |ncl_|nat|on of th.e system. Thg formalaShml'_[s on the incli-
dependent specific intensities are used, so limb darkening@tion from a simultaneous fit to theandl light curves are

effects are automatically taken into account. Compared witf4 < | < 34° forQ = M, /M, > 2. However, there are
out-of-eclipse spectra of the entire disk, observations durin ystematic effects in the data that the model does not account

eclipse have the advantage for diagnostic purposes of sho dr, SO thel alI:)ove cons(,jtr?]intshshould bg treated.with”cautiﬁn.
ing (1) deeper individual lineg2) less blending of lines, and roszet al. also argued that the secondary star is still on the

(3) an effectively smaller range of effective temperaturesmain sequence with the mass transfer being driven by expan-
jon due to normal evolution on the main sequence. If the

contributing to the observed spectrum. These advantages a?gcon dary star has a mass th . | f
especially important in analysis of the ultraviolet spectra of® y nearthe main sequence values for

disks, and an analysis of archival HST observations o arly A.'St"’?rs (.2'3< M, < 20'6'.\/'@)’ tflen the best fits for
N ) : . he 3o inclination range (24°< i < 34°) and the & mass

eclipsing cataclysmic variables will be undertaken. function range (0.16< f(M) < 0.28M) imply a primar
Wade and |I. HubenyAURA/NOAO) completed a large 9 ' i © plyap Y

. . : mass in the range 2.8 M; < 7.5Mg. The mass of the
grid of far- and mid-ultraviolet spect(@50 A to 2000 A of .compact object in 4U 1543-47 is likely to be in excess of

;hoeu;niz%;iﬁegrg?h;[/frr(i)rrglstea_?z—state ?rccritlotn S'Sl‘kf '; Il:rg" out 3 solar masses, which is widely regarded as the maxi-
ysmic variables. 1he spectra are tabulated at U.4p 1, mass of a stable neutron star. Thus Oreisal. con-

A mtervals_Wlth an adopte_d FWHM resolution of 1.0 A, s_o cluded 4U 1543-47 contains a black hole.
they are suitable for use with observed spectra from a variety C. Bailyn, R. Jain, P. Copiivale), and Orosz examined

of quer.n space—bprne observatories. Twenty-six differen{he distribution of masses of the black holes in seven low-
complnat|ons Of white dwarf madd,,q and mass accretl.on ‘mass X-ray binaries. Using a Bayesian statistical analysis,
ratem are considered, and spectra are presented for six dlt»hey suggested that it is probable that six of the seven sys-
consistently i.n the plane—paralle.l.approximation_, as;uming;mstered near ® . The remaining system, V404 Cyg, has
LTE and vertical hydrostatic equilibrium, by solving simul- 3 mass significantly larger than the others, indicating that it is
taneously the radiative transfer, hydrostatic equilibrium, anthyobably drawn from a different distribution. Bailyet al.
energy balance equations. Irradiation from external sourcegyggested that the observed mass distribution might be ex-
is neglected. Local spectra of disk annuli are computed takpjained by unknown details of supernova explosions and
ing into account line transitions from elements 1-@8  close binary evolution.

through Nj. Limb darkening as well as Doppler broadening  Maedaet al. 1998 report the results of thréeSCAobser-

and blending of lines are taken into account in computing th&ations of the eclipsing Wolf-Rayet binary V444 C)y/N5
integrated disk spectra. The models permit the radiativer 06). These observations were obtained at orbital phases
properties of disks to be discussed, including the dependenggo, 0.25 and 0.5, with the WNS5 star in front at phase 0.0 and
of ultraviolet fluxes and colors oM,,y,m, andi. The syn- the O6 star in front at phase 0.5. Acceptable fits of the X-ray
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spectra using optically thin plasma models require at leasspectral bands with the Faint Object Camera of the Hubble
two different temperature components with a soft componenBpace Telescope. The results of these observations, together
atkT; ~ 0.6 keV and a harder componentdt, ~ 2 keV.  with those of supporting ground-based observations with the
The absorption of the hard component varies with orbital6-m telescopgKurt, Sokolov, Zharikov, Pavlov, and Ko-
phase and is largest when the WNS5 star is in front, whereagberg show that the optical-UV spectral flux of this pulsar
the X-ray luminosity of the hard component is at a minimumcan be interpreted in terms of a two-component spectral
when the 06 star is in front. The high plasma temperaturénodel which combines a power-law spectrgnonthermal
and variability with orbital phase suggest that the hardcomponentwith a Rayleigh-Jeans spectrufthermal com-
component emission is due to a colliding wind shock befonen}. The nonthermal component with the power-law in-
tween the WN5 and O6 stars, with the shock most likelydex a = 1.4( — 0.7, + 0.6) dominates in the optical
located near the surface of the O6 star. On the other hand, tf§@ectrum, ah > 3000 A. The thermal component is char-
soft-component emission &T; ~ 0.6 keV has a nearly acterized by the Rayleigh-Jeans parameteiG
constant absorption and X-ray luminosity. The soft-= Te(Rio/dsod?, whereT = 10°Tg K is the brightness
component luminosity it,, = (6-11) x 102 ergs s*  temperatureR. = 10R;o km is the neutron star radius as
(0.2—4 keV}, implying L, l/LboI ~ 10°%-10"7. This lumi- Seen by a distant observer, add= 500d5qq pc is the dis-
nosity ratio and the soft-component temperature are similaf@nce. For a plausible extinctio(B — V) = 0.03, this
to those of single massive stars, leading us to attribute thBarameter equal& = 3.6( + 1.6, — 2.0). There is some
soft emission to the individual 06 and WN5 components. indication that the spectrum may have a spectral feature at
3.2.1.5 Galactic CenteMaeda collaborating with Sakano, M ~ 4000— 5000 A. The observed shape of the optical-UV
M., Koyama, K., and the ASCA Galactic Plane SurveySPectrum of PSR 065614 differs drastically from those of
Team, analyzed ASCA/GIS data from the diffuse X-rayPoth younger pulsarCrab, 0540-69, Velaand of the older
emission around the Galactic Center region of angular size djulsar Geminga. _
about 10 degree. From the observed fields, they find diffuse Zavlin (MPE, Germany and Pavlov fitted the soft X-ray
emissions with K-shell transition lines from highly ionized @d EUV spectra and light curves observed from the nearby
silicon, sulphur, argon, calcium and/or iron. These give firmPinary millisecond pulsar J0437-4715 with model spectra
evidence for the presence of a thin thermal plasma. With th&nd light curves of radiation emitted from hot pulsar polar
flux distribution of each observed line, they conclude that th&@PS of pure hydrogen, helium and iron composition. The
diffuse X-ray plasma exhibits lower temperature at largefMdels take into account the frequency-dependent anisot-
Galactic latitude than that at smaller latitude. ropy of the emergent radiatioflimb-darkening and the

Maeda collaborating with Murakami, H., Koyama, K., Sa- gravitational redshift and bending of the photon trajectories.
kano. M. Nishiuchi. M. & Yamauchi. S.. analyzeéBC,A The analysis of both thE UVE andROSATdata indicates

imaging spectroscopy data of the giant molecular cloud Sg?fat the rarcil]ization origin_ates from two polar caps Of_ areas
B2. The X-ray spectrum is found to be very peculiar; it ex- 2 B 3 kv covered with hydrogen and/86r helium with an
hibits a strong emission line at 6.4 keV, a low energy cutoffe'cfeCt'Ve temperature of (0',9 B 1'(.)) X 10° K.

below 4 keV and a pronounced edge-structure at 7.1 keV, Maeda and collaboratofslishiuchiet al. 1998 report the

The X-ray image is extended and its peak position is shifte(f‘SCA results of the bursting X-ray pulsar GRO J17428,

to the Galactic center direction by about 1-2 arcminute fromWhiCh was ob;erved in February 1996 and March 199_2' The
ource flux in the 2-10 keV band was 2.8 10

the core of the molecular cloud. This morphology, as well as ) 9
the X-ray spectrum, is well reproduced by a model in Whicherg/sec/crﬁ(Z-lO keV) in 1996 and 5.0< 10" erg/sec/crh

X-rays from a source located at the Galactic center side are’ 1997. They detected 12 and 17 Type I bursts during the
scattered by the molecular cloud Sgr B2, and come into ou

wo observations, with mean bursting intervals of about 27
line of sight. Thus Sgr B2 may be called Xrray reflection min and 37 min. Each burst is followed by an intensity dip
nebula

with the depleted flux depending on the burst fluence. The
Maeda working with Sakano, M., Koyama, K., Nishiuchi, \?v?tirg%;%e%tr? at:e ?prproxrlm?]tgd6b7y I? nVaszor:btedntp O\lgverrlaw
M., & Yokogawa, J. estimated the column density distribu- adartional structure arou - KeV. Lonstant absorp-
tion of X-ray binaries in the Galactic Center region using the

tion column, (5— 6) X 10?2 cm 2, independent of the
X-ray satellite ASCA, and demonstrate a new method of the _bse_rvgnon dates and emission phé;seasste_nt, burst and
e . ip) is interpreted as an interstellar absorption. The source
total mass determination near the Galactic Center. The col- : X
i . .~ may be actually located near the galactic center, at the dis-
umn densities of these X-ray sources are given by a simpl .
. : . ance of 8.5 kpc. The structure in the energy spectrum at 6-7
function of the angular distance from the Galactic Plane

Assuming a disk-like mass distribution of 500 pc radius an r?(;/dllssl?] I(i)nsé pn:gzZ?lv)\//itdthcjtgitlir::a?E?o? dagrgﬁgrerﬁézigﬁsmby

a distance to the Galactic Center to be 8.5 kpc, they estimate '

the total mass to be- 4 X 10’'M. They compare their )

results with previous results of other wavelength observa3-2.2Extragalactic Astronomy

tions, and conclude that the cold interstellar matter is 3.2.2.1 Planetary NebulaR. Ciardullo, J. Feldmeier, and

pressure-bounded by the hot gas or strong magnetic field iG. Jacoby(NOAO), have continued their large scdl® 111 ]

the Galactic Center region. \ 5007 survey for intracluster planetary nebu(deN) in the
3.2.1.6 PulsarsPavlov, Welty (STSc) and Cadova Virgo Cluster. A total of 35 additional IPN candidates were

(UCSB) observed the middle-aged pulsar 0656} in three  found in three 14’ x 14’ fields. This new data implies that the
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intracluster stars in the Virgo are distributed non-uniformly,trum resembles that of nearby dusty AGN or starburst.
and are correlated on small angular scales (L0 arcmin. As part of a review paper, Weedman summarized the
Although the amount of intracluster starlight found in Virgo overall characteristics of the galaxy Markarian 231 as a pro-
may be smaller than original estimates, their latest data stilotype for most phenomena observable in ultraluminous in-
suggest that the intracluster stars comprise 20-40% of thirared galaxies.
stellar mass of the cluster. In the near future, the IPN candi- 3.2.2.5 Dwarf Galaxies and Globular Cluster Formation
dates will be observed spectroscopically with the WIYN tele-In June 1998, graduate student Sally Hunsberger completed
scope, and the Hobby-Eberly Telescope. her thesis entitled “Dwarf Galaxies and Their Formation: A
R. Ciardullo and G. JacobfNOAO) have begun investi- Study in the Compact Group Environment” and started her
gating the chemical properties of M31's bulge using specyposition as a Lowell Observatory postdoctoral fellow. One
troscopy of bright planetary nebulae. One surprising result imspect of this work, also published in the Astrophysical Jour-
that the mean oxygen abundance of the bright PN in M31'shal in collaboration with Jane Charlton and Dennis Zaritsky
bulge is similar to that of the LMC, and not super-metal, as(lUCSC/Lick), was a determination of the luminosity func-
might be inferred from integrated absorption line spectrostion of dwarf galaxies in R—band images of 39 Hickson com-
copy. Possible explanations for this include the presence of pact groups(HCGs. This luminosity function exhibits a
metallicity gradient in M31’s bulge, a systematic offset in deficit of intermediate luminosity galaxies when compared to
the oxygen-iron ratio of bulge stars, a selection effect in thehe field luminosity function. This suggests that cannibalism
PN chosen for study, and the option of an alternative evoluis more efficient in the compact group environment and that
tionary path for low-mass, metal rich stars. The detailedhere is either a preferential destruction of the more massive
nebular analysis of PN in M31 and Magellanic Cloud PN hascompanion galaxies, a mechanism which replenishes the
also revealed the reason for the invariance of f@elll]  dwarf galaxies, or both. The luminosity function differs for
A5007 planetary nebula luminosity function with population groups of various subclasses, with a larger population of
age. Models of stellar populations predict that young stelladwarfs in groups with tidal tails, groups with X—ray halos,
systems should have a PNLF cutoff that is significantlyand groups with a dominant elliptical or lenticular galaxy.
brighter than that of old populations. Observations, howeverThese group categories represent successive phases of an
suggest otherwise. The solution to this problem lies in a PN'®volutionary sequence: interaction, merger, and post—
circumstellar envelope. There is a steep correlation betweemerger. This result is consistent with the predictiom a
the amount of dust surrounding a young PN and the coreprevious paper of Hunsberger, Charlton, and Zarijtskwat
mass of the object. The relation implies that PN produced byidal dwarf formation contributes significantly to the dwarf
massive progenitors are extincted much more than those Ppbpulation.
derive from low mass stars. This self-extinction is the reason 3.2.2.6 Active Galaxies and QuasaBrandt, working
why no super-luminous PN are seen in star-forming galaxieswith Th. Boller (MPE Garching, A. Comastri(Bologna,
3.2.2.2 Distance Scal€iardullo, Feldmeier, and Jacoby A.C. Fabian(loA Cambridge, K. Iwasawa(loA Cambridge
have also continued using the planetary nebulae luminositand others, has continued his studies of Narrow-Line Seyfert
function (PNLF) as a distance indicator to nearby galaxies.1 galaxies. These galaxies often have strong and hot soft
Their latest observation was of M95, a Hubble Space TeleX-ray excess components, and ROSAT follow-up work has
scope Distance Scale Key Project galaxy which is located iwastly increased the number of ultrasoft Narrow-Line Seyfert
the Leo | Group. The PNLF distance to this galaxy, alongls known. Many of them show extremely rapid, large-
with that obtained for NGC 2403 and M33, will be comparedamplitude and nonlinear X-ray variability. They lie toward
to distances found through Cepheid variables, to search fane extreme of the Boroson & Gre¢h992 primary eigen-
any systematic errors between the two distance methods. vector, suggesting that they have extremal values of a pri-
3.2.2.3 UV Properties of Galaxié&eedman worked with mary physical parameter such as the fraction of the Edding-
undergraduate student Jeffrey Wolovitz, Bershady, andon rate at which the supermassive black hole is accreting.
Schneider to compare the surface brightnesses of nearby and Brandt has collaborated with A. ComastBologna and
distant starburst galaxies. Using archival ultraviolet observaethers on analysis of the first broad-band spectrum of the
tions of the brightest nearby starbursts, they found that théright Narrow-Line Seyfert 1 galaxy Ton S 180, obtained
high redshift galaxies in the Hubble Deep Field show intrin-with the imaging instruments onboard BeppoSAX. This was
sic ultraviolet surface brightness that is 4 times brighter tharhe first observed source in a sample of a dozen Narrow-Line
the local maxima. This could be the result of either decrease8eyfert 1 galaxies in the BeppoSAX Core Program. The
dust absorption or more intense star formation at high redX-ray spectrum shows a clear hardening above about 2 keV,
shift. where a power law with a photon index of 2.3 plus an iron
3.2.2.4 IR Properties of Galaxié&/eedman and Wolovitz line provide a good description of the data. This slope is
used archival spectroscopic observations of infrared galaxiesignificantly steeper than the typical one for classical Seyfert
from the Infrared Space Observatory to prepare simulationds and quasars. The best fit line energy is suggestive of
of spectra expected to be observed by SIRTF. Developing highly ionized iron, which supports the idea that high accre-
simulation program that uses the various response charactdien rate is the fundamental parameter characterizing the
istics of the SIRTF infrared spectrograph between 5 and 40larrow-Line Seyfert 1 phenomenon.
microns, they show that a luminous galaxy of flux 0.5 mJy Brandt has also worked with K. Ilwasaw@A Cam-
could easily have redshift determined up te=23 if its spec-  bridge and A.C. Fabiar{loA Cambridge to perform spec-
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tral analysis of ASCA data for the Narrow-Line Seyfert 1 hole candidates suggests that the mass of the black hole in
Mrk 507. This galaxy was found to have an exceptionally flattRAS 18325-5926 ig6-40) million solar masses.
ROSAT spectrum among the Narrow-Line Seyfert 1s. The S. GallaghefPenn Statg Brandt and R. Sambrur({®enn
ASCA spectrum, however, shows clear absorption in the enState have started a systematic ASCA study of the optically
ergy band below 2 keV, which largely accounts for the flatbrightest Broad Absorption Line Quasi-Stellar Objects
spectrum observed with the ROSAT PSPC. The absorption EBALQSOS. Data from ASCA are excellent for this project
mainly due to cold gas with a column density of about 2.5due to the high sensitivity of ASCA in the 2—10 keV band,
X 10?* cm~2. A reanalysis of the PSPC data suggests thaand they reveal that the X-ray column densities of most
the absorber is slightly ionized and covers only part of theBALQSOs are extremely larggrovided the intrinsic X-ray
central source. properties of BALQSOs are similar to those of QSOs with-
Brandt has also continued collaboration with A.C. Fabianout BALS). The ASCA data raise the current lower limits on
(loA Cambridge and others on studies of the X-ray lumi- BALQSO column densities by about a factor of 10, and it is
nous quasar GB 14284217 at redshift 4.72. ASCA data for now clear that optical brightness is not a good predictor of
this object allow a study of its intrinsic 4-57 keV X-ray X-ray brightness for BALQSOs. The currently available data
spectrum and show this spectrum to be very flaith a  empirically suggest that high optical continuum polarization
photon index of 1.2P The overall spectral energy distribu- may be associated with X-ray brightness for BALQSOs.
tion of GB 1428+4217 is similar to that of lower redshift P. De Naray(Penn Stateand Brandt have worked on a
MeV blazars, and it appears likely that the Doppler beamingletailed ROSAT and ASCA study of the nearby barred spiral
factor is at least 8. There may be a substantial number ajalaxy NGC 1672. This galaxy is thought to have a weak
high redshift blazars which must contain rapidly-formed Seyfert nucleus in addition to its strong starburst activity.
massive black holes. Brandt's earlier work with ROSAT showed that three X-ray
Data from the ASCA X-ray satellite have recently beensources with luminosities afL—2)x 10*° erg s ! are clearly
used by J.J. FeldmeiéPenn Statg Brandt, M. Elvis(Har-  identified with NGC 1672. The strongest X-ray source lies at
vard CfA), A.C. Fabian (Cambridge loA, K. Ilwasawa the nucleus, and the other two lie near the ends of the promi-
(Cambridge oA and S. MathurHarvard CfA to perform  nent bar, locations that are also bright iwHand near-
the first detailed X-ray study of Markarian 6, a bright Seyfertinfrared images. New ROSAT data reveal significant vari-
1.5 galaxy with complex and variable permitted lines, anability of one of the sources at the ends of the bar, suggesting
ionization cone, and remarkable radio structures. The 0.6-9.that it is a highly luminous ‘super-Eddington’ X-ray binary.
keV ASCA spectra penetrate to the black hole core of thisASCA data do not show the high-energy power law emission
Seyfert and reveal heavy and complex intrinsic X-ray ab-expected from a Seyfert nucleus, and this result suggests that
sorption. Both total covering and single partial coveringthere may not be Seyfert activity in the center of NGC 1672
models fail to acceptably fit the observed absorption, anat present. Alternatively, the line of sight into the nuclear
double partial covering or partial covering plus warm ab-regions may be blocked by a column density that is large
sorption appears to be required. The double partial coveringnough to be optically thick to Compton scattering.
model provides the best statistical fit to the data, and ASCA Chartas has initiated a systematic study of all gravitation-
measures large column densities of £320) X 10?2cm 2 ally lensed quasars detected in X-rays. The large magnifica-
irrespective of the particular spectral model under considertion factors of gravitationally lens systems allows the inves-
ation. These X-ray columns are over an order of magnitudéigation of quasar properties with X-ray luminosities that are
larger than expected based on observations at longer wavstbstantially lower than those of unlensed ones. The large
lengths. Their data suggest that most of the X-ray absorptiomagnification factors also allows the study of the contribu-
occurs either in gas that has a relatively small amount of dugion of faint quasars to the X-ray background. Preliminary
or in gas that is located within the Broad Line Region. Theresults indicate that the average spectral indices of his
X-ray absorber may well be the putative ‘atmosphere’ abovesample are not harder than those of bright unlensed quasars
the torus that collimates the ionization cone, and free-fresuggesting that faint quasars do not contribute significantly
absorption in this atmosphere could help to explain the deto the X-ray background. His preliminary results also indi-
capitated radio jet. A broad 6.4 keV iron K-alpha line alsocate a flattening of the spectral index above 4k@¥st
appears to be present, and optical spectra show that the oframe for 2 radio loud quasars in his sample for which he
tical emission lines of Markarian 6 were in a representativehas high signal to noise data.
state during their ASCA observation. Schneider, M. SchmidiCaltech, and J. GunriPrinceton
Brandt has worked with K. lwasawgCambridge |04, University) are engaged in a long-term program to identify
A.C. Fabian(Cambridge loA and others to study an appar- high-redshift quasars based on surveys with the 5-m tele-
ent 58 ks(16 hn periodicity in the 0.5-10 keV X-ray light scope on Palomar Mountain. The data are acquired with a
curve of the Seyfert galaxy IRAS 18325-59&airall 49. In CCD camera running in “scan mode”; the survey areas are
a 5-day ASCA observation nearly 9 cycles of the periodicstrips of sky that are about 9 arc-minutes wide. In the past
variation are seen. It shows no strong energy dependence agdar they have published the catalog of objects from the
has an amplitude of about 15 per cent. Unlike most othePalomar Scan Grism SurvefPSGS. The PSGS covered
well-studied Seyfert galaxies, there is no evidence for stronglightly more than 1 sq deg and used slitless spectroscopy
power-law red noise in the X-ray power spectrum of IRAS (using a grismto identify the Lyman-alpha emission line in
18325-5926. Scaling from the QPOs found in Galactic blackquasars down to approximately mag 22. The catalog contains
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96 emission-line objects; the majority being compact0.82 keV with width 0.1 keV and covering fraction 0.1, con-
emission-line galaxies at redshifts of a few tenths. Lyman sistent with absorption by highly ionized FEe IX-XX) or
lines were detected in the grism data for nine objects; on®&eVIl. This is the third BL Lac where high-energy absorp-
has a redshift larger than four. A preliminary analysis of thetion is discovered, reinforcing the notion that ionized absorp-
PSGS results indicates that the luminosity functionzof tion is common in this class of AGN previously thought to
> 3 quasars significantly flattens as one moves to lowebe “featureless.” According to current models, the most
luminosities. likely interpretation is absorption by a clumpy wind coming
Schneider, Schmidt, and Gunn, together with Guenthefrom the inner regions of the sources, perhaps clouds of ion-
Hasinger(Potsdam Observatoryand several collaborators, ized gas uplifted from the surface of the accretion disk by the
have identified the most distant X-ray selected object. Thenagnetic field; high-resolution observations in soft X-rays
team has been using the Keck telescope to provide opticalre necessary to probe adequately the various models.
identifications of X-ray sources found in the ROSAT Deep Together with G.Ghisellin{Oss. Merate, Italy E.Hooper
Survey(RDS). The source positions in the RDS have accu-(CfA), R.l.Kollgaard (Fermi Labh, J.E.Pesce(PSU, and
racies on the order of one arc-second, with allows unambigu€.M.Urry (STSc), Sambruna observed with ASCA and
ous identifications even a faint optical magnitudes. One obther ground-based telescofgeperating at radio, optical/IR,
the RDS sources coincided with a'®3nagnitude optical and TeV frequencigsthe two “red” BL Lacs 1749+096
object; Keck spectroscopy revealed that the source was aand 22006-420 (BL Lac), with the goal to measure their hard
= 4.45 quasar. X-ray continua for the first time and to study their multifre-
Rita Sambruna, in collaboration with M. Eracleqi®SU quency continuum emissidi$ambrunat al. 1999. Red BL
and R.MushotzkyGSFQ, started a project involving archi- Lacs are characterized by a peak of their radio through X-ray
val and proprietary ASCA data for a large samg®4  synchrotron emission around IR/optical frequencies; one
sources of radio-loud AGN. Among the many goals of the fundamental question is the origin of their high-energy emis-
project is a systematic comparison of the spectral propertiesion, which includes a substantial fraction of their total en-
of radio-loud AGN to their radio-quiet counterparts, Seyfertergy budget. The authors found that the ASCA spectra of
galaxies, in order to gain insights on the origin of the radio-both sources can be approximated as a zero order with a
loud/radio-quiet AGN dichotomy. Preliminary results were power law of photon indeX' ~ 2; further spectral complex-
presented as a poster paper at the High Energy Astrophysidty is present, with 2208420 exhibiting a hard tail above 2
Division in Estes Park, Colorado, in 1997 November. A firstkeV (interpreted as the onset of the Compton component
paper, reporting the unusual properties of the Broad Linaesponsible for the emission at GeV energasd 1749-096
Radio Galaxy 3C 445, was published by Sambratal. possibly showing spectral flattening at low energies. The
(1998. spectra from radio through-rays were shown to be consis-
Usher continues work on the US Survey for faint bluetent with synchrotron-self Compton emission from the rela-
objects, and is presently engaged in studying the propertigsvistic jet, by explicitly fitting the data with detailed jet mod-
of the nearby quasar component with redshifts. 2.2. els. For 2200-420, comparing the spectrum to a later
3.2.2.7 BL Lacertae objects and Blazafeigelson, spectrum obtained duringyray flare, the authors were able
former Penn State scientists Ron Kollgaard and Marg Chede reproduce the outburst at GeV energies with a model re-
ter, former graduate student Sally Laurent-Muehleisen anduiring inverse Compton scattering of photons external to
German colleagues completed two aspects of an on-gointpe jet; interestingly, a simultaneous and similar increase of
investigation of radio-loud active galaxies in the ROSAT the external radiation density and the power injected in the
All-Sky Survey (RASS. First, a major portion of Laurent- jet is required, thus providing evidence that the jet power and
Muehleisen’s thesis work leading to a new large sample othe radiation ionizing the Broad Line Regions in BL Lacs are
BL Lac objects was published based on Very Large Arraylinked together. The model supports the current claim, based
identifications and optical spectroscopy of a well-definedon independent evidence, that external Compton scattering is
sample of RASS sources. The new BL Lacs show that théhe dominant cooling mechanisms in blazars with strong op-
previously reported distinctions between radio- and X-ray-tical emission lines.
selected objects was largely due to selection effects. Second, E.Pian(TESRE, Bologna, Italy R.Sambruna, and others,
a RASS-VLA study of the deep exposure around the Northobserved the blue BL Lac Mrk 501 in the X-rays with SAX
Ecliptic Pole revealed a number of new radio-loud AGNs,in 1997 April, during a period of intense TeV flariryirk
including several likely radio galaxies in poor clusters. 501 in one of only three extragalactic AGN reliably detected
Rita Sambruna continued her research on multifrequencst TeV energies all the timelt was discovered that the
properties of blazars, with particular emphasis on their highX-ray spectrum of Mrk 501 was unusually hard, extending
energy emission. Together with R.MushotzKzSFQ, up to 200 keV and implying a shift of the synchrotron peak
studying an archival ASCA spectrum of the X-ray bright BL by 2—3 orders of magnitudes with respect to the normal
Lac PKS 0548-322, she discovered the presence of ionizetfjuiescent” state. This unprecedentéd this and any other
absorption in this sourc&ambruna & Mushotzky 1998An blazap spectral behavior was interpreted as a result of a large
absorption feature was detected around 0.7 keV, modelegicceleration event occurring in the jet of Mrk 5@ianet al.
either with an absorption edge at a rest-frame energy 0.66998. Two new campaigns with RXTE, ASCA, EUVE and
keV with an optical depth of ~ 0.3, consistent with the K ground-based TeV and optical telescog®: Sambrunp
edge of OVI, or with an absorption line at rest-frame energywere performed during 1998 June and July; preliminary re-
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sults indicate that the source faded at both X-rays and TeWlichael Eracleous, Larry Ramsey, and Donald Schneider
but maintaining a still high(around 20 keY synchrotron participate as collaborators in various aspects of this research
peak. effort. Work in this field is a synthesis of new and archival
R.Sambruna, C.M.UrrySTSc), and others have studied observations with modeling and theoretical considerations
with RXTE the X-ray variability of the bright BL Lac object (primarily theoretical projects are listed in section 3.3.2,
PKS 2155-304. The RXTE observations, spanning a perio@heoretical Cosmology, beloyv.
of ~ 2 weeks with intensive daily sampling, show complex  Ganguly, Churchill, and Charlton studied the= 1.94 C
flux variations, with short flares superposed on a longetV absorption line system in the spectrum of quasar Q1222
trend. The shape of the flares is energy-dependent, in the 228. They found, through photoionization modeling, that
sense that the flares become more and more symmetric &to clouds at only a 17 km/s velocity separation have con-
increasing energies, with larger variability amplitudes. Thistrasting physical conditions. In the first cloud the abundance
behavior is consistent with a model where X-rays are emitteghattern resembles that of Galactic metal-poor halo stars,
through synchrotron, with the synchrotron losses of the inwith Silicon enhanced and Aluminum depressed relative to
jected electrons being faster than the injection time, and theolar. The second cloud has Al/Si larger than the solar abun-
light travel time effects becoming more and more importantdance pattern, which is quite unusual and not characteristic
at the higher energies. The results were presented in Urrgf Milky Way gas. This demonstration of contrasting condi-
et al. (1997 at the first SAX/RXTE symposium in Rome, tions in the same galaxy illustrates the promise of using a
Italy, 1997 October, by Sambruria998 during her invited large sample of high resolution quasar absorption line spec-
review talk at the RXTE topical session of the 192nd AAStra to statistically study the evolution of the dynamical ISM
meeting in San Diego, CA, in 1998 June, and by Sambrunand gaseous halos of galaxies.
(1999 during her invited review talk at the 194th IAU Churchill and Charlton used HIRES/Keck profileR (
Symp. on AGN in Byurakan, Armenia, in 1998 August. = 6 km/9 of Mg Il and Fe Il in combination with FOS/HST
E.Perlman (STSc), P.Padovani (STSc), P.Giommi spectra R = 230 km/g to place constraints on the physical
(CNR, Roma, ltaly, R.Sambruna, and others, have under-conditions (metallicities, ionization conditions, and multi-
taken a survey of archived, pointed ROSAT PSPC observghase distributionof absorbing gas in three galaxies at
tions of blazars by correlating the ROSAT WGACAT data- ~ 1 along the line of sight to PG 1206 459. The multiple
base with several publicly available radio catalogs. A firstMgll clouds exhibit complex kinematics and the C IV, N V
paper, describing the selection criteria, data analysis, and thend O VI are exceptionally strong in absorption, far too
identification procedure, has been publisiBérimanet al. ~ strong to be consistent with the ionization conditions inferred
1998. It is shown that the survey is very efficient{ 95%  for the clouds that give rise to the Mg Il. In all three systems,
at finding new blazars, both BL Lacs and Flat Spectrum Raan additional diffuse, high ionization phase is required, con-
dio QuasardFSRQ3. One intriguing result is the discovery sistent with Galactic—like coronae surrounding the individual
of a new subclass of FSRQs showing radio-to-X-ray colorgyalaxies, as opposed to a very extended common ‘“halo”
similar to blue BL Lacs — this is totally unexpected in the encompassing all three galaxies.
context of current unification schemes for blazars. New Churchill, Charlton, Rigby, and Vogt(UCSC/Lick
ASCA AO6 (PI: Sambrunpobservations of three blue FS- searched for very weak Mg Il absorbers in 26 HIRES/Keck
RQs were acquired in order to study for the first time theirQSO spectra over 0.4 z < 1.4. They found 30 systems
hard X-ray spectra and compare it to blue BL Lacs. Datawvhich implies that weak Mg Il absorbers are more than 1.5
analysis is underway. times more abundant than those that are known to be asso-
3.2.2.8 QSO Absorption Lindsview of galaxy evolution ciated with both galaxies and Lyman limit systeitid.S).
over all epochs is provided by the synthesis of observation$his suggests that the majority of Mg Il absorbers arise in
in the ultra—violet(Hubble Space Telescope, first from FOS sub—LLS environments. It is also found that the weak ab-
and now also STIS the optical(first from HIRES/Keck and  sorbers havéFe/H] > — 1. It is likely that some fraction of
soon also from the Hobby Eberly TelescaptET)), and the  these systems arise in the so—called low surface brightness
near—IR(soon from JCAM/HET and the near—IR beam of galaxies, which are more numerous than “normal galaxies”
the MRS/HET. The gaseous components and surrounding®y a factor of two to three. If so, this would have broad
of galaxies are as important as the stars for constructing emplications for charting the stellar and galactic evolution
comprehensive view of galaxy formation and evolution. Ab-around matter that cannot otherwise be charted by its lumi-
sorption lines of different chemical and ionization speciesnous properties. The next step in the ongoing effort to un-
are produced in quasar spectra by these gaseous componetiésstand the nature of these systems is to use the Mg Il and
from redshifts 5 to 0. The Penn State Quasar Absorptiorre Il in conjunction with Lyr and C IV observed in FOS/
Line Group, led by Jane Charlton and Chris Churchill, isHST spectra to infer their ionization state and single vs. mul-
pursuing a multi-wavelength study of the formation, kine-tiphase properties.
matic, and chemical evolution of gas in galaxies and con- Churchill and Le Brun(LAS du CNRS searched for
necting this picture to galaxies. Graduate students Rajib GarMg Il associated with the Ly forest clouds along the PKS
guly and Suzanne Linder were key players in the group454 + 039 line of sight. This led to a more detailed study
effort during the past year, and undergraduate students Karexf two of the more extreme weak Mg Il absorbers. Using
Knierman, Rick Mellon, and Jane Rigby also made signifi-photoionization models, they inferred that the cloud metal-
cant contributions. Penn State colleagues James Beattlcities are near—supersolar to supersolar, depending upon
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the assumed abundance pattern and dust depletion. Imagesiofeach scenario. The spectra are generally harder in the
the QSO field and spectroscopic follow—upy Steidel strong coupling regime, and the various correlations were
(Caltech and collaboratodsreveal no luminous candidates at quantified in each case.
the absorber redshifts. They tentatively suggest that the ab- Panaitescu and \eaos (19989 carried out numerical
sorption could be arising in low surface brightness galaxiessimulations of the dynamics of internal shocks in GRB, us-
The nature of the weak Mg Il absorption systems and inng a 1-dimensional hydrodynamic code, and calculated
particular their connection with the galaxy populations atspectra and light-curves arising from such collisions by inte-
various epochs will be a focus of the group’s future efforts.grating the synchrotron and inverse Compton emission of the
3.2.2.9 Variation of the Fine Structure Consta® un-  shocked gas. The numerical results reflect the most important
usual application of quasar absorption line studies wageatures observed in Gamma-Ray Bursts: the spectrum ex-
implemented by Chris Churchill in collaboration with Webb, hibits a progressive softenir{@s break energy decaying ex-
Flambaum, and DrinkwatdtJNSW), and with Barrow(Sus-  ponentially with the 50-300 keV photon fluencand the
seX. They developed a method that yielded an order of magpulses that form the burst appear narrower in higher energy
nitude sensitivity gain to investigate possible time or spacéands. Analytical results for the most important physical pa-
variation in the fine structure constaat,( = €?/hc). They  rameters of the burst were obtained by solving the shock
applied the technique to a sample of 30 absorption systenjamp conditions for a pair of interacting shells, in the case
spanning redshifts 0.5 z < 1.6 obtained with the HIRES when both the forward and reverse shocks are relativistic.
spectrograph on the Keck | telescope and found thatas Mészaos & Rees(19983 calculated the expected atomic
smaller at earlier epochs; for the whole sample the fractionaédges and lines from ions in the internal shocks of GRB.
change was— 1.5+ 0.3 X 10~°. This deviation is domi- Gamma ray burst outflows may entrain small blobs or fila-
nated by measurementsat> 1. The investigators have not ments of dense, highly ionized metal rich material. Such in-
yet completely ruled out either a systematic error in the datahomogeneities, accelerated by the flow to Lorentz factors in
or some different physical explanation; however, they coulthe range 10-100, could have a significant coverage factor,
not reliably identify any such mechanism after extensive in-and give rise to broad features, especially due to Fe K-edges,
vestigations. The results are best interpreted as highdy ~ which influence the spectrum below the MeV range, leading
gestiveevidence for a time evolution in. to a progressively decreasing hardness ratio.
3.2.2.10 Observational Cosmolo@hartas continued re- Mészaos, Rees & Wijer§1998h considered the energet-
search on constraining the Hubble parameter through X-rajcs and beaming of gamma-ray burst triggers for a wide
observations of the lens galaxy cluster of the gravitationatange of mechanisms proposed to supply the energy of GRB.
lens (GL) system Q095%561. Combining several ROSAT The common misconception that some of these, notably
HRI pointed observations of Q095561 he was able to NS-NS mergers, cannot meet the energy requirements is here
make a 3 detection of the lens cluster. Incorporating the dispelled. It is shown that GRB energies, even at the most
observed mass of the cluster lens into a GL model for thiglistant redshifts, are compatible with current binary merger
system he provides an estimate for the Hubble constant. Ther collapse scenarios involving compact objects. This is es-
current observations can only provide limited information, pecially so if, as expected, there is a moderate amount of
however future prospects are promising with the scheduleleaming, since current observations constrain the energy per
1999 high-resolution X-ray observations of Q09561  solid angle much more strongly and directly than the total
with the AXAF satellite. energy. All plausible progenitors, ranging from NS-NS
mergers to various hypernova-like scenarios, eventually lead
to the formation of a black hole with a debris torus around it,
so that the extractable energy is of the same ordef €gs,
3.3 Theoretical Studies in all cases. MHD conversion of gravitational into kinetic
3.3.1Theoretical Astrophysics _and radiation energy can significantly increase_ th.e. probabil-
ity of observing large photon fluxes, although significant col-
3.3.1.1 Physics of Gamma-Ray Bur€saduate student limation may achieve the same effect with neutrino annihi-
Panaitescu & Mgzaos (19974 simulated the radiation from lation in short bursts. The lifetime of the debris torus is
external shock in gamma-ray bursts, calculating burst spectrdictated by a variety of physical processes, such as viscous
and time structures arising from synchrotron and inverseccretion and various instabilities; these mechanisms domi-
Compton scattering. They investigated the effect of varyinghate at different stages in the evolution of the torus and pro-
the various parameters and presented a set of correlationige for a range of gamma-ray burst lifetimes
among the spectral and temporal features of the bursts. 3.3.1.2 Gamma-Ray Burst AfterglowRanaitescu and
Multi-pulse structures were simulated using a variable magMészaos (19970 calculated the radiative efficiency and the
netic field and anisotropic emission, showing that at moseffects on the dynamics of the afterglow evolution of a
several subpulses can be thus generated. Another investigairong or weak coupling between electrons and protons. The
tion (Panaitescu & Mszaos, 1997b concerned the dynami- dynamics of the ejecta and external medium were followed
cal effects on the evolution and spectrum of GRBs frominto the late stages of deceleration, in order to study the
external shocks in impulsive and wind models when onehydrodynamics of the remnant and the temporal and spectral
includes a weak or a strong coupling between electrons anevolution of the afterglow. A comparison with the optical
protons plus magnetic fields, and analyzed the burst featuremd radio afterglows of GRB 970228 and GRB 970508 in-
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dicates that the real situation is intermediate between thesbe subsequent downturn from the transition into the non-
two extremes. relativistic regime.

Panaitescu & Mszaos (19983 derived the equation for Meészaos, Rees & Wijerg19983 investigated the view-
the surface of equal arrival time of radiation from a thining angle and environment effects in GRB as a source of
relativistic shell interacting with an external medium, repre-afterglow diversity. They discuss the afterglows from the
senting the afterglow of a gamma-ray burst produced by @volution of both spherical and anisotropic fireballs deceler-
fireball. Due to the deceleration, these surfaces become digting in an inhomogeneous external medium. They consider
torted ellipsoids and, at late times, most of the light comedoth the radiative and adiabatic evolution regimes, and ana-
from a ring-like region whose width depends only on agelyze the physical conditions under which these regimes can
They analyzed the shape of these surfaces for different dybe used. Afterglows may be expected to differ widely among
namic and radiative regimes and homogeneous or power-lathemselves, depending on the angular anisotropy of the fire-
external densities. They tabulated the most relevant paraniall and the properties of the environment. They may be
eters describing the surfaces and the source brightness distentirely absent, or may be detected without a corresponding
bution, both for bolometric and fixed frequency observations;y-ray event. A tabulation of different representative light
which are useful for more accurate analytic estimates of theurves is presented, covering a wide range of behaviors that
afterglow evolution. resemble what is currently observed in GRB 970228, GRB

Rees & Meszaos (1998 proposed a model of “refreshed 970508 and other objects. dzaos & Rees(1998h dis-
shocks” for afterglows. They consider fireball models wherecussed the formation of spectral features in the decelerating
the ejecta have a range of bulk Lorentz factors, so that thejecta of gamma-ray bursts, including the possible effect of
inner (lower I') parts may carry most of the mass, or eveninhomogeneities. These should lead to blueshifted and
most of the energy. The outer shock and contact discontinusroadened absorption edges and resonant features, especially
ity decelerate as the fireball sweeps up external matter. Thisom H and He. An external neutral ISM could produce de-
deceleration allows slower ejecta to catch up, replenishingectable H and He, as well as Fe X-ray absorption edges and
and reenergizing the reverse shock and boosting the momelines. Hypernova scenarios may be diagnosed by Fedtd
tum in the blast wave. In consequence, the energy availabld Ly-«
to power the afterglow may substantially exceed that of the 3.3.1.3 Cosmic Rays and Ultra-high Energy Radiation
burst itself. Such models allow a wide range of possibilitiesRachen and Mezaos (1997 investigated critically the hy-
for the afterglow evolution, even in the case of sphericallypothesis that protons accelerated at internal shocks in GRB
symmetric expansion. could be the origin of the observed 202V cosmic rays.

Panaitescu, Mezaos & Reeg1998 calculated the multi- They find that, even though protons can be accelerated to
wavelength afterglows in GRBs with refreshed shock andsuch energies, their ejection into the ISM may lead to oner-
directional ejection effects. They presented a set of differeneus adiabatic losses. This problem can be circumvented by
tial equations for calculating the evolution in a simplified neutrons produced in photohadronic interactions, which can
analytical manner, and studied of the relevant parameters agscape unhindered. They can both be produced and escape in
the X-ray, optical and radio fluxes and the shape of the corappreciable numbers if the photohadronic opacity is of order
responding light-curves. The numerical results are comparednity. This requirement can be fulfilled under the same con-
to observed afterglows and give a quantitative description oflition which allows protons to reach the highest energies
the conditions(geometry and physical parameteia the required. The corresponding correlation of4@V protons
ejecta that are compatible with the light-curves of the 97050&nd ultra-high energy neutrinos makes this a testable hypoth-
afterglow, for which a large number of accurate flux mea-esis.
surements are available. They find that the radio, optical and Biermann, Kang, Rachen and R{1997 investigated the
X-ray light-curves of this afterglow can be explained satis-cosmic structure of magnetic fields by means of cosmologi-
factorily within the spherically symmetric fireball model, as- cal large-scale structure formation simulations. Thes numeri-
suming a delayed energy injection, or by an axially symmet-cal simulations, combined with observations of rotation mea-
ric jet surrounded by a less energetic outflow. sures to distant radio sources give upper limits of 0.2 to 2

Panaitescu & Mszaos (19989 computed the evolution uGauss along the filaments and sheets that form in CDM
of spherical and conical GRB remnants by means of an anaimulations. High energy cosmic rays could be focused or
lytical approach. This method leads to numerical calculationstrongly scattered by such fields.
of fireball dynamics that are computationally simpler than Mucke, Rachen, Engel, Protheroe & Stari@998 devel-
hydrodynamic simulations. It is also a very flexible ap-oped a flexible and general numerical code to calculate pho-
proach, that can be easily extended to include more completohadronic cascades for charged particles with arbitrary mo-
situations, such as a continuous injection of energy at thenentum distributions in an arbitrary radiation field. This has
reverse shock, and the sideways expansion in non-sphericéen tested for ultra-high energy cosmic rays in the micro-
ejecta. Numerical results for the dynamic evolution are diswave background, the main prospective use being for future
cussed and compared to the analytical solutions. The lighapplications to blazar and gamma-ray burst source models.
curves computed from beamed ejecta show that, due to the Rachen & Mezaos (1998 investigated the production of
increased swept up matter and the time delay of the largaltra-high energy photohadronic neutrinos ¥16- 10 eV)
angle emission, the sideways expansion of the remnant gdsom transients in astrophysical sources whose physical
does not lead to a dimming of the afterglow, and mitigategroperties are constrained by their variability, in particular
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jets in Active Galactic Nuclei(blazars and Gamma-Ray spectrum. A quantitative understanding of this problem and
Bursts (GRB). They discuss the various competing cooling related opacities is central in modeling neutron star atmo-
processes for energetic protons, as well as the cooling afpheres, and it should help in the interpretation of thermal
pions and muons in the hadronic cascade, which impose limemission from radio pulsars.
its on both the efficiency of neutrino production and the 3.3.1.5 Globular Cluster EvolutioR. Bartlett and R. Cia-
maximum neutrino energy. If the proton acceleration processdullo are continuing to study the evolution and origin of
is of the Fermi type, they derive a model independent uppesystems of globular clusters associated with present-day gal-
limit on the neutrino energy from the observed properties ofaxies. The project’s first objective is to model the physical
any cosmic transient, which depends only on the assumethanges undergone by globular clusters over a Hubble time,
total energy of the transient. For standard energetic condue to destructive dynamical effects; included in the analysis
straints, this can rule out major contributions abové®HY s internal relaxation of a cluster resulting in the evaporation
from current models of both blazars and GRBs; and in mosbf stars, and repeated dynamical shocking caused by a clus-
models much stronger limits apply in order to produce meater’s orbital passages through the disk or close to the bulge of
surable neutrino fluxes. For GRBs, they show that the coolthe parent galaxy. Early results have indicated that these
ing of pions and muons in the hadronic cascade imposes thgravitational processes are effective in selectively destroying
strongest limit on the neutrino energy, leading to cutoff endow-mass clusters, but they are not sufficient to erode a clus-
ergies of the electron and muon neutrino spectrum at théer population from an “initial” state with a power-law lu-
source differing by about one order of magnitude. They alsaninosity function(as observed in the young compact clusters
discuss the relation of maximum cosmic ray energies tan the Antennae galaxigso a “final” state with a log-
maximum neutrino energies and fluxes in GRBs, and findsaussian form(as observed in the Milky Way, M31, and
that the production of both the highest energy cosmic rayseveral Virgo ellipticals Since a system of clusters should
and observable neutrino fluxes can only be realized unddre descended from a population of gaseous clouds, this
extreme conditions; a test implication of this joint scenarioproject is now evaluating the effects of environment of clus-
would be the existence of strong fluxes of muon neutrinos uper formation (i.e., within a forming galaxy or a merger
to energies~ 10'® eV. Secondary particle cooling also leads event, for exampleand the likelihood of survival of very
to slightly revised estimates for the neutrino fluxes fromyoung clusters against disruption by star formation, and
(non-transientAGN cores, which are commonly used in es- against unbinding due to mass-loss from evolving stars.
timates for VHE detector event rates. Since this approach is 3.3.1.6 Cosmology and Statistics of Gamma Ray Bursts
quite general they conclude that the detection or nonSourcesBagoly, Meszaos, Horvah, Bal&s & Meészaos
detection of neutrinos above 10'° eV, eg with the Pierre (1998 carried out a principal component analysis for 625
Auger Observatory, correlated with blazar or GRB tran-gamma-ray bursts in the BATSE 3B catalog for which non-
sients, would provide strong evidence against or in favor okero values exist for the nine measured variables. This shows
current models for cosmic ray acceleration and neutrino prothat only two out of the three basic quantities of duration,
duction in these sources. peak flux and fluence are independent, even if this relation is
3.3.1.4 Radiation Processes in Compact Objetaslin  strongly affected by instrumental effects, and these two ac-
(MPE, Germany, Pavlov and Trmper (MPE, Germany count for 91.6% of the total information content. The next
analyzed X-ray data collected with tHROSATand ASCA  most important variable is the fluence in the fourth energy
missions from a radio-silent isolated neutron star in the suehannel(at energies above 320 keVThis has a larger vari-
pernova remnant PKS 1209-52. They fitted the observednce and is less correlated with the fluences in the remaining
spectra with neutron star atmosphere models and showetree channels than the latter correlate among themselves.
that hydrogen atmosphere fits result in more realistic param¥fhus a separate consideration of the fourth channel, and in-
eters of the neutron star than the traditional blackbody fit. Increased attention on the related hardness 448 appears
particular, they obtained a neutron star surface temperatuneseful for future studies. The analysis gives the weights for
Ter = (1.4 — 1.9) X 10° K, consistent with standard the individual measurements needed to define a single dura-
cooling models. tion, peak flux and fluence. It also shows that, in logarithmic
Bezchastnoloffe Institute for Physics and Technology, variables, the hardness ratit32 is significantly correlated
Russia Pavlov and VenturgUniversity of Crete, Greege with peak flux, whileH43 is significantly anticorrelated with
investigated properties of the Heion moving in a strong peak flux. The principal component analysis provides a po-
magnetic field. They developed a multichannel Hartree-tentially useful tool for estimating the improvement in infor-
Fock code with a two-particle basis set suitable for precisenation content to be achieved by considering alternative
numerical solving of this nontrivial quantum mechanical variables or performing various corrections on available
problem and calculated the energies of discrete levels antheasurements.
corresponding sizes of the moving ion. Similarly to the pre- Horvath (1998 has analyzed the BATSE 3B bursts cata-
viously studied case of hydrogen, the ion is strongly dedog and identified a third class of GRB. This confirms a
formed by the action of the motion-induced Stark forces.separate and different analysis by Mukerjee, Feigelson and
Unlike the case of the neutral hydrogen atom, whose transBabu (1998, using different methods. Two classes of
verse motion gives rise to a continuum of displaced energfsamma Ray Bursts had been identified previously, charac-
states with changing transverse momentum, transverse mterized by To, durations shorter and longer than approxi-
tion of the He ion gives rise to a discretely spaced energymately 2 seconds. Here it is shown that the BATSE 3B data
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allow a good fit with three Gaussian distributions inTgg History of Astronomy Division at the Washington meeting
The x? statistic indicates a 44 % probability for two Gauss- of the AAS (Usher 1997a The word “transformation” was
ians, whereas the three Gaussian fit probability is 99 %. Useoined by the English astronomer Thomas Digges from
ing another statistical method, it is argued that the probabilwhose works it made its way into “Hamlet.” Among other
ity that the third class is a random fluctuation is less tharconclusions Usher posits that Shakespeare eschewed Book
0.01 %. Four of Saxo Grammaticus because to have continued the
Feigelson, working with several statistician colleagues atale of Amleth’s misadventures would have led him away
Penn State and elsewhere, completed a multivariate analydi®om the allegorical fit which underlies the present interpre-
of the 3rd BATSE catalog of gamma-ray bur6&RBg. The tation of the play. The general structure of this allegory has
purpose is to elucidate the types of GRBs and determine arlyeen presente@sher 1997h
relationships between their bulk properties: location, fluence,
hardness and duration. Their study is based on both standagd; 4 Computational Astrophysics
nonparametric methoddierarchical agglomerative cluster-
ing validated with MANOVA tests and state-of-the-art
model-basedmaximume-likelihood clustering validated with
the Bayesian Information Criterigriechniques treating all
variables simultaneously. They establish that a third class
GRBs is present in the database, in addition to the wel
known short-hard and long-soft burst classes. No significan[P
relationships between the variables are found within an
class.

3.3.4.1 Tidal Distortions of Globular Cluste@ne of the
external fields that influences the population of globular clus-
ters is that due to galactic bulges. In extreme situations, peri-
cgalactic distances, < 100 pc, globular clusters could suffer
I:total disruption in a single passage. A more common sce-
ario is that for cluster orbits withr, = 200 pc. Holly
ordquist and Robert KlingefPenn State undergraduates
ith Jane Charlton and Pablo Laguna, investigated the ef-
fects of tidal forces from a bulge on the shape of globular
clusters for this type of encounters. They found distortions
characterized by “twisting isophotes” and consider the po-

1 3.32.1 QSO Absorption LineSraduate student, S. entjal for observability of this effect. In the Milky Way, a
Linder, has determined that it is plausible that the extende%,picm globular cluster must pass within several hundred pc

HI disks of the existing population of giant, dwarf and low f the center to experience substantial distortion, and it is
surface brightness galaxies can explain alizlgbsorption at  yossiple that this has happened recently to one or two present
low redshift. The dwarf and low surface galaxies could mak€jay clusters. This distortion could be observed even for
a dominant contribution to absorption, but they may often b&yiopyiars in dense fields toward the bulge. In more extreme
overlooked as absorber candidates in favor of more easilgnyironments such as giant ellipticals or merger products
identified high surface brightness galaxies. These conclug;ith newly formed globulars, this effect could be more com-
sions rely on a series of Monte—CarIo simulations with Pa1mon, extending out to orbits that pass within 1 kpc of the
rameters tuned to the properties of the observed galaxy popyyge center. This would lead to a substantial shift in the
lations and to the Ly forest observed by HST. Recent work eccentricity distribution of globulars in those galaxies.
includes incorporation of galaxy clustering and of observa- 3 3 4 2 Black Holeghe following work by Laguna was
tional selection effects into the theoretical models. carried out as part of the the Binary Black Hole Grand Chal-
Jane Charlton and Chris Churchill constructed models ofgpge Alliance. Accurate three-dimensional numerical simu-
the onv ionization gbsorbmg gas in galames at _mtermedlatqations of generic single-black-hole spacetimes have been
redshifts and examined their absorption properties as seen iyhieved by characteristic evolution with unlimited long
the high resolution spectréHIRES/Keck of background e stability. The simulations include distorted, moving,
QSOs. They found that neither a single population of spirabng gpinning single black holes, with evolution times up to
disks or pure halo infall kinematics can account for the ranggso 0ooM. Binary black-hole interactions provide potentially
of observed absorber properties. Either two population modge sirongest source of gravitational radiation for detectors
els or a single population of galaxies that have absorptioR,rently under development. The Alliance has developed a
contributions from gas in both their disks and their halos argp ee-gimensional Cauchy evolution code to simulate those
consistent with the data. Perhaps this is not surprising isirophysical events. These constitute essential steps towards
view of the multiple gaseous phases of galaxies in the Locahggeling such interactions and predicting gravitational ra-
Universe. In the future, the richness of kinematic structure iryiation waveforms. The Alliance has been able to carry out
high resolution profiles of many different chemical speciesgjmyations of a black hole moving freely through a three-
will be exploited in an evolutionary study of galaxies over gimensional computational grid via a Cauchy evolution: a

3.3.2Cosmology

the full range of cosmic time. hole moving near 6M at 0.1c during a total evolution of
. duration near 60M . The Alliance also developed a method
3.3.3History of Astronomy for extracting gravitational radiation from a three-

Usher continues to study the incidence of astronomicatlimensional numerical relativity simulation and, using the
allusions in Shakespeare’s plays and their relevance to thextracted data, to provide outer boundary conditions. The
history of astronomy. The Bard’s apparent lack of awarenesmethod treats dynamical gravitational variables as non-
of the Copernican hypothesis is noted in an article that haspherical perturbations of Schwarzschild geometry.
appeared irGiornale di AstronomigUsher 1998a “Ham- Laguna and collaborators Nils Anderss@outhampton,
let's Transformation” is the topic of a paper delivered to the UK) and Philippos PapadopouldBotsdam, Germanyana-



PENNSYLVANIA STATE UNIVERSITY 455

lyzed the amplification due to so-called superradiance frongraduate research scholarships. Substantial portions of re-
the scattering of pulses off rotating black holes as a numerisearch described in this report were supported by grants and
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