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This report covers the period 1 September 2001 to 32. FACILITIES

August 2002. The Leander McCormick Observatory with its 26-in
Clark refractor on Mount Jefferson is now used exclusively
for education and public outreach. It is heavily used for both
our graduate and undergraduate courses. The Public Night
program has been expanded. Several rooms in the observa-

1. PERSONNEL tory have been remodeled and converted into a museum.

During this time the departmental faculty consisted of The 0.7-m and the 1-m reflectors on Fan Mountain were

Steven A. Balbus, Roger A. Chevalier, John F. Hawley, Zhi-used during the year for our undergraduate majors and

Yun Li, Steven R. Majewski, Edward M. Murphy Robert W. graduate observational astronomy courses. The auto-guider

O’Connell, Richard J. Patterson, Mercedes T. Richards, Roband 1024x1024 CCD camera were in routine use and a new

ert T. Rood, Craig L. Sarazin, William C. Saslaw, P. Kenneth2048x2048 camera has recently been installed.

Seidelmann, Michael F. Skrutskie, Trinh X. Thuan, Charles A gift from the Celerity Foundation of Frank and Wyn-

R. Tolbert, D. Mark Whittle, and Kiriaki M. Xilouris. nette Levinson has made it possible for the Department to

Robert E. Johnson from Materials Science has his reiitiate several programs. Skrutskie heads a program in
search group in planetary astronomy located within the deeptical/IR instrumentation, and John Wilson from Cornell
partment. Richard F. Bradley and J. Richard Fisher from thdas recently joined that effort. During the year lab space was

National Radio Astronomy Observatory have an instrumenfenovated for use by this program and a radio astronomy

tation lab in the department. In retirement both Laurence Winstrumentation program led by Bradley and Fisher. The De-

Fredrick and Philip A. lanna remained active members of theartment has recently joined the Large Binocular Telescope

Department. consortium and Steward Observatory in an agreement made

Anne J. Verbiscer and Gregory J. Black joined the Departthrough the Research Corporation.

ment in November and August respectively as a Research

Scientists. Wesley N. Colley began a position as Lecturer ir8. RESEARCH

August. David A. McDavid started as an observatory suppor

research scientist in July. Mercedes Richards left the Depart-

ment in August taking a position at Penn State. Balbus, DeVilliers, and graduate student S. Fromang
Postdocs in residence included Elizabeth L. Blanton(IAP, Universite de Pariy have developed a three-

Jean-Pierre de Villiers, Nicholas Gruel, Yutaka Fujita, Roberdimensional magnetohydrodynamics code including self-

Link, Kristen Menou, Thomas H. Reiprich, Jaehyon Rhee &gravity to study the collapse of self-gravitating cylinders.

Motokazu Takizawa. Mary Kutty Michael from Robert The aim is to investigate the development of the magnetoro-

Johnson’s planetary astronomy group was also in residencgational instability in star formation processes, and to eluci-

Blanton was a Chandra Fellow. Fujita & Takizawa both helddate the conditions under which differential rotation is en-

Overseas Researcher Fellowships from the Japanese Ministnanced by angular momentum transport, and when it is

of Science and were working with Sarazin. Menou, Rocha<€liminated.

Pinto & Reiprich all received support from the Celerity = Balbus and Hawley continue to investigate, through com-

Foundation. bined analytical and numerical studies, the nature of the an-

Other personnel included Data Analyst Cameron Hum-gular momentum transport mechanisms, MHD turbulence,
mels, Instrument Maker Charles Lam, Electronics Desigrand global dynamics of astrophysical disk systems, including

Technician James Barr, Office Manager Barbara Nicholsorprotoplanetary systems.

& Secretary Jacquelynn Harding. Chevalier, J. Oishi(graduate studeptand J. Blondin

There were 20 enrolled graduate students at the end ¢NCSU) are carrying out simulations of the early evolution
this period. Joshua Kempner, James Ostheimer, & Waynef supernova remnants, taking into account the mass loss

.1 Stars and Stellar Evolution

Winters completed their Ph.D.s during the year. processes leading up to the supernova. In particular, they are
Long term visitors included Yuri 1zotov, Bill Kunkel, John investigating wind interaction models for the bright remnant
Papaloizou, and Valery Shematovich. Cas A. From 3-dimensional simulations, they are finding that

The Virginia Institute for Theoretical Astronomy/ITA ) instabilities during the deceleration of the supernova ejecta
continued operations during this period with support fromcan account for much of the structure that is observed in the
the University of Virginia and NASA's Astrophysical Theory, remnant.

Long Term Space Astrophysics, Origins of Solar Systems, Chevalier and R. Mellorigraduate studen@re calculat-

and XMM programs, JPL, Chandra, Space Telescope Scing models for the initial evolution of pulsar wind nebulae in
ence Institute, and the NSF Stars/Stellar Systems and Gravdupernova ejecta in order to provide a context for the many
tational Physics Programs. new observations in this area. Points to be addressed are
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whether correct identifications of nebulae with historical su-netic braking. The braking produces under the assumption of
pernovae have been made, whether energy equipartition afteal MHD an low-speed outflow, which carries away a sub-
plies to the wind nebulae, and whether the pulsars may havatantial fraction of the angular momentum of the collapsing
been born rotating much more rapidly than their current ratematerial. The outflow could play a role in the formation of
The indications are that 3C 58 may be older than SN 1181¢ircumstellar Keplerian disks, out of which planets are
but that the identification of G11.2—0.3 with SN 386 is plau-thought to form.

sible. Also, there is evidence that a number of pulsar wind Li continued his long-term program with F. Nakamura
nebulae have considerably more energy in particles than iflUC Berkeley and Niigata University, Japaan the frag-
magnetic field. mentation of magnetic clouds leading to the formation of

Chevalier and Li are continuing their investigation of stellar systems. They showed that a non-axisymmaetric
whether the afterglow emission from gamma-ray bursts=2 mode of perturbation of modest amplitude can grow
(GRBs9 indicates that they are interacting with the winds nonlinearly during the magnetically supercritical phase of
from massive stars. This issue is crucial for the question otloud evolution into an elongated bar. The bar collapses into
GRB progenitors. A problem for massive star models is that opaque, needle-like structure, which could break up into
some GRBs have afterglows that indicate interaction with dragments for a fast enough rotation. In the presence of
constant density medium. It has been suggested that suchhi&gher order mode or random perturbations, the cloud can
medium could be produced by a shocked stellar wind flowbreak up directly into multiple fragments, each of which is
However, Chevalier and Li have found that the required mewell on its way to form a single star or stellar system.
dium is difficult to produce by mass loss. This suggests that Li continued his collaboration with a research group in
not all the long duration GRBs have massive star progeniMoscow led by V. Shematovich in developing a coupled dy-
tors. namical and chemical model for starless cores of molecular

Chevalier and Franssdistockholm are investigating the clouds, which are sites for isolated low-mass star formation.
infrared dust emission from supernovae. Possible sites ofhey carried out a model update, and a parameter explora-
dust emission are a dust echo from circumstellar dust, cirtion aimed at explaining the velocity field and pattern of
cumstellar dust that is collisionally heated by the fast shoclkchemical differentiation observed in the well-studied starless
wave, dust possibly formed in a radiative reverse shockcore L1544. They found that the available data on L1544 are
wave, and dust formed in the freely expanding supernovaonsistent with the standard scenario for isolated low-mass
ejecta. It appears that a variety of mechanisms are relevant star formation, in which the core forms out of a strongly
different supernovae. magnetized cloud due to ambipolar diffusion over several

Hawley and postdoc Jean-Pierre deVilliers are working ordynamical times.
developing the next generation of general relativistic simula- Li and Anderson started a systematic investigation of the
tion code. They have added the magnetic terms to thetructure of axisymmetric magnetocentrifugal outflows
already-deployed relativistic hydrodynamics code, and carlaunched from accretion disks, together with R. Krasnopol-
ried out an extensive set of test problems. sky (UIUC) and R. Blandford(CalTech. They focused on

Hawley and J. StonéMaryland continue a collaborative the effects of mass loading rate on the outflow structure. It
effort to develop an astrophysics simulation code as a suovas shown that, for a given field distribution on the disk,
cessor to the popular ZEUS code. increasing the mass loading rate enhances the toroidal field

Hawley and J. Krolik(Johns Hopkins Universijycontin-  in the outflow, which leads to a better collimation. Above a
ued their detailed study of the inner regions of black holecertain rate, the outflow becomes unsteady, for reasons not
accretion disks with an emphasis on the stress produced abmpletely understood. The heavily loaded outflow has a
the marginally stable orbit(modeled by the pseudo- predominantly toroidal magnetic field, which may cause the
Newtonian potential Several high resolution simulations outflow to become unstable, particularly in 3D.
were analyzed in depth, and the observational implications of Majewski and Patterson’s group, including Rh@gmst-
these results for the inner regions of disks were investigatedlog, C. Hummels(data analyst A. Polak (graduate stu-

Li started a new project on the structure of magneticallyden?, J. Crane(graduate studepiand collaborators contin-
supported circumstellar disks expected to form around proued the Grid Giant Star Surve{GGSS. The GGSS is
tostars, with an eye on forming substellar companions. Haelesigned to find stars needed for the Astrometric Grid of
estimated that the disk could become self-gravitating duringsIM, with a strategy to identify the most distan{,<13,
the early rapidly accreting, “Class 0” phase of star forma-giants in 1302 “bricks” each covering-0.5 ded, distrib-
tion. The self-gravitating disk could fragment into pieces ofuted over the entire sky. To date, photometric observations
substellar masses, which may collapse into brown dwarfsvith the WashingtonM, T, and the (gravity sensitive
and possibly massive planets. DDO51 filters have been performed in 99% of these bricks

Li continued his study of the collapse of magnetized, sin-at the Las Campanas 1-m telescope, the 0.8-m telescope of
gular isothermal toroids with and without rotation, in col- McDonald Observatory, and the WIYN 0.9-m telescope. Re-
laboration with F. Shu(NTHU, Taiwar) and A. Allen duction pipelines have been refined to generate a sample of
(ASIAA, Taiwan). They confirmed the formation of the so- giant candidates, along with photometric parallaxes and me-
called “pseudo-disk” during the collapse of non-rotating tallicities derived from the three-filter system. To date, 765
clouds, and found that the structure of the pseudo-disk can Haricks (59%) have been completely reduced, and 96% of
substantially modified by rotation and the associated magthese fields contain at least one candidate with a photometric
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distance>1 kpc. The best SIM candidate for each brick star members of the Ursa Minor dwarf spheroidal. Prelimi-
has a median distances of4 kpc and metallicity of nary results indicate that a number of these stars have radial
[Fe/H] ~ — 1. Low-resolution spectroscopic follow-up obser- velocities consistent with membership in this dSph galaxy,
vations on the LCO 1-m of over 3200 Grid giant candidateseven though they are found well outside the nominal tidal
have been carried out to verify the luminosity class and deradius of the dSph.

termine spectroscopic abundances and radial velocities. Po- Majewski, Dinescu(Yale), P. Frinchaboy, KunkellLas

lak continued to develop a dynamic web database for th€ampanas V. Smith (UT), Patterson, Ostheimer, Rhee, and
GGSS data. The database is used extensively by GGSS aR@lma(PSU have been studying internal stellar population
SIM Grid followup observers and will assist in scientific and kinematic properties of the Galactic globular cluster
analysis of the data. It will be provided to the community omega Centauri. The catalog includes photometry, proper
upon completion of the Grid Survey and will be useful for motion, radial velocity, and abundance data. Photometric me-
scientific studies with GGSS before SIM launch. tallicities were also derived using a technique adapted by J.

Majewski, Polak, Rhee and A. KundiMSU), with the  Rhee. The metallicity distribution functiofMDF) of omega
UVa GGSS team, have reported first science results from th€entauri was determined through the use of the Washington
GGSS. Based on the multifiber spectroscopy of several hurM, T, andDDO51 photometry to derive photometric metal-
dred stars in 11 fields selected from the GGSS, in the coniicities. The photometric metallicities were calibrated with
bination with photometrically determined parameters, theyspectroscopic metallicities and by using proper motion and
have found a group of 8 giants for which spatial, kinemati-radial velocity membership we were able to construct the
cal, and abundance characteristics are coherent, but f&DF. The data reveal the omega Centauri has four metallic-
which these properties differ from those of the main popula-ity peaks, this combined with published work on the age
tions in the fields. Comparison with models of debris fromspread in omega Centauri lend support to the idea that this
the Sgr dSph suggest that the peculiar stars are associatglbbular may actually be the nucleus of a massively dis-
with a leading trail from Sgr. rupted dwarf galaxy.

M. Garvin & Frinchaboy(graduate studentswith Ma- Crane(graduate studeptMajewski, Patterson and J. Bah-
jewski, Patterson and KunkélLCO), has been analyzing ra- call (IAS) continued work on determining the amount of
dial velocity data from spectra of GGSS candidate giantdocal dark matter in the Galactic digkhe Oort limit). To this
taken from the Hydra spectrograph at CTIO and KPNO. Usend, Crane assembled a photometric sample of candidate
ing the radial velocity data as well as GGSS photometry, halisk giant stars usiniyl, T,, andDDO51 imaging data cov-
has looked for giant stars in the Sagittarius tidal streams. ering almost 200 square degrees at the North Galactic Pole.

Using extant astrometric catalogs, Polak obtained propeFollowup medium resolution spectra of 326 candidates have
motions for a subset of GGSS candidates. These will béeen collected using the KPNO 2.1-ma GoldCam spec-
combined with the radial velocities of the stars to study thetrograph. Data reduction is underway.
kinematics of bright giant stars in GGSS fields. Using 2MASS data, Majewski, Skrutskie and D. Lam-

J. Ostheimeilgraduate studeptRhee, Majewski, Patter- dergraduate studentsearched for tidal tails around the
son, and R. GrayAppalachian Stajehave produced a new globular clusterw Centauri, and studied the potential metal-
grid of synthetic spectra using the SPECTRUM code of Graylicity spread in NGC 6388 and NGC 6441. Results suggest
with Kurucz’s convective overshoot model atmospheres, anthat previous studies of these clusters are subject to subtle
then computed synthetic Washingtdh, T,, and DDO51  biases due to differential reddening, and that these particular
colors of giant and dwarf stars over the Yonsei-Yale isoch-Galactic globular clusters may not be cores of disrupted
rones. They have found good agreement between their sywarf satellite galaxies, as has been recently proposed.
thetic color-magnitude isochrones and empirically defined Law and Majewski analyzed the results of numerical
giant branches, and no significant age effectvh<T,, M simulations of the tidal destruction of dwarf satellites by the
—DDO51) space. This result strongly supports the methodMilky Way Galaxy, using the models of K. Johnst¢wes-
ology (which is being employed for the GGE® estimate leyan University. The virial theorem and other methods
metallicities and distances of field stars from the three filtewere used to calculate possible inflation of derived mass-to-
system. light ratios for these simulated stellar systems.

S. Sohn(graduate studentM. Siegel(STSc), C. Palma Polak worked on a project to study the kinematics of stars
(PSU, Majewski and Patterson have performed observationat the North Galactic Pole. Using de&)/| CCD photom-
with the KPNO 4-m+ Mosaic camera to extend their spatial etry in conjunction with proper motions derived from photo-
coverage of the dSph galaxies Leo I, Leo Il, and Ursa Minorgraphic plates, space velocities were found for a sample of
A completeM, T,, andDDO51 photometric catalog tM stars. Multivariate analysis of the data is being undertaken to
~22.5 andT,~21.5 now exists for a 4.5 dédield centered understand chemo-dynamics of Galactic stellar populations.
on Leo I. Using this catalog, Sohn confirmed his preliminary Majewski, Kunkel, Patterson and Ostheimer have contin-
results showing clear evidence of extratidal giant stars of Leaed spectroscopic observations and analysis of giant stars in
I. He is currently analyzing the data to understand the overalihe periphery of the Magellanic Clouds. Significant halo sub-
structure better. Spectroscopic follow-ups are planned fostructure has been found in the dataset of several hundred
both Leo | and Leo Il K-giant spectra located in 29 fields around the Magellanic

C. Palma, Majewski, and J. Kuhilawaii) have obtained Clouds. However, no certain tidal debris from the Clouds
Keck HIRES spectra for approximately 50 candidate gianthave been identified.
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Majewski, Siegel(STSc), Sohn, C. Gallar{Instituto de  metal-deficient giants witjFe/H] <—2.0 are discovered
Astrofi sica de Canariasand R. BraunlNFRA) completed a  successfully, with detection efficiency of 30-50 % as a func-
search for giant stars in compact high velocity clog@si- tion of galactic latitudgi.e., higher yield at higher latitude
VC’s). While they did not detect any giant stars, which al-They also continued large international spectroscopic
lows limits to be placed on either the distance or stellar confollow-up of metal-poor stars and Carbon stars selected from
tent of the CHVC'’s, some evidence of extinction by CHVC’s the Hamburg/ESO survey in collaboration with N. Christlieb
was found — indicating the presence of dust in these object§Hamburg and M. Bessel(Australian N). Metallicities and

H. Rocha-Pintgpostdog¢ and Majewski are studying stel- radial velocities determined from the medium-resolution
lar streams in the halo and the Galactic structure above thgpectroscopy, combined with proper motions from ongoing
disk, specially developing statistical methods for the identi-and future astrometric surveysuch as the Yale/San-Juan
fication of stellar streams from enhancements in spatial derSPM, USNO survey, and SIMwill provide full space mo-
sity, metallicity and velocity distributions. The research hastions for numerous extremely old stars. This effort will also
been mainly focused in the analysis of an extensive propefurnish a large sample of giant candidates to be searched for
motion, radial velocity and photometric catalogue of starsstars with highly enhanced r-process elements by high-
near the North Galactic Pole field SA 57. Rocha-Pinto hasesolution spectroscopic follow-up with VLT, KECK, and
found evidence of substantial velocity clustering among gi-SUBARU. The results will help unravel the chemical and
ant stars, confirming previous work reported by Majewskidynamical history of the Milky Way.
for dwarf stars. So far, the analysis of stars situated at about Rhee and T. Beerdlichigan S) have shown the presence
3 kpc, in the direction of SA 57, has confirmed previousof a rapidly rotating disklike popluation of stars selected
claims of their research group for a retrograde halo and fowithout proper motion bias from the Luminous Stars Exten-
the existence of a large number of stars falling into the disksion survey of Drilling & Bergeron, even at quite low metal-

Garvin, Kunkel and Frinchaboy are also working on im- licity. The distribution of orbital eccentricity of the giants as
proved methods of precise radial velocity measurement frona function of[Fe/H] indicated that relatively high fraction
low S/N, medium resolution spectra. Garvin is developing an30% — 40%) of local metal-poor stars within 1 kpc from
algorithm that can accurately distinguish between CCD costhe Sun may be associated with the metal-weak thick disk
metic featureqor cosmic rays and important spectral fea- and may extend to metallicites beldgwe/H] = — 1.6, much
tures. The ultimate goal of this project is to produce an effilower than previously claimed.
cient pipeline for obtaining high-precision radial velocity = Richards, Waltman(Naval Research Lap and Ghigo
measurements. (NRAO) continued their study of radio flares from binary

Frinchaboy, Majewski, Skrutskie, KunkelLas Cam- systems. They analyzed 2.3 GKig band and 8.3 GHz(X
panag, and R. PhelpCSU Sacramenjohave begun a band radio continuum observations collected with the
project to determine the orbits and of a number of GalactidNRAO-Green Bank Interferometer nearly continuously over
clusters using absolute proper motions and radial velocitie2096 dayg5.7 years. Two RS CVn binariegV711 Tau and
This will yield cluster orbits that can be used as a probe ofUX Ari) and two Algol-type binariesg Per ands Lib) were
Galactic disk dynamics with “test particles” of known ages studied. Flare events were unique. Most began with a strong
and distances. These data will be used to investigate thitial rise, with weaker peaks along the exponential tail of
outer Galactic rotation curve and the Galactic abundance grahe event. Other flares had the weaker peaks at nearly con-
dient. stant flux. The intensity dips in the flare profile can be ex-

Majewski, Patterson, Siegel, Frinchaboy, K. Westfallplained either by the eclipse of the flare region or by the
(Wisconsin, and Kunkel, are conducting a spectroscopicintermittent production of nonthermal particles as the flare
follow-up of various extratidal giant candidates around thedecayed. For the four systems, flares t¢@@—5Q hours to
Leo I, Carina and Sculptor dwarf galaxies, using the Hydrarise and decayed ovét0—40 days. On the Sun, flare erup-
spectrograph at KPNO and CTIO. Extratidal stars are als¢ions occur within 100 seconds and decay over a few hours.
being sought around globular clusters. Majewski, Pattersorifhe duration of the flares in the four systems was correlated
Frinchaboy and Siegel are exploring the distribution of giantwith the total energy output during the flare event. The spec-
stars around the globular cluster Arp 2, and around the clugral index was positive during flares for all four systems,
ter N288 with A. Forestel(UT). which suggests that the flares arise from a partially opaque

Frinchaboy and Phelps completed their work on the Saugyrosynchrotron source. The flaring behavior of UX Ari was
rer et al. open star clusters. These clusters are similar in apsimilar to that of V711 Tau, but its flares were weaker than
pearance to the Berkeley open clusters and are believed to tigose of V711 Tau. More flares were detected frgnPer
old. Results show that one of these clusters one of the moghan from V711 Tau over the same time interval, but the
distant open clusters ever discovered, WRly = 19 kpc, flares on V711 Tau were typically stronger than thosggon
and an age of 7-8 Gyr. Per. Flare strength at 8.3 GHz was as high as 1.17 J§ in

Rhee and T.C. BeerdMichigan S) have initiated Per, 1.44 Jy in V711 Tau, and 0.82 Jy in UX Ari. Only two
medium-resolution spectroscopy follow-up to identify ex- flares were detected fromd Lib during the survey, with
tremely metal-poor giant stars wiffFe/H] <—2.0 in the maximum 8.3 GHz flux of only 0.034 Jy. A preliminary
HK-Il survey, using KPNO 2.1-m and CTIO 1.5-m tele- analysis suggests that the strongest flares in the RS CVn
scopes and 6dF facility on the UK Schmidt telescope. Prebinaries tend to occur neat=0.5 or 1.0, with more flares
liminary results have shown that some new 80 extremelyisible near¢ = 0.5 when the more active K star is toward
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the observer. The strongest flares in the Algols were seeof giants and asymptotic giant branch stars in the Milky Way
near¢=0.0 when the active cooler star was toward the ob-disk and halo based on the reliable color-selection of candi-
server. dates from the Two Micron All Sky Surve2MASS). Using
Richards, Waltman, and Ghigo found thatPer, V711 a sample of late-type 2MASS M-giants Skrutskie, Majewski
Tau, and UX Ari have predictable flaring cycles. They usedand Weinberg(UMas9 have isolated an all-sky sample of
Power Spectrum analysis and the Phase Dispersion Minimhalo giants which delineate the Sagittarius dwarf galaxy and
zation technique to determine the periodicity of flaring activ-its tidal streams. Work continues to match the distribution
ity from data collected continuously over a total of 4.6 years.and kinematics of these tracers with dynamical models of the
From 1995 January to 2000 October, flares@Per had a  Sagittarius/Milky Way system. Skrutskie, Weinberg, and
periodicity of (48.9 = 1.7) days. In the RS CVn group, the Reber(Amherst College have similarly isolated a popula-
significant periodicities werél20.7 = 3.4) days and(80.8 tion of 30,000 disk carbon star candidates in the plane of the
+ 2.5 days for V711 Tau, witt{141.4+ 4.5 days and52.6 ~ Milky Way. Distance estimates derived from simple assump-
+ 0.7) days for UX Ari. So strong flares occurred roughly tions about the uniform luminosity vs. color of these object
every 17 orbital cycles op Per, every 28.5 and 42.5 orbits yield a 3-dimensional distribution of Milky Way carbon stars
on V711 Tau, and every 8 and 22 orbits on UX Ari. No which reveals the complete stellar bar and delineate the outer
periodicities were found from thé Lib data. Both V711 Tau extent of the entire Milky Way disk.
and B Per display long-term cycles of apparently alternating Winters, Balbus, and Hawley completed a study of the
active and quiescent flaring activity which seem to last forformal chaos properties of magnetized differential rotation.
more than 500 days. However, the survey was not lon@’he Lyapunov exponents of model flows were determined
enough for the period-search analysis to confirm these longand the hallmark chaos features of extreme sensitivity to ini-
term cycles to any level of confidence. These results weréal conditions and unpredictability explicitly demonstrated.
presented at the AAS Meeting in June 2002. Of some practical importance was the finding that very long
Tiffany Soinski (undergraduate studgnaind Richards averaging baselines are required to give any statistical sig-
used the 5-year database of radio flares from V711 Tau, UXificance to the ensemble average of the Reynolds and Max-
Ari, and B Per. They studied the profiles of individual radio well stresses.
flares and discovered that no two were exactly alike. While Lorimer (Jodrell Bank, Camilo (Columbia University
the timescales of flaring activing may be predictable, theand Xilouris, have used high precision timing observations
shape of the flare is quite variable. These results were pravith the Arecibo 300-m radiotelescope, to obtain phase-
sented at the AAS Meeting in June 2002. coherent timing solutions for the first time for 17 pulsars
Helio Rocha-Pinto is continuing the analysis of a samplediscovered at Arecibo by Hulse & Taylgi979 in a 430-
of late-type dwarfs that he used to study the chemical enrichMHz survey of the Galactic plane. In addition to the timing
ment and the star formation history of the local Galaxy, dur-solutions scatter-broadening measurements for two pulsars
ing his former PhD research in &a@aulo, Brazil. With J. were presented as well as the pulse nulling and mode-
Scalo(Texas, C. Flynn and J. Haninen(Tuorla Obs), he  changing properties of two others.
studies the age—velocity dispersion and the radial variation During the latter stages of the Arecibo upgrade a system-
of the star formation history and metallicity distributions.  atic drift-scan survey carried out by two collaborations
The metallicity distribution is also the main topic of two (Fruchter, Lorimer, Xilouris, STScl/NAICand (Arzouma-
lines of research presently conducted by Rocha-Pinto. Witlmian, Backer, Cordes, Lommen, McLaughlin, Berkeley/
C. Chiappini(Triesteé and J. Scalo,the metallicity distribu- Cornel) has so far revealed 7 new pulsars. The data acqui-
tion of the solar neighborhood at past times was reconsition system used is the Penn State Pulsar Machine
structed, using chromospheric stellar ages and photometri®SPM—a fast-sampling filterbank spectrometer, nominally
metallicities. The other project, done with the collaborationcapable of detecting pulsars with sub-millisecond periods.
of G. Porto de Mello(Rio de Janeirpand W. Maciel(Sao  Data covering 450 square degrees have been analyzed so far
Paulg, consists in the determination of spectroscopic abunat Jodrell Bank while intensive processing continues. Among
dances and radial velocities for a large sur¢@g5 stars of  the new discoveries are two likely recycled pulsars with pe-
southern hemisphere nearby G dwarfs. The observationsods of 5.79 and 55.6 ms. On going Arecibo high precision
were completed in the end of 2001 and are presently beiniming observations will provide a more accurate measure of
reduced. The survey is expected to yield important informathe spin and astrometric parameters of the newly discovered
tion about the evolution of the solar neighborhood, since thgulsars and give insight to the nature of these pulsars.
G-dwarf metallicity distribution is considered one of the best  Following the installation of a new auxiliary guider on the
discriminating constraints to the chemical evolution. An ex-1-m astrometric reflector at Fan Mt, long CCD exposures
tension of this survey to the northern hemisphere is beindpecame possible. Deep narrow-band CCD imaging is used to
planned by Rocha-Pinto, J. SkMinchen and Porto de investigate the mechanism responsible for the present shap-
Mello. ing of planetary nebulae with large angular size. Using the
Rood, Ferraro, and others from Bologna continue work orFan Mountain 1-m telescope, Martin, Xilouris and Soker
globular cluster stars. Current projects include blue stragtUVA/University of Haifa) detected an H emission-line
glers, putative central black holes, and hot horizontal brancktructure in the upstream side of the planetary nebula NGC
stars. 40. This structure was earlier predicted by numerical simu-
Skrutskie has been investigating the Galactic distributiodations, and is attributed to Rayleigh-Taylor instability. Such
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a Rayleigh-Taylor instability is expected to occur at earlyposite of the usual sense in accretion flows. It was found in
stages of the interaction process between the interstellar méie studied example that inward angular momentum trans-
dium and a fast moving planetary nebula, as is the case fqyort generally required large adverse entropy gradients and
NGC 40. The investigation continues with deep imaging oflong wavelengths, modes that are largely unaffected by mag-

extended nebulosities. netic tension. It was argued that not only was standard out-
ward tranport possible, it was required for self-consistency.
3.2 Interstellar Medium With undergraduate student M. Kunz, Balbus is comput-

. ing the radiation properties of three-dimensional MHD black

R. Jphnson & postdoc,_E. Brlr!ga, have used a mo!eculaﬁde accretion flow simulations. The spectrum includes
dynamics model of a solid to simulate heavy coSmIC raygynchro-Compton and thermal bremsstrahlung processes.
ion-induced desorption of mantel material from a grain inrpe Gajactic Center source is of particular interest because it
cold regions of the interstellar medium. These S|mulat|onsls so unexpectedly faint. Ground based radio, millimeter, and

We(;e used tl? test th de Earher models df0|[| debsct)rp_lt_lr?n by Lege ubmillimeter observations have recently been augmented by
and Co-workers and rasegawa and Herbsl. These€ MOUeSecy,,qqrqg X-ray detection. A good spectral fit seems to re-

were based on treating the evolution of the energy deposite ire an electron population substantially cooler than the

by a fast hea_vy lonina sr_nall grain by thermal evaporatlor\onsy a result also found by other investigators working with
from a transient heat spike. Both of these models Were o rent accretion geometries

shown to fail. The new calculations were then compared to Ostheimer, Majewski, Patterson, and R. Lifpostdog

extrapolations of laboratory data on energetic ion induceq!]ave studied the halo of M31 both spatially and chemically.

erosion and expressions were given for application to ener'T'hey find that M31's halo shows evidence for substructure

3iersgﬁrgzrntgle—mduced desorption in a variety of radiation en'and have constrained the halo to be metal-rich with a metal-

Murphy, B. Otte(JHU), J. C. Howk(San Diegd, Q. D. poor tail. Additionally, they have studied the Andromeda

Wang (UMas3, W. R. Oegerle(NASA/GSFQ, and K. R companion dSph galaxies And I, And II, and And IIl and
Sembach(STS,CD Havé obtained additional o,bservati.ons; of have found that And | shows a significant correlation of spa-
the halos of NGC 4631 and NGC 891 with the Far UItravio-tiaI distribution to metallicity with the most metal-poor stars
let Spectrosconic Explorer. Thev have detected @ emis- being less centrally concentrated and elliptically distributed,
sion Fi)n the halg of NCpEC 4631 b{lt find no emission from theWhile the metal-rich stars are more centrally concentrated
halo of NGC 891. Toward NGC 4631, the totah@lumi- 2% Greulerly gstributed. (&) Montrea), and P. Bat.
nosity is equal to the soft X-ray luminosity. Thev®appears : Y, KU L ' )

to be co-rotating with the disk gas and is therefore likely tosnle”lit(ilNAi) a:z onrlt("r]g orn angr:ﬂeclt to Iobrtam thel r;dmlt
be cooling galactic fountain material. The total cooling mass elocilies of carbon stars arou € local group gaiaxies 1o
erive rotation curves and study their mass distributions. Ob-

flux in NGC 4631 is 1-3 solar masses per year depending o . :
whether the fountain is a single large bubble or a galaxyservatlons have been conducted on NGC 6822 using the hy-

wide fountain. The non-detection toward NGC 891 imp“esdraos,gectroglglragh 6:; CTI(?'S Sohfurad denth
that the cooling mass flux is less than 1 solar mass per year onnell, Rood, and S. Sohfgraduate studepthave

in that galaxy if the Ovi halo has the same extent as the Soﬁqbtained deep HST far-ultraviolet phptgmetry of the metal
X-ray halo. _rlch globular cluster system of the elliptical galaxy_ M8_7 us-
Graduate student Quireza Campg&=so Paolpand Rood ing the ST|S/FAR'U_V MAI\/_IA_camera. _They are using tlme_-
are using high precision radio recombination line and cont299€d data analysis to eliminate periods of brighter orbital
tinuum data to determine electron temperatures of a veryV SKy background. In a preliminary reduction, 38 clusters
large sample of Galactic H Il regions. This will lead to an !N three fields are detected to a limitw(FUV) ~23. These

estimate of metallicity. The large sample scattered through€Xhibit @ 2.5 mag range in FUVV color and appear to fall

out the Galaxy can show for example whether abundancl© two color groups, possibly associated with the two
trends are azimuthally symmetric. known cluster subsystems in M87. ,
O’Connell, Sarazin, and R. WhitdJAI) extended their

analysis of Chandra X-ray Observatory images of the nearby
elliptical galaxy M32. M32’s core is the densest known stel-

Hawley and Balbus continue their work on non-radiativelar system, which makes it an obvious candidate for nuclear
accretion flows around black holes. Such flows were modactivity. However, no evidence of an AGN has ever been
eled with large scale simulations of full three-dimensionalfound associated with the core. The CXO observations were
global accretion disks. The simulation results were adaptethe deepest yet attempted in X-rays of M32, and reach point
to to the Galactic center source Sgr A* using some simplesources withL,~10* erg/s. The images resolve the previ-
radiative properties of the flow In MHD simulations disk ously known single X-ray source near the center of M32 into
stress is produced self-consistently. 3 discrete sources within 15of the nucleus. Corrected as-

Balbus and Hawley conducted a study of angular momentrometry for the nucleus from 2MASS shows that one of
tum transport in the linear stages of a rotationally and conthese sources is coincident with the nucléds$’ distani.
vectively unstable magnetized fluid. This was motivated byThis source has,~2X 10% erg/s, making it the lowest lu-
models of black hole accretion flows in which convective minosity AGN yet detected. There is also evidence for low-
disturbances transported angular momentum inward, the opevel, diffuse X-ray emission around M32.

3.3 Galaxies and Active Galactic Nuclei
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O’Connell, with Rood and B. DormafGSFQ completed tical galaxies. Along with A. AtheyU. Mich.), and Breg-
a study of the usefulness of mid-UV spectra and colbes  man, Sarazin & Irwin, have studied the X-ray spectral prop-
tween 2500 and 4000 )Afor reducing the serious “age- erties of a large sample of LMXBs observed in 15 nearby
metallicity degeneracy” encountered at longer wavelength®arly-type galaxies with Chandra.
in analyzing the integrated light of old stellar populations. Thuan and Gruel, in collaboration with Hammer
They find that the mid-UV improves resolution in lpdpgZ  (Meudon and FloresMeudon are studying the population
space by about a factor of 3 for a given observational precief Luminous Infrared Galaxied IRGs) seen by ISQL(IR)
sion. Most of the spectral information on old populations=2x10'L) and which are among the main contributors
resides below 4000 A . They also find that contamination ofto the star formation activity of the universe at redshifts be-
mid-UV light by hot, post-He-flash evolutionary phases cantween 0.5 and 1. They have undertaken VLT slit optical spec-
reach over 80% in objects with large hot populations. How-troscopic studies of the LIRGs. They found that the LIRGs
ever, this is straightforward to remove as long as far-UVhave large extinction witi,, varying between 1.5 mag and
measurements are available. They showt thd Gyr, solar more than 3 mag. Corrections for these large extinction give
abundance model based on empirical spectra for nearby statee LIRGs large star formation rates, between 20 and 100
provides an excellent fit to the mid-UV spectrum of the Lo- My yr . Their gas metal abundances are about solar, and
cal Group elliptical galaxy M32. This indicates that the their absorption spectra can be synthesized with a mix of a
poorer results obtained by several groups from theoreticadlew Gyr old and relatively metal-rictsolar to oversolar val-
spectra probably arise from limitations of the synthesis modues stellar population and a younger stellar population
els for individual stars. (<5x 1 yr) having a metal abundance similar to that of
The X-ray group at U.Va. has an ongoing project to imagethe gas. They argue that the LIRGs are the progenitors of
X-ray-bright early-type galaxies to study the physics of thepresent-day spiral bulges. The gas needed to feed the ob-
hot interstellar gas. S. Randdljraduate studeptSarazin, served star formation is likely to be falling in from the out-
and J. Irwin(U. Michigan have analyzed the Chandra ob- skirts of the LIRG, being tidally pulled out from interacting
servation of the X-ray bright elliptical galaxy NGC 4649. companion galaxies. They have obtained HST images which
This galaxy has a large number of Low Mass X-ray Binariesshow that most that the LIRGs are disks and that nearly half
(LMXBs), and very bright X-ray emission by interstellar gas. of them are found in interacting/merging systems.
The gas emission shows radial fingers which my be due to Thuan in collaboration with HuntArcetri, Italy) and 1zo-
convection. They are also analyzing an XMM/Newton obsertov (Kiev) has obtained deep JHK UKIRT images of 1Zw18,
vation of the same galaxy. J. Carligraduate studepand the most metal-deficient Blue Compact Dwé&BCD) galaxy
Sarazin are working on a Chandra observations of NGC 53Bnown, and has analyzed them in conjunction with archival
and NGC 1600. Sarazin is reducing an XMM/Newton obserHST/WFPC2 optical images. They found that the data show
vation of NGC 5846. Cycle 2 XMM/Newton observations of no evidence for stellar populations in 1Zw18 older than
NGC 4552 and NGC 4125 are scheduled as well. 500 Myr, so that 1Zw18 is a good candidate for being a
The LMXB populations and hot gas in X-ray-faint early- young galaxy in the local universe. The colors of the young
type galaxies are being studied by the X-ray group at U.Vaand intermediate-age stellar populations are significantly af-
G. Sivakoff (grad student Sarazin, and Irwin have studied fected by widespread and inhomogeneously distributed ion-
the LMXB populations in two X-ray faint early-type galaxies ized gas and dust. Our conclusions disagree with previous
(NGC 4365 and NGC 4382with Chandra observations. work based mostly on color-magnitude diagrams which have
Chandra observations of NGC 5866 are scheduled. found evidence for stars older than 1 Gyr in 1Zw18. They
The X-ray group at U.Va. has a project to determine theattribute the disagreement primarily to the lack of consider-
properties of the LMXB populations and hot gas in a com-ation of the effects of ionized gas and dust extinction.
plete sample of Virgo cluster ellipticals. Sivakoff, Sarazin, Whittle (Pl), Rosario(graduate studeptNelson(U. Ne-
Irwin, P. Cote and L. FerrareséRutgers are using both vada, and Wilson(U. Maryland have continued to work on
archive and new Chandra observations. Gstthe Pl of an HST STIS observations of Seyfert galaxies which show
HST large project to image all these galaxies with the ACSstrong jet-gas interactions. Having fully reduced and analy-
and this will provide globular clustefGC) populations to  sed the first dataset, they focussed on identifying the ioniza-
compare to the LMXBs. tion mechanisms occurring in the region. Using CLOUDY,
Sarazin, Sivakoff, E. Blantor{post do¢, Randall, A. they extended the class of models which combine optically
Kundu (MSU), and Irwin have studied the connection be-thin and thick components, and using recent results from
tween LMXBs and globular cluster§&Cs in a sample of MAPPINGS Il they extended earlier treatments of fast au-
four early-type galaxies observed with Chandra. A significantoionizing shocks. Initial results confirm the dominance of
fraction of the LMXBs are located in GCs, and the fraction nuclear source photoionization, in part because of the ab-
appears to increase along the Hubble sequence from spirsénce of correlations beween ionization degree and kine-
bulges to SOs to gEs to cD galaxies. The LMXBs are prefmatic state of the gas. A second dataset covering a further 6
erentially associated with the optically most luminous andSeyferts has been acquired and analysis of this has just be-
the reddest GCs. Sarazin, Irwin, and J. BregrflanMich.) gun. A first paper has been accepted for publication, while
observed the very X-ray faint SO galaxy NGC 3115 with another is in preparation.
Chandra to determine the nature of its LMXB population, A third HST project(Whittle, PI) focusses on the origin of
and to try to understand why it is fainter than similar ellip- extended blue wings in the line profiles of two Seyferts.
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Broad band and emission line imaging, combined with STISticles, and polarization maps which provide details about the
spectroscopy has been used to investiate the distribution amdagnetic field structure and shock amplification of the field.
acceleration mechanisms acting on this high velocity compo€omparison with X-ray observations would also provide an
nent. The region has been spatially resolved, and from thepportunity to study the efficiency of shock acceleration of
distribution of dust, it seems the gas is driven in an outflowrelativistic electrons and the contributions of nonthermal ef-

by a fast nuclear wind. fects to pressure support in the ICM.
Randall and Sarazin are using merger trees to determine
3.4 Clusters of Galaxies the effects of cluster mergers on the thermal and nonthermal

properties of clusters of galaxies. They are hoping to under-

ChBIa:jntorj, Saratzm,tagd 5’1 MCN?ma(:Iah'O ILJ.)tareALE)SIngZSSZ stand the empirical correlations between radio halos and the
andra image to study the cooling flow cluster Abe X-ray properties of clusters.

The X-ray image shows that the radio source is blowing Reipri : :
; . eiprich, Sarazin, and Kempner are analyzing XMM-
bubbles in the X-ray gas. They are currently working on P P yzing

. ewton data of the merging galaxy cluster Abell 1644. De-
Ch_andra obser_vatlons of Ab?” 262_and Abe_ll 2626_’ both Otjs\lpite the very disturbed appearance in the X-ray surface
which show evidence for radio/cooling flow interactions. M.

. . brightness preliminary results indicate that the temperature
Takizawa (postdog¢, Sarazin, Blanton, and G. Taylor g P y P

: . . distribution of the hot intergalactic gas of the two main sub-
(NRAO) are studying thg Chandra image of the co_ollng ﬂ(.)Wclusters resembles that of very relaxed clusters. This suggests
cluster Abell 3112, which also shows a strong interactio

) . "that the dense cluster cores are not strongly affected by the
between the radio source and the cooling flow gas. Mmerging process.

Chatzikos(graduate studeptSarazin, and Blanton are also Reiprich, Sarazin, Blanton, Randall, and”fBinger,

analyzing a Chandra archive observation of the cooling ﬂov‘échuecker(MPE) and Ikebe(GSFQ started a :
: , project to
clusters 2A0335%096. XMM/Newton observations of Abell . analyze in detail a statistical sample of the 63 X-ray brightest

2626 and Abell 2063 are being obtained by Blanton, Saraz_mgalaxy clusters in the sky with Chandra and XMM-Newton
and McNamara to_study the X-ray spectra of the radlodata, primarily based on data from public archives. In addi-
bubbles detected.wnh Chandra. : . . tion Chandra will observe nine clusters proposed by them in

Blantqn, Sarazin, and N. Sokdsniv. I—!an‘a) have stud|ed. the next cycle. The main aim is to reduce systematic uncer-
the possible effects of thermal conduction on cluster COOIII']glainties which dominate the overall uncertainty in the use of
flows. clusters as cosmological probes.

| Glilanton,d SRargzml,( DL'J CH[e)IfapdColumbbla, .M' Greggl Reiprich initiated an international collaboration between
g, ¢ Bt’ alm ‘ ) et(r:] gﬁ d aVIs)da;(EM\(jV;erv;ng QI_OhSS' Ie UVa and MPE involving 16 peopléincluding individuals
IStant clusters wi andra an ewton. 1Nhe clUS-q45m cfa, ESO, and STS¢lto investigate the multiwave-

ters were first selected by searching the FIRST radio survepéngth properties of a statistical sample of about 800 galaxy
for distorted radio galaxies, and have been confirmed with, o < selected from the ROSAT All-Sky Survey. The col-
optical/IR observations. laboration is based on the telescope time available to UVa

J. Kempnergraduate studentSarazin, and P. Rickét. : : : .
L . . X through the agreement with the University of Arizona made
lllinois) studied Abell 85 using observations from the Chan- g g y

dra X Ob i The cluster h anificant i gﬁossible by the Celerity foundation. The first observing run
ra A-ray Dbservatory. 1he clusier has a signicant cooiin sing a telescope of the University of Arizona at Kitt Peak
flow, but also shows interesting structure associated with th

. ; as been carried out successfully in January.
merger of two small subclusters with the main cluster, one o Sarazin, Takizawa, and Y. FUjithIAO, Japai have de-
which also has a radio relic. The observations will provide ’ ' J '

veloped a theoretical model for the turbulent acceleration of

information about thermal and nonthermal effects in therelativistic particles during cluster mergers.

merger process and about the effect of mergers on cooling Sarazin, Kempner, Fujita, H. Anderna¢bl. de Guana-
flows. . ' ' L :
. . . juatg, M. Ehle (XMM-Newton SOQ, A. Roy (MPIfR),
Ke”?p”e“ Sarazin, M. Markevitc{CA), and R|cI§er are Rudnick, and B. SIe€ATNF) are observing the cluster Abell
observing the clusters Abell 2034 and Abell 2065 in X-rays, 32 with XMM/Newton. Previously, they observed this clus-

with Chandra. These are merging clusters with radio reIicster with Chandra.

one newly discovered by Kempner and Sarazin. The Chandra Sarazin, M. Wise, J. Houck, D. DavidIT), and Mc-

observation provides interesting constraints on the northerﬂlamara are using the Chandra spectrum of the distant cool-

merger, while the southern “subclugter" appears to actuallying flow cluster MS2137.3-2353 to study the origin of excess
be a background, moderate redshift cluster. They are alsg X-ray absorption in the spectra of cooling flows. Sa-

observing the merging clusters Abell 3395, Abell 1240, an ; ;
. ) A azin, McNamara, Wise, P. Nulsen, and L. Daw&fA) have
Abell 725 with XMM-Newton. They will obtain high reso- bserved the moderate redshift cluster MS0832938.

lution temperature and entropy maps of the clusters, as we, hich may be a cooling flow cluster in formation
as providing kinematic information about the mergers. '

Kempner, Sarazin, and L. Rudnigk)J. Minnesota are
making follow-up observations of three newly discovered4. COSMOLOGY
radio relics using the VLA. They have gotten high resolution De Villiers continues studies of the gravitational scatter-
total intensity maps of the relics at multiple frequenciesing of cosmic strings He is currently collaborating with
which allows measurements of the cluster magnetic field¥aleri Frolov, and graduate student Martin Snajdiniver-
and the spectral aging of this population of cosmic ray parsity of Albertg to extend work on the interaction of cosmic
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strings with Schwarzschild black holes to the case of rotating Seidelman and S. Howar@USNO) have begun work as
(Kerr) black holes. This work represents one of the simpleseditors of the “Explanatory Supplement to the Astronomical
models for the study of the interaction of an extended bodyAlmanac,” to be completed in 2003.
with a black hole. Although cosmic strings are exotic objects Seidelman and J. KovalevskfSNO) completed the
for which evidence of existence is still lacking, the analyticbook “Fundamentals of Astrometry” and sent it to Cam-
and numerical techniques developed in this study could seelaridge University Press for publication.
much broader range of applicability.

Skrutskie, Kashlinsky(GSFQ, Mather (GSFQ, Oden- 4 2 Astronomical Instrumentation
wald (GSFQ, and Cutri(IPAC) are analyzing deep integra-
tions obtained from hundreds of repeated observations of Crane completed the design for a fiber-fed spectrograph
2MASS calibration fields to derive the spatial power specfor the Fan Mountain Observatory 40-inch telescope and
trum of the diffuse extragalactic infrared background. Thisconstruction is underway, with completion expected this win-
background, predicted to arise from galaxies and galaxyer- Crane has also designed a weather and telescope envi-
clusters with redshifts- 1, is detected in these observations ronment monitoring and control system for the Fan Moun-
with the anticipated power law slope vs. spatial frequencytain Observatory. This system is currently being assembled.
but at an absolute level several times greater than predicted Skrutskie is leading the development of a laboratory for
by standard models of the star formation history of the unithe design and fabrication of near-infrared cameras and spec-
verse. trographs. Renovations are in progress and development of a

Thuan and Lecaveliefinstitut d’Astrophysique de Pajis 1024x1024 HgCdTe imager/grism spectrograph will begin in
and lzotov (Kiev) is engaged in a |0ng-range program to the Fall. The CorMass NICMOS3-based cross—dispersed
obtain FUSE far-UV absorption spectra of metal-deficientnear-infrared spectrograph, currently in operation at the Palo-
Blue compact dwarfBCD) galaxies to study element abun- mar 60-inch telescope is being prepared for test observations
dances in their neutral HI envelopes. Three BCDS have beeaf the 1.8m Vatican Observatory telescope at Mt. Graham.
analyzed thus far: Mrk 59 with an ionized gas abundance of
12% that of the Sun, SBS 0335-052, the second lowest met.3 Space Astronomy
tallicity BCD known with an ionized gas abundance of 2.5% ) ] ) )
that of the Sun, and 1Zw18, the lowest metallicity BCD lannais a co-investigator with a MASSIF Effort to Deter-
known with an ionized gas abundance of 2% that of the SunMine the Mass-Luminosity Relation for Stars of Various
They found that the metallicities of the neutral and ionized”9€s, Metallicities, and Evolution States, which is a key
gas are unrelated, and that the neutral component of all throject for the NASAs Space Interferometry Missi@®IM).
BCDs appears to have been enriched to a constant level MASSIF see!<s precise mass measurements for stelllar and
log (O/H)~ —5 (1% solay. Interestingly, this is also about the substellar using astrometry_and spectroscopy. SIM is cur-
same oxygen abundance as that derived for the intergalacf€ntly scheduled for launch in 2009. _
medium from absorption lines in the byforest absorbers. Seidelman has continued in the efforts toward solving the

This suggests that the intergalactic neutral gas has been ¢f~ME technical problems of production of CCDs and speci-
riched to an universal level of log (O/H)—5 by population ~ f¥ing the requirements of the optical system, so that a re-
Il stars. duced and realistic schedule and budget can be developed,

despite NASA decision in January 2002 not to fund phase C
of the FAME midex project. CCDs have been produced and
4.1 Astrometry are being prepared for testing to determine the effectiveness
of charge injection as a means of mitigating the charge trans-
Bartlett(graduate studeptlanna, and Begam completed a fer inefficiency effects of radiation. The minimum require-
time-series analysis of eight fields from the southern hemiments for the optical design are being developed.
sphere parallax program. In six cases, they found no evi- C. Slesnick(Caltech, Rhee, Patterson, and G. Benedict
dence of any companions. On the basis of their Lomb peritU.T. Austin) have determined luminosity classes for refer-
odograms, LHS 288 and LHS 2813 were selected for furthegnce stars used in the determination of a parallax for the
study. distance scale calibrata? Cephei, obtained with the Fine
lanna and Begam completed the observational portion oGuidance Sensor interferometer on the Hubble Space
the CCD parallax work at the Mount Stromlo and Siding Telescope.
Spring Observatories using the 1-m reflector. lanna, T. Henry
(GSV), and R. MendeZESO are into the fourth year of a
parallax program at CTIO on the 0.9-m and 1.5-m telescopeg'4 Solar System
through a NOAO Survey award. The observing, about six Johnsoret al. have shown that the processing of the sur-
nights per month, began in August 1999. The aims of thidaces of Europa, Ganymede and Callisto by the energetic
program are similar to the Australian program: to identify trapped particle radiation appears to determine all of the ob-
new nearby star candidates in new southern proper motiogerved species seen in reflectance by Voyager, Galileo and
catalogs through photometry as well as other sources and tdST. The one possible exception is the sodium atmosphere
obtain parallaxes of those objects likely to be within 20 pc.observed at Europa. Although it is produced by the incident
So far, they have discovered 12 new stars within 10 parseamdiation its ultimate source may be the putative subsurface
and 63 new stars within 25 parsecs of our Sun. ocean.



10 ANNUAL REPORT

In collaboration with colleagues at the Space Telescop&AS Heineman Prize Committee. He was on the Scientific
Science Institute and MIT, Johnson has modeled the dusQrganizing Committees for the COSPAR meeting on High
gas and plasma interactions in Saturn’s inner magnetospher€nergy Emission from Supernova Remnants and Neutron
In doing this they have shown that the HST observations oStars(October 2002 IAU Colloquium 192 on Supernovae
the OH neutral torus at Saturn imply that there is much moréApril 2003), and IAU Symposium 218 on Young Neutron
surface area in this region than is seen telescopically. This iStars and Their Environmen¢duly 2003.
likely in the form of icy grains produced, possibly, by small  |n Fall 2001, Crane was awarded a Grant-in-Aid of Re-
unseen colliding satellites or an active surface on Enceladusearch from the National Academy of Sciences, administered

Verbiscer is studying the photometric properties of Saturpy Sigma Xi. In Spring 2002, Crane was awarded an Aero-
nian satellites Mimas, Enceladus, Tethys, Dione, and Rhegpace Graduate Research Fellowship, administered by the
using UVBRI HST WFPC2 data in collaboration with R. virginia Space Grant Consortium.

French and C. McGhe@Nellesley. Solar phase curves in  Frinchaboy and Patterson have continued as Cooperative
the range 0.26 to 6.4 degrees reveal the first observation @pservers for the National Weather Service Station that has
steep, narrow opposition effects of Mimas and Enceladus ajperated continuously at McCormick Observatory since the
visible wavelengths and necessitate an increase on the ordgggq's.

of 20% in their currently accepted geometric albedos. Fits to  Hawley collaborated with staff at the American Museum
the Hapke(lcarus, 157, 523 2002photometric equation en- of Natural History on the scientific content of the Hayden
able the distinction between the shadow-hiding and cohererjgnetarium’s new show “The Search for Life: Are We
backscatter opposition effects as well as other regolith propa|gne?” Hawley created a time-dependent simulation of an
erties including the single scattering albedo, macroscopigyrotoplanetary disk which was a component of an animation
roughness, and the single particle phase function. Comparkhowing the birth of a star and the creation of a solar system.

sons between derived photometric parameters for each sat@le 5150 served on the National Computational Science Alli-
lite suggest the degree to which location—either i”teriorance(NCSA) User Advisory Committee.
(Mimas and Enceladyisor exterior (Tethys, Dione, and lanna is serving as a rotator in the Stars and Stellar As-

Rhea to the densest point in the E-ring—affects the physical,qphysics section of the NSF. He also serves as a technical
properties of regolith particles. Mimas and Enceladus haveqngyitant to CSICOP, a member of the Executive Board of
brighter trailing hemispheres, while Tethys, Dione, and Rhegne nternational Dark-Sky Association, the chair of the Vir-
display the opposite hemispherical albedo dichotomy. Mulinia Section of IDA, on the Scientific Working Group of the
tiple observations during a single HST orbit provide a seriegyasa NStars Project, on the Outdoor Environmental Light-
of measurements of the brightness of a satellite at constamg Committee of the IESNA, on the IAU Working Group on

phase angle, longitude, and latitude in each UVBRI filter,zyr0c0iar Planets, and on the Roadway Lighting Design
occasionally spanning a broader range from 255_1042””5tudy Advisory Committee for VDOT.

These spectral data indicate the satellite’s color and demon- Majewski was named a Mead Honored Faculty at the

strate wavelength dependence on albedo. University of Virginia.

O’Connell is chair of the Scientific Oversight Committee

5. EDUCATION AND PUBLIC OUTREACH for the Hubble Space Telescope Wide Field Camera 3, a

Murphy, R. Bell (U. Virginia School of Education and  two-channel UV-visible-infrared imager scheduled for instal-
Gauthier(graduate studenprganized a two-week workshop |ation during the 2004 servicing mission. He also served as a
“Space Science for Teachers” for in-service teachers in Julynember of the stellar populations panel for the Giant Seg-
2002. Twenty-seven educators in grades 3-9 from the Commented Mirror Telescope proje¢NOAQ), the UV/Optical
monwealth of Virginia participated in the workshop to learn Detector Working GrougNASA HQ), and the Committee of
basic astronomy using hands-on, inquiry-based instructionyisitors for the Division of Astronomical Sciences at NSF.
including a significant amount of work with small telescopes  Reiprich is chair of the Local Organizing Committee of
at night. Each teacher was provided with the materials neche international conference “The Riddle of Cooling Flows

essary to incorporate the methods into their curriculum. Then Galaxies and Clusters of Galaxies” to be held in June
project was funded under the federal Dwight D. Eisenhowepo3 in Charlottesville.

Development Program. Richards is a member of the Scientific Organizing Com-
mittee for IAU Joint Discussion No. 9 on “Astrotomogra-
6. MISCELLANY phy,” to be held at the IAU General Assembly XXV, in Syd-

Balbus was a visitor for four weeks at the Institut ney, Australia, July 17, 2003. Richards was a member of the
d’Astrophysique de Paris. He was also an invited participanfcientific Organizing Committee for the conference titled
to a conference on Astrophysical Fluid Dynamics, held in in“3-D Stellar Structure” that was held at UC Davis and
Durham, England. Lawrence Livermore National Laboratory in July 2002. She

Bartlett (graduate studentcompleted a year as Visiting gave an invited lecture on “An Assessment of National Re-
Assistant Professor of Physics and Astronomy at Hampdersources for Stellar Astronomy” at the special session on The
Sydney College. Future of Stellar Astrophysics at the AAS Meeting in January

Chevalier served on the NRC/NAS Committee on As-2002. She had a press release on her study of flaring cycles
tronomy and Astrophysics, the AURA/NOAO Observatoriesin binary star systems at the AAS Meeting in June 2002
Visiting Committee, the USRA Board of Trustees, and the(www.aoc.nrao.edu/epo/pr/2002/algol/ ). Richards also
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attended the Annual Southeast Michigan Junior Science arBalbus, S. A. 2002, “Accretion Disk Turbulence,” in The

Humanities Symposium for high school students, held at Physics of Cataclysmic Variables and Related Objects, ed.

Wayne State University, Detroit, Michigan, March 7-8, B. T. Gansicke, K. Beuermann, & K. Reinsdl$an Fran-

2002. At that symposium, Richards gave the main after din- cisco: ASB, 356

ner lecture on “Tomography and Other Adventures.” Balbus, S. A., & Hawley, J. F. 2002, “Numerical Simulations
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