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This report covers the period from September 1, 1997
August 31, 1998.

1. PERSONNEL

1.1 Faculty

The regular members of the faculty during the acade
year 1997-1998 were Professors Peter Me´száros~Department
Head!, Eric Feigelson, Gordon Garmire~Evan Pugh Profes
sor!, Lawrence Ramsey, Douglas Sampson, Peter Us
Daniel Weedman, and Alexander Wolszczan~Evan Pugh
Professor!; Associate Professors Jane Charlton, Robin C
dullo, Pablo Laguna, Donald Schneider and Richard Wa
Assistant Professors William Brandt and Louis Winkle
were joined by Michael Eracleous~formerly of the Univer-
sity of California-Berkeley! and Steinn Sigurdsson~formerly
of the University of Cambridge, England!; and Senior
Scientist/Professors David Burrows and John Nousek.

James Beatty, Associate Professor of Physics, hold
joint appointment as Associate Professor in Astronomy
Astrophysics.

Research Associates in the program were Karen Cama
George Chartas, Christopher Churchill, Audrey Garm
Scott Horner, Eugene Moskalenko, Jerome Orosz, Geo
Pavlov, Jorg Rachen, Frederick Ringwald, Rita Sambr
and Leisa Townsley. Joining the department as Research
sociates were Steven Brandt~formerly of the Albert Einstein
Institute Max-Planck-Institute for Gravitational Physics Po
dam, Germany! and Mijan Huq~formerly of the University
of Texas at Austin!. Joseph Pesce was a Lecturer/Resea
Associate. Fred Ringwald departed July 1998 to take u
visiting assistant professorship at Florida Institute of Te
nology.

Adjunct Associate Professor was Hans Kraus at the
ford University Nuclear and Astrophysics Laboratory. A
junct Assistant Professor was Matthew Bershady at the U
versity of Wisconsin-Madison.

1.2 Visitors to the Department

Visitors to the department included William Krivan an
Johannes Ruoff~from the University of Tubingen! working
with Pablo Laguna; David Montes~from the Universidad
Complutense de Madrid, Spain! working with Larry Ram-
sey; and Maciej Konacki, Grazyna Walentynowicz, Ma
gorzata Redmerska and Wojciech Lewandowski,~from
Nicolaus Copernicus University, Centre for Astronomy, T
run, Poland!, and Dr. Norbert Wex~from Max-Planck-
Institut fuer Radioastronomie, Bonn, Germany! working
with Alexander Wolszczan; Dr. Yoshitomo Maeda~from
Koyoto University Department of Physics, Japan! working
with the X-ray Astronomy Group. Dr. John Bahcall from th
Institute for Advanced Study presented the 1998 Mar
Lecture Series in March, with the general title of Astronom
o
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2. ACADEMIC PROGRAM

2.1 Graduate and Undergraduate Majors

Eighteen graduate and sixty-one undergraduate astron
majors were enrolled during the academic year 1997-
During that time eight B.S. degrees, four Ph.D. degre
were awarded in Astronomy & Astrophysics. Doctoral r
cipients were Lee Carkner, Sally Hunsberger, Jeffrey M
denhall and Darren Williams.

2.2 Educational Initiatives

For the third summer, the Department offered summ
graduate classes for high-school science teachers intere
in learning more about astronomy and its potential as a
dium for physical science education in secondary scho
The 1998 program, entitled Penn State Inservice Worksh
in Astronomy~PSIWA!, consisted of two 1-week courses o
‘‘Stars and Planets for Science Teachers’’ and ‘‘Galaxies a
Cosmology for Science Teachers.’’ Both courses were
fered at Penn State’s main campus and included a variet
classroom, laboratory and computer activities. Over fo
teachers from around Pennsylvania participated in the p
grams. Funding was received from the PA Space Grant C
sortium. Feigelson and Weedman were the workshop
structors. Numerous department faculty, research assoc
and graduate students also participated in the programs.

2.3 Outreach

The department outreach effort in 1998 has been trem
dous, in part, because of the recent swell in public inter
Synchronous with that rise in public appeal has been an
crease in departmental outreach awareness, support, and
ticipation amongst graduate students and faculty memb
The number of public service programs sponsored by
department, either in concert with the Penn State Astrono
club or independently, has grown to an all-time high; over
programs have been offered this year~since January of 1998!
alone, and the number of students and adults attending
exceeded 2400. The programs have included planetar
shows, observing with telescopes, and public lectures
complete listing of outreach programs offered by the Pe
State Astronomy Dept. may be viewed at http
astro.psu.edu/outreach/k12.html.

2.4 Astronomy Club

The Astronomy Club continued to conduct monthly pu
lic observing sessions, uninterruptedly since 1973. Th
Open Houses attracted hundreds of visitors to the roo
Davey Laboratory to view selected celestial objects throu
various telescopes. The Nittany Observer, a newsletter p
lished by the Club, included articles on general astrono
and covered Club activities. Members also participated
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441PENNSYLVANIA STATE UNIVERSITY
outreach programs for school children, making use of
Department’s planetarium. Club officers are: President, J
Rigby; Vice President, Andy Lonsbary; Secretary, Ken P
man; Treasurer, Cyndi Pruss. Usher is the Club’s facu
advisor.

3. RESEARCH ACTIVITIES

3.1 Instrumentation for Observing

3.1.1Optical

3.1.1.1 The Hobby-Eberly TelescopeDuring this entire
last year the Hobby-Eberly telescope~HET! remained in the
commissioning process. The most significant milestone
past year was the installation and successful testing of
final spherical aberration corrector~SAC!. This complex 1/2-
meter diameter corrector consists of 3 conics and a low o
asphere. The last of these mirrors was delivered in late sp
after an extensive fabrication delay. The SAC is part o
larger package called the prime focus instrument platfo
~PFIP! which delivers the image to either a prime focus lo
resolution spectrograph or a fiber instrument feed. The P
also contains the acquisition camera as well as a guide
cility and an atmospheric dispersion corrector~ADC!. In Au-
gust 1998 we tested the basic optical system without
guide facility or ADC. Sixty six primary mirror segment
that spanned the system pupil were used in these tests
showed that the SAC performed well over the center 2 a
minutes of the 4 arc-minute science FoV. Due to a mech
cal problem in the PFIP we were unable to test the outer
of the field during this run. However we are gratified wi
the performance we have seen to date from the SAC wh
was one of our high-risk systems. After rework this fall
will be re-installed for further testing.

The primary mirror always has been and remains
most critical risk area. This last year, and the last few mon
in particular, have seen significant improvement. As we h
gone from 21 active mirrors in summer 1997 to 66 curren
our average time to stack the array in tip/tilt had decrea
from 40 minutes to typical 10 minutes. All the 91 mirro
segments are currently at the site and all will be installed
activated by the end of 1998. Prior experience leads u
expect that the tip/tilt stacking time will remain about 1
minutes. The major challenge with the primary mirror
maintaining the alignment of all the segments. The low- co
high-risk approach taken with the segment alignment sys
was to forego edge sensors that continually provide an al
ment feedback signal and operate open loop allowing 6 m
hour to tune the mirror and a thermal model to minimi
drift. The mirror truss is instrumented with 50 thermal se
sors. So far the thermal modeling approach has not wor
and the mirror can drift out of alignment in a few tens
minutes. However, when the temperature gradients are
we have gone several hours without alignment with a
second images. Also we have not yet met our 6 min spec
that is not seen as a barrier as times as short as 8 min
have been achieved with 10 being more typical. We are a
accelerating our understanding of this complex system
still reserve hope that we can mitigate some of the drift w
a thermal model. The current strategy is to maximize
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open loop performance and begin science operations at s
level in 1999 while we implement a closed loop system.

Several commissioning observing runs were conducted
the science commissioning team this last year. These te
the HET systems as a whole and highlighted areas critic
needing attention. One success this last year has been
target planning software. The nature of the HET makes
challenging to use as any given object only has a limi
time window in which it can be accessed. Thus, observ
with the HET is more akin to HST than to a typical groun
based telescope. The early planning software that has b
implemented has proven to be up to the task and given
observers the tools needed to efficiently use the telesc
While the data set is very limited, the HET facility appears
meet our design goal of delivering seeing as good as the
offers.

There are three facility instruments under construction
the HET. Dr. Robert Tull at UT Austin is working on a hig
resolution single object spectrograph~HRS! which will com-
mence integration on site in spring 1999. The second ins
ment is the MOS capable medium resolution spectrogr
~MRS! that is addressed in more detail below. The sched
is captive to the procurement of calcium fluoride for the v
ible camera. The earliest commissioning date now appea
be late fall 1999. Both the HRS and MRS are fiber fed
struments and depend on the fiber instrument feed. This
tem will undergo a second commissioning run in early 19
with test fibers and be complete by mid 1999. Dr. Gary H
at UT Austin is leading the effort to build a prime focus lo
resolution spectrograph with multi-slit capability. This in
strument is in the integration phase and a commissioning
is expected in late 1998 or early 1999.

The Hobby-Eberly telescope is an international collabo
tion between the University of Texas at Austin, The Pen
sylvania State University, Stanford University, Ludwig
Maximilians-Universitaet Muenchen, and the Georg-Augu
Universitaet Goettingen. For current information on t
HET, its science programs or partnership contact L. Rams
HET project scientist, at lwr@astro.psu.edu. The latest in
mation and pictures can be viewed at http
www.astro.psu.edu/het which also has links to HET sites
UT Austin and other partner institutions. The HET is ope
ated by the McDonald Observatory on behalf of the HE
participants. The McDonald Observatory annual report c
tains details on staffing and infrastructure development
well as complementary materiel on telescope operations

Weedman continued as a member of the HET Scie
Commissioning Team.

3.1.2 Instrumentation

3.1.2.1 Optical and Near Infrared InstrumentationThe
Penn State Optical and Near IR instrumentation team
focused this last year entirely in the design and implemen
tion of HET instrumentation. Members of the OIR team th
past year included professional staff Leland Engle and B
Rhoads, Drs. Scott Horner, and L. Ramsey, graduate stud
Dave Andersen and Jason Harlow as well as undergrad
students and Eric Mamajek, Joe Maywalt and Kev
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442 ANNUAL REPORT
McGouldrick. Dr. Horner left in spring 1998 to take a pos
tion at the US Naval Observatory. Eric Mamajek gradua
with honors in spring 1998.

3.1.2.2 Medium Resolution SpectrographAs mentioned
this last year this basic fiber fed dual beam spectrograph
been re-scoped from a blue and red beam to a visible
near IR beam. The visible beam has complete spectral
erage over the 450-900 nm octave with capability from 3
to 950 nm. The near IR beam will go from 900 to 1600 n
The resolving power capability will remain in the 4,00
20,000 range. This last year Engel and Horner have c
pleted at the 90% level the design of the Fiber Instrum
Feed~FIF! portion of the MRS project. This complex syste
is described in more detail by Horneret al. ~SPIE vol 3355,
p 399! but briefly it can place either a synthetic long s
capability, 10 MOS probes, single fibers or an Integral Fi
Unit ~IFU! in the HET 4 arc minute diameter focal plan
Initial on-telescope testing was conducted with the FIF str
ture and a single MOS probe with its fiber cable in Augu
1998 to validate routing paths and instrument lifting and
stallation sequences. Engel is refining the FIF structure, fi
cable and probe designs based on that experience and
pects completion of all FIF mechanical components in ea
1999 for a final integration test on the telescope. The e
tronic control system for the FIF is being assembled
Rhoads with completion expected before the end of 1998
late spring, Ramsey finalized the basic MRS optical lay
for both the visible and NIR beams. We contracted Dr. H
land Epps to produce a design for the visible beam cam
A preliminary all refracting design using 10 elements w
completed by mid summer and we are now optimizing t
design to the pre-production stage. Barring unusual proc
ment problems, we expect the full up FIF and MRS visib
beam to be in integration at the telescope in late 1999.

As part of MRS testing and validation effort, REU st
dents Mamajek, Maywalt and McGouldrick have been u
dating fiber evaluation hardware. Maywalt and McGouldri
constructed and characterized a test MOS cable used o
FIF test run in August 1998. The design for the HET’s IF
was finalized in the past year~Andersen, Bershady, Ramse
Horner 1997, BAAS, 188, 06.06!. A single 45 fiber IFU,
sampling position angles of zero, ninety, and plus and mi
thirty degrees, was decided upon. This IFU pattern covers
by 14 square arcseconds of sky. A MOS probe will carry
additional six fibers to be used for sky subtraction. The fib
will be 200:230:260 ~core:clad:buffer diameter! microns
which corresponds to a core diameter of 1 arc-second in
focal plane of the HET. We are currently building a 2-m te
array that will be used to characterize the optical behavio
the fibers. The final IFU is scheduled to be completed an
laboratory testing in April, 1999.

3.1.2.3 JCAMThe JCAM project is a joint project with
Drs. James Beatty in the Physics Department and Jane C
lton, Chris Churchill and Larry Ramsey in Astronomy
Astrophysics. It has the goal of implementing an early H
capability in the 950-1300 nm region. It uses the Upgrad
Fiber Optic Echelle~UFOE! with a 31.6 l/mm echelle and a
Rockwell/Boeing 1024 x1024 HgCdTe detector. Dr. Bea
has completed the design of the detector control and rea
d
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electronics and has procured most the of the required h
ware. Leland Engle has designed and overseen the fab
tion of the echelle grating holder. During this last year w
also procured the dewar, grating and have a bare MUX fr
Rockwell to test the electronics. Ramsey had completed
design of a 5-element all transmitting camera that will allo
resolving powers up to 13,000 to be achieved in the curr
system. Remaining tasks are to procure the camera fab
tion and integrate and test the electronics. Our goal is
commission the system at the telescope by mid 1999.

3.1.3X-ray

3.1.3.1 CCD Imaging Spectrometer on AXAFDuring the
past year the ACIS~AXAF CCD Imaging Spectrometer!
Team at PSU has concentrated on reducing the very la
amount of calibration data collected at the X-ray Calibrati
Facility located at the Marshall Space Flight Center
Huntsville, Alabama. Preliminary results of this work wa
presented at the Estes Park Meeting of the High Energy
trophysics Division of the AAS in early November of 199
The full text of this report is available at the PSU Astronom
Web page as is the ‘‘Final’’ Report.

The ACIS instrument has been undergoing integrat
and testing with the remainder of the AXAF. During the Fa
and Winter months the integration took place at Ball Ae
space Corp. in Boulder, CO with the Instrument Modu
Then in the Spring and Summer the observatory has b
assembled and tested at TRW in Redondo Beach, CA. D
ing the final phase of the thermal vacuum test, the AC
door, which protects the CCD’s from contamination and t
optical light blocking filter from acoustic loads durin
launch, was to be opened to check for stray-light leaks in
spacecraft. The camera body had been at -60 deg C for a
one month when the attempt was made, with the result
the door failed to open and the protective shear disk in
wax actuator that opens the door was functioned to keep
actuator from exploding. A failure investigation was unde
taken by the manufacturer of the door and mechanism, Lo
heed Martin Astronautics, as well as Marshall Space Fli
Center, MIT, PSU, and Starsys, the company that built
actuator. Several modifications to the door mechanism
procedure for opening the door were put in place, and
door was successfully opened at TRW six times after be
subjected to the thermal and vacuum conditions expec
during the AXAF launch sequence. The root cause for
failure of the door to open has not been determined at
time, although testing is still in progress on engineering c
ies of the door at Lockheed Martin Astronautics.

Townsley and Broos have implemented a Monte Ca
algorithm in order to model and predict the response
X-ray CCDs to photons and minimally-ionizing particle
This algorithm draws on empirical results and predicts
response of all basic types of X-ray CCD devices. It relies
new solutions of the diffusion equation including recombin
tion to predict the radial charge cloud distribution in fiel
free regions of CCDs~Pavlov and Nousek 1998!. By adjust-
ing the size of the charge clouds, they can reproduce
grade distribution~branching ratios! seen in ACIS calibration
data event lists. Using a model of the channel stops de
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443PENNSYLVANIA STATE UNIVERSITY
oped here and an insightful treatment of theSiO2 layer un-
der the gate structure developed at MIT they are able
reproduce; 1% features in the spectrum of ACIS fron
illuminated devices. They have also developed and tune
model of charge transfer inefficiency, resulting in charge l
and the spatial redistribution of charge~trailing! in both the
parallel and serial registers of ACIS back-illuminated CCD
that is necessary to reproduce the spatially-dependent ga
these devices. Their goal is to use the simulator to pre
what AXAF, with ACIS, will see in order to choose appro
priate targets for observation and to configure the instrum
to yield the best possible data. Used in conjunction with
model of the AXAF mirrors, an observer can predict both t
spatial and spectral characteristics of a given astronom
field and prepare analysis techniques in advance of the
servation. As a check on the fidelity of the response matr
and data modeling, the observer can run a model spec
and spatial distribution of photons through the simulator a
assess his or her ability to reproduce the data.

Chartas made significant contributions towards the ac
rate characterization of the detectors response and tow
optimizing its performance. In particular using an automa
event filtering software package developed at PSU, he a
lyzed a subset of the calibration data to investigate the
pendence of the effective area and energy response of A
HRMA as a function of grade selection, split event thresho
CCD and CCD amplifier, off-axis angle and region of inte
est on the ACIS focal plane. This work will facilitate th
selection of the appropriate ACIS parameters that will lead
the enhancement of a particular scientific feature in the
served ACIS spectrum.

Sambruna and Chartas analyzed ACIS pile-up spe
based on data collected at the XRCF in 1997 during
calibration of ACIS. The primary goals of the analysis are
investigate possible trends of pile-up with source flux a
grade selection, and to compare in detail the measu
pile-up fraction with current theoretical models, in order
access the general validity of the latter for predicting pile-
for in flight observations.

3.1.3.2 Sounding Rocket PayloadsPSU’s successfu
sounding rocket program continued this year with a flig
from White Sands, New Mexico to observe X-rays from t
source Scorpius X-1. The flight was successful and produ
a high quality CCD spectrum of this source, using a CC
originally acquired as a flight backup device for PSU’sCU-
BIC experiment on the SAC-B satellite. More informatio
about this launch is available from PSU’s Sounding Roc
Home Page at http://www.astro.psu.edu/xray/rockets/36.1

Burrows continues to collaborate with Dr. Hans Kraus
Oxford University on a sounding rocket payload designed
fly a cryogenic X-ray bolometer developed in his laborato
Burrows and Roming are currently developing both X-r
mirrors and support electronics for this flight. The X-ray m
rors are being designed and built in collaboration with M
shall Space Flight Center, and feature a three-shell gra
incidence telescope fabricated from electroformed nic
mirrors. They have begun fabrication of the first mirror p
for this X-ray telescope.

3.1.3.3 CCD Detector PhysicsPavlov and Nousek~1998!
to
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have made a new treatment of charge diffusion in CC
X-ray detectors. They find that previous work has ignor
the velocity saturation effect, which leads to non-Gauss
profiles to the observed charge clouds. Including this eff
leads to superior modeling of the observed X-ray event gr
distributions.

3.1.3.4 Astro2E Nousek was named to serve as the s
ence coordinator for selection of stellar X-ray targets for
Japanese Astro-E mission. Astro-E will carry US X-ray te
scopes and an X-ray calorimeter from the Goddard Sp
Flight Center, CCD cameras from Japan and MIT, and
Hard X-ray detector from the University of Tokyo and ISAS
Launch is set for February, 2000, with annual meetings
the US and Japan for science working group meetings p
to launch.

3.1.3.5 Constellation XNousek formed part of a consor
tium headed by Stephen Kahn~Columbia University!, which
was selected to carry out advanced technology developm
for a reflection grating-CCD instrument for the Constellati
X mission. Constellation X, proposed by Harvey Tananba
~SAO! and Nick White~GSFC!, is a set of multiple X-ray
telescope carrying spacecraft, designed to provide large
lecting area for precision X-ray spectroscopy of astrophy
cal targets. The grating-CCD instrument will provide hig
resolution measurements on the X-ray spectrum below
keV, complementing the cryogenic detectors which ha
ideal properties above 2 keV.

Nousek is also heading the ISM panel of the Facility S
ence Team~FST! for Constellation X. Meetings of the FST
are held twice per year, alternating between SAO and GS

3.1.4Future Missions

Weedman continued to serve as a regular member of
Structure and Evolution of the Universe Subcommittee,
visory to the NASA Office of Space Science. He was t
initial chairman of the NSF Millimeter Array Oversigh
Committee. He was on the scientific organizing committe
for IAU Symposium 194, ‘‘Activity in Galaxies and Relate
Phenomena’’ and the Maryland Astrophysics Conferen
‘‘After the Dark Ages, When Galaxies Were Young.’’

Weedman continued to serve as a member of the SIR
Infrared Spectrometer Team~P.I. is James Houck of Corne
University! and as a member of the SIRTF Science Ope
tions Working Group. He was also an initial member of t
SIRTF Science Center Users Panel. SIRTF, NASA’s fi
Great Observatory, received final authorization in 1998 a
is scheduled for launch in 2001.

3.2 Observational Research

3.2.1Stellar Astronomy

3.2.1.1 Halo B starsUsher has been a resource for the u
of the US Survey for the detection of the Halo component
the field subdwarf B-star population by K.J. Mitchell~Astro-
physical Journal 494, 256 1998! and for a new complete
sample of Halo B stars, also by K.J. Mitchell~Monthly No-
tices of the Royal Astronomical Society 295, 225, 1998.!

3.2.1.2 Cool StarsFor the 1997/98 academic year D
David Montes from the Dept. Astrofisica, Facultad de Fi
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cas, Universidad Complutense de Madrid was a visiting
searcher in the department. His work focused on activity
cools stars using, in addition to his own data, the large
chive accumulated at Penn State and by the Penn State
Optic Echelle at KPNO to expand his research in this ar

3.2.1.3 Pre-Main Sequence StarsMontes, and Ramsey
conducted a 10 night observing run at the McDonald Obs
vatory 2.1 telescope in January 1998. Montes, and Ram
collaborated on studies of activity in pre-main sequence s
as well as RS CVn stars. A description of this work can
found on Dr. Montes’ web site at html://www.ucm.e
OTROS/Astrof/dmg.html

Feigelson continued his investigations of magnetic ac
ity and high energy processes in young stellar objects w
students and colleagues. Two results were obtained in
radio band using the NRAO Very Large Array. First, grad
ate student Lee Carkner, undergraduate Eric Mamajek,
gelson and German coworkers reported a successful su
of nonthermal radio continuum emission from widely d
persed Li-rich young stars in and around the Taurus-Aur
star forming complex. With 1/3 of stars detected, it suppo
the argument that these stars are true pre-main sequen
Tauri stars and not foreground ZAMS stars. The origin
these stars so far from active clouds is then a serious pu
~Feigelson 1996!. Second, Feigelson, Carkner and Bru
Wilking ~Univ. Missouri! detected circular polarization in
the X-ray luminous, radio variable Class I protostars IRS 5
the Corona Australis star forming cloud. This shows th
protostars, like older weak-lined T Tauri stars, exhibit e
tremely high levels of magnetic activity and, in particula
acceleratein situ particles up to MeV energies.

In the X-ray band, Carkner, undergraduate Jennifer Ko
and Feigelson completed a survey of over 150 extrem
young stellar objects~mostly Class 0 and I protostars! using
the archived ROSAT database. Considering recent repor
X-rays from several protostars, it was surprising that o
one new case was uncovered~Ced 110/IRS 6 in the Chamae
leon I cloud!. They conclude that protostars may have X-r
emission similar to, but not substantially brighter than, old
T Tauri stars. Feigelson also participated in a ROSAT stu
of more distant star forming regions, led by French c
leagues Jane Gregorio-Hetem and Thierry Montmerle. T
show that, at distances around 1 kpc, existing technology
locate X-ray luminous T Tauri and Herbig Ae/Be stars.

During the year, Feigelson worked on several review
ticles for an Italian conference, theProtostars and Planets IV
conference, and forAnnual Reviews of Astronomy and A
trophysics. High levels of magnetic activity characterized b
powerful magnetic reconnection flares appear to be a gen
phenomenon for low-mass pre-main sequence stars f
their protostellar phases through the ZAMS. In the old
stars, the phenomena are quite similar to that seen in o
magnetically active stars and is thus likely to arise from m
tipolar fields rooted in the stellar surface. For younger YS
it is possible~and has been widely theorized! that the pow-
erful flares arise from reconnection in large-scale star-dis
disk-disk field lines. In either case, the resulting high ene
radiation may have substantial effects on the cold molec
and dusty environment. Calculations indicate that YS
-
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X-rays will ionize substantial parts of the circumstellar dis
likely inducing Balbus-Hawley instabilities and MHD turbu
lent viscosity resulting in accretion onto the star. X-ray io
ization may also play a role in star-disk and disk-outflo
magnetic coupling. MeV protons, likely to accompany t
radio-observed MeV electrons in YSOs, may cause a var
of solid state and spallogenic nuclear effects on disk sol
Considerable evidence for this is independently found in m
teoritic studies of the solar nebula. Thus, high energy p
cesses may have important astrophysical roles in cool YS

3.2.1.4 Interacting Binary StarsOrosz and Wade, work-
ing with C. Koen~SAAO!, discovered that the hot subdwa
star KPD 042215421 is a single-lined spectroscopic bina
with an orbital period of 2h 10m. TheU andB light curves
display an ellipsoidal modulation with amplitudes of' 0.02
magnitudes. The sdB star contributes nearly all of the
served flux. This and the absence of any reflection eff
suggest that the unseen companion star is small and ther
degenerate. Based on light curve modeling, the orbital in
nation is i 5 78.05 6 0.50° and the mass ratioq
5 M comp/M sdB 5 0.876 0.15. The sdB star fills 69% of its
Roche lobe. The mass function of the companion is 0.1
6 0.028 solar masses, and the individual masses are
M sdB 5 0.72 6 0.26 andM comp 5 0.62 6 0.18 solar
masses. A spectroscopic analysis, however, shows tha
subdwarf star has a gravity consistent with membership
the Zero Age Extended Horizontal Branch, in which case
mass is expected to be near 0.50 solar masses. Furthe
servations to improve the orbital mass determination
planned. KPD 042215421 has one of the shortest know
orbital periods of a detached binary, evolving on a timesc
of ' 108 years by gravitational wave radiation, which shou
lead to a merger of the stars. If the mass estimates rem
high, the total mass of the system is close to the Ch
drasekhar limit for electron degenerate matter. This syste
also one of only a few known binaries which contain a su
dwarf B star and a white dwarf.

Orosz, Wade, Eracleous, and Harlow with J.
Thorstensen and C. J. Taylor~Dartmouth College! made an
observational study of the composite spectrum binary
PG 12241309. Spectroscopy was obtained at both Lick a
MDM Observatories, with filter photometry obtained at K
Peak National Observatory. The two stars are a DA wh
dwarf (Teff 5 29,000 K! and a dwarf M star, the M sta
contributing 10 – 15 per cent of the red light in the syste
The M star is irradiated by the DA star and shows a pha
modulated Ha emission line, arising from one hemispher
The irradiation modulation is also evident in the photomet
Both of these modulations are phased correctly with resp
to orbital conjunction in a binary whose orbital period is 6
hours. There is no eclipse, so the white dwarf’s mass is
certain but less than or equal to about 0.45 solar mas
Thus PG 12241309 is another example of a binary star th
has undergone common envelope binary evolution, proba
interrupting the growth of the white dwarf prior to the h
lium flash.

Orosz and Wade began a spectrum analysis study of
hot subdwarf members of composite-spectrum binary s
tems found in the Palomar-Green catalog and other sour
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At issue is whether there is a systematic difference betw
hot subdwarfs in binary systems and similar stars in the fi
Moderate-dispersion blue spectra were collected using t
scopes at McDonald Observatory and Cerro Tololo Int
american Observatory. Preliminary results show that
should be possible to extract approximate temperatures
surface gravities, and in some cases surface He/H ra
even in these composite spectra. The spectra obtained to
will be used to identify a subset of the targets for intens
follow-up work with higher dispersion and ultraviolet spe
tra.

Orosz and Wade modified their synthetic spectrum c
for accretion disks in binary star systems, to deal with
case of a disk that is partially eclipsed by the mass-los
star. As in all eclipse mapping procedures used to study d
in binaries, the known Roche geometry of the binary syst
permits the correspondence to be made between the s
trum observed over some phase interval and the region o
disk that contributes to the spectrum. The code can gene
simulated observations corresponding to arbitrary phase
tervals, with arbitrary spectral sampling and resolution. T
capability clearly includes generating broad-band lig
curves as a limiting case. At present, the input~local, rest-
frame! spectra are from non-irradiated LTE models se
consistently computed using I. Hubeny’s TLUSDISK a
SYNSPEC codes, and contain all relevant lines~typically
thousands! from the Kurucz CD-ROM distribution. Angle
dependent specific intensities are used, so limb darke
effects are automatically taken into account. Compared w
out-of-eclipse spectra of the entire disk, observations du
eclipse have the advantage for diagnostic purposes of sh
ing ~1! deeper individual lines,~2! less blending of lines, and
~3! an effectively smaller range of effective temperatu
contributing to the observed spectrum. These advantage
especially important in analysis of the ultraviolet spectra
disks, and an analysis of archival HST observations
eclipsing cataclysmic variables will be undertaken.

Wade and I. Hubeny~AURA/NOAO! completed a large
grid of far- and mid-ultraviolet spectra~850 Å to 2000 Å! of
the integrated light from steady-state accretion disks in lu
nous cataclysmic variables. The spectra are tabulated at
Å intervals with an adopted FWHM resolution of 1.0 Å, s
they are suitable for use with observed spectra from a var
of modern space-borne observatories. Twenty-six differ
combinations of white dwarf massMwd and mass accretion

rateṁ are considered, and spectra are presented for six
ferent disk inclinationsi. The disk models are computed se
consistently in the plane-parallel approximation, assum
LTE and vertical hydrostatic equilibrium, by solving simu
taneously the radiative transfer, hydrostatic equilibrium, a
energy balance equations. Irradiation from external sou
is neglected. Local spectra of disk annuli are computed
ing into account line transitions from elements 1–28~H
through Ni!. Limb darkening as well as Doppler broadenin
and blending of lines are taken into account in computing
integrated disk spectra. The models permit the radia
properties of disks to be discussed, including the depende

of ultraviolet fluxes and colors onMwd ,ṁ, and i. The syn-
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thetic spectra are available as machine-readable ASCII
via ftp.

Orosz and C. Koen~SAAO! found ~during a survey of
subdwarf B stars! that the UV-bright star PG 23371300 was
a cataclysmic variable star, and not a subdwarf B star
originally supposed. This new classification was arrived
after three hours of high-speed photometric observations
moderate-resolution spectroscopic observations carried o
the McDonald Observatory. The light curve showed t
‘‘flickering’’ characteristic of cataclysmic variables and th
spectrum showed emission lines of hydrogen, helium, ni
gen, and carbon.

Orosz, in collaboration with R. Jain, C. Bailyn~Yale!, J.
McClintock ~Center for Astrophysics!, and R. Remillard
~MIT !, established the orbital period and mass function
the soft X-ray transient 4U 1543-47. Their spectroscopic
servations revealed a sinusoidal radial velocity curve wit
period of P 5 1.1236 0.008 days and an amplitude ofK
5 124 6 4 km s21. The resulting mass function isf (M )
5 0.226 0.02M ( There were no emission lines seen fro
the accretion disk, and the measured fraction of disk ligh
theB andV bands was 10% and 21% respectively. TheV and
I light curves exhibit two waves per orbital cycle with am
plitudes about 0.08 mag. Oroszet al. modeled the light
curves as ellipsoidal variations in the secondary star,
showed thati , 40° is a reasonable upper limit on th
inclination of the system. The formal 3s limits on the incli-
nation from a simultaneous fit to theV andI light curves are
24° , i , 34° for Q 5 M1 /M2 . 2. However, there are
systematic effects in the data that the model does not acc
for, so the above constraints should be treated with caut
Oroszet al. also argued that the secondary star is still on
main sequence with the mass transfer being driven by exp
sion due to normal evolution on the main sequence. If
secondary star has a mass near the main sequence valu
early A-stars (2.3, M2 , 2.6M (), then the best fits for
the 3s inclination range (24°, i , 34°) and the 3s mass
function range (0.16, f (M ) , 0.28M () imply a primary
mass in the range 2.9, M1 , 7.5M ( . The mass of the
compact object in 4U 1543-47 is likely to be in excess
about 3 solar masses, which is widely regarded as the m
mum mass of a stable neutron star. Thus Oroszet al. con-
cluded 4U 1543-47 contains a black hole.

C. Bailyn, R. Jain, P. Coppi~Yale!, and Orosz examined
the distribution of masses of the black holes in seven lo
mass X-ray binaries. Using a Bayesian statistical analy
they suggested that it is probable that six of the seven
tems with measured mass functions have black hole ma
clustered near 7M ( . The remaining system, V404 Cyg, ha
a mass significantly larger than the others, indicating that
probably drawn from a different distribution. Bailynet al.
suggested that the observed mass distribution might be
plained by unknown details of supernova explosions a
close binary evolution.

Maedaet al. 1998 report the results of threeASCAobser-
vations of the eclipsing Wolf-Rayet binary V444 Cyg~WN5
1 O6!. These observations were obtained at orbital pha
0.0, 0.25 and 0.5, with the WN5 star in front at phase 0.0 a
the O6 star in front at phase 0.5. Acceptable fits of the X-
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spectra using optically thin plasma models require at le
two different temperature components with a soft compon
at kT1 ' 0.6 keV and a harder component atkT2 ' 2 keV.
The absorption of the hard component varies with orb
phase and is largest when the WN5 star is in front, wher
the X-ray luminosity of the hard component is at a minimu
when the O6 star is in front. The high plasma temperat
and variability with orbital phase suggest that the ha
component emission is due to a colliding wind shock b
tween the WN5 and O6 stars, with the shock most lik
located near the surface of the O6 star. On the other hand
soft-component emission atkT1 ' 0.6 keV has a nearly
constant absorption and X-ray luminosity. The so
component luminosity isLx,1 5 ~6–11! 3 1032 ergs s21

~0.2–4 keV!, implying Lx,1/Lbol ; 1026–1027. This lumi-
nosity ratio and the soft-component temperature are sim
to those of single massive stars, leading us to attribute
soft emission to the individual O6 and WN5 components

3.2.1.5 Galactic CenterMaeda collaborating with Sakano
M., Koyama, K., and the ASCA Galactic Plane Surv
Team, analyzed ASCA/GIS data from the diffuse X-r
emission around the Galactic Center region of angular siz
about 10 degree. From the observed fields, they find diff
emissions with K-shell transition lines from highly ionize
silicon, sulphur, argon, calcium and/or iron. These give fi
evidence for the presence of a thin thermal plasma. With
flux distribution of each observed line, they conclude that
diffuse X-ray plasma exhibits lower temperature at larg
Galactic latitude than that at smaller latitude.

Maeda collaborating with Murakami, H., Koyama, K., S
kano, M., Nishiuchi, M., & Yamauchi, S., analyzedASCA
imaging spectroscopy data of the giant molecular cloud
B2. The X-ray spectrum is found to be very peculiar; it e
hibits a strong emission line at 6.4 keV, a low energy cut
below 4 keV and a pronounced edge-structure at 7.1 k
The X-ray image is extended and its peak position is shif
to the Galactic center direction by about 1-2 arcminute fr
the core of the molecular cloud. This morphology, as well
the X-ray spectrum, is well reproduced by a model in wh
X-rays from a source located at the Galactic center side
scattered by the molecular cloud Sgr B2, and come into
line of sight. Thus Sgr B2 may be called anX-ray reflection
nebula.

Maeda working with Sakano, M., Koyama, K., Nishiuch
M., & Yokogawa, J. estimated the column density distrib
tion of X-ray binaries in the Galactic Center region using t
X-ray satellite ASCA, and demonstrate a new method of
total mass determination near the Galactic Center. The
umn densities of these X-ray sources are given by a sim
function of the angular distance from the Galactic Pla
Assuming a disk-like mass distribution of 500 pc radius a
a distance to the Galactic Center to be 8.5 kpc, they estim
the total mass to be; 4 3 107M ( . They compare their
results with previous results of other wavelength obser
tions, and conclude that the cold interstellar matter
pressure-bounded by the hot gas or strong magnetic fie
the Galactic Center region.

3.2.1.6 PulsarsPavlov, Welty ~STScI! and Córdova
~UCSB! observed the middle-aged pulsar 0656114 in three
st
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spectral bands with the Faint Object Camera of the Hub
Space Telescope. The results of these observations, tog
with those of supporting ground-based observations with
6-m telescope~Kurt, Sokolov, Zharikov, Pavlov, and Ko
mberg! show that the optical-UV spectral flux of this puls
can be interpreted in terms of a two-component spec
model which combines a power-law spectrum~nonthermal
component! with a Rayleigh-Jeans spectrum~thermal com-
ponent!. The nonthermal component with the power-law i
dex a 5 1.4( 2 0.7, 1 0.6) dominates in the optica
spectrum, atl . 3000 Å. The thermal component is cha
acterized by the Rayleigh-Jeans parameter,G
[ T6(R10/d500)

2, where T 5 106T6 K is the brightness
temperature,R` 5 10R10 km is the neutron star radius a
seen by a distant observer, andd 5 500d500 pc is the dis-
tance. For a plausible extinction,E(B 2 V) 5 0.03, this
parameter equalsG 5 3.6( 1 1.6, 2 2.0). There is some
indication that the spectrum may have a spectral featur
l ; 40002 5000 Å. The observed shape of the optical-U
spectrum of PSR 0656114 differs drastically from those o
both younger pulsars~Crab, 0540–69, Vela! and of the older
pulsar Geminga.

Zavlin ~MPE, Germany! and Pavlov fitted the soft X-ray
and EUV spectra and light curves observed from the nea
binary millisecond pulsar J0437–4715 with model spec
and light curves of radiation emitted from hot pulsar po
caps of pure hydrogen, helium and iron composition. T
models take into account the frequency-dependent an
ropy of the emergent radiation~limb-darkening! and the
gravitational redshift and bending of the photon trajectori
The analysis of both theEUVE andROSATdata indicates
that the radiation originates from two polar caps of are
. 2 2 3 km2 covered with hydrogen and/or helium with a
effective temperature of. (0.9 2 1.0) 3 106 K.

Maeda and collaborators~Nishiuchiet al.1998! report the
ASCA results of the bursting X-ray pulsar GRO J17442 28,
which was observed in February 1996 and March 1997. T
source flux in the 2-10 keV band was 2.03 1028

erg/sec/cm2 ~2-10 keV! in 1996 and 5.03 1029 erg/sec/cm2

in 1997. They detected 12 and 17 Type II bursts during
two observations, with mean bursting intervals of about
min and 37 min. Each burst is followed by an intensity d
with the depleted flux depending on the burst fluence. T
energy spectra are approximated by an absorbed power
with additional structure around 6-7 keV. Constant abso
tion column, (5 2 6) 3 1022 cm22, independent of the
observation dates and emission phase~persistent, burst and
dip! is interpreted as an interstellar absorption. The sou
may be actually located near the galactic center, at the
tance of 8.5 kpc. The structure in the energy spectrum at
keV is most probably due to iron and maybe reproduced
the disk line model with additional broadening mechanism

3.2.2Extragalactic Astronomy

3.2.2.1 Planetary NebulaeR. Ciardullo, J. Feldmeier, and
G. Jacoby~NOAO!, have continued their large scale@O III #
l 5007 survey for intracluster planetary nebulae~IPN! in the
Virgo Cluster. A total of 35 additional IPN candidates we
found in three 14’ x 14’ fields. This new data implies that t
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intracluster stars in the Virgo are distributed non-uniform
and are correlated on small angular scales (, 10 arcmin!.
Although the amount of intracluster starlight found in Virg
may be smaller than original estimates, their latest data
suggest that the intracluster stars comprise 20-40% of
stellar mass of the cluster. In the near future, the IPN ca
dates will be observed spectroscopically with the WIYN te
scope, and the Hobby-Eberly Telescope.

R. Ciardullo and G. Jacoby~NOAO! have begun investi-
gating the chemical properties of M31’s bulge using sp
troscopy of bright planetary nebulae. One surprising resu
that the mean oxygen abundance of the bright PN in M3
bulge is similar to that of the LMC, and not super-metal,
might be inferred from integrated absorption line spectr
copy. Possible explanations for this include the presence
metallicity gradient in M31’s bulge, a systematic offset
the oxygen-iron ratio of bulge stars, a selection effect in
PN chosen for study, and the option of an alternative evo
tionary path for low-mass, metal rich stars. The detai
nebular analysis of PN in M31 and Magellanic Cloud PN h
also revealed the reason for the invariance of the@O III #
l5007 planetary nebula luminosity function with populati
age. Models of stellar populations predict that young ste
systems should have a PNLF cutoff that is significan
brighter than that of old populations. Observations, howev
suggest otherwise. The solution to this problem lies in a P
circumstellar envelope. There is a steep correlation betw
the amount of dust surrounding a young PN and the co
mass of the object. The relation implies that PN produced
massive progenitors are extincted much more than those
derive from low mass stars. This self-extinction is the rea
why no super-luminous PN are seen in star-forming galax

3.2.2.2 Distance ScaleCiardullo, Feldmeier, and Jacob
have also continued using the planetary nebulae lumino
function ~PNLF! as a distance indicator to nearby galaxie
Their latest observation was of M95, a Hubble Space Te
scope Distance Scale Key Project galaxy which is locate
the Leo I Group. The PNLF distance to this galaxy, alo
with that obtained for NGC 2403 and M33, will be compar
to distances found through Cepheid variables, to search
any systematic errors between the two distance methods

3.2.2.3 UV Properties of GalaxiesWeedman worked with
undergraduate student Jeffrey Wolovitz, Bershady,
Schneider to compare the surface brightnesses of nearby
distant starburst galaxies. Using archival ultraviolet obser
tions of the brightest nearby starbursts, they found that
high redshift galaxies in the Hubble Deep Field show intr
sic ultraviolet surface brightness that is 4 times brighter th
the local maxima. This could be the result of either decrea
dust absorption or more intense star formation at high r
shift.

3.2.2.4 IR Properties of GalaxiesWeedman and Wolovitz
used archival spectroscopic observations of infrared gala
from the Infrared Space Observatory to prepare simulati
of spectra expected to be observed by SIRTF. Developin
simulation program that uses the various response chara
istics of the SIRTF infrared spectrograph between 5 and
microns, they show that a luminous galaxy of flux 0.5 m
could easily have redshift determined up to z5 3 if its spec-
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trum resembles that of nearby dusty AGN or starburst.
As part of a review paper, Weedman summarized

overall characteristics of the galaxy Markarian 231 as a p
totype for most phenomena observable in ultraluminous
frared galaxies.

3.2.2.5 Dwarf Galaxies and Globular Cluster Formatio
In June 1998, graduate student Sally Hunsberger compl
her thesis entitled ‘‘Dwarf Galaxies and Their Formation:
Study in the Compact Group Environment’’ and started h
position as a Lowell Observatory postdoctoral fellow. O
aspect of this work, also published in the Astrophysical Jo
nal in collaboration with Jane Charlton and Dennis Zarits
~UCSC/Lick!, was a determination of the luminosity func
tion of dwarf galaxies in R–band images of 39 Hickson co
pact groups~HCGs!. This luminosity function exhibits a
deficit of intermediate luminosity galaxies when compared
the field luminosity function. This suggests that cannibali
is more efficient in the compact group environment and t
there is either a preferential destruction of the more mas
companion galaxies, a mechanism which replenishes
dwarf galaxies, or both. The luminosity function differs fo
groups of various subclasses, with a larger population
dwarfs in groups with tidal tails, groups with X–ray halo
and groups with a dominant elliptical or lenticular galax
These group categories represent successive phases
evolutionary sequence: interaction, merger, and po
merger. This result is consistent with the prediction~from a
previous paper of Hunsberger, Charlton, and Zaritsky! that
tidal dwarf formation contributes significantly to the dwa
population.

3.2.2.6 Active Galaxies and QuasarsBrandt, working
with Th. Boller ~MPE Garching!, A. Comastri ~Bologna!,
A.C. Fabian~IoA Cambridge!, K. Iwasawa~IoA Cambridge!
and others, has continued his studies of Narrow-Line Sey
1 galaxies. These galaxies often have strong and hot
X-ray excess components, and ROSAT follow-up work h
vastly increased the number of ultrasoft Narrow-Line Seyf
1s known. Many of them show extremely rapid, larg
amplitude and nonlinear X-ray variability. They lie towar
one extreme of the Boroson & Green~1992! primary eigen-
vector, suggesting that they have extremal values of a
mary physical parameter such as the fraction of the Edd
ton rate at which the supermassive black hole is accretin

Brandt has collaborated with A. Comastri~Bologna! and
others on analysis of the first broad-band spectrum of
bright Narrow-Line Seyfert 1 galaxy Ton S 180, obtain
with the imaging instruments onboard BeppoSAX. This w
the first observed source in a sample of a dozen Narrow-L
Seyfert 1 galaxies in the BeppoSAX Core Program. T
X-ray spectrum shows a clear hardening above about 2 k
where a power law with a photon index of 2.3 plus an ir
line provide a good description of the data. This slope
significantly steeper than the typical one for classical Sey
1s and quasars. The best fit line energy is suggestive
highly ionized iron, which supports the idea that high acc
tion rate is the fundamental parameter characterizing
Narrow-Line Seyfert 1 phenomenon.

Brandt has also worked with K. Iwasawa~IoA Cam-
bridge! and A.C. Fabian~IoA Cambridge! to perform spec-
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tral analysis of ASCA data for the Narrow-Line Seyfert
Mrk 507. This galaxy was found to have an exceptionally fl
ROSAT spectrum among the Narrow-Line Seyfert 1s. T
ASCA spectrum, however, shows clear absorption in the
ergy band below 2 keV, which largely accounts for the fl
spectrum observed with the ROSAT PSPC. The absorptio
mainly due to cold gas with a column density of about 2
3 1021 cm22. A reanalysis of the PSPC data suggests t
the absorber is slightly ionized and covers only part of
central source.

Brandt has also continued collaboration with A.C. Fab
~IoA Cambridge! and others on studies of the X-ray lum
nous quasar GB 142814217 at redshift 4.72. ASCA data fo
this object allow a study of its intrinsic 4–57 keV X-ra
spectrum and show this spectrum to be very flat~with a
photon index of 1.29!. The overall spectral energy distribu
tion of GB 142814217 is similar to that of lower redshif
MeV blazars, and it appears likely that the Doppler beam
factor is at least 8. There may be a substantial numbe
high redshift blazars which must contain rapidly-form
massive black holes.

Data from the ASCA X-ray satellite have recently be
used by J.J. Feldmeier~Penn State!, Brandt, M. Elvis~Har-
vard CfA!, A.C. Fabian ~Cambridge IoA!, K. Iwasawa
~Cambridge IoA! and S. Mathur~Harvard CfA! to perform
the first detailed X-ray study of Markarian 6, a bright Seyf
1.5 galaxy with complex and variable permitted lines,
ionization cone, and remarkable radio structures. The 0.6
keV ASCA spectra penetrate to the black hole core of t
Seyfert and reveal heavy and complex intrinsic X-ray a
sorption. Both total covering and single partial coveri
models fail to acceptably fit the observed absorption, a
double partial covering or partial covering plus warm a
sorption appears to be required. The double partial cove
model provides the best statistical fit to the data, and AS
measures large column densities of (32 20) 3 1022 cm22

irrespective of the particular spectral model under consid
ation. These X-ray columns are over an order of magnit
larger than expected based on observations at longer w
lengths. Their data suggest that most of the X-ray absorp
occurs either in gas that has a relatively small amount of d
or in gas that is located within the Broad Line Region. T
X-ray absorber may well be the putative ‘atmosphere’ ab
the torus that collimates the ionization cone, and free-f
absorption in this atmosphere could help to explain the
capitated radio jet. A broad 6.4 keV iron K-alpha line al
appears to be present, and optical spectra show that the
tical emission lines of Markarian 6 were in a representat
state during their ASCA observation.

Brandt has worked with K. Iwasawa~Cambridge IoA!,
A.C. Fabian~Cambridge IoA! and others to study an appa
ent 58 ks~16 hr! periodicity in the 0.5–10 keV X-ray light
curve of the Seyfert galaxy IRAS 18325-5926~Fairall 49!. In
a 5-day ASCA observation nearly 9 cycles of the perio
variation are seen. It shows no strong energy dependence
has an amplitude of about 15 per cent. Unlike most ot
well-studied Seyfert galaxies, there is no evidence for str
power-law red noise in the X-ray power spectrum of IRA
18325-5926. Scaling from the QPOs found in Galactic bla
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hole candidates suggests that the mass of the black ho
IRAS 18325-5926 is~6-40! million solar masses.

S. Gallagher~Penn State!, Brandt and R. Sambruna~Penn
State! have started a systematic ASCA study of the optica
brightest Broad Absorption Line Quasi-Stellar Objec
~BALQSOs!. Data from ASCA are excellent for this projec
due to the high sensitivity of ASCA in the 2–10 keV ban
and they reveal that the X-ray column densities of m
BALQSOs are extremely large~provided the intrinsic X-ray
properties of BALQSOs are similar to those of QSOs wi
out BALs!. The ASCA data raise the current lower limits o
BALQSO column densities by about a factor of 10, and it
now clear that optical brightness is not a good predictor
X-ray brightness for BALQSOs. The currently available da
empirically suggest that high optical continuum polarizati
may be associated with X-ray brightness for BALQSOs.

P. De Naray~Penn State! and Brandt have worked on
detailed ROSAT and ASCA study of the nearby barred sp
galaxy NGC 1672. This galaxy is thought to have a we
Seyfert nucleus in addition to its strong starburst activi
Brandt’s earlier work with ROSAT showed that three X-ra
sources with luminosities of~1–2!3 1040 erg s21 are clearly
identified with NGC 1672. The strongest X-ray source lies
the nucleus, and the other two lie near the ends of the pro
nent bar, locations that are also bright in Ha and near-
infrared images. New ROSAT data reveal significant va
ability of one of the sources at the ends of the bar, sugges
that it is a highly luminous ‘super-Eddington’ X-ray binary
ASCA data do not show the high-energy power law emiss
expected from a Seyfert nucleus, and this result suggests
there may not be Seyfert activity in the center of NGC 16
at present. Alternatively, the line of sight into the nucle
regions may be blocked by a column density that is la
enough to be optically thick to Compton scattering.

Chartas has initiated a systematic study of all gravitati
ally lensed quasars detected in X-rays. The large magnifi
tion factors of gravitationally lens systems allows the inve
tigation of quasar properties with X-ray luminosities that a
substantially lower than those of unlensed ones. The la
magnification factors also allows the study of the contrib
tion of faint quasars to the X-ray background. Prelimina
results indicate that the average spectral indices of
sample are not harder than those of bright unlensed qua
suggesting that faint quasars do not contribute significa
to the X-ray background. His preliminary results also ind
cate a flattening of the spectral index above 4keV~rest
frame! for 2 radio loud quasars in his sample for which
has high signal to noise data.

Schneider, M. Schmidt~Caltech!, and J. Gunn~Princeton
University! are engaged in a long-term program to ident
high-redshift quasars based on surveys with the 5-m t
scope on Palomar Mountain. The data are acquired wit
CCD camera running in ‘‘scan mode’’; the survey areas
strips of sky that are about 9 arc-minutes wide. In the p
year they have published the catalog of objects from
Palomar Scan Grism Survey~PSGS!. The PSGS covered
slightly more than 1 sq deg and used slitless spectrosc
~using a grism! to identify the Lyman-alpha emission line i
quasars down to approximately mag 22. The catalog cont
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96 emission-line objects; the majority being compa
emission-line galaxies at redshifts of a few tenths. Lymana
lines were detected in the grism data for nine objects;
has a redshift larger than four. A preliminary analysis of t
PSGS results indicates that the luminosity function ofz
. 3 quasars significantly flattens as one moves to lo
luminosities.

Schneider, Schmidt, and Gunn, together with Guent
Hasinger~Potsdam Observatory! and several collaborators
have identified the most distant X-ray selected object. T
team has been using the Keck telescope to provide op
identifications of X-ray sources found in the ROSAT De
Survey~RDS!. The source positions in the RDS have acc
racies on the order of one arc-second, with allows unamb
ous identifications even a faint optical magnitudes. One
the RDS sources coincided with a 23rd magnitude optical
object; Keck spectroscopy revealed that the source wasz
5 4.45 quasar.

Rita Sambruna, in collaboration with M. Eracleous~PSU!
and R.Mushotzky~GSFC!, started a project involving archi
val and proprietary ASCA data for a large sample~34
sources! of radio-loud AGN. Among the many goals of th
project is a systematic comparison of the spectral prope
of radio-loud AGN to their radio-quiet counterparts, Seyf
galaxies, in order to gain insights on the origin of the rad
loud/radio-quiet AGN dichotomy. Preliminary results we
presented as a poster paper at the High Energy Astrophy
Division in Estes Park, Colorado, in 1997 November. A fi
paper, reporting the unusual properties of the Broad L
Radio Galaxy 3C 445, was published by Sambrunaet al.
~1998!.

Usher continues work on the US Survey for faint bl
objects, and is presently engaged in studying the prope
of the nearby quasar component with redshiftsz , 2.2.

3.2.2.7 BL Lacertae objects and BlazarsFeigelson,
former Penn State scientists Ron Kollgaard and Marg Ch
ter, former graduate student Sally Laurent-Muehleisen
German colleagues completed two aspects of an on-g
investigation of radio-loud active galaxies in the ROSA
All-Sky Survey ~RASS!. First, a major portion of Laurent
Muehleisen’s thesis work leading to a new large sample
BL Lac objects was published based on Very Large Ar
identifications and optical spectroscopy of a well-defin
sample of RASS sources. The new BL Lacs show that
previously reported distinctions between radio- and X-r
selected objects was largely due to selection effects. Sec
a RASS-VLA study of the deep exposure around the No
Ecliptic Pole revealed a number of new radio-loud AGN
including several likely radio galaxies in poor clusters.

Rita Sambruna continued her research on multifreque
properties of blazars, with particular emphasis on their hi
energy emission. Together with R.Mushotzky~GSFC!,
studying an archival ASCA spectrum of the X-ray bright B
Lac PKS 0548–322, she discovered the presence of ion
absorption in this source~Sambruna & Mushotzky 1998!. An
absorption feature was detected around 0.7 keV, mod
either with an absorption edge at a rest-frame energy 0
keV with an optical depth oft ; 0.3, consistent with the K
edge of OVI, or with an absorption line at rest-frame ene
t
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0.82 keV with width 0.1 keV and covering fraction 0.1, co
sistent with absorption by highly ionized Fe~Fe IX-XX! or
NeVII. This is the third BL Lac where high-energy absor
tion is discovered, reinforcing the notion that ionized abso
tion is common in this class of AGN previously thought
be ‘‘featureless.’’ According to current models, the mo
likely interpretation is absorption by a clumpy wind comin
from the inner regions of the sources, perhaps clouds of
ized gas uplifted from the surface of the accretion disk by
magnetic field; high-resolution observations in soft X-ra
are necessary to probe adequately the various models.

Together with G.Ghisellini~Oss. Merate, Italy!, E.Hooper
~CfA!, R.I.Kollgaard ~Fermi Lab!, J.E.Pesce~PSU!, and
C.M.Urry ~STScI!, Sambruna observed with ASCA an
other ground-based telescopes~operating at radio, optical/IR
and TeV frequencies! the two ‘‘red’’ BL Lacs 17491096
and 22001420 ~BL Lac!, with the goal to measure their har
X-ray continua for the first time and to study their multifre
quency continuum emission~Sambrunaet al. 1999!. Red BL
Lacs are characterized by a peak of their radio through X-
synchrotron emission around IR/optical frequencies; o
fundamental question is the origin of their high-energy em
sion, which includes a substantial fraction of their total e
ergy budget. The authors found that the ASCA spectra
both sources can be approximated as a zero order wi
power law of photon indexG ' 2; further spectral complex
ity is present, with 22001420 exhibiting a hard tail above 2
keV ~interpreted as the onset of the Compton compon
responsible for the emission at GeV energies! and 17491096
possibly showing spectral flattening at low energies. T
spectra from radio throughg-rays were shown to be consis
tent with synchrotron-self Compton emission from the re
tivistic jet, by explicitly fitting the data with detailed jet mod
els. For 22001420, comparing the spectrum to a lat
spectrum obtained during ag-ray flare, the authors were abl
to reproduce the outburst at GeV energies with a model
quiring inverse Compton scattering of photons external
the jet; interestingly, a simultaneous and similar increase
the external radiation density and the power injected in
jet is required, thus providing evidence that the jet power a
the radiation ionizing the Broad Line Regions in BL Lacs a
linked together. The model supports the current claim, ba
on independent evidence, that external Compton scatterin
the dominant cooling mechanisms in blazars with strong
tical emission lines.

E.Pian~TESRE, Bologna, Italy!, R.Sambruna, and others
observed the blue BL Lac Mrk 501 in the X-rays with SA
in 1997 April, during a period of intense TeV flaring~Mrk
501 in one of only three extragalactic AGN reliably detect
at TeV energies all the time!. It was discovered that the
X-ray spectrum of Mrk 501 was unusually hard, extendi
up to 200 keV and implying a shift of the synchrotron pe
by 2–3 orders of magnitudes with respect to the norm
‘‘quiescent’’ state. This unprecedented~in this and any other
blazar! spectral behavior was interpreted as a result of a la
acceleration event occurring in the jet of Mrk 501~Pianet al.
1998!. Two new campaigns with RXTE, ASCA, EUVE an
ground-based TeV and optical telescopes~PI: Sambruna!
were performed during 1998 June and July; preliminary
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sults indicate that the source faded at both X-rays and T
but maintaining a still high~around 20 keV! synchrotron
peak.

R.Sambruna, C.M.Urry~STScI!, and others have studie
with RXTE the X-ray variability of the bright BL Lac objec
PKS 2155–304. The RXTE observations, spanning a pe
of ; 2 weeks with intensive daily sampling, show compl
flux variations, with short flares superposed on a lon
trend. The shape of the flares is energy-dependent, in
sense that the flares become more and more symmetr
increasing energies, with larger variability amplitudes. T
behavior is consistent with a model where X-rays are emi
through synchrotron, with the synchrotron losses of the
jected electrons being faster than the injection time, and
light travel time effects becoming more and more import
at the higher energies. The results were presented in U
et al. ~1997! at the first SAX/RXTE symposium in Rome
Italy, 1997 October, by Sambruna~1998! during her invited
review talk at the RXTE topical session of the 192nd AA
meeting in San Diego, CA, in 1998 June, and by Sambr
~1999! during her invited review talk at the 194th IAU
Symp. on AGN in Byurakan, Armenia, in 1998 August.

E.Perlman ~STScI!, P.Padovani ~STScI!, P.Giommi
~CNR, Roma, Italy!, R.Sambruna, and others, have und
taken a survey of archived, pointed ROSAT PSPC obse
tions of blazars by correlating the ROSAT WGACAT dat
base with several publicly available radio catalogs. A fi
paper, describing the selection criteria, data analysis, and
identification procedure, has been published~Perlmanet al.
1998!. It is shown that the survey is very efficient (; 95%!
at finding new blazars, both BL Lacs and Flat Spectrum R
dio Quasars~FSRQs!. One intriguing result is the discover
of a new subclass of FSRQs showing radio-to-X-ray col
similar to blue BL Lacs – this is totally unexpected in th
context of current unification schemes for blazars. N
ASCA AO6 ~PI: Sambruna! observations of three blue FS
RQs were acquired in order to study for the first time th
hard X-ray spectra and compare it to blue BL Lacs. D
analysis is underway.

3.2.2.8 QSO Absorption LinesA view of galaxy evolution
over all epochs is provided by the synthesis of observati
in the ultra–violet~Hubble Space Telescope, first from FO
and now also STIS!, the optical~first from HIRES/Keck and
soon also from the Hobby Eberly Telescope~HET!!, and the
near–IR~soon from JCAM/HET and the near–IR beam
the MRS/HET!. The gaseous components and surroundi
of galaxies are as important as the stars for constructin
comprehensive view of galaxy formation and evolution. A
sorption lines of different chemical and ionization spec
are produced in quasar spectra by these gaseous compo
from redshifts 5 to 0. The Penn State Quasar Absorp
Line Group, led by Jane Charlton and Chris Churchill,
pursuing a multi–wavelength study of the formation, kin
matic, and chemical evolution of gas in galaxies and c
necting this picture to galaxies. Graduate students Rajib G
guly and Suzanne Linder were key players in the gro
effort during the past year, and undergraduate students K
Knierman, Rick Mellon, and Jane Rigby also made sign
cant contributions. Penn State colleagues James Be
V,
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Michael Eracleous, Larry Ramsey, and Donald Schnei
participate as collaborators in various aspects of this rese
effort. Work in this field is a synthesis of new and archiv
observations with modeling and theoretical considerati
~primarily theoretical projects are listed in section 3.3
Theoretical Cosmology, below.!

Ganguly, Churchill, and Charlton studied thez 5 1.94 C
IV absorption line system in the spectrum of quasar Q12
1 228. They found, through photoionization modeling, th
two clouds at only a 17 km/s velocity separation have c
trasting physical conditions. In the first cloud the abundan
pattern resembles that of Galactic metal–poor halo st
with Silicon enhanced and Aluminum depressed relative
solar. The second cloud has Al/Si larger than the solar ab
dance pattern, which is quite unusual and not character
of Milky Way gas. This demonstration of contrasting cond
tions in the same galaxy illustrates the promise of usin
large sample of high resolution quasar absorption line sp
tra to statistically study the evolution of the dynamical IS
and gaseous halos of galaxies.

Churchill and Charlton used HIRES/Keck profiles (R
5 6 km/s! of Mg II and Fe II in combination with FOS/HST
spectra (R 5 230 km/s! to place constraints on the physic
conditions ~metallicities, ionization conditions, and mult
phase distribution! of absorbing gas in three galaxies atz
; 1 along the line of sight to PG 12061 459. The multiple
MgII clouds exhibit complex kinematics and the C IV, N
and O VI are exceptionally strong in absorption, far t
strong to be consistent with the ionization conditions inferr
for the clouds that give rise to the Mg II. In all three system
an additional diffuse, high ionization phase is required, c
sistent with Galactic–like coronae surrounding the individu
galaxies, as opposed to a very extended common ‘‘ha
encompassing all three galaxies.

Churchill, Charlton, Rigby, and Vogt~UCSC/Lick!
searched for very weak Mg II absorbers in 26 HIRES/Ke
QSO spectra over 0.4, z , 1.4. They found 30 system
which implies that weak Mg II absorbers are more than
times more abundant than those that are known to be a
ciated with both galaxies and Lyman limit systems~LLS!.
This suggests that the majority of Mg II absorbers arise
sub–LLS environments. It is also found that the weak a
sorbers have@Fe/H# . 21. It is likely that some fraction of
these systems arise in the so–called low surface bright
galaxies, which are more numerous than ‘‘normal galaxie
by a factor of two to three. If so, this would have broa
implications for charting the stellar and galactic evoluti
around matter that cannot otherwise be charted by its lu
nous properties. The next step in the ongoing effort to
derstand the nature of these systems is to use the Mg II
Fe II in conjunction with Lya and C IV observed in FOS
HST spectra to infer their ionization state and single vs. m
tiphase properties.

Churchill and Le Brun~LAS du CNRS! searched for
Mg II associated with the Lya forest clouds along the PKS
04541 039 line of sight. This led to a more detailed stud
of two of the more extreme weak Mg II absorbers. Usi
photoionization models, they inferred that the cloud met
licities are near–supersolar to supersolar, depending u
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the assumed abundance pattern and dust depletion. Imag
the QSO field and spectroscopic follow–up~by Steidel
~Caltech! and collaborators! reveal no luminous candidates
the absorber redshifts. They tentatively suggest that the
sorption could be arising in low surface brightness galax
The nature of the weak Mg II absorption systems and
particular their connection with the galaxy populations
various epochs will be a focus of the group’s future effor

3.2.2.9 Variation of the Fine Structure Constant?An un-
usual application of quasar absorption line studies w
implemented by Chris Churchill in collaboration with Web
Flambaum, and Drinkwater~UNSW!, and with Barrow~Sus-
sex!. They developed a method that yielded an order of m
nitude sensitivity gain to investigate possible time or sp
variation in the fine structure constant,a ( 5 e2/hc). They
applied the technique to a sample of 30 absorption syst
spanning redshifts 0.5, z , 1.6 obtained with the HIRES
spectrograph on the Keck I telescope and found thata was
smaller at earlier epochs; for the whole sample the fractio
change was2 1.5 6 0.3 3 1025. This deviation is domi-
nated by measurements atz . 1. The investigators have no
yet completely ruled out either a systematic error in the d
or some different physical explanation; however, they co
not reliably identify any such mechanism after extensive
vestigations. The results are best interpreted as highlysug-
gestiveevidence for a time evolution ina.

3.2.2.10 Observational CosmologyChartas continued re
search on constraining the Hubble parameter through X
observations of the lens galaxy cluster of the gravitatio
lens ~GL! system Q09571561. Combining several ROSAT
HRI pointed observations of Q09571561 he was able to
make a 3s detection of the lens cluster. Incorporating t
observed mass of the cluster lens into a GL model for
system he provides an estimate for the Hubble constant.
current observations can only provide limited informatio
however future prospects are promising with the schedu
1999 high-resolution X-ray observations of Q09571561
with the AXAF satellite.

3.3 Theoretical Studies

3.3.1Theoretical Astrophysics

3.3.1.1 Physics of Gamma-Ray BurstsGraduate studen
Panaitescu & Me´száros ~1997a! simulated the radiation from
external shock in gamma-ray bursts, calculating burst spe
and time structures arising from synchrotron and inve
Compton scattering. They investigated the effect of vary
the various parameters and presented a set of correla
among the spectral and temporal features of the bu
Multi-pulse structures were simulated using a variable m
netic field and anisotropic emission, showing that at m
several subpulses can be thus generated. Another inves
tion ~Panaitescu & Me´száros, 1997b! concerned the dynami
cal effects on the evolution and spectrum of GRBs fro
external shocks in impulsive and wind models when o
includes a weak or a strong coupling between electrons
protons plus magnetic fields, and analyzed the burst feat
s of
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in each scenario. The spectra are generally harder in
strong coupling regime, and the various correlations w
quantified in each case.

Panaitescu and Me´száros ~1998d! carried out numerical
simulations of the dynamics of internal shocks in GRB, u
ing a 1-dimensional hydrodynamic code, and calcula
spectra and light-curves arising from such collisions by in
grating the synchrotron and inverse Compton emission of
shocked gas. The numerical results reflect the most impor
features observed in Gamma-Ray Bursts: the spectrum
hibits a progressive softening~its break energy decaying ex
ponentially with the 50–300 keV photon fluence!, and the
pulses that form the burst appear narrower in higher ene
bands. Analytical results for the most important physical p
rameters of the burst were obtained by solving the sh
jump conditions for a pair of interacting shells, in the ca
when both the forward and reverse shocks are relativisti

Mészáros & Rees~1998a! calculated the expected atom
edges and lines from ions in the internal shocks of GR
Gamma ray burst outflows may entrain small blobs or fi
ments of dense, highly ionized metal rich material. Such
homogeneities, accelerated by the flow to Lorentz factors
the range 10-100, could have a significant coverage fac
and give rise to broad features, especially due to Fe K-ed
which influence the spectrum below the MeV range, lead
to a progressively decreasing hardness ratio.

Mészáros, Rees & Wijers~1998b! considered the energe
ics and beaming of gamma-ray burst triggers for a w
range of mechanisms proposed to supply the energy of G
The common misconception that some of these, nota
NS-NS mergers, cannot meet the energy requirements is
dispelled. It is shown that GRB energies, even at the m
distant redshifts, are compatible with current binary mer
or collapse scenarios involving compact objects. This is
pecially so if, as expected, there is a moderate amoun
beaming, since current observations constrain the energy
solid angle much more strongly and directly than the to
energy. All plausible progenitors, ranging from NS-N
mergers to various hypernova-like scenarios, eventually l
to the formation of a black hole with a debris torus around
so that the extractable energy is of the same order, 1054 ergs,
in all cases. MHD conversion of gravitational into kinet
and radiation energy can significantly increase the proba
ity of observing large photon fluxes, although significant c
limation may achieve the same effect with neutrino anni
lation in short bursts. The lifetime of the debris torus
dictated by a variety of physical processes, such as visc
accretion and various instabilities; these mechanisms do
nate at different stages in the evolution of the torus and p
vide for a range of gamma-ray burst lifetimes

3.3.1.2 Gamma-Ray Burst AfterglowsPanaitescu and
Mészáros ~1997b! calculated the radiative efficiency and th
effects on the dynamics of the afterglow evolution of
strong or weak coupling between electrons and protons.
dynamics of the ejecta and external medium were follow
into the late stages of deceleration, in order to study
hydrodynamics of the remnant and the temporal and spe
evolution of the afterglow. A comparison with the optic
and radio afterglows of GRB 970228 and GRB 970508
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dicates that the real situation is intermediate between th
two extremes.

Panaitescu & Me´száros ~1998a! derived the equation fo
the surface of equal arrival time of radiation from a th
relativistic shell interacting with an external medium, rep
senting the afterglow of a gamma-ray burst produced b
fireball. Due to the deceleration, these surfaces become
torted ellipsoids and, at late times, most of the light com
from a ring-like region whose width depends only on ag
They analyzed the shape of these surfaces for different
namic and radiative regimes and homogeneous or power
external densities. They tabulated the most relevant par
eters describing the surfaces and the source brightness d
bution, both for bolometric and fixed frequency observatio
which are useful for more accurate analytic estimates of
afterglow evolution.

Rees & Mészáros ~1998! proposed a model of ‘‘refreshe
shocks’’ for afterglows. They consider fireball models whe
the ejecta have a range of bulk Lorentz factors, so that
inner ~lower G) parts may carry most of the mass, or ev
most of the energy. The outer shock and contact discont
ity decelerate as the fireball sweeps up external matter.
deceleration allows slower ejecta to catch up, replenish
and reenergizing the reverse shock and boosting the mom
tum in the blast wave. In consequence, the energy avail
to power the afterglow may substantially exceed that of
burst itself. Such models allow a wide range of possibilit
for the afterglow evolution, even in the case of spherica
symmetric expansion.

Panaitescu, Me´száros & Rees~1998! calculated the multi-
wavelength afterglows in GRBs with refreshed shock a
directional ejection effects. They presented a set of differ
tial equations for calculating the evolution in a simplifie
analytical manner, and studied of the relevant parameter
the X-ray, optical and radio fluxes and the shape of the c
responding light-curves. The numerical results are compa
to observed afterglows and give a quantitative description
the conditions~geometry and physical parameters! in the
ejecta that are compatible with the light-curves of the 9705
afterglow, for which a large number of accurate flux me
surements are available. They find that the radio, optical
X-ray light-curves of this afterglow can be explained sat
factorily within the spherically symmetric fireball model, a
suming a delayed energy injection, or by an axially symm
ric jet surrounded by a less energetic outflow.

Panaitescu & Me´száros ~1998c! computed the evolution
of spherical and conical GRB remnants by means of an a
lytical approach. This method leads to numerical calculati
of fireball dynamics that are computationally simpler th
hydrodynamic simulations. It is also a very flexible a
proach, that can be easily extended to include more com
situations, such as a continuous injection of energy at
reverse shock, and the sideways expansion in non-sphe
ejecta. Numerical results for the dynamic evolution are d
cussed and compared to the analytical solutions. The l
curves computed from beamed ejecta show that, due to
increased swept up matter and the time delay of the la
angle emission, the sideways expansion of the remnant
does not lead to a dimming of the afterglow, and mitiga
se
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the subsequent downturn from the transition into the n
relativistic regime.

Mészáros, Rees & Wijers~1998a! investigated the view-
ing angle and environment effects in GRB as a source
afterglow diversity. They discuss the afterglows from t
evolution of both spherical and anisotropic fireballs dece
ating in an inhomogeneous external medium. They cons
both the radiative and adiabatic evolution regimes, and a
lyze the physical conditions under which these regimes
be used. Afterglows may be expected to differ widely amo
themselves, depending on the angular anisotropy of the
ball and the properties of the environment. They may
entirely absent, or may be detected without a correspond
g-ray event. A tabulation of different representative lig
curves is presented, covering a wide range of behaviors
resemble what is currently observed in GRB 970228, G
970508 and other objects. Me´száros & Rees~1998b! dis-
cussed the formation of spectral features in the decelera
ejecta of gamma-ray bursts, including the possible effec
inhomogeneities. These should lead to blueshifted
broadened absorption edges and resonant features, espe
from H and He. An external neutral ISM could produce d
tectable H and He, as well as Fe X-ray absorption edges
lines. Hypernova scenarios may be diagnosed by Fe K-a and
H Ly-a

3.3.1.3 Cosmic Rays and Ultra-high Energy Radiati
Rachen and Me´száros ~1997! investigated critically the hy-
pothesis that protons accelerated at internal shocks in G
could be the origin of the observed 1020 eV cosmic rays.
They find that, even though protons can be accelerate
such energies, their ejection into the ISM may lead to on
ous adiabatic losses. This problem can be circumvented
neutrons produced in photohadronic interactions, which
escape unhindered. They can both be produced and esca
appreciable numbers if the photohadronic opacity is of or
unity. This requirement can be fulfilled under the same c
dition which allows protons to reach the highest energ
required. The corresponding correlation of 1020 eV protons
and ultra-high energy neutrinos makes this a testable hyp
esis.

Biermann, Kang, Rachen and Ryu~1997! investigated the
cosmic structure of magnetic fields by means of cosmolo
cal large-scale structure formation simulations. Thes num
cal simulations, combined with observations of rotation m
sures to distant radio sources give upper limits of 0.2 to
mGauss along the filaments and sheets that form in C
simulations. High energy cosmic rays could be focused
strongly scattered by such fields.

Mücke, Rachen, Engel, Protheroe & Stanev~1998! devel-
oped a flexible and general numerical code to calculate p
tohadronic cascades for charged particles with arbitrary m
mentum distributions in an arbitrary radiation field. This h
been tested for ultra-high energy cosmic rays in the mic
wave background, the main prospective use being for fut
applications to blazar and gamma-ray burst source mode

Rachen & Mészáros ~1998! investigated the production o
ultra-high energy photohadronic neutrinos (1014 2 1018 eV!
from transients in astrophysical sources whose phys
properties are constrained by their variability, in particu
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jets in Active Galactic Nuclei~blazars! and Gamma-Ray
Bursts ~GRB!. They discuss the various competing cooli
processes for energetic protons, as well as the cooling
pions and muons in the hadronic cascade, which impose
its on both the efficiency of neutrino production and t
maximum neutrino energy. If the proton acceleration proc
is of the Fermi type, they derive a model independent up
limit on the neutrino energy from the observed properties
any cosmic transient, which depends only on the assu
total energy of the transient. For standard energetic c
straints, this can rule out major contributions above 1019 eV
from current models of both blazars and GRBs; and in m
models much stronger limits apply in order to produce m
surable neutrino fluxes. For GRBs, they show that the co
ing of pions and muons in the hadronic cascade imposes
strongest limit on the neutrino energy, leading to cutoff e
ergies of the electron and muon neutrino spectrum at
source differing by about one order of magnitude. They a
discuss the relation of maximum cosmic ray energies
maximum neutrino energies and fluxes in GRBs, and fi
that the production of both the highest energy cosmic r
and observable neutrino fluxes can only be realized un
extreme conditions; a test implication of this joint scena
would be the existence of strong fluxes of muon neutrinos
to energies; 1018 eV. Secondary particle cooling also lea
to slightly revised estimates for the neutrino fluxes fro
~non-transient! AGN cores, which are commonly used in e
timates for VHE detector event rates. Since this approac
quite general they conclude that the detection or n
detection of neutrinos above; 1019 eV, eg with the Pierre
Auger Observatory, correlated with blazar or GRB tra
sients, would provide strong evidence against or in favor
current models for cosmic ray acceleration and neutrino p
duction in these sources.

3.3.1.4 Radiation Processes in Compact ObjectsZavlin
~MPE, Germany!, Pavlov and Tru¨mper ~MPE, Germany!
analyzed X-ray data collected with theROSATand ASCA
missions from a radio-silent isolated neutron star in the
pernova remnant PKS 1209–52. They fitted the obser
spectra with neutron star atmosphere models and sho
that hydrogen atmosphere fits result in more realistic par
eters of the neutron star than the traditional blackbody fit
particular, they obtained a neutron star surface tempera
Teff 5 (1.4 2 1.9) 3 106 K, consistent with standard
cooling models.

Bezchastnov~Ioffe Institute for Physics and Technology
Russia! Pavlov and Ventura~University of Crete, Greece!
investigated properties of the He1 ion moving in a strong
magnetic field. They developed a multichannel Hartre
Fock code with a two-particle basis set suitable for prec
numerical solving of this nontrivial quantum mechanic
problem and calculated the energies of discrete levels
corresponding sizes of the moving ion. Similarly to the p
viously studied case of hydrogen, the ion is strongly d
formed by the action of the motion-induced Stark forc
Unlike the case of the neutral hydrogen atom, whose tra
verse motion gives rise to a continuum of displaced ene
states with changing transverse momentum, transverse
tion of the He1 ion gives rise to a discretely spaced ener
of
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spectrum. A quantitative understanding of this problem a
related opacities is central in modeling neutron star atm
spheres, and it should help in the interpretation of therm
emission from radio pulsars.

3.3.1.5 Globular Cluster EvolutionR. Bartlett and R. Cia-
rdullo are continuing to study the evolution and origin
systems of globular clusters associated with present-day
axies. The project’s first objective is to model the physic
changes undergone by globular clusters over a Hubble ti
due to destructive dynamical effects; included in the analy
is internal relaxation of a cluster resulting in the evaporat
of stars, and repeated dynamical shocking caused by a c
ter’s orbital passages through the disk or close to the bulg
the parent galaxy. Early results have indicated that th
gravitational processes are effective in selectively destroy
low-mass clusters, but they are not sufficient to erode a c
ter population from an ‘‘initial’’ state with a power-law lu
minosity function~as observed in the young compact cluste
in the Antennae galaxies! to a ‘‘final’’ state with a log-
Gaussian form~as observed in the Milky Way, M31, an
several Virgo ellipticals!. Since a system of clusters shou
be descended from a population of gaseous clouds,
project is now evaluating the effects of environment of clu
ter formation ~i.e., within a forming galaxy or a merge
event, for example! and the likelihood of survival of very
young clusters against disruption by star formation, a
against unbinding due to mass-loss from evolving stars.

3.3.1.6 Cosmology and Statistics of Gamma Ray Bu
SourcesBagoly, Mészáros, Horváth, Balázs & Mészáros
~1998! carried out a principal component analysis for 6
gamma-ray bursts in the BATSE 3B catalog for which no
zero values exist for the nine measured variables. This sh
that only two out of the three basic quantities of duratio
peak flux and fluence are independent, even if this relatio
strongly affected by instrumental effects, and these two
count for 91.6% of the total information content. The ne
most important variable is the fluence in the fourth ene
channel~at energies above 320 keV!. This has a larger vari-
ance and is less correlated with the fluences in the remai
three channels than the latter correlate among themse
Thus a separate consideration of the fourth channel, and
creased attention on the related hardness ratioH43 appears
useful for future studies. The analysis gives the weights
the individual measurements needed to define a single d
tion, peak flux and fluence. It also shows that, in logarithm
variables, the hardness ratioH32 is significantly correlated
with peak flux, whileH43 is significantly anticorrelated with
peak flux. The principal component analysis provides a
tentially useful tool for estimating the improvement in info
mation content to be achieved by considering alterna
variables or performing various corrections on availa
measurements.

Horváth ~1998! has analyzed the BATSE 3B bursts cat
log and identified a third class of GRB. This confirms
separate and different analysis by Mukerjee, Feigelson
Babu ~1998!, using different methods. Two classes
Gamma Ray Bursts had been identified previously, cha
terized by T90 durations shorter and longer than appro
mately 2 seconds. Here it is shown that the BATSE 3B d
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allow a good fit with three Gaussian distributions in logT90.
The x2 statistic indicates a 44 % probability for two Gaus
ians, whereas the three Gaussian fit probability is 99 %.
ing another statistical method, it is argued that the proba
ity that the third class is a random fluctuation is less th
0.01 %.

Feigelson, working with several statistician colleagues
Penn State and elsewhere, completed a multivariate ana
of the 3rd BATSE catalog of gamma-ray bursts~GRBs!. The
purpose is to elucidate the types of GRBs and determine
relationships between their bulk properties: location, fluen
hardness and duration. Their study is based on both stan
nonparametric methods~hierarchical agglomerative cluste
ing validated with MANOVA tests! and state-of-the-ar
model-based~maximum-likelihood clustering validated wit
the Bayesian Information Criterion! techniques treating al
variables simultaneously. They establish that a third clas
GRBs is present in the database, in addition to the w
known short-hard and long-soft burst classes. No signific
relationships between the variables are found within a
class.

3.3.2Cosmology

3.3.2.1 QSO Absorption LinesGraduate student, S
Linder, has determined that it is plausible that the exten
HI disks of the existing population of giant, dwarf and lo
surface brightness galaxies can explain all Lya absorption at
low redshift. The dwarf and low surface galaxies could ma
a dominant contribution to absorption, but they may often
overlooked as absorber candidates in favor of more ea
identified high surface brightness galaxies. These con
sions rely on a series of Monte–Carlo simulations with p
rameters tuned to the properties of the observed galaxy p
lations and to the Lya forest observed by HST. Recent wo
includes incorporation of galaxy clustering and of obser
tional selection effects into the theoretical models.

Jane Charlton and Chris Churchill constructed models
the low ionization absorbing gas in galaxies at intermed
redshifts and examined their absorption properties as see
the high resolution spectra~HIRES/Keck! of background
QSOs. They found that neither a single population of sp
disks or pure halo infall kinematics can account for the ran
of observed absorber properties. Either two population m
els or a single population of galaxies that have absorp
contributions from gas in both their disks and their halos
consistent with the data. Perhaps this is not surprising
view of the multiple gaseous phases of galaxies in the Lo
Universe. In the future, the richness of kinematic structure
high resolution profiles of many different chemical spec
will be exploited in an evolutionary study of galaxies ov
the full range of cosmic time.

3.3.3History of Astronomy

Usher continues to study the incidence of astronom
allusions in Shakespeare’s plays and their relevance to
history of astronomy. The Bard’s apparent lack of awaren
of the Copernican hypothesis is noted in an article that
appeared inGiornale di Astronomia~Usher 1998a!. ‘‘Ham-
let’s Transformation’’ is the topic of a paper delivered to t
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History of Astronomy Division at the Washington meetin
of the AAS ~Usher 1997a!. The word ‘‘transformation’’ was
coined by the English astronomer Thomas Digges fr
whose works it made its way into ‘‘Hamlet.’’ Among othe
conclusions Usher posits that Shakespeare eschewed
Four of Saxo Grammaticus because to have continued
tale of Amleth’s misadventures would have led him aw
from the allegorical fit which underlies the present interp
tation of the play. The general structure of this allegory h
been presented~Usher 1997b!.

3.3.4Computational Astrophysics

3.3.4.1 Tidal Distortions of Globular ClustersOne of the
external fields that influences the population of globular cl
ters is that due to galactic bulges. In extreme situations, p
galactic distancesr p < 100 pc, globular clusters could suffe
total disruption in a single passage. A more common s
nario is that for cluster orbits withr p > 200 pc. Holly
Nordquist and Robert Klinger~Penn State undergraduates!,
with Jane Charlton and Pablo Laguna, investigated the
fects of tidal forces from a bulge on the shape of globu
clusters for this type of encounters. They found distortio
characterized by ‘‘twisting isophotes’’ and consider the p
tential for observability of this effect. In the Milky Way, a
typical globular cluster must pass within several hundred
of the center to experience substantial distortion, and i
possible that this has happened recently to one or two pre
day clusters. This distortion could be observed even
globulars in dense fields toward the bulge. In more extre
environments such as giant ellipticals or merger produ
with newly formed globulars, this effect could be more com
mon, extending out to orbits that pass within 1 kpc of t
bulge center. This would lead to a substantial shift in t
eccentricity distribution of globulars in those galaxies.

3.3.4.2 Black HolesThe following work by Laguna was
carried out as part of the the Binary Black Hole Grand Ch
lenge Alliance. Accurate three-dimensional numerical sim
lations of generic single-black-hole spacetimes have b
achieved by characteristic evolution with unlimited lon
term stability. The simulations include distorted, movin
and spinning single black holes, with evolution times up
60 000M. Binary black-hole interactions provide potentia
the strongest source of gravitational radiation for detect
currently under development. The Alliance has develope
three-dimensional Cauchy evolution code to simulate th
astrophysical events. These constitute essential steps tow
modeling such interactions and predicting gravitational
diation waveforms. The Alliance has been able to carry
simulations of a black hole moving freely through a thre
dimensional computational grid via a Cauchy evolution
hole moving near 6M at 0.1c during a total evolution
duration near 60M . The Alliance also developed a meth
for extracting gravitational radiation from a three
dimensional numerical relativity simulation and, using t
extracted data, to provide outer boundary conditions. T
method treats dynamical gravitational variables as n
spherical perturbations of Schwarzschild geometry.

Laguna and collaborators Nils Andersson~Southampton,
UK! and Philippos Papadopoulos~Potsdam, Germany! ana-
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lyzed the amplification due to so-called superradiance fr
the scattering of pulses off rotating black holes as a num
cal time evolution problem. They considered the case of s
lar field pulses for which superradiance effects yield am
fications, 1%. They showed that this small effect can
isolated by numerically evolving quasi-monochromat
modulated pulses with a recently developed Teukolsky co
Their results showed that it is possible to study superradia
in the time domain, but only if the initial data is careful
tuned. This work illustrates the intrinsic difficulties of detec
ing superradiance in more general evolution scenarios.

3.3.5Atomic Physics

Sampson and collaborators have continued their work
fully relativistic calculations of atomic properties of high
charged ions. In the current year the generalized Breit in
action between bound and free electrons was included
their code for cross sections for excitation of ions to spec
magnetic sublevels by impact with directional electrons. F
these detailed cross sections the Breit interaction was fo
to be of some significance even for iron ions. The range
nuclear charge Z for which inclusion of the Breit interacti
is important for ionization from the 1s subshell of H-lik
He-like, Li-like and Be-like ions was also explored. Simp
fits of these ionization cross sections were made that a
one to readily obtain ionization cross sections and rate c
ficients for any of these types of ions from atoms a few tim
ionized up to ions with Z592. Similar work is in progress on
ionization from the n52 subshells.

3.3.6Statistical Astronomy

3.3.6.1 AstrostatisticsFeigelson’s main effort in this are
concerned a statistical investigation of gamma-ray bu
~see § 3.3.1.6!. He also participates in the Statistical Consu
ing Center for Astronomy~www.stat.psu.edu/scca!, main-
tains a Web site with statistical codes~www.astro.psu.edu
statcodes! that received about 30 hits daily, and publish
several talks on astrostatistical matters.

3.3.7Numerical Relativity

3.3.7.1 Cosmological Topological DefectsSymmetry-
breaking phase transitions may leave behind topological
fects with a density dependent on the quench rate. Lag
and Zurek~Los Alamos! investigated the dynamics of suc
quenches for the one-dimensional, Landau-Ginzburg c
and showed that the density of kinks,n, scales differently
with the quench timescale,tQ , depending on whether th
dynamics in the vicinity of the critical point is overdampe
(n } tQ

21/4) or underdamped (n } tQ
21/3). Either of these

cases may be relevant to the early Universe, and they de
bounds on the initial density of topological defects in cosm
logical phase transitions.

ACKNOWLEDGMENTS
We thank the Zaccheus Daniel Foundation, NASA Gra

ate Student Researchers Program, Pennsylvania Space
Consortium, the Wheeler P. Davey Memorial Trust and A
gust and Ruth Homeyer for their continuing support
i-
a-
-

,
e.
ce

n

r-
in
c
r

nd
f

w
f-
s

ts
-

e-
na

se

ve
-

-
rant
-
f

graduate research scholarships. Substantial portions o
search described in this report were supported by grants
contracts from the National Science Foundation and the
tional Aeronautics and Space Administration. The Ebe
Family Charitable Trust provided gifts supporting research
the Department.

PUBLICATIONS
Abrahams, A. M., Rezzolla, L., Rupright, M. E., Anderso

A., Anninos, P., Baumgarte, T. W., Bishop, N. T., Brand
S. R., Browne, J. C., Camarda, K., Choptuik, M. W
Cook, G. B., Evans, C. R., Finn, L. S., Fox, G., Gome
R., Haupt, T., Huq, M. F., Kidder, L. E., Klasky, S.,La-
guna, P., Landry, W., Lehner, L., Lenaghan, J., Marsa,
L., Masso, J., Matzner, R. A., Mitra, S., Papadopoulos,
Parashar, M., Saied, F., Saylor, P. E., Scheel, M.
Seidel, E., Shapiro, S. L., Shoemaker, D., Smarr, L.,
ilagyi, B., Teukolsky, S. A., M. H. P. M. van Putten
Walker, P., Winicour, J., W. York Jr, J., 1998 ‘‘Gravita
tional Wave Extraction and Outer Boundary Conditio
by Perturbative Matching,’’ Phys. Rev. Lett., 80, p
1812-1815.

Andersson, N.,Laguna, P. and Papadopoulos, P. ‘‘Dynam
ics of scalar fields in the background of rotating bla
holes II: A note on superradiance,’’ 1998, Phys. Rev.
58, pp. 85021-4

Arzoumanian, A., Taylor, J. H. andWolszczan, A., ‘‘Evi-
dence for Relativistic Precession of the Binary Puls
B1534112’’ 1998, in Pulsar Timing, General Relativity
and the Internal Structure of Neutron Stars, Proc. Coll.
Royal Netherlands Academy of Arts and Sciences, Arz
manian, A. and van den Heuvel, E. P. J.~eds.!, in press
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Mészáros, P. & Rees, M.J., 1998a ‘‘Spectral Features fro
Ultrarelativistic Ions in Gamma-Ray Bursts?’’ ApJL, 50
L105
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