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� Personnel

During this time the departmental faculty consisted
of Steven A� Balbus� Roger A� Chevalier� John F� Haw�
ley� Philip A� Ianna� Zhi�Yun Li� Steven R� Majewski
Robert W� O�Connell� Mercedes T� Richards� Robert T�
Rood� Craig L� Sarazin� William C� Saslaw� Trinh X�
Thuan� Charles R� Tolbert� and D� Mark Whittle�

Postdocs in residence included Dana Dinescu� Rich�
ard deGrijs� and Paul Ricker�

Robert Rood took over the Chairmanship in July�
replacing Robert O�Connell who has served the Depart�
ment so well for many years� Eric W� Weisstein resigned
as Research Scientist to take a position at Wolfram Re�
searrch� Richard Patterson was promoted to Research
Scientist for Astrometric Support� Michael Begam also
held an astrometric support position and spent part of
the year at Mount Stromlo Observatory� James Barr
continued as electronics technician� and Charles Lam
continued as instrument maker� Virginia Bossong and
Jacquelynn Harding continued as our secretaries� Nick
Nichols is the resident caretaker at the Fan Mountain
Station�

There were �	 enrolled graduate students at the end
of this period� Eric Richards completed his Ph�D� during
the year and received a Hubble Fellowship�

The Virginia Institute for Theoretical Astronomy

VITA� continued operations during this period with
support from the University of Virginia and NASA As�
trophysical Theory Program grants and hosted a number
of visitors for brief periods� Visitors included Chris Moss

Arizona�� Rich Gelderman 
Western Kentucky�� Yuri
Izotov 
Kiev�� Doris Neumann 
Saclay�� Claes Fransson

Stockholm�� and P� Koubsk�y 
Prague��

� Facilities

The 
��cm Leander McCormick refractor on Mount
Je�erson and the 	���m and the ��m re�ectors on Fan
Mountain were used during the year for education in
both graduate and undergraduate courses� A new auto�
mated tailpiece was installed and the mirror resilvered
for the ��m � In Australia� the ��m re�ector at Siding
Spring Observatory has continued to be made available
for the southern parallax program under a cooperative
agreement with Mount Stromlo and Siding Spring Ob�
servatories�

Majewski and Crane 
grad student� began construc�
tion of a student speckle interferometry camera for use

on the �
� refractor�

� Research

��� Stars and Stellar Evolution

Balbus has carried through a study of turbulent
transport in disks based on the close analogy between
thermally strati�ed and and rotating �uids� The e�ect
of MHD turbulence on heat transport in a convectively
stable disk is to produce a downward 
i�e�� toward the
midplane�� against the large scale temperature gradient�
This is the analogue behavior of inward angular momen�
tum transport found when convective turbulence is im�
posed in Rayleigh�stable disks� The heat transport is
likely to be small� and thus dominated by the conven�
tional upward di�usive heat transport�

The analogy between rotating and strati�ed �ows
also suggests that a counterpart to the magnetorota�
tional instability may exist� which would a�ect the trans�
port of entropy in a convectively stable thermal layer�
Balbus has discovered such an instability� which is based
on thermal conduction along magnetic lines of force� It
appears to be a type of double�di�usive instability� de�
pending upon the combination of a small resistivity and
a large thermal conductivity� The astrophysical implica�
tions of the �nding are currently under investigation�

Balbus� in collaboration with J� Papaloizou 
Queen
Mary�West�eld College� has completed a study of the
foundations of alpha disk theory via a time dependent
nonlinear analysis� Conditions under which turbulent
transport in accretion disks may properly be described
by an alpha formalism have been elucidated� While mag�
netic �elds can rigorously be incorporated within this
formalism� it can be shown that self�gravity may not�
Viscous models of such disks are likely to be qualita�
tively incorrect�

Balbus� in collaboration with C� Terquem 
IAP�� is
developing models of magnetized protostellar disks� The
focus of the research is upon the e�ect of Hall currents on
the stability properties of the disk for general magnetic
�eld geometries� The transition between a magnetized
inner disk zone and a nonmagnetized adjacent zone is
important to understand for models of the dynamical
evolution of the solar nebula and protostellar disks more
generally�

Chevalier and Li investigated models for GRB 
gam�
ma�ray burst� afterglows involving the interaction of a
relativistic blast wave with the wind from a Wolf�Rayet
star� These studies were motivated by the association
of GRBs with star�forming region and with supernova�
like events� which suggest that GRBs have massive star
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progenitors� The wind interaction models show that the
sources can have similar luminosities and spectra as in
interstellar interaction models� but that the evolution is
di�erent� A number of observed afterglows are compat�
ible with wind interaction� including the ones that have
been identi�ed with supernova�like emission� The ra�
dio evolution of GRB ��	�	� is especially suggestive of
wind interaction However� wind interaction models do
not appear to be appropriate for all observed afterglows�
For example� the bright source GRB ��	��� is better
modeled as an interstellar interactor� The implication is
that there are two progenitor types among the observed
sources� in one case the progenitors are massive stars
and in the other they are compact binary mergers�

Chevalier� together with Lundqvist and others� used
the HST to obtain an ultraviolet spectrum of the Crab
pulsar� The spectrum showed a blueshifted C IV ab�
sorption line with velocities extending to at least ��			
km s��� This absorption feature may be due to freely
expanding supernova ejecta that extend around the com�
monly observed Crab Nebula� However� the observations
do not imply that there is su�cient energy in the ejecta
to bring the energy of SN �	�� up to a normal supernova
energy� Because of the power law spectrum of the Crab
pulsar� the spectrum also gives an excellent estimate of
the dust extinction curve in this direction�

Chevalier� together with Fransson� Fesen� Filippenko
and others� is analyzing HST and ground�based spectra
of the Type IIn supernova SN ����N taken at an age
of ��� years� They have found at least � types of line
emission� unresolved lines that appear to be from cir�
cumstellar clumps of gas photoionized by the hard su�
pernova radiation� lines with a �boxy� pro�le that are
probably from freely expanding ejecta� and lines of in�
termediate width� some of which 
H� and Mg II� have
broad wings� The second type of emission is not present
in H lines� which suggests that the emission is from heavy
element enriched ejecta� This component is seen in the
UV lines of Si IV� C IV� Si III�� and C III�� The circum�
stellar interaction is complex� the strong� broad Mg II
doublet is indicative of shock interaction over a broad
range of velocities� as might be expected if clumps are
present�

Dinescu has completed the measurement of �ve Se�
lected Areas �elds for the purpose of star and galaxy
counts to faint magnitudes 
V � ���� The �elds are lo�
cated toward the Galactic anticenter� at various Galac�
tic latitudes� The measurement was carried out with
the UVa PDS microdensitometer used in the photome�
try mode� and for each �eld� six Mayall ��m photographic
plates were scanned� The reduction procedure consists
of obtaining catalogues of classi�ed objects with cali�
brated magnitudes� While catalogues were derived for
all �elds� the photographic magnitude calibration awaits
for deep CCD standard photometry in order to obtain
calibrated photographic photometry down to V � ���
The derived positions in these catalogues will be used as
input for the following astrometric measurement which
has the purpose of deriving proper motions for kinematic

studies at the Galactic anticenter�
Dinescu� Majewski and Girard 
at Yale University�

have started a proper�motion study of the globular clus�
ter Pal ��� The aim is to obtain the absolute proper mo�
tion of the cluster to an accuracy of 	�� mas yr��� and
therefore its orbit� The orbit will clarify whether this
cluster was part of the Large Magellanic Cloud as pro�
posed by Lin � Richer 
������ Proper�motion member�
ship probabilities will help better de�ne the color mag�
nitude diagram of this cluster� and also investigate its
structural parameters� and possible tidal tails� About
thirty photographic plates have been measured with the
precise Yale PDS micordensitometer� and the reduction
is almost complete� A similar study was also started
for globular cluster NGC �		
� and� so far� all eighteen
plates for this cluster were measured at Yale�

Hawley and Balbus continue to investigate the na�
ture of the angular momentum transport mechanisms�
MHD turbulence� and global dynamics of astrophysical
disk systems including protoplanetary systems through
combined analytical and numerical studies�

During the past year Hawley has been performing
a series global three�dimensional accretion torus simula�
tions� These simulations demonstrate that� quite gener�
ally� such tori are strongly unstable to the magnetorota�
tional instability� Turbulence is rapidly produced which
drives the angular momentum to a Keplerian pro�le� re�
gardless of its initial distribution� The instability acts
as a dynamo� regenerating poloidal �eld� and thereby
sustaining the turbulence� Work continues with global
disk simulations� for a range of initial disk con�gurations�
magnetic �eld strengths and orientations� and spatial do�
mains�

Hawley� in collaboration with T� Fleming and J�
Stone of the University of Maryland� have investigated
the evolution of the magnetorotational instability in the
presence of �nite resistivity in the local model� The
results suggest that angular momentum transport by
MHD turbulence in protostellar disks can be inhibited
by Ohmic dissipation at larger magnetic Reynolds num�
bers than might be expected from a linear analysis�

Li started a new project investigating the formation
of multiple stars in magnetized molecular clouds� The
investigation is motivated by the fact that most stars
are formed in groups or clusters� and yet our theoretical
understanding of multiple star formation is still in the
infancy� He studied the simplest case of axisymmetric
clouds in a disk�like geometry and found that� depending
on the initial distribution of the mass�to��ux ratio� the
clouds can either collapse toward the center 
as in previ�
ous calculations of single star formation� or toward self�
gravitating rings as the cloud magnetic support weakens
due to ambipolar di�usion� The rings are expected to
be unstable to fragmentation into small pieces� forming
multiple dense cores at the same time� The collapse of
these cores should lead to multiple star formation�

Li� R� Krasnopolsky 
Caltech�� and R� Blandford

Caltech� extended their numerical simulations of jet
� wind launching from accretion disks to large dis�
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tances well beyond the launching region� These simu�
lations allowed them to explore the asymptotic struc�
ture of magneto�centrifugal jets and winds� and to con�
nect the �ow quantities on the large� observable scales
to the conditions on the launching surface� They found�
in steady state� that magneto�centrifugal winds colli�
mate very slowly beyond the fast magnetosonic sur�
face� that the density contours appear better collimated
than streamlines� and that the density distribution with
cylindrical radius at large distances deviates signi�cantly
from that suggested by simple asymptotic analyses� In�
trinsically unsteady solutions were also found under cer�
tain circumstances and will be studied further in connec�
tion with knot formation in astrophysical jets�

Majewski and Siegel 
graduate student� continued
their work on the Selected Areas Starcounts Survey

SASSY�� a systematic CCD starcounts survey of the
Milky Way� in collaboration with I�N� Reid 
U� Penn�
and I�B� Thompson 
OCIW�� They are currently at�
tempting to derive density laws of the Galactic popu�
lations by photometric parallax with RI photometry in
seven � deg� �elds observed with the Swope ��m� V I
photometry from SASSY also reveals a possible exten�
sion of the tidal stellar tail of the Sagittarius 
Sgr� dwarf
galaxy ��� south of the Sgr nucleus� These and all
other available Sgr data are reanalyzed in contributions
in a collaboration with K� Johnston 
IAS�� W� Kunkel

Las Campanas Obs��� and C� Palma 
graduate student��
which conclude that the best �t model has the tidal arms
of Sgr multiply wrapped around the Milky Way�

Majewski and Palma have been collaborating with
R� Peterson 
Lick� and E� Green 
Steward� to investigate
radial velocity clumping at the � km s�� level among
the non�cluster members in the �eld of the open cluster
NGC 
���� The clumping is reminiscent of tight radial
velocity clumping predicted by Helmi � White 
�����
when the debris of tidally disrupted satellites become
multiply�wrapped around the Milky Way�

Majewski� Dinescu� W�Y� Johnson 
undergraduate��
Patterson� Ostheimer� and Palma have been studying in�
ternal stellar population and bulk kinematical properties
of the Galactic globular cluster � Centauri� which lend
support to the idea that this globular may actually be
the nucleus of a massively disrupted dwarf galaxy�

Richards and T� Butler 
undergraduate student�
studied the periodicities derived from radio �are data of
two nearby binary star systems� V��� Tau 
HR �	���
and � Per 
Algol�� These systems are within �� pc
of the Sun� Richards and Butler used ��� GHz and
��� GHz observations from the Green Bank Interfero�
menter database� They used two techniques� namely
Fast Fourier Transforms and the Phase Dispersion Min�
imization 
PDM� technique� to determine the frequency
of radio �aring activity� Based on data collected from
���
 November to ���� April� they found that the dom�
inant periods were �� days for � Per and ��	 days for
HR �	���

Richards and P� Koubsk�y 
Ond�rejov Observatory�
Czech Republic�� have completed their study of multi�

wavelength spectra of CX Dra in collaboration with V�
�Simon and P� Skoda of Ond�rejov Observatory 
Czech
Republic�� G� J� Peters of Univ� of Southern California�
and also� R� Hirata and S� Masuda of Kyoto University

Japan�� They used the spectra to study the distribution
of circumstellar gas in CX Dra� a non�eclipsing Algol bi�
nary� Their results were derived from several hundred
H�� He I 


����� �A�� H�� and Si II �
��� spectra of
CX Dra which were obtained over �� years from ���� to
���� at six observatories in �ve countries� This study
has resulted in the re�nement of the orbital solution of
CX Dra� equivalent width measurements which showed
short�� medium�� and long�term behavior of the di�er�
ence pro�les� calculation of the Balmer decrement� ve�
locity maps based on the velocity curves of the H� and
He I di�erence emission peaks� trailed spectrograms of
the H�� H�� He I� and Si II lines� and Doppler tomo�
grams at these four wavelengths�

Rood� Ferraro 
Bologna�� Fusi Pecci 
Bologna�� Pal�
trinieri 
Roma�� and others in Bologna continue their
project on HST observations of globular cluster stars�
The project has two major components� The �rst is
to achieve the largest possible photometric samples of
Galactic globular clusters 
GGCs�� This will allow the
most stringent possible tests of stellar model calculations
and the assumptions required to make these calculations�
The second part involves observations of UV bright ob�
jects in globular cluster� Several papers were completed
during the year�

Sarazin� Rood� J� Irwin 
U� Michigan�� F� Ferraro

Bologna Obs��� and B� Paltrinieri 
U� La Sapienza� de�
tected a Low Luminosity Globular Cluster X�ray source

LLGCX� in the globular cluster NGC��� using ROSAT�
There is evidence for X�ray variability on a time scale of
�� day� The presence of this LLGCX in such a di�use
cluster suggests that dense stellar systems with high in�
teraction rates are not needed to form LLGCXs� They
also set a strong upper limit on any di�use X�ray emis�
sion� This upper limits was lower than the values ob�
served for X�ray faint early�type galaxies� This indicates
that the soft X�ray emission in these galaxies is due ei�
ther to a component which is not present in globular clus�
ters 
e�g�� interstellar gas� or a stellar component which
is not found in low metallicity Population II systems��
or to a relatively small number of bright low mass X�ray
binaries�

Along with graduate student Wayne Winters� Bal�
bus and Hawley are carrying out local three�dimensional
simulations of MHD in Keplerian di�erential rotation�
and have examined the chaotic nature of the result�
ing turbulence� They �nd that the Lyapunov exponent
is on order �� Characteristic time�averaged values for
the net stress appear to be well�de�ned only when av�
eraged over many orbits� This issue bears directly on
the traditional Shakura�Sunyaev parameterized viscos�
ity formalism� which is predicated upon the existence of
well�de�ned local Reynolds and Maxwell stresses within
the disk�
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��� Interstellar Medium

Chevalier� in collaboration with Bykov� Ellison� and
Uvarov� investigated the acceleration and nonthermal
emission from relativistic particles that are accelerated
by supernova shock waves in a molecular cloud� The
cloud model allowed for the clumpy structure that is
known to exist in these objects� The shock wave be�
comes radiative in the interclump gas and a dense� mag�
netically supported shell forms� Both di�usive shock ac�
celeration and compression of ambient cosmic rays were
considered in modeling the ��ray emission observed from
supernova remnants such as IC ���� The ambient cos�
mic rays can provide an acceptable source only if their
spectrum extends to quite low energy� Shock acceler�
ation is a possibility� although the e�ciency must be
high in order to overcome strong Coulomb losses� The
emission from the interclump shock wave is capable of
explaining the synchrotron radio emission and the ��ray
emission observed from remnants like IC ���� Shock
waves in molecular clumps produce a particle spectrum
extending to lower energies� so they do not contribute to
this emission� However� the clump shocks are possible
sources of nonthermal� X�ray bremsstrahlung emission�
Future X�ray and ��ray observations will provide tests
for this model�

Rood� Bania 
BU�� Balser 
NRAO�GB� � Wilson

MPIfR� are continuing their project to determine the
cosmic abundance of �He� Observations of H ii regions
continued at the Green Bank ��	 Foot� The ��� cm hy�
per�ne line of �He� was detected in a large number of
low density H ii regions which should be easy to model

a necessary step in getting the abundances�� Amusingly
the continuum in some of these regions is so weak that an
accurate measure of the hydrogen has not been made� so
the �He��H abundance ratio has yet to be determined�
The ��	 Foot Radio Telescope ceased operation in July�
The ��Helium project was the last outside observing pro�
posal scheduled on the telescope� The last scan ended at
	������	 EDT� �� July� ���� having managed to sneak
�� minutes past the scheduled shutdown�

��� Galaxies and Active Galactic Nuclei

J� Crane 
graduate student� and Sarazin are study�
ing the ASCA X�ray spectrum of the elliptical galaxy
NGC �����

De Grijs� O�Connell� and Gallagher 
Univ� Wiscon�
sin� analyzed high�resolution optical and near�infrared
HST observations of two adjacent regions in the fossil
starburst region� �B�� in M��� M�� B� and B�� These
observations allow them to study the evolved young clus�
ter population associated with the fossil starburst�

The main results of this analysis are�
��� The star cluster population in B� is more heavily

a�ected by internal extinction than that in B�� amount�
ing to an excess extinction in B� of AV�excess � ���� 	��
mag�

��� Age estimates based on theoretical modeling
date the cluster population in the fossil starburst be�

tween � �� �	� and � �	� years� assuming solar metal�
licity� with a peak in the distribution near the upper age
limit� This implies that M�LV � ��	� which leads to
cluster mass estimates of � �	� � �	�M�� peaking near
� �	�M��

��� The majority of the more extended sources in the
M�� B regions are characterized by ���� � Re� �� ��� pc�
or 	�� �� Rcore �� ��
 pc 
with hRcorei � ��� pc�� with a
wing extending to larger sizes� consistent with the Galac�
tic globular cluster size distribution� It thus appears that
the population of star cluster candidates in the M�� B
regions resembles the Galactic globular cluster popula�
tion at a younger age� The radial luminosity pro�les of
the brightest clusters are more closely approximated by
power laws than by a Gaussian model� in particular in
their wings� which favors a slow star formation scenario�

Based on archival HST H� observations� de Grijs�
O�Connell� Becker� Chevalier� and Gallagher 
Univ� Wis�
consin� discovered ten compact H��bright sources in the
post�starburst region that are signi�cantly brighter than
average� The H� luminosities� surface brightnesses and
sizes of these compact sources are entirely consistent
with those of the populations of H� supernova remnants

SNRs� in similar late�type galaxies� their size distribu�
tion is also in agreement with their older ages compared
to the young radio SNRs previously found in the active
starburst in the center of M��� If these sources are old
SNRs� we can set an upper age limit to the starburst in
M�� B� of � �	� �		 Myr� B� would be slightly older�
This may hint at propagating star formation in the disk
of M���

For the �rst time� they present a composite H� sur�
face brightness�diameter 
 � D� relation for SNRs in
M�� B and similar comparison galaxies� Despite the
large di�erences among intrinsic SNR properties� the
composite H�  �D relation is well de�ned� The small
scatter in the  �D relation for the M�� B SNRs indi�
cates that they are in the radiative phase of evolution�
For such a small remnant to enter the radiative phase�
this implies a high ambient density� � �	 cm��� which
might be present in this unusually dense region� How�
ever� more information is needed to determine whether
the emission is from shock waves in SNRs or from pho�
toionized nebulae�

De Grijs and Peletier 
Univ� Durham� UK� used
optical observations of a statistically complete sample of
edge�on disk�dominated galaxies to study the intrinsic
vertical color gradients in galactic disks� to constrain the
e�ects of population gradients� residual dust extinction
and gradients in the galaxies� metal abundance� For the
majority of their sample galaxies� the colors and color
gradients in the range ��	hz � jzj � ��	hz most likely
re�ect the intrinsic galactic properties 
where hz is the
vertical scale height��

It appears that the intrinsic vertical color gradients
are either non�existent� or small and relatively constant
as a function of position along the galaxies� major axes�
On average� the earlier�type galaxies exhibit smaller ver�
tical 
B�I� gradients than the later types� the results are
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consistent with the absence of any vertical colour gradi�
ent in the disks of the early�type galaxies� In most galax�
ies small�scale variations in the magnitude and even the
direction of the vertical gradient are observed� at larger
galactocentric distances they generally display redder
colors with increasing z height� whereas the opposite is
often observed in and near the galactic centers�

For a signi�cant fraction of the sample galaxies an�
other mechanism in addition to the e�ects of stellar pop�
ulation gradients is required to explain the magnitude of
the observed gradients� The non�zero color gradients in
a signi�cant fraction of the sample galaxies are likely 
at
least� partially due to residual dust extinction at these
z heights� as is also evidenced from the sometimes sig�
ni�cant di�erences between the gradients measured on
either side of the galactic planes�

Majewski and Ostheimer 
graduate student�� in col�
laboration with W� Kunkel 
Las Campanas�� have cali�
brated a technique for �nding distant halo giant stars�
Together with K� Johnston 
IAS� and Patterson� they
have discovered moving groups of giant stars in �elds
around the Magellanic Clouds� These stars have prop�
erties similar to model expectations for debris from a
tidally disrupted Magellanic system� With D� Geisler 
U�
Concepcion�� this group has applied the same technique
to the Carina dwarf spheroidal galaxy� and identi�ed an
extended distribution of giant stars well beyond Carina�s
nominal tidal radius which could be tidal debris� If so� a
large fractional mass loss rate for Carina of ��! Gyr��

is implied�
Majewski� Siegel 
graduate student�� Patterson and

Rood have analyzed the distribution of red giant and
horizontal branch stars in the Sculptor dwarf galaxy� and
conclude that it contains two populations of stars with
di�erent metallicity� radial distributions� and horizontal
branch types� Hence� Sculptor exhibits an internal sec�
ond parameter problem�

O�Connell� Rood� Burstein 
ASU�� Landsman 
Ray�
theon�STX"GSFC�� Bohlin 
STScI� �Wu 
CSC"STScI��
with graduate students J� Crane and I� Freedman� are
using HST"STIS to study spatial gradients in the far�
UV �upturn� component in nearby E"S	 galaxies� The
upturn is produced primarily by metal�rich extreme hor�
izontal branch stars and their descendents� Observations
of � E"S	 galaxies were completed during the year� The
far�UV data 
centered at ��		 �A� are excellent and al�
low them to determine the spectral shape and radial de�
pendence of the UV light to r � ���� in these objects�
No spectral features are evident in the data� although
the resolution in most cases was only �	�A in order to
provide good S"N� Several objects exhibit asymmetric
pro�les 
larger than at optical wavelengths�� which may
be related to internal extinction� The spectra of M��
reveal the presence of about a dozen extranuclear point
sources� all of which must have T � �				K to be UV�
bright� These appear to be the population of post�HB
stars detected in HST"FOC UV images by Brown et al�

������

On the far�UV spectral image of the normal giant

elliptical galaxy NGC ����� O�Connell�s group discov�
ered a faint� far�UV point source lying within � 	�	��� 
�
pc� of the center of the galaxy as de�ned by the stellar
background light� The nuclear source stands out clearly
from the interpolation of the smooth stellar background�
The source is also detected on the UV end 
� ��		 �A�
of an optical�band CCD spectrum of NGC ����� but it
becomes submerged in the bright stellar background at
longer wavelengths� The source has m�
��		�A� � ����
in the STMAG system� Renzini et al� 
����� and Cap�
pellari et al� ���� had scrutinized earlier HST"FOC UV
images of NGC ���� and did not detect a source of this
brightness� It appears to be variable and is probably an
AGN associated with the known compact radio source
and X�ray source in NGC ����� With a luminosity of
	L� � �� �	

�� ergs s��� this is the faintest AGN so far
detected in the UV�optical region� The variability of the
closest analogue� a UV source detected in NGC ���� by
the Renzini and Cappellari groups� was best interpreted
as a �are produced by the partial stripping of a single
stellar atmosphere by a central black hole�

With their photometric giant identi�cation tech�
nique Ostheimer and Majewski are using the Mayall �m
with the � CCD MOSAIC detector to examine M���s
halo to determine it�s extent� �attening� and density law
to low surface brightnesses� They are also searching for
tidal debris from M�� dSph galaxies that may have been
disrupted in M���s past�

C� Palma 
graduate student�� Majewski� and K�
Johnston have completed an analysis of orbital poles
of Milky Way satellite galaxies and globular clusters to
search for dynamical families� Among the globulars�
those of Zinn Young type 
i�e�� second parameter� are
most likely to be following orbits similar to �Magellanic
Plane� and �Fornax�Leo�Sculptor� stream dwarf galax�
ies� Published proper motions for �� globular clusters
and 
 dwarf satellite galaxies yield �ve groups of satel�
lite galaxies and globular clusters with similar orbital
parameters� however� observational errors are still too
large to make de�nitive associations�

C� Palma� F� Bauer 
graduate student�� Majewski�
Sarazin� W� Cotton 
NRAO�� and A� Bridle 
NRAO�
have completed their multiwavelength study of the giant
FR II radio galaxy NVSS J�����	#������� Apart from
some odd spectral index features in the radio lobes� this
�� Mpc FR II is very much like a typical radio galaxy�
but with the lobes ��	 times larger� Optical observa�
tions reveal the host galaxy to be typical of FR II hosts�
while galaxy counts and WIYN HYDRA spectroscopy
show it to be a member of a �rich group� of galaxies�
However ROSAT HRI observations �nd no X�ray gas as�
sociated with this group�

Sarazin and Irwin are studying the X�ray proper�
ties of X�ray�faint elliptical galaxies� spiral bulges� and
low mass X�ray binaries� The X�ray emission from the
faintest X�ray elliptical and S	 galaxies is characterized
by a hard �� keV component� and a very soft �	�� keV
component� The hard component has generally been re�
garded as the integrated emission from low mass X�ray
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binaries 
LMXBs�� but the origin of the soft component
is uncertain� Irwin and Sarazin suggest that LMXBs
also exhibit a soft component� which is responsible for
the very soft X�ray emission in the faintest early�type
galaxies� They show that AXAF observations of nearby
elliptical and spiral bulges should resolve the X�ray emis�
sion� at both hard and soft energies�

W� Saslaw and W� Cotton are using the VLBA in
an attempt to detect gravitational microlensing of the
core of a double radio galaxy by a foreground star in
the Milky Way� If successful� possible motion of the star
could provide a rough estimate of the mass of our Galaxy
out to the star�s distance� The image shape would pro�
vide information about the structure of the core of the
radiogalaxy� possibly related to very small� scale varia�
tions of its jet�

Thuan� in collaboration with Izotov 
Kiev�� is pur�
suing a long�range program to check the conclusion ob�
tained by Izotov � Thuan 
ApJ����� 
��� ����� based
on chemical evolution arguments that all galaxies with
a metallicity less than �"�	 solar are young� with age
� �		 Myr� The aim is to obtain ground and space�
based photometric images of the handful of known BCDs
with Z � Z���	 to study their stellar populations and
put constraints on their ages� Together with Izotov and
Foltz 
MMT�� Thuan has obtained MMT spectropho�
tometry and HST WFPC� V and I images of the BCD
SBS ����#��� with Z � Z����� We found that chem�
ical abundances� color pro�les and spectral energy dis�
tributions all say that SBS ����#��� is a truly young
galaxy that did not start to make stars until � �		 Myr
ago� Together with Papaderos and Fricke 
Gottingen�
and Izotov� Thuan has obtained VLT"FORS U � B and
R images of the BCD Tol 
� with Z � Z����� The age
of the underlying low�intensity stellar component as in�
ferred from radially averaged color pro�les is well below
� Gyr�

Thuan� in collaboration with Guseva 
Kiev� and Izo�
tov� has analyzed long�slit spectral observations of ��
Wolf�Rayet 
WR� galaxies with heavy element mass frac�
tion ranging over � orders of magnitude� from Z�"�	
to �Z�� We derive the numbers of early WC 
WCE�
and late WN 
WNL� stars from the luminosities of the
red and blue bumps� and the number of O stars from
the luminosity of the H� emission line� Additionally�
we propose a new technique for deriving the numbers
of WNL stars from the N III ����� and Si III ���
�
emission lines� It is found that the relative number of
WR stars N
WR�"N
O # WR� decreases with decreas�
ing metallicity� in agreement with predictions of evolu�
tionary synthesis models� The relative number ratios
N
WC�"N
WN� and the equivalent widths of the blue
bump EW 
��
�	� and of the red bump EW 
���	�� de�
rived from observations are also in satisfactory agree�
ment with theoretical predictions� except for the most
metal�de�cient WR galaxies� A possible source of dis�
agreement is too low a line emission luminosity adopted
for a single WCE star in low�metallicity models� We as�
semble a sample of �	 H II regions with detected He II

��
�
 nebular emission to analyze the possible connec�
tion of this emission with the hard UV radiation of the
WR stars� The theoretical predictions satisfactorily re�
produce the observed intensities and equivalent widths of
the He II ��
�
 nebular emission line� However� galaxies
with nebular He II ��
�
 emission do not always show
WR emission� Therefore� in addition to the ionization of
He� in the H II region by WR stars� other mechanisms
for the origin of He II ��
�
 such as radiative shocks
probably need to be invoked�

Thuan� in collaboration with Izotov and Guseva

Kiev�� Papaderos and Fricke 
Gottingen� and Foltz

MMT�� has analyzed archival HST and ground�based
observations to put constraints on the distance to the
most metal�de�cient blue compact dwarf galaxy known�
I Zw ��� We argue that the distance to I Zw �� should
be as high as �	 Mpc� twice the previously accepted dis�
tance� to reconcile the properties of the massive stel�
lar population inferred from colour�magnitude diagrams
with the ionization state of the C component� as well as
the detection of WR stars and high excitation of the gas
in the main body�

Thuan� in collaboration with Noeske� Papaderos and
Fricke 
Gottingen�� Izotov and Guseva 
Kiev� has stud�
ied the nature of two �cometary� blue compact dwarf

BCD� galaxies� Mrk �� and Mrk ��� using ground�
based and HST images� These are characterized by an
o��center starburst at one end of their elongated stellar
body� Spectral population synthesis models� broad�band
colors and color�magnitude diagrams give an age of � �
Gyr for the underlying low�intensity component in both
cometary BCDs� signi�cantly younger than the age of
several Gyr derived for this component in BCDs with
more central starbursts�

Whittle 
PI�� Silverman 
graduate student�� Nelson

U� Nevada�� and Wilson 
U� Maryland� have continued
to work on their cycle � HST STIS data on the Seyfert
� galaxy Markarian ��� STIS spectral images from four
slits each with four spectral ranges were re�reduced and
calibrated� improving on the pipeline reduction� $O III�
��		� line pro�le parameters have been measured for
all spectra as well as line strengths and reddening cor�
rections for all optical and red lines 
blue and UV lines
have yet to be measured�� The aim is a thorough investi�
gation of the ionization and dynamical conditions in this
archetypal jet dominated Seyfert galaxy�

This same group 
Whittle� PI� were awarded cycle
� HST STIS time to study a further � Seyfert galaxies
thought to have strong jet�gas interactions in their nar�
row line regions� The aim is to extend the detailed case
study of Markarian �� with a simpler kinematic analysis
of � similar galaxies� establishing the full range of jet�gas
interactions� The �rst data have just been taken�

Whittle was awarded cycle � HST WFPC and STIS
time to make a detailed study of two Seyfert galaxies
with exceptionally strong blue wing asymmetries� The
aim is to �nd out whether the blue wings originate from
out�owing gas or in�owing gas� The ambiguity in direc�
tion of �ow has been recognised but not solved for nearly






�� years� It is hoped that this study will �nally solve the
�ow direction ambiguity� The �rst data set is about to
be taken�

Whittle and Gelderman 
WKU� have continued their
work on Compact Steep Spectrum 
CSS� radio galaxies�
presenting the �rst detailed optical study of this rela�
tively understudied class of radio galaxy� Their �ndings
include the discovery of exceptionally luminous broad
and structured $O III� pro�les� suggesting the presence
of strong jet�gas interactions� However� the correlation
between line luminosity and radio power� the ionization
state of the gas� and the limits found for jet�induced star
formation all suggest little or no jet�gas interactions� A
paper discussing these results is close to completion and
will be submitted to ApJ�

Whittle wrote a �	�			 word invited review article
on �Seyfert Galaxies� for the upcoming �Encyclopedia
of Astrophysics� published by the Institute of Physics

IoP�� The review is written at the advanced under�
graduate� graduate and professional non�specialist level
and considers a number of themes � discovery� classi�ca�
tion� detection� structure and geometry� relation to other
AGNs� black holes� continuum emission� broad line re�
gion� narrow line region� hosts� environment� triggering�
and future prospects�

��� Clusters of Galaxies

R� Audano 
graduate student� and Sarazin are cal�
culating the gamma�ray emission expected from the pop�
ulation of cosmic ray particles in clusters of galaxies�

F� Bauer 
graduate student� and Sarazin are analyz�
ing a new ASCA observation and an archival ROSAT
PSPC observation of the X�ray cluster Abell 
��� It
seems to be undergoing a minor merger� The combina�
tion of a moderate cooling �ow and evidence for a merger
make this cluster an interesting case to test the fragility
of cooling �ows in mergers and"or the speed with which
cooling is restored following the merger�

N� D�Cruz 
U� Sidney� and Sarazin have determined
the predicted luminosities� surface brightness pro�les�
and spectral line pro�les for the ��	�� mm hyper�ne line
from Li�like �	Fe in cooling �ow and non�cooling �ow
clusters�

J� Kempner 
graduate student� and Sarazin are us�
ing the Westerbork Northern Sky Survey 
WENSS� to
search for undiscovered cluster radio halos and radio
relics in Abell clusters� These di�use radio sources are
believed to arise from a population of relativistic elec�
trons accelerated in cluster merger shocks� The low fre�
quency 
��� MHz� covered by WENSS is ideal for ob�
serving radio halos and relics since they characteristically
have very steep spectra�

Kempner and Sarazin also used the WENSS and
NVSS radio surveys to determine an upper limit to the
di�use radio �ux from Abell ����� This limit was used
to constrain the cluster magnetic �eld by requiring that
the radio �ux be consistent with the hard X�ray �ux ob�
served by BeppoSAX� assuming that the observed hard
X�rays excess were due to inverse Compton emission�

They �nd that the magnetic �eld must be very weak

� 	�	��
G� in order to avoid producing an observable
radio halo� They suggest that the hard X�ray radiation
is due to nonthermal bremsstrahlung by a population of
suprathermal electrons which are being accelerated to
higher energies�

S� Randall 
graduate student� and Sarazin are cal�
culating the e�ect of extreme ultraviolet emission from
clusters of galaxies on the di�use ionizing radiation �eld
in the universe�

Sarazin is calculating the energy spectrum of rela�
tivistic electrons and ions expected in clusters of galax�
ies� given likely sources for the particles and their rates
of energy loss� The resulting energy spectra are used
to predict the emission of extreme UV light� soft X�ray�
hard X�ray� and di�use radio synchrotron emission�

Sarazin and Kempner have calculated nonthermal
bremsstrahlung 
NTB� models for the hard X�ray 
HXR�
tails recently observed by BeppoSAX in clusters of galax�
ies� In these models� the HXR emission is due to
suprathermal electrons with energies of ��	��		 keV�
They consider models in which these transrelativistic
suprathermal particles are the low energy end of a pop�
ulation of electrons which are being accelerated to high
energies by shocks or turbulence� They also consider a
model in which these electrons are the remnant of an
older nonthermal population which is losing energy and
rejoining the thermal distribution� They compared these
NTB models to the observed HXR tails in Coma and
Abell ����� The NTB models require a nonthermal elec�
tron population which contains about �! of the number
of electrons in the thermal ICM�

Abell ���� is one of the archetypal �blue�lobed� cool�
ing �ow radio elliptical galaxies� also displaying a lumi�
nous emission�line nebula� a compact radio source� and a
signi�cant dust lane and evidence of atomic and molecu�
lar gas in its center� Sarazin� Koekemoer� O�Dea� B� Mc�
Namara 
CfA�� M� Donahue 
STScI�� M� Voit 
STScI��
and J� Gallimore 
MPA� have imaged the central con�
tinuum and emission line regions with WFPC� on HST�
They show that the radio source is surrounded by a com�
plex network of emission�line �laments� some of which
display a close spatial association with the outer bound�
ary of the radio lobes� They show that the physical prop�
erties of ionized and neutral gas are strongly suggestive
of direct interactions between the radio plasma and am�
bient gas� They resolve the blue continuum emission
into a series of knots and clumps� and present evidence
that these are most likely due to regions of recent star�
formation�

Sarazin� M� Markevitch� A� Vikhlinin� and W� For�
man 
all CfA� have derived temperature pro�les and
maps for the nearby galaxy clusters A���� and A��
�
which have the most accurate ASCA spectral data for all
hot clusters� X�ray images� temperature maps� and the
presence of moderate cooling �ows indicate that these
clusters are relaxed and therefore can provide reliable
X�ray mass measurements under the assumption of hy�
drostatic equilibrium and thermal pressure support� The

�



measured total mass pro�les within are well approxi�
mated by the Navarro� Frenk� and White �universal�
pro�le�

Sarazin and Wise are calculating models for the X�
ray emission in cluster cooling �ows in which a fraction of
the cooled gas is stored as cold� X�ray absorbing gas� The
spectra of these models agree with recent observations of
excess X�ray absorption in cluster cooling �ows� Sarazin
and Wise �nd that the spectra are distinguishable from
foreground absorption in ways that should be detectable
in ASCA spectra� Also� the absorption e�ects the X�ray
surface brightness pro�les� from which the local rates of
gas cooling have been derived�

Whittle� and Moss 
Steward� have completed their
Objective Prism Survey of H� emitting galaxies in �
nearby Abell clusters� Last year� Paper III was published
in MNRAS� while this year Paper IV has been prepared
for publication� In this work� they have investigated how
the environmental in�uence on star formation itself de�
pends on the cluster richness� For clusters spanning a
signi�cant range from loose 
eg Abell �
�� to dense 
eg
Coma� there is a very signi�cant increase in the incidence
of triggering star formation� This dependence is distinct
from the relation between triggered star formation and
local galaxy surface density�

Whittle� Moss 
Steward�� and Kennicutt 
Steward�
have continued their program to take deep H� images of
four nearby clusters of galaxies using the Kitt Peak 	��
meter telescope with CCDmosaic� They had a successful
run of � nights generating �� Giga�bytes of data� Data
reduction and initial analysis have begun� This projects
aims to de�ne the local H� luminosity function in cluster
galaxies� with the ultimate goal of providing a current
epoch star formation census with which to compare with
higher redshift star formation rates and so study the cos�
mological evolution of star formation� The project also
allows a detailed look at cluster environmental in�uence
on star formation� A �rst result is the discovery of an in�
teracting pair of galaxies which appear to have spawned
about �	 dwarf galaxies in the tidal tails� raising a pos�
sible creation mechanism for the large number of dwarf
galaxies found both in clusters and the �eld�

��� Cosmology

W� Saslaw�s ��	 page monograph �The Distribution
of the Galaxies� Gravitational Clustering in Cosmology�
has been completed and is scheduled to be published by
Cambridge University Press in late ����� It is the �rst
book that describes observations� computer simulations�
and the gravitational many�body theory of galaxy distri�
bution functions� It also discusses correlation functions�
fractals� bound clusters� topology� percolation� and min�
imal spanning trees� as well as giving a historical intro�
duction to the subject� Emphasis is on the gravitational
physics of clustering and nearly all the relevant theory
is derived from �rst principles�

W� Saslaw and J� Edgar are calculating the evolution
of galaxy clustering at high redshifts for cosmological
many�body clustering� Using recently discovered groups

of galaxies at redshifts of about three� this can constrain
the amount and distribution of dark matter in our uni�
verse�

W� Saslaw has calculated the probability that over�
dense superclusters of galaxies can form in the expand�
ing universe as a result of gravitational quasi�equilibrium
clustering� The results depend quite sensitively on the
properties of the superclusters� and seem to be consistent
with observations�

Thuan� in collaboration with Izotov 
Kiev�� is pursu�
ing a long�term program to improve the determination of
the primordial �He abundance using blue compact dwarf

BCD� galaxies� Together with Izotov� Cha�ee 
Keck��
Foltz 
MMT�� Green 
NOAO� and Guseva 
Kiev�� he
has obtained high�quality spectroscopic observations of
the two most metal de�cient BCDs known� I Zw �� and
SBS 	����	��� Underlying stellar absorption strongly
in�uences the observed intensities of He I emission lines
in the brightest NW component of I Zw ��� and hence
this component should not be used for primordial He
abundance determination� The e�ect of underlying stel�
lar absorption� though present� is much smaller in the
SE component� Assuming all systematic uncertainties
are negligible� the He mass fraction Y � 	�����	�		�
derived in this component is in excellent agreement with
recent measurements by Izotov � Thuan� suggesting the
robustness of the technique applied in measurements of
the helium abundance in low�metallicity blue compact
galaxies� They show that� while underlying stellar ab�
sorption in SBS 	����	�� is important only for the He I
����� emission line� other mechanisms such as collisional
and �uorescent enhancements are in�uencing the inten�
sities of all He I emission lines and should be properly
taken into account� They use a self�consistent method
based on the �ve strongest He I emission lines in the
optical spectrum for correction for collisional and �u�
orescent enhancements� Assuming all systematic un�
certainties are negligible� the weighted mean He mass
fraction in SBS 	����	�� is Y � 	������	�		�� when
the three He I ������ ����
 and �

�� emission lines
are used� and is 	���
��	�		�� when the He I �����
emission line is excluded� The weighted mean helium
mass fraction in the two most metal�de�cient BCGs I
Zw �� and SBS 	����	��� Y�	���
��	�		��� after cor�
rection for the stellar He production results in a primor�
dial He mass fraction Yp � 	������	�		��� The derived
Yp leads to a baryon�to�photon ratio of 
���

���

�
�����	

��


and to a baryon mass fraction in the Universe �bh
�
�
 �

	�	
��
�
��
�
�
��� consistent with the values derived from the

primordial D and 	Li abundances� and supporting the
standard big bang nucleosynthesis theory� For the most
consistent set of primordial D� �He� and 	Li abundances
we derive an equivalent number of light neutrino species
N� � ��	�	�� 
����

��� Astrometry

Dinescu and undergraduate C� Knez have investi�
gated classi�cation of objects and centroiding accuracies
for HST WFPC� data� This project aims at deriving ab�

�



solute proper motions of globular clusters and Galactic
satellites using archived HST data�

Dinescu� Patterson and Majewski are investigating
the astrometric performance of the UVa PDS micro�
densitometer for the long scans required by the proper�
motion studies of the Selected Areas� This involves a
new computer control of the PDS which will replace the
old VAX system with a UNIX computer� and the de�
velopment of the software to measure these large cata�
logs� Also a signi�cant number of comparison tests will
be done in order to understand the performance of this
new system� Thus similar photographic plates will be
measured on both the Yale and the UVa PDS microden�
sitometers� and the Yale PDS will be used as a standard
since its capabilities are well understood�

Dinescu� Majewski and Siegel 
graduate student��
in collaboration with K� Cudworth 
Yerkes Obs�� have
continued their work on the proper motions of satellite
galaxies and globular clusters of the Milky Way� Using
thirty photographic plates measured with the Yale PDS
microdensitometer� Dinescu� Majewski� Girard 
Yale�
and Cudworth have almost completed a proper�motion
study 
to an accuracy of 	�� mas yr��� of the globu�
lar cluster Pal �� with the aim of determining its orbit�
This will clarify whether this cluster was once part of
the Large Magellanic Cloud as has been proposed by
Lin � Richer 
������ better de�ne the cluster color mag�
nitude diagram� and improve knowledge of its structural
parameters� A similar study was also started for globu�
lar cluster NGC �		
� with eighteen plates measured at
Yale� For Siegel�s thesis project on the proper motion of
the Leo II dwarf spheroidal� �	 orbits of HST snapshot
time have been granted to provide a new epoch of data
to add to �rst epoch� archival �		� plates from Baade�
and some newer KPNO ��m data� The Leo II CCD data
has also been used to produce a variable star catalogue
and revised Leo II structural parameters� including pos�
sible evidence for tidal arms seen in the distribution of
Leo II giant stars�

Using their photometric giant search technique� Ma�
jewski� Patterson� Kunkel 
Las Campanas Obs��� Kundu�
and D� Geisler andW� Gieren 
both U� Concepcion� have
begin a large survey of the southern 
� � #��� sky to
�nd bright 
V � ���� metal�poor giant stars suitable
for the Space Interferometry Mission 
SIM� Astromet�
ric Grid� In the �rst year of the survey� conducted with
the Las Campanas ��m Swope telescope� � 
	! of ap�
proximately ��			 evenly spaced survey �elds have been
imaged with the Swope ��m telescope at Las Campanas�
The spectroscopic phase of the survey will begin shortly�

Majewski is nearly �nished the observing for his pro�
gram on the DuPont �		� telescope at Las Campanas to
repeat photographs of the mid�declination 
��� to #��
degree� Kapteyn Selected Areas� The goal is to match
the turn of the century Mt� Wilson 
	� telescope� for
proper motions of exquisite 
� 	�� arcsec"century� pre�
cision to V � ���

Ianna� Patterson� and Begam are continuing the
CCD parallax program at the Mount Stromlo and Siding

Spring Observatories using the � m re�ector� The pro�
gram support was renewed this year by NSF� A paper
presenting results for about �� stars� mostly within ��
pc� is nearing completion� the brighter objects in the list
have precisions of ��� mas�

Ianna� T� Henry and others 
P� Seitzer� C� Anguita�
R� Mendez� and M�T� Ruiz� have begun a nearby star
parallax program at CTIO on the 	��m and ���m tele�
scopes through a NOAO Survey award� The observing�
about six nights per month� began in August ����� The
aims of this program are similar to the Australian pro�
gram� to identify new nearby star candidates in new
southern proper motion catalogs through photometry
and to obtain parallaxes of those objects likely to be
within �	 pc� Precision will be limited to about � mas
in order to more quickly have results for a larger number
of stars with the goal of �lling in the nearby star data
base in support of the NASA NStars Project�

Patterson� Ianna and Begam have continued to ob�
tain Cousins V RI photometry for additional nearby star
candidates such as the new Scholz southern APM stars
and the Wroblewski and Torres proper motion stars us�
ing the Siding Spring ��m� Stars which have photometric
parallaxes showing them to be nearby will be added to
one of the southern parallax programs�

� Miscellany

Balbus was a participant at the ISSI workshop �From
Dust to Terrestrial Planets�� held at the University of
Bern in February ����� Balbus was a visitor at the
Universit�e de Grenoble during May ����� and at Queen
Mary�West�eld College during July ����� Chevalier
served on the NRC"NAS Committee on Astronomy and
Astrophysics and on the scienti�c organizing committee
for the Young Supernova Remnant Workshop in Boul�
der� CO� and began a term on the NOAO Observatories
Visiting Committee� Richard DeGrijs received the �Van
Swinderen� award of the Royal Netherlands Physical So�
ciety for the most comprehensible summary in Dutch 
for
non�experts� of a Ph�D� thesis in the natural sciences
published in the preceeding academic year� Hawley was
a participant in the program on Black Hole Astrophysics
at the Institute for Theoretical Physics during June �����
Hawley served on the National Computational Science
Alliance User Advisory Panel� Ianna serves as a tech�
nical consultant to CSICOP� a member of the Execu�
tive Board of the International Dark�Sky Association�
Chair of the Virginia Section of IDA� a member of the
NASA Keck Time Allocation Committee� on the Scien�
ti�c Working Group of the NASA NStars Project� IAU
Technical Working Group of Commission �� on Extra�
solar Planets�

Majewski served on the Space Interferometry Mis�
sion Science Working Group and remained a Visiting
Associate of the Carnegie Observatories� O�Connell
is chair of the Scienti�c Oversight Committee for the
Hubble Space Telescope Wide Field Camera �� a two�
channel UV�visible�infrared imager scheduled for instal�
lation during the �		� servicing mission� He also served
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as chair of the HST Cycle � Time Allocation Committee
panel on Galaxy Populations and Interactions� Richards
gave �� lectures on Close Binary Stars at the month�
long Vatican Observatory Summer School 
VOSS� titled
�Observations and Theoretical Understanding of Single
Stars and Close Binary Systems�� which was held at the
Vatican Observatory in Castel Gandolfo� Rome� Italy
from June �� � July �	� ����� The VOSS participants in�
cluded �� graduate students from �� countries� Richards
also served on the selection committee to choose the par�
ticipants of the summer school� Richards continued to
serve as a member of the AAS Committee on Minori�
ties in Astronomy� Rood served on the NRAO Users
Committee and NOAO TAC� Sarazin was chair of the
Chandra Users� Committee� and a member of the ASCA
Users� Committee� the Astro�E Users� Committee� the
High Energy Astrophysics panel for National Academy
of Sciences Decadal Report� and the scienti�c organizing
committee for the Ringberg Workshop on Di�use Ther�
mal and Relativistic Plasma in Galaxy Clusters� Thuan
with Hammer and Cayatte 
Meudon� and Guiderdoni

IAP� organized the Moriond �� meeting on �Building
galaxies� from the primeval area to the present epoch�
at Les Arcs� France� Whittle was deputy chair of the Cy�
cle � HST Panel for the Galaxy Structure and Dynam�
ics panel� He was an invited speaker to Core Knowl�
edge Foundation� Teachers Conference in Orlando� on
Astronomy in the Science Curriculum for Elementary
and Middle Schools and won an UVa Harrison Award
for exceptional undergraduate advising�

J� Ostheimer 
graduate student� won a Sigma Xi
Grant�in�Aid of Research for his research on the halo of
M��� Palma was appointed President of the Graduate
School of Arts � Sciences Graduate Student Council�

Majewski and Patterson have collaborated with M�
S� Boles 
Kluge�Ruhe Collection of Australian Aborig�
inal Art� UVA� to create an exhibit �Under Southern
Skies� Aboriginal and Western Scienti�c Perspectives of
the Australian Night Sky� for the McCormick Observa�
tory museum� This exhibit paired Australian Aboriginal
canvas and bark paintings of night sky objects with mod�
ern astronomical images of the same scenes� The result
is a unique combination of art and science to educate
the public about astronomy� Australian aboriginal cul�
ture� and mankind�s continuing connection to the night
sky�

UVa undergraduate Janet Wescott and graduate stu�
dent Alison Schirmer continued working with Majewski
to research the history of McCormick Observatory and
the science of astrometry for a planned museum in the
Observatory�

During the year there were about ��		 visitors to the
McCormick and Fan Mountain Observatories as part of
our continuing public outreach program�

We gratefully acknowledge the continuing research
support o�ered� collectively and individually� to our sta�
by the Estate of Leander J� McCormick� the National
Science Foundation� the National Aeronautics and Space
Administration� the Packard Foundation� the Research

Corporation� Sigma Xi� and the University of Virginia�
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Bykov� A� M�� Chevalier� R� A�� Ellison� D� C�� � Uvarov�
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Chiueh� T�� Li� Z��Y� � Begelman� M� C� ����� �Crit�
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Model�� ApJ� �	�� ���

Chevalier� R� A� ����� �Pulsar Nebulae in Supernovae��
Memorie Soc� Astr� Ital�� 
�� ���

Chevalier� R� A� ����� �Supernova Remnants in Molec�
ular Clouds�� ApJ� ���� ���

Chevalier� R� A�� � Li� Z��Y� ����� �Gamma�Ray Burst
Environments and Progenitors�� ApJ� ��	� L��

Chevalier� R� A�� � Li� Z��Y� ����� �Wind Models
for Gamma�Ray Burst Afterglows� The Case for
Two Types of Progenitors�� ApJ� submitted 
astro�
ph"��	�����

Condon� J� J�� Yin� Q�F�� Thuan� T�X� � Boller� T� �����
�The ROSAT"IRAS Galaxy Sample Revisited�� AJ�
��
� �
��

D�Cruz� N� L�� O�Connell� R� W�� Rood� R� T�� Whitney�
J� H�� Dorman� B�� Landsman� W� B�� Stecher� T�
P�� � Bohlin� R� C� ����� �HST Observations of New
Horizontal Branch Structures in the Globular Cluster
� Centauri�� ApJ� in press

Dinescu� D� I�� Girard� T� M�� � van Altena� W� F�
����� �Space Velocities of Southern Globular Clus�
ters� III� Cluster Orbits and Halo Substructure�� AJ�
���� ����

�	



Dinescu� D� I�� van Altena� W� F�� Girard� T� M� �
L&opez� C� L�� ����� �Space Velocities of Southern
Globular Clusters� II� New Results for �	 Clusters��
AJ� ���� ���

Duc� P��A�� Papaderos� P�� Balkowski� C�� Cayatte� V��
Thuan� T�X� � van Driel� W� ����� �HI�rich dwarf
galaxies in the Hydra cluster�� A�AS� ��
� ���

Ferraro� F� R�� Paltrinieri� B�� Rood� R� T�� Dorman� B�
����� �Blue Straggler Stars� The Spectacular Popu�
lation in M�	�� ApJ� ���� ������	

Ferruit� P�� Wilson� A�S�� Whittle� M�� Simpson� C��
Mulchaey� J�S�� � Ferland� G�J� ����� �HST"FOS
Spectroscopy of Spatially Extended Regions in the
Seyfert � galaxies NGC ���	 and NGC ������ ApJ�
���� �����
�

Fesen� R� A������Chevalier� R� A�����
�� authors� �����
�Late�Time Optical and UV Spectra of SN ����C
and SN ���	K�� AJ� ���� ���

Fleming� T� P�� Stone� J� M�� � Hawley� J� F� ����� �The
E�ect of Resistivity on the Nonlinear Stage of the
Magnetorotational Instability in Accretion Disks��
ApJ� in press

Flores� H�� Hammer� F�� Desert� F�X�� Cesarsky� C��
Thuan� T�X�� Crampton� D�� Eales S�� Le Fevre� O��
Lilly� S�� Omont� A� � Elbaz� D� ����� �Deep Survey
at � microns with the ISO Satellite�� A�A� ���� ���

Flores� H�� Hammer� F�� Thuan� T�X�� Cesarsky� C��
Desert� F�X�� Omont� A�� Lilly� S�� Eales� S�� Cramp�
ton� D� � Le Fevre� O� ����� ��� microns ISO ob�
servations of the ����#�� CFRS Field � the cosmic
star formation rate as derived from deep UV� optical�
mid�IR and radio photometry�� ApJ� ���� ���

Galli� D�� Lizano� S�� Li� Z��Y�� Adams� F� C�� � Shu� F�
H� ����� �Scale�Free Equilibria of Isopedic Polytropic
Clouds�� ApJ� ���� 
�	

de Grijs� R�� ����� �Tilted spiral galaxies�� Zenit� in
press 
October�

de Grijs� R�� �			� �Messier ��� Active star formation in
close�up�� Zenit� in press 
January�

de Grijs� R�� O�Connell� R�W�� � Gallagher� J�S�� iii�
����� �The Fossil Starburst in M���� in The Evo�
lution of Galaxies on Cosmological Timescales� eds�
Beckman� J�E�� � Mahoney� T�J�� ApSS special edi�
tion� in press

de Grijs� R�� � Peletier� R�F�� ����� �Spiral galaxy dis�
tance indicators based on near�infrared photometry��
MNRAS� in press

de Grijs� R�� � Peletier� R�F�� ����� �Tracing the verti�
cal composition of disc galaxies through colour gra�
dients�� MNRAS� submitted

Guseva� N�G�� Izotov� Y�I� � Thuan� T�X� ����� �A spec�
troscopic study of a large sample of Wolf�Rayet galax�
ies�� ApJ� in press

Hawley� J� F� ����� �Global Magnetohydrodynamical
Simulations of Accretion Tori�� ApJ� in press

Hawley� J� F� and Balbus� S� A� ����� �Angular Momen�
tum Transport� Local and Global Simulations�� in
Astrophysical Discs� J� A� Sellwood � J� Goodman

eds�� �	�����

Hawley� J� F� and Balbus� S� A� ����� �Instability and
Turbulence in Accretion Disks�� in Numerical Astro�
physics� S� M� Miyama� T� Hanawa� and K� Tomisaka

eds�� �������

Hawley� J� F�� Balbus� S� A� ����� �Transport in Accre�
tion Disks�� Phys� Plasmas� in press

Hawley� J� F�� Balbus� S� A�� � Winters� W� F� �����
�Local Hydrodynamic Stability of Accretion Disks��
ApJ� ���� �����	�

Henry� T�J�� Franz� O�G�� Wasserman� L�H�� Benedict�
G�F�� Shelus� P�J�� Ianna� P�A�� Kirkpatrick� J�D��
� McCarthy� Jr�� D�W� ����� �The Optical Mass�
Luminosity Relation at the End of the Main Sequence

	�	� to 	��	 Solar Mass��� ApJ� ���� �
�

Hill� R� S�� Fanelli� M� N�� Smith� D� A�� Bohlin� R� C��
Ne�� S� G�� O�Connell� R� W�� Roberts� M� S�� Smith�
A� M�� � Stecher� T� P� ����� �Ultraviolet Imaging of
the Irregular Galaxy NGC ���� with UIT� Photom�
etry and Recent Star Formation History�� ApJ� �	��
���

Ianna� P�A� ����� �Missing Stars and Finding Paral�
laxes�� in NASA�Ames NStars Workshop �Filling in
the Census�� ed� D� Bachman� submitted�

Izotov� Y�I�� Cha�ee� F�H�� Foltz� C�B�� Green� R�F�� Gu�
seva� N�G� � Thuan� T�X� ����� �Helium abundance
in the most metal�de�cient Blue Compact Galaxies�
I Zw �� and SBS 	����	���� ApJ� in press

Izotov� Y�I� Papaderos� P� Thuan� T�X�� Foltz� C�B��
Fricke� K�J� � Guseva� N�G� ����� �On the distance
to I Zw ���� A�A� submitted

Izotov� Y�I� � Thuan� T�X� ����� �Heavy element abun�
dances in Blue Compact Galaxies�� ApJ� ���� 
��

Johnston� K� V�� Majewski� S� R�� Siegel� M� H�� Reid� I�
N� � Kunkel� W� E� ����� �Constraining the History
of the Sagittarius Dwarf Galaxy Using Observations
of its Tidal Debris�� AJ� in press

Kempner� J� C�� � Richards� M� T� ����� �Analysis of
the Si IV Ultraviolet Spectra of U Sagittae�� ApJ�
���� ���

Kempner� J� C�� � Sarazin� C� L� ����� �Limits on
the Di�use Radio and Hard X�ray Emission of Abell
������ ApJ� in press 
astro�ph"��	��	��

Koekemoer� A� M�� O�Dea� C� P�� Baum� S� A�� Sarazin�
C� L�� Owen� F� N�� � Ledlow� M� J� ����� �A
Study of UV Absorption in the Intracluster Medium
of Abell �	�	�� ApJ� �	�� 
	�

Koekemoer� A� M�� O�Dea� C� P�� Sarazin� C� L�� Mc�
Namara� B� R�� Donahue� M�� Voit� G� M�� Baum�

��



S� A�� � Gallimore� J� F� ����� �The Blue Con�
tinuum Excess� Line�Emitting Filaments� and Radio
Source in the Central Dominant Galaxy of the Cool�
ing Flow Cluster Abell ������ ApJ� in press 
astro�
ph"��	
����

Krasnopolsky� R�� Li� Z��Y�� � Blandford� R� D� �����
�Magneto�Centrifugal Launching of Jets from Accre�
tion Disks� I� Cold Axisymmetric Flows�� ApJ� in
press

van der Kruit� P�C�� � de Grijs� R�� ����� �On the axis
ratio of the stellar velocity ellipsoid in discs of spiral
galaxies�� A�A� submitted

Li� Z��Y� ����� �A Spherical Model for �Starless� Cores
of Magnetic Molecular Clouds� Dynamical E�ects of
Dust Grains�� ApJ� in press

Li� Z��Y�� � Chevalier� R� A� ����� �Radio Supernova
SN ����bw and its Relation to GRB ��	����� ApJ�
in press 
astro�ph"��	�����

Lufkin� E� A�� White III� R� E�� � Sarazin� C� L� �����
�Time�Dependence of the Mass Accretion Rate in
Cluster Cooling Flows�� ApJ� submitted

Majewski� S� R� ����� �The Evolution of Old Stellar
Populations in Our Galaxy�� in IAU Symposium ����
Cosmic Chemical Evolution� eds� C� Harris � J� Tru�
ran� 
Dordrecht� Kluwer�� in press

Majewski� S� R� ����� �The Role of Accretion in the
Formation of the Halo� Observational View�� in The
Third Stromlo Symposium� The Galactic Halo� eds�
B� K� Gibson� T� S� Axelrod � M� E� Putman� ASP
Conference Series Vol� �
�� 
ASP� San Francisco�� p�
�


Majewski� S� R� ����� �Stellar Populations and the
Formation of the Milky Way�� in Tenth Canary
Islands Winter School of Astrophysics� Globular
Clusters� eds� F� S�anchez� C� Mart�inez Roger �
I� P�erez Fournon� 
Cambridge� Cambridge Univ�
Press�� in press

Majewski� S� R� ����� �The 
Sub�structure of the Halo��
in Galaxy Evolution� Connecting the Distant Uni�
verse with the Local Fossil Record� eds� M� Spite �
F� Crifo� 
Dordrecht� Kluwer�� in press

Majewski� S� R�� Ostheimer� J� C� � Kunkel� W� E� �����
�Exploring Halo Substructure with Giant Stars� I�
Calibration of the Photometric Search Technique��
AJ� submitted

Majewski� S� R�� Ostheimer� J� C�� Kunkel� W� E�� John�
ston� K� V�� Patterson� R� J� � Palma� C� ����� �A
Search for Tidal Stellar Debris from the Magellanic
Clouds� Survey Results from the First Two Years��
in IAU Symposium ��	� New Views of the Magel�
lanic Clouds� eds� Chu et al�� ASP Conf� Ser�� in
press

Majewski� S� R�� Ostheimer� J� C�� Patterson� R� J��
Kunkel� W� E�� Johnston� K� V� � Geisler� D� �����
�Exploring Halo Substructure with Giant Stars� II�

Mapping the Extended Structure of the Carina Dwarf
Spheroidal�� AJ� submitted

Majewski� S� R�� Siegel� M� H�� Kunkel� W� E�� Reid� I�
N�� Johnston� K� V�� Thompson� I� B�� Landolt� A� U�
� Palma� C� ����� �Starcounts Redivivus� III� A Pos�
sible Detection of the Sagittarius Dwarf Spheroidal
Galaxy at b � ��	o�� AJ� in press

Majewski� S� R�� Siegel� M� H�� Patterson� R� J� � Rood�
R� T� ����� �An Internal Second�Parameter Problem
in the Sculptor Dwarf Spheroidal Galaxy�� ApJLett�
��	� L��

Markevitch� M�� Sarazin� C�� � Vikhlinin� A� �����
�Physics of Merging Clusters Cygnus A� A�

�� and
A�	
��� ApJ� ���� ��


Markevitch� M�� Vikhlinin� A�� Forman� W� R�� � Sara�
zin� C� L� ����� �Mass Pro�les of the Typical Re�
laxed Galaxy Clusters A���� and A��
�� ApJ� in
press 
astro�ph"��	�����

McNamara� B� R�� Jannuzi� B� T�� Sarazin� C� L�� Elston�
R�� �Wise� M� W� ����� �An Alignment E�ect in FR
I Radio Galaxies� U�Band Polarimetry of the Abell
���� Cluster Central Galaxy�� ApJ� ���� �
�

Michael� E��� � � �Chevalier� R� A�� � � � 
�� authors� �����
�New Hubble Space Telescope Observations of High�
Velocity Ly � and H � in SNR ����A�� ApJ� �	��
L���

Moss� C�� Whittle� M�� � Pesce� J�E�� ����� �Tidally�
Induced Star Formation in Abell ��
��� MNRAS�
�		� �	����	

Noeske� K�� Guseva� N�G�� Fricke� K�J�� Izotov� Y�I�� Pa�
paderos� P� � Thuan� T�X� ����� �The cometary blue
compact dwarf galaxies Mrk �� and Mrk ��� a clue
to dwarf galaxy evolution�� A�A� submitted

O�Connell� R� W� ����� �Energy Distributions � the For�
mation Times of Spheroidal Populations�� in Build�
ing the Galaxies� From the Primordial Universe to
the Present 
XIXth Moriond Conference�� eds� F�
Hammer� T� X� Thuan� V� Cayatte� B� Guiderdoni�
a � J� T� T� Van� in press

O�Connell� R� W� ����� �Extragalactic Science Panel
Discussion�� in �UV�Optical Space Astronomy Be�
yond HST�� eds� J� A� Morse� J� M� Shull� � A�
Kinney� 
ASP Press�� ��

O�Connell� R� W� ����� �Far�Ultraviolet Radiation From
Elliptical Galaxies�� Ann� Rev� Astr� Ap�� in press

O�Connell� R� W� ����� �Stellar Populations at Large
Redshifts� Updated Review�� in �Stellar Populations

IAU Symposium No� �
���� eds� P� van der Kruit �
G� Gilmore 
Kluwer�� in press

Palma� C�� Majewski� S� R� � Johnston� K� V� �����
�On the Distribution of Orbital Poles of Milky Way
Satellites�� ApJ� submitted

Papaderos� P�� Fricke� K�J�� Thuan� T�X� � Izotov� Y�I�
����� �Optical studies of the blue compact dwarf
galaxy Tol 
� with the VLT�� A�A� in press

��



Peletier� R�F�� � de Grijs� R�� ����� �The scatter in
the near�infrared colour�magnitude relation in spiral
galaxies�� MNRAS� �		� L�

Ponder� J� M�� Burstein� D�� O�Connell� R� W�� Rose�
J�� Frogel� J� A�� Wu� C��C�� Crenshaw� D� M�� Rieke�
M�� � Tripicco� M� ����� �Integrated UV Spectra and
Line Indices of M�� Globular Clusters and the Cores
of Elliptical Galaxies�� AJ� ��
� ����

Richards� M� T�� � Albright� G� E� ����� �Morphologies
of H� Accretion Regions in Algol Binaries�� ApJS�
���� ���

Richards� M� T�� Koubsk�y� P�� �Simon� V�� Peters� G�
J�� Hirata� R�� Skoda� P�� � Masuda� S� ����� �A
Multiwavelength Study of Spectral Variations in the
CX Draconis Binary�� ApJ� in press

Rood� R� T�� Carretta� E�� Paltrinieri� B�� Ferraro� F� R��
Dorman� B�� Fusi Pecci� F�� Chie�� A�� Straniero� O��
Buonanno� R� ����� � The Luminosity Function of
M��� ApJ� ���� �����
�

Sarazin� C� L� ����� �The Energy Spectrum of Primary
Cosmic Ray Electrons in Clusters of Galaxies and
Inverse Compton Emission�� ApJ� ��	� ���

Sarazin� C� L� ����� �Models for the Relativistic Electron
Population and Nonthermal Emission in Clusters of
Galaxies�� in Proceedings of the Ringberg Work�
shop on Di�use Thermal and Relativistic Plasma in
Galaxy Clusters� ed� H� B'ohringer� L� Feretti� � P�
Schuecker 
Garching� MPE Report ����� ���

Sarazin� C� L�� Irwin� J� A�� Rood� R� T�� Ferraro� F� R��
� Paltrinieri� B� ����� �ROSAT HRI X�ray Observa�
tions of the Open Globular Cluster NGC ����� ApJ�
���� in press 
astro�ph"��	���	�

Sarazin� C� L�� � Kempner� J� C� ����� �Nonthermal
Bremsstrahlung and Hard X�ray Emission from Clus�
ters of Galaxies�� ApJ� submitted

Sarazin� C� L�� Koekemoer� A� M�� O�Dea� C� P�� Baum�
S� A�� Owen� F� N�� � Wise� M� W� ����� �X�ray
Properties of B� �	��#���� A Quasar at the Center
of the Abell Cluster A�	�	�� ApJ� ��	� �	

Saslaw� W�C� ���� �Stellar Dynamics�� in The Ency�
clopedia of Astronomy and Astrophysics 
MacMillan
and Institute of Physics Publishing�� in press

Saslaw� W�C� and Haque�Copilah� S� ����� �The Pisces�
Perseus Supercluster and Gravitational Quasi�Equi�
librium Clustering�� ApJ� �	�����

Schweitzer� A� E�� Cudworth� K� M�� � Majewski� S�
R� ����� �The Absolute Proper Motion and a Mem�
bership Study of the Ursa Minor Dwarf Spheroidal
Galaxy�� AJ� submitted

Sellwood� J�A�� and Balbus� S�A� ����� �Di�erential Ro�
tation and Turbulence in Extended HI Disks�� ApJ�
���� 

	

Shu� F� H�� Allen� A�� Shang� H�� Ostriker� E� � Li� Z��Y�
����� �Low�Mass Star Formation� Theory��� in The

Origins of Stars and Planetary Systems� ed� C� Lada
� N� Kyla�s 
Kluwer�

Shu� F� H�� Najita� J�� Shang� H� � Li� Z��Y� ����� �X�
Winds�� in Protostars and Planets IV� ed� V� Man�
nings� A� Boss � S� Russell 
Univ� Arizona Press�
Arizona�� in press

Stone� J� M�� Gammie� C� F�� Balbus� S� A�� and Haw�
ley� J� F� ����� �Transport Processes in Protostellar
Disks�� in Protostars and Planets IV� eds V� Man�
ning� A� Boss� S� Russell� 
Univ� Arizona Press�
Tuscon�� in press

Thuan� T�X�� Izotov� Y�I� � Foltz� C�B� ����� �The
young age of the extremely metal�de�cient blue com�
pact dwarf galaxy SBS ����#����� ApJ� in press

Thuan� T�X�� Sauvage� M� � Madden� S� ����� �Dust in
an extremely metal�poor galaxy� mid�infrared obser�
vations of SBS 	����	���� ApJ� ��
� ���

Van Dyk� S� D�� Peng� C� Y�� Barth� A� J�� Filippenko�
A� V�� Chevalier� R� A�� Fesen� R� A�� Fransson� C��
F�� Kirshner� R� P�� � Leibundgut� B� ����� �Hubble

Space Telescope WFPC� Imaging of SN ����C and
Its Environment�� PASP� ���� ���

Whittle� M�� ����� �Seyfert Galaxies�� Encyclopedia of
Astrophysics� IoP� submitted

Wilson� T� L�� Rood� R� T�� Bania� T� M�� � Balser� D� S�
����� �Isotope Ratios in the Interstellar Medium�� in
Nuclei in the Cosmos V� ed� N� Pranztos � S� Haris�
sopulos 
Editions Fronti&eres� Gif�sur�Yvette�� �	��


Wise� M� W�� � Sarazin� C� L� ����� �X�ray Absorption
Due to Cold Gas in Cluster Cooling Cores�� ApJ�
submitted 
astro�ph"��	�����

Robert T� Rood� Chairman

��


