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This report covers the period 1 September 2002 to 3Tor education and public outreach. It is heavily used for both

August 2003. our graduate and undergraduate courses. The Public Night
program has been expanded. During the year a plan to
1. PERSONNEL greatly expand the education and public outreach program

During this time the departmental faculty consisted of V&3 initiated. This is described in 54.

Steven A. Balbus, Gregory J. Black, Roger A. Chevalier The 0.7-m and the 1-m reflectors on Fan Mountain were
Wesley N.. Colley'John £ Héwley ihi-Yun Li .Steven R.'used during the year for our undergraduate majors and
Majewski Edward M. Murphy Robért W O’Cor’mell Rich- graduate observational astronomy courses. A major upgrade

ard J. Patterson, Robert T. Rood, Craig L. Sarazin, WiIIiamOf instrumentation s unplerway and_ is described in §3.7.
C. Saslaw, P. Kenneth Seidelmann, Michael F. Skrutskie A gift f_rom the Celerity I_:oundemon of Frank and Wyn-
Trinh X. Thuan, Charles R. Tolbert, Anne J. Veribiscer, D“hgt.te Levinson has made it poss@le for the Dep_artment to
Mark Whittle. and Kiriaki M. Xilouris. !n!t!ate several programs. Skrl_Jtskle and Jphn Wilson have
Robert E., Johnson from Materials Science has his re'—mt'ated a program In near-IR mstrur_nentaﬂon. The Depart-
search group in planetary astronomy located within the de[neqt has recently joined the Large B!nocular Telescope con-
ortium and Steward Observatory in an agreement made

partment. In retirement both Laurence W. Fredrick and> . .
Philip A. lanna remained active members of the Department}hrqﬁ[.gh ttf;e Res(jearch t(fiorporatlon. Observations at Steward
lanna was serving as a rotator at the NSF. aciiiies began during the year.

John C. Wilson joined the Department in October as a
Research Scientist. Mercedes Richards resigned in April taky RESEARCH
ing a position at Penn State.

Postdocs in residence included Elizabeth L. Blanton3.1 Stars and Stellar Evolution
Tracy Clark, Jean-Pierre de Villiers, David McDavid, Kris- Chevalier has a program to investigate young core col-

Sn rl:/legpti, Tlt\/lomasK l_t|t Rl\j.'prr]'Chl’ f‘JaEhy;an?%ef‘ He!'olapse supernova remnants, especially Cas A. Using recent
ocha-Finto. Vary Kutly Vichael Trom Robert JONSON'S ;¢ mation on the expansion and positions of the forward

planetary astronomy group was also in residence. Blanton

. . and reverse shock waves in Cas A, Chevalier & Oishi
was a Chandra_FeIIow. McDavid, Menou, _Rocha-Plnt_o &(graduate studentmodeled Cas A as interaction with the
Reiprich all received support from the Celerity Foundation.

. dense wind from a red supergiant star. In this picture, Cas A
Other personnel included Data Analyst Cameron Hum- Perg b

. .__might hav naT Iin or Il rnova, rather than th
mels, Instrument Maker Charles Lam, Electronics Desig ght have been a Type Iin or llb supernova, rather than the

I : . ype Ib or Ic as typically thought. The scenario provides a
Technician James Barr, Office Manager Barbara Nicholson . .
’ . . ntext to st ther ts of the remnant, including th
& Secretary Jacquelynn Harding. Howard Powell joined theCO ext to study other aspects of the remnant, including the

Department mbuter hardware/ softwar istant one-sided asymmetry of the remnant and the cellular struc-
epartment as a computer hardware/ sofware assistant. .o gpserved at X-ray and radio wavelengths. The site of the
At the end of this period there were 25 resident graduat

©xplosion as determined from the motion of fast knots is
students, 3 non-resident graduate students, 2 planetary b

tronomy araduate students. and one visiting araduate stude isplaced for the center of the bright ring of emission. With
' y graduate students, visiting graduate stu ellon (graduate studeptChevalier is finding that the ob-
Long term visitors included Tony Allen, Franz Bauer,

) . ) d - ' served asymmetry is more likely to be due to an asymmetric
Ben Dorman, Rick Fisher, Eileen Friel, Yukata Fujita, Yuri wind than to an asymmetric supernova. BlondNCSU) &

:f:)atr?;/ﬁoszlsime B}]Ilc,r}LnuSr?kn(a_ch\)llggh-g?;?e lizr:cﬁgerl’:u?nﬁ'tgeknChevalier find that the cellular structure can be reproduced
POISKY, ' ' y considering 3-dimensional simulations of the interaction

Nakamura, Ruth Peterson, Steve Reynolds, Valery Shemas . . . i
tovich, Tim Slater, Noam Soker, & Caroline Terquiem. 3t the supernova with the surrounding medium. The hydro

R . . dynamic instability of the reverse shocked gas being decel-
The Virginia In_stltute fqr The_orehcgl AStr.OHOWITA) erated by the surrounding medium gives rise to the structure.
continued operations during this period with support from

. X o , . In view of the recent discovery of many PWNpulsar
the University of Virginia and NASA's Astrophysical wind nebulag and observations of their surroundings,

Theory, Long Term Space Astrophysics, Origins of SOIarChevalier is investigating the interaction of PWNe with re-

Systems, .and XMM programs, JPL, Chandra, Space Teleélistic supernova models in order to relate these objects to

"Me known properties of supernovae. In addition, cases where
there are observations of the surroundings allow a more de-
tailed check on the nature of the event. These studies indicate

2. FACILITIES that 3C58 may be older than the historical supernova SN

The Leander McCormick Observatory with its 26-in 1181, but that MSH 15-52 and G1%P.8 are consistent

Clark refractor on Mount Jefferson is now used exclusivelywith identifications with historical supernovae. There are

and Gravitational Physics Programs.
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also indications that PWNe are associated with a variety ohave now been released, and full two- and three-dimensional
supernova types. The Crab Nebula may be associated withwersions are in development.
Type IIP supernova, but G292.0-0.3 is more likely to be Li started a new project with F. Nakamugliigata Uni-
associated with the Type lIn or llb supernova. In these casesgrsity, Japanon star formation in magnetized, turbulent
the PWN is trapped in the inner, flat part of the supernovalouds. The goal is to extend the standard model of low-mass
density distribution. Chevalier is also examining the casestar formation to include the supersonic turbulence observed
where the PWN might break out from this inner part of thein molecular clouds. They find that the turbulence can speed
supernova. up star formation through enhanced ambipolar diffusion in
Chevalier, in collaboration with Li and Franss@®tock-  shock compressed regions. The magnetic field, on the other
holm), is continuing a program to investigate GR@amma- hand, can prevent the cloud from being converted into stars
ray burst$ and their surroundings as a means of providingtoo rapidly, in one turbulence crossing time or less. The in-
constraints on their progenitors. The recent discovery of SNerplay of strong magnetic fields and turbulence may lead to
2003dh in connection with GRB 030329 shows that at leastlifferent modes of star formation.
some long duration GRBs are associated with massive stars. Li explored the role of magnetic fields in defining the
Chevalier and collaborators thus examined what circumimasses of forming stars with F. SINTHU, Taiwar) and A.
stances would be necessary for all long duration bursts téllen (ASIAA, Taiwan). They find that the magnetic fields
have massive star progenitors. The problem with constaritapped by the collapsing cloud material can reduce the rate
density environments inferred around some GRBs wouldf mass accretion onto the central object, making it easier for
most plausibly be accomodated by interaction with a regiorthe protostellar winds to reverse the infall. They obtained a
of shocked interstellar wind. However, this can require acharacteristic stellar mass that depends on the magnetic field
high surrounding pressure and/or a low mass loss densitgtrength and velocity dispersion of the cloud, and used it as
One way of producing a high pressure is by having the bursthe base for a simple model of initial mass functiokiF).
in a high pressure starburst region, so that the location of the Li continued his collaboration with a research group in
burst may be related to afterglow properties. Moscow led by V. Shematovich in developing a coupled
Chevalier and Fransson are also modeling the X-ray propdynamical and chemical model for starless cores of molecu-
erties of Type Ib and Ic supernovae, which are of specialar clouds, which are sites for isolated low-mass star forma-
interest because of their relation to gamma-ray buisty., tion. They are incorporating detailed radiative transfer into
SN 1998bw and SN 2003d@hThe expected radiation mecha- their models, in an effort to generate synthetic molecular line
nisms are synchrotron, inverse Compton, and thermal, angrofiles for direct comparison with observations. A prelimi-
they are making estimates of which operate in different renary result is that the motions in the well-studied starless
gions of parameter space. The present number of observetre L1544 appears to be dominated by rotation rather than
sources is small, but these estimates should enable a strateigyall.
for X-ray observations of this important class of supernovae. Li and Andersor(graduate studentontinued their inves-
De Villiers and Hawley have begun a collaboration with tigation of the structure of magnetocentrifugal outflows
J. Krolik and S. HirosgJohns Hopkins Universijyto ana-  launched from accretion disks, together with R. Krasnopol-
lyze GRMHD simulation data as part of a detailed study ofsky (UIUC) and R. Blandford Stanford. They find a simple
the inner regions of black hole accretion disks. The emphasielation between the flow speeds at large, observable dis-
of this work is on the dynamical structures of disks in thetances and the rotation rate at the wind launching surface.
near hole region, and the possibility of energy extractionApplying the relation to the famous classical T Tau system
from spinning black holes. Several high resolution simula-DG Tau, they were able to determine that the low-velocity
tions were carried out for a variety of black hole spins. component of its wind originates from a region extending
Hawley, Balbus, and De Villiers continue to investigate, from ~0.3 to ~4 AU on the disk. The origin of the high-
through combined analytical and numerical studies, the navelocity component remains unclear.
ture of the magnetorotational instability in disks, and its im- Majewski, Patterson, Rhee, Hummels and graduate stu-
plications for angular momentum transport, MHD turbu- dent Polak, with collaborators KunkéLCO), Geisler(Con-
lence, and global dynamics of astrophysical disk systems. cepcia), Gieren(Concepcia), and others have completed
While the magnetorotational instability has been extenthe photometric portion of the Grid Giant Star Survey
sively studied and applied in the context of standard accref(GGSS, which is designed to fin <13 metal poor giants
tion disks, its behavior in a self-gravitating disk has not yetto be used as Astrometric Reference Grid stars for the Space
been fully elucidated. To this end Balbus, De Villiers, andInterferometry Mission(SIM). Follow-up 2 A resolution
graduate student S. Fromafig\P, Universitede Pari$ are  spectroscopy for SIM Grid candidates in the Southern Hemi-
conducting studies of three-dimensional MHD disks includ-sphere has been completed, and Northern Hemisphere spec-
ing self-gravity. troscopy will commence soon with the new fiber-fed spec-
Hawley continued as part of an collaborative effort totrograph at Fan Mountain Observatory. High resolution
develop an astrophysical magnetohydrodynanidHD) spectroscopy of these stars is being obtained in collaboration
simulation code as a successor to the popular ZEUS cod&ith Smith (UTEP) and Geisler to derive accurate stellar
The effort is headed by J. Stoerinceton. During the past parameters and for velocity monitoring. Meanwhile, Rhee,
year the one-dimensional version was released for use. BotPatterson and Majewski explored the application of artificial
C and Fortran 95 version of the code, dubbed ATHENA, neural network$ANN's) for the estimation of stellar param-
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eters T, l0g g, and[Fe/H]) from the moderate resolution reported tails detected around the globular cluster Omega
spectroscopy. Preliminary results indicate that the ANN’s arécentauri.
able to estimate the parameters with an accuracy 6F.) Graduate students Mom and Chatzikos, guided by Ma-
=225 K, o(log g)=0.48, ando([Fe/H|])=0.32 dex. Polak, jewski and Skrutskie, are leading a projéetvolving all the
Ciardi (IPAC), Patterson and Majewski used the 2MASScurrent second and third year graduate studetdsuse
catalog to compute proper motions for the stars in the GGSXMASS data to trace the Galactic metallicity gradient to-
Combining these data with photometric parallaxes, full spawards both the North and South Galactic poles exploiting the
tial motions have been computed for the stars, and are beirgplor dependence in red clump stars on metallicity and ana-
used in conjunction with the photometric metallicities to lyzing the color magnitude diagram for two regions near the
study the kinematics of the Milky Way disk and nearby halo.Galactic polar caps. The study shows a clear metallicity gra-
Rood, Ferraro, and others from Bologna continue work ordient extending continuously ta|~ 3.5, where an apparent
globular cluster stars. Current projects include blue stragbreak in the gradient is observed. In an exploration of the
glers, circumstellar gas around globular cluster giants, andther dimensions of the Galactic Plane, Frinchaboy, Kunkel,
hot horizontal branch stars. Skrutskie, and Majewski have begun a project to measure
A number of new studies have begun to exploit thecarbon stargisolated using 2MASEIn the bar of the Milky
2MASS point source catalogue for studies of Milky Way Way. These data will be used to investigate kinematics along
Structure. Majewski, Skrutskie, WeinbefldMASS) and Os-  the entire length of the bar.
theimer(graduate studephave been using the 2MASS cata-  Frinchaboy, PhelpgCSUS, Majewski, Dinescu(Yale),
logue to search for M giants in the halo. Among the signifi-and Friel(NSF have continued to investigate the ages, dis-
cant findings are the>360°, wrapped tidal tails of the tances, and dynamics of old open star clusters. Photometry
SagittariusSgn dwarf galaxy. These extensive tidal tails are analysis is being continued and preparatory work for astrom-
being used by Majewski, Lawundergraduate studermand  etry and spectroscopic work has begun. Frinchaboy, Majew-
Johnston(Wesleyan to constrain the Sgr orbit and mass asski and Friel are continuing a project to determine the orbits
well as the strength, flattening and lumpiness of the Galactiand metallicities of a number of Galactic clusters using ab-
halo. This work is greatly assisted by the addition of numersolute proper motions and spectroscopic radial velocities.
ous 5—10 km s precision radial velocities for Sgr M giants This will yield cluster orbits that can be used as a probe of
being obtained with the KPNO 2.1-m, YALO 1.5-m, Bok Galactic disk dynamics with “test particles” of known ages,
2.3-m and Swope 1-m telescopes by Majewski, Skrutskiegistances and metallicities.
Patterson, Law, Kunkel, Johnston, Weinbéthy Masg, and Majewski and collaborators have continued to explore the
graduate students Crane and Frinchaboy. In addition, highexxtended structure of dSph galaxies using Washington
resolution (~1 km s 1) spectra of the Sgr core are being +DDO51 imaging to isolate associated giant stars. With
obtained with the DuPont 2.5-m and Blanco 4-mHydra  Sohn(graduate studentnd SiegelSTSc), work has con-
system to explore whether and how tidal disruption affectginued on the galaxies Leo | and Il. The giant candidate list
the velocity characteristics of a dwarf galaxy like Sgr. Mean-of Leo | was used to derive new structural parameters and to
while, Majewski, Vivas(Yale), and Ivezic(Princeton are  generate radial profile. The radial profile of Leo I, like other
comparing the Sgr M giant distribution with the distribution dSphs such as Carina and Ursa Minor, shows a clear depar-
of likely Sgr RR Lyrae stars in the halo. Complementing thisture from the best fit King profile. Spectroscopic follow-up
work, Frinchaboy, Majewski, Patterson, Kunkel, Garvinof both galaxies with the Gemini and Keck telescopes has
(graduate studenand Polak have been using data from thebegun. Mlioz, Majewski, Patterson and Crane have been
GGSS to trace the extent of the Sagittarius dwarf galaxyworking on a photometric search for extratidal K giant can-
Approximately 6000 spectra have been obtained with thelidates in the Carina dSph using data from the CTIO 4-m
CTIO 4-m + HYDRA spectrograph; the radial velocities Mosaic camera. This survey coversl2 square degrees and
will be used to search for Sgr and other tidal streams in thés a follow-up of the previous study of Carina over a smaller
halo. area. Preliminary results confirm the existence of a signifi-
Another tidal stream in the direction of the Galactic anti- cant number of extratidal giants extending well beyond the
center(recently discovered by the SSD®as investigated nominal tidal radius. A separate survey of the Sculptor
using M giants from the 2MASS catalogue by Rocha-Pintodwarf, in collaboration with former UVa undergraduate
Majewski, Skrutskie & Crane. A number of lines-of-sight Westfall (Wisconsin shows similar results. Spectroscopic
over Galactic latitudes between36° and+ 36°, in the Ga- follow-up is planned to both confirm the membership of can-
lactic longitude range from 100° to 270°, show evidence fordidates and to study the velocity dispersion outside the tidal
the existence of this structure in the outer Galaxy. Craneradius. In a WashingtonDDO51 search around the Magel-
Majewski, Rocha-Pinto, Frinchaboy, Skrutskie, and Law cardanic Clouds, Majewski, Patterson, Ostheimer and Kunkel
ried out a spectroscopic study of M giant constituents of thehave identified numerous tidal debris structures, some that
coherent stellar structure at the Galactic anticenter and urmay be parts of the Magellanic Clouds.
covered evidence suggesting that the structure is the remnant Using the same WashingtetDDO51 technique, Siegel,
of a tidally disrupted dwarf galaxy. On the other hand, Law,Majewski, Gallart (IAC) and Braun(NFRA) have been
Majewski, Skrutskie, Carpenté€altech and Ayub(under-  searching for giant stars in high velocity clou#vC's) as a
graduate studenthave studied how differential reddening means to check whether they are nascent galaxies. While a
might have overemphasized the significance of previouslywumber of faint giant star candidates were detected in four
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clouds studied in detail, these are consistent with the numdwarfs to readdress the problem of explaining the observed
bers in adjacent control fields, suggesting that there does nage—velocity dispersion relation among stars of the solar
appear to be any association with the HVC's. neighborhood. Although heating scenarios are commonly
Crane, Majewski, Patterson, and Bahd®S) continued adopted in the literature as the cause of this relation, the
the analysis of spectra of K giants at the Galactic Pole as authors argue that the data could more easily be understood
means to improve upon previous estimates of the Oort limias resulting mainly from the cooling of a primordially hot
and the amount of local dark matter in the Galactic disk.collapsing disk.
These stars were selected in a large Washing®@DO51 Skrutskie is investigating the spatial distribution of high-
survey of the North Galactic Cap. Following upon the pub-proper motion sources revealed by 2MASS astrometry with
lished study of kinematics of F-K stars in a much deeper, buthe aim of detecting bulk streaming motions in the vicinity of
much smaller area North Galactic Pole survey by Polak anthe Sun.
Majewski have produced a complementary study of K-M  Wilson and Skrutskie continued their multi-year study of
stars in the same field to study the disk populations of theéhe local luminosity function of late-M and L-dwarfs in the
Galaxy. field by conducting spectroscopic follow-up observations of
McDavid analyzed optical polarization observations of2MASS color-selected late-M and early-L type stars/brown
the bright Be star Achernaro( Eri, B3Vpe) obtained at dwarfs with the CorMASS spectrograph at the 1.8m Vatican
CTIO in September 1995 during a coordinated campaigrdvanced Technology Telescope. Wilson, in collaboration
with simultaneous ultraviolet spectroscopy by G. Peterswith Michael Liu (IfA) and Jennifer Pop@raduate studept
(USC) and optical spectroscopy by D. Gi6BHARA). The  has also been studying the low-mass luminosity function
data are being used to investigate recent ESO VLT interferwithin the Pleiades Cluster through deep wide-field near-
ometry results which have been interpreted to indicate thanhfrared imaging conducted at the Palomar 200-inch tele-
the photosphere of this star is extremely oblate. scope. Wilson, a member of a Space Infrared Telescope Fa-
McDavid continued his program of CCD photometry of cility (SIRTF guaranteed-time observatiofGTO) team,
open clusters to study the evolutionary status of Be starslso prepared for upcoming spectral observations of a sample
Using the Genl CCD camera on the FMO 1-m telescopepf low-mass stars and brown dwarfs with this recently
UBVRI and narrow band H/red continuum exposures launched space telescope.
reaching the latest main sequence B-type stars in several Since early 2002, LorimefJodrel), Xilouris, Fruchter
clusters were obtained, toward the goal of characterizing théSTSc), Stairs (UBC), and Camilo(Columbiag have been
relative abundances of Be stars as a function of cluster paarrying out high-precision timing observations with the
rameters. Arecibo 300-m radio-telescope of the binary millisecond pul-
Oishi and K. TomisakaNAOJ) began investigations into sar, J040#1607. This is a 25.7-msec pulsar in a 669-day
the collapse of a rotating, magnetized cloud core for the purerbit about a low-mass star~ 0.2 Mg white dwarf. Ex-
pose of investigating binary fragmentation. tending the current baseline of the timing observations will
Rhee and T.C. Beer@Michigan S) continued to survey make JO407 1607 an excellent test of general relativity and
candidate very metal-podfFe/H] < —2.0) giants from the in particular the strong equivalence principle. Deep broad-
HK-II survey, over the magnitude range 1£8<16.0, cov- band CCD images with the Bok 2.3-m telescope were re-
ering some 7000 dégof intermediate to high Galactic- cently obtained aiming at an optical identification of the
latitudes. Ongoing medium-resolution-.—2 A) spectro- companion star.
scopic follow-up using NOAO observing facilities has  Lorimer, McLaughlin (Jodrel), Arzoumanian(GSFQ,
allowed to obtain, to date, some 1000 spe¢@0, 450, and Xilouris, Cordes (Cornel), Backer (Berkeley, Lommen
150 spectra for red giants, subgiants near the main-sequengeranklin & Marshal), and Fruchter are currying out timing
turnoff, and FHBJ/A stars, respectiveljor the HK-Il metal-  observations of new pulsars discovered during the Arecibo
poor star candidates. In particular, the detection rateoofa ~ upgrade period. Highlights of the results include a 55.7-ms
fide very metal-poomgiants ([Fe/H] < —2.0) is about 45%, isolated pulsar, thought to be the relic of a disrupted double
which is quite encouraging. Kinematics of these stars will beneutron-star binary system, two recycled millisecond pulsars
studied with proper-motions obtained from the recently re-currently under investigations, and several other bright long-
leased UCAC?2 astrometric survey catalog. They continuegheriod pulsars. Among the long-period pulsars PSR
also large international high- and medium-resolution spectrod0815+09 has a very unusual pulse profile morphology with
scopic follow-up of metal-poor stars and Carbon stars sefour components defying well established classification
lected from the Hamburg/ESO survey and HK survey in col-schemes. Careful analysis of its single pulses revealed that
laboration with N. Christlieb(Hamburger and colleagues. all four components exhibit regular drifting with the sense of
Of particular importance, they find that the upper envelopehe drift changing among components.
of carbon enhancement observed for the Carbon stars is Bobroswski, Xilouris, Soker & Rood have been studying

nearly constant, diC/H] = — 1.0, over the metallicity range the departure from axisymmetry in the structures of six plan-
—4.0<[Fe/H]<—2.0. Implications of these results will be etary nebulae and proto-planetary nebulae observed with the
further studied. Hubble Space Telescope. The aim of this work is to demon-

Continuing research on the chemical enrichment and evaostrate that the departure from axisymmetry can be quantified,
lution of the local Milky Way disk, Rocha-Pinto, J. Scalo despite its complicated nature. With our limited data sample
(Austin) and G. Hensle(Kiel) have used data for nearly 424 we have so far demonstrated that indeed the departure from
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axisymmetry can be used to constrain the formation mecha- Hawley and De Villiers are part of an on-going effort to
nism of the axisymmetrical structure itself, and in particular,develop next generation of fully general relativistic MHD
favors a binary model. simulation code. Co-Investigators in this project include C.

Following an upgrade of the pointing model of the 1-m Gammie and S. Shapird. lllinois). The ultimate aim is to
astrometric reflector at Fan Mt, Xilouris and Soker have beerievelop simulations of such energetic events as neutron star
obtaining deep narrow-band CCD images to investigate theollisions and gamma ray bursts, although at the present their
mechanism responsible for the present shaping of planetagffort is focused on accretion in the Kerr spacetime with an
nebulae with large angular size. application to AGN and the Galactic center.

Hampton (undergraduate studentwith Majewski and
Bershady(Wisconsin are producing synthetic color-color
diagrams to age date starburst clusters within the galaxy

Murphy, B. Otte (JHU), J.C. Howk (JHU), Q.D. Wang 52W036 to map out the evolutionary history of this possible
(U. Mass), W.R. Oegerle(NASA/GSFQ, and K.R. Sem- high redshift analogue of the “antennae” galaxy pair.
bach(STSc) continue their study of the galactic fountain in ~ O’Connell, Rood, and S. Sohgraduate studepare ana-
the edge-on spiral galaxy NGC 4631. Initial observationdyzing a sample of over 50 globular clusters in the elliptical
with the Far Ultraviolet Spectroscopic Explorer revealed thegalaxy M87 selected from deep far-UV imaging with the
presence of emission from O VI ions in the hot halo of NGCSTIS/FAR-UV MAMA camera in 4 fields. Clusters are de-
4631. Additional observations show O VI emission at everytected to a limit ofm(FUV)~24.5 and cover a range in
observed position in the halo which indicates that the foun{FUV—V) color of 0.5 to 3.0 mags. They are significantly
tain covers a large fraction of the disk of the galaxy. NGCbluer than typical Milky Way globular clusters and represent
4631 represents the first, and only, galaxy in which a truean extension of the continuum of clusters in this regard.
galactic wide fountain has been detected. A comparison witftHowever, they do not appear to overlap with the UV prop-
Chandra and ROSAT X-ray data will allow them to estimateerties of elliptical galaxies. A significant number of UV de-
the total mass flux and luminosity of cooling gas for com-tections in all four fields have no counterparts on deep
parison with the input energy from supernovae. V-band images. Only about 30% of these could be from the

Murphy and O’Connell have obtained FUSE observationssame cluster population described above. These could be
to search for O VI absorption from high velocity gas in the young clusters, background starburst galaxies, or transient
halo of the face-on spiral galaxy M 101. Any rising or es- sources.
caping galactic fountain gas in the halo should be seen in O’Connell, with collaborators J. Gallaghéy. Wisc), L.
absorption against the bright iHregions in the disk. A de- Smith (UColLond), and R. deGrijSheffield have obtained
tection of the outflowing gas would allow them to determinehigh resolution(0.1”) optical spectra of super star clusters
the rate at which material flows from the disk into the halo.and their environment in the nearby starburst galaxy M82.

Along with M. Mac Low (AMNH), Oishi has begun These include strong emission lines in the starburst core as
implementing ambipolar diffusion into the parallel magneto-well as blue absorption features sensitive to stellar popula-
hydrodynamics code ZEUS-MP. Once complete, this will betions. The spectra are being analyzed for evidence of out-
used to study the effects of magnetic field diffusion in coldflows from clusters, ionization levels, abundance variations,
molecular cloud regions and on the magnetorotational instapopulation ages, and spatial structure in the complex central
bility in disks. Preliminary testing has begun at the Pitts-regions of the galaxy.
burgh Supercomputing Center and the American Museum of O’Connell and Rood are both Co-Investigators on the
Natural History. Hubble Treasury Program “Mid-Ultraviolet Spectral Tem-

Graduate student Quireza Cam&so Paolpand Rood  plates for Old Stellar Systems(R. Peterson, Lick Observa-
are using high precision radio recombination line and contory, PI), which aims to develop a grid of high fidelity 2000—
tinuum data to determine electron temperatures of a vergs500 A spectra of stars that can be used to interpret the
large sample of Galactic H regions. This will lead to an integrated light of galaxies. This spectral region is critical for
estimate of metallicity. The large sample scattered throughstudies of the ages of quiescent populations at high redshifts
out the Galaxy can show for example whether abundancgs a means of determining their formation epochs. The pro-
trends are azimuthally symmetric. gram involves both new HST spectroscopy and extensive
theoretical modeling of atmospheres.

Clarke, Sarazin, Blanton, and J. US®@RAO) discovered
an X-ray absorption feature in the image of the central region

Colley has joined a project with Heather Welch and Mikeof the galaxy cluster Abell 2029 which is due to UzZC
Skrutskie to measure the two-point correlation function 0fJ151054.6-054313, a foreground spiral galaxy. The absorp-
color-redshift selected galaxies in the 2MASS catalog. Coldion allows one to constrain the total interstellar gas content
ley developed a highly efficient tree algorithm to carry outof the galaxy and the possibility that dark matter in galaxies
the two-point analysis, and reduced computing times fronis baryonic.
weeks to hours. The measured two-point function’s slope is The X-ray group at U. Va. has an ongoing project to
slightly shallower than the canonical Peeble’s value ofimage X-ray-bright early-type galaxies to study the physics
—0.8, though work remains on refining our color-selectionof the hot interstellar gas. S. Randéiraduate studentSa-
criteria. razin, and J. lrwilU. Michigan have analyzed Chandra and

3.2 Interstellar Medium

3.3 Galaxies and Active Galactic Nuclei
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XMM observations of the X-ray bright elliptical galaxy Haro 2 lack regularity and their rotational motion is around
NGC 4649. This galaxy has a large number of Low Massthe major, not the minor axis. The Hdistribution is cen-
X-ray Binaries(LMXBs), and very bright X-ray emission by trally peaked in VIl Zw 403 and Haro 2, a general feature of
interstellar gas. The gas emission shows radial fingers whichll iE and nE-type BCDs, the most common ones. By con-
my be due to convection. J. Carligraduate studeptand trast, cometary-type BCDs have multiplel Heaks which are
Sarazin are working on a Chandra observations of NGC 538cattered over the disk. The active regions of star formation
and G. Sivakoff(graduate studentind Sarazin are working are associated with regions of high iHcolumn densities,
on the observation of NGC 1600. Sarazin is reducing arwith slight displacements between thel ldnd stellar peaks.
XMM/Newton observation of NGC 5846. Cycle 2 XMM/ NGC 2366 shows many Hholes, resulting from the disrup-
Newton observations of NGC 4552 and NGC 4125 ardive influence of massive star formation and supernovae on
scheduled as well. the interstellar mediunglSM). In all BCDs, there is a ten-
The LMXB populations and hot gas in X-ray-faint early- dency for Hi gas with higher velocity dispersion to be asso-
type galaxies are being studied by the X-ray group at U. vaciated with regions of lower H column density. This anti-
G. Sivakoff, Sarazin, and Irwin have studied the LMXB correlation can be understood in the context of a two-phase
populations in two X-ray faint early-type galaxig¢blGC model of the ISM. In all BCDs, the radio continuum emis-
4365 and NGC 4392with Chandra observations. A Chandra Sion is associated with the star-forming regions and is pre-
observation of NGC 5866 is being analyzed, Sarazin, Sivadominantly thermal in nature. H clouds with no optical
koff, and L. Angelini (GSFQ are studying the competing Ccounterparts have been found in the vicinity of NGC 4861

roles of age and metallicity in determining the occurrence ofind Haro 2. _
LMXBs in GCs in NGC 4365. Whittle (PI), Rosario(graduate studentNelson(Drake),

The X-ray group at U. Va. has a large project to deter-2nd Wilson(U. _Marylano) have continued to work on HST
mine the properties of the LMXB populations and hot gas inST!S observations of Seyfert galaxies which show strong
a complete sample of Virgo cluster ellipticals. Sivakoff, Sa-I1ét-gas interactions. They completed a detailed study of
razin, Irwin, P. Coteand A. Jordar{Rutgers are using both Markarian 78, an archetype for this class of object. The re-
archive and new Chandra observations. Gstthe Pl of an  Sults focus on two aspects: ionization mechanisms and the
HST large project to image all these galaxies with the AcsProperties of the jet flow. A careful analysis effectively rules

and this will provide globular clustefGC) populations to out shock ionization as a significant contributor to the line
compare to the LMXBs. emission, while photoionization models which include an

Sarazin, Sivakoff, Irwin, Cdteand Jordan are observing optically thin component are needed to match some of the

NGC 4697, the nearest optically-bright, X-ray faint elliptical high ionization lines. The spectral data provide a complete

galaxies 4 times with Chandra to detect much faintefM@P Of mass, momentum and kinetic energy of the ionized
LMXBs and to determine the variability of sources. A gas across the region which, when combined with estimates

Hubble Space Telescope observation will be used to Conc_)f energy stored in the relativistic plasma, allow constraints

struct a globular cluster catalog and determine the relatiof® be placed on the jet’s momentgm and kinetic energy. This
between the GCs and LMXBs. analysis shows the jet to be dominated by thermal gas mov-

ing transonicallyMach numbers-1—few) at 1—few times

(Meudon and GusevaKiev) have derived element abun- the emiss‘?@ line velogityf 1000 I§m STl) with mean den-
dances in 310 emission-line galaxies from the Early Datg'Y _Nl cm . The estimated Iummosﬂy and mpmentum pf
Release of the Sloan Digital Sky SurvégDSS for which the jet are 3|g_n|f_|cant_ly Iower_ tha_n prewous_esnmates which
the[O 1] A4363 emission line was detected. No extremelya_Ssumed emission line Ium|r_105_|ty traces jet power, and a
metal-deficient galaxy was found. The metallicity lies in theSlrlgle shock accelerates the ionized gas.
range fromZy/12 to Zo/2. The Fe/O abundance ratio is
smaller than the solar value, which can be interpreted as
indication that type la supernovae have not yet appeared in Blanton, Sarazin, B. McNamar®hio U), and Clarke are
these galaxies, implying an age of less than 1 — 2 Gyr. Thetudying the cooling flow cluster Abell 262 using X-ray data
N/O abundance ratio ranges from log N*O-1.6 to —0.8.  from Chandraand radio data from the VLA. The central cD
The fact that no galaxy with log N/& —1.6 was discovered galaxy has a double-lobed radio source associated with it,
implies that local low-metallicity emission-line galaxies are and the eastern lobe has clearly evacuated a cavity in the
of a different nature than high-redshift dampedolgystems  X-ray-emitting ICM. Unlike other well-studied cooling flow
with log N/O of ~ —2.3 and that their ages are probably clusters, the energy output from the radio source is not suf-
larger than 100 — 300 Myr. ficient to balance the luminosity of the cooling gas. The cur-
Thuan in collaboration with Hibbar®NRAO) and Levrier  rent outburst of the radio source may be less powerful than
(Meudon have obtained VLA H observations of the Blue average for this AGN.
Compact DwarfBCD) galaxies NGC 2366, NGC 4861, VII Blanton, Sarazin, D. Helfand@Columbia U), M. Gregg
Zw 403 and Haro 2. These galaxies span a range of BCUC Davis / LLNL), R. Becker(UC Davis / LLNL), and R.
morphological types. The cometary-like BCDs NGC 2366White (STSc) are analyzingChandradata of a high-redshift
and NGC 4861 have regular rotational kinematics with a(z~1) cluster that was discovered using a bent-double-lobed
V/o of 8.7 and 6.4, respectively. On the other hand, theradio source as a cluster signpost. The X-ray emission is
velocity fields of the iE BCD VII Zw 403 and of the nE BCD elongated and traces the galaxy distribution as seen in the

Thuan in collaboration with lzoto\Kiev), Stasiska

a:";].4 Clusters of Galaxies
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optical and NIR. The cluster may be undergoing a mergerXMM/Newton observations of Abell 2626 and Abell 2063
This is one of only a handful of X-ray-emitting clusters are being obtained to study the X-ray spectra of the radio
known atz=1. bubbles detected with Chandra. Blanton, Sarazin, Mc-

Blanton, Sarazin, and Clarke are studying the formatiorNamara, M. Wise(MIT), P. Nulsen(Wollongong, and L.
of wide-angle tailed radio sources by observing their clusteDavid (CfA) have obtained a Chandra image of Abell 1991
environments in the X-ray at low redshift. An observation ofas part of the same project.

Abell 1446 is scheduled i€handrds Cycle 5. Chandra observations of Abell 1446 are being used by

Blanton, Sarazin, Clarke, D. Helfand, M. Gregg and R.Blanton, Sarazin, Clarke, and Reiprich to study the formation
Becker are investigating the formation of wide-angle tailedof wide-angle-tailed radio sources in clusters.
radio sources in poor environments that may be “fossil Blanton, Sarazin, and N. Sok@dniv. Haifa) have studied
groups” (former groups of galaxies, whose members havehe possible effects of thermal conduction on cluster cooling
been cannabalized by the central, bright, elliptical galaxy flows.

Two of these objects are scheduled for observation in Cycle A high redshift cluster, BD113¥ 3000, was detected in
5 with Chandra X-rays with Chandra by Blanton, Sarazin, D. Helfand, M.

Clarke, Blanton, and Sarazin are studying the clusteGregg(IGPP), and R. Becker; they are planning to observe it
Abell 2029 using X-ray data fror@handraand radio obser- with XMM/Newton. The cluster comes from a sample se-
vations from the VLA. The cD galaxy is host to a steep-lected by searching the FIRST radio survey for distorted ra-
spectrum, distorted radio source which appears to be intedio galaxies, and was confirmed with optical/IR observa-
acting with the surrounding thermal X-ray gas. In contrast tations. This group is also observing the region around two
other cluster center radio/X-ray interactions, this cluster doemoderate redshift bent doub{BD) radio sources, BD1249
not show clear larger scale X-ray cavities. De€pandra  +3038 and BD0853 2324, which appear to be isolated in
observations are scheduled in Cycle 5. order to find the ambient gas which is producing the distor-

Clarke and J. KempndCFA) are investigating the corre- tion.
lation between the X-ray luminosity of the ICM and the 1.4 M. Chatzikos, Sarazin, J. Kempner, M. Markevi{€fA),
GHz radio halo power in a sample of high-luminosity galaxyand P. Ricker(U. lllinois) observed the merging cluster
clusters. Using the VLA to search for new radio halos, theyAbell 2065 in X-rays with Chandra. These observations pro-
will be able to investigate the influences of environment ornvide a strong test of the destruction of cooling cores by
the formation of cluster-wide radio halos. mergers; in previous ROSAT and ASCA observations, this

Clarke and Sarazin are studying the complex mergingluster appeared to have two cool cores which survived the
cluster Abell 520 in order to investigate the connection beimerger. Sarazin, Clarke, Blanton, and Y. Fujif8AO Japan
tween the diffuse radio emission and X-ray structure in thehave approved observations of Abell 115N/S and A1664/
core of the cluster. XMM/Newton observations of the cluster3541, two hybrid merging/cooling flow clusters with radio
are scheduled in Cycle 3. relics.

Clarke, J. Bagch(lUCAA), T. Ensslin(MPA), and N. An interaction between the radio source and the X-ray gas
Kassim (NRL) are using the GMRT to study large scale in Abell 2029 has been found by Clarke, Sarazin, and Blan-
structure formation at the intersection of galaxy filamentston using a short archived Chandra observation. They also
The radio observations will be combined with optical andfind a spiral feature of enhanced cool emission which may be
X-ray data of the systems. due to a subcluster merger. A very deep observation of Abell

Reiprich, Sarazin, and Sivakoff analyze Chandra observa2029 with Chandra is being made in order to further study
tions of nine clusters from a statistical sample of the 63these features and the absorption feature due to the fore-
X-ray brightest galaxy clusters in the sky. Due to furtherground galaxy.
successfully proposed Chandra observations and archival Clarke and Sarazin are observing the complex merging
data the full set of 63 clusters will have been observed by theluster Abell 520 with XMM/Newton; this cluster has an
end of 2004. The main aim of the analysis of the completaunusual radio halo.
sample is to reduce systematic uncertainties which dominate Randall and Sarazin are using merger trees to determine
the overall uncertainty in the use of clusters as cosmologicahe effects of cluster mergers on the nonthermal emission
probes. and lensing properties of clusters of galaxies.

Reiprich, Blanton, Carlin, Chatzikograduate studeht The merging cluster Abell 1644 was observed with
Clarke, Kempner, Randall, Sarazin, Skrutskie, and SivakofKMM/Newton by Reiprich, Sarazin, and Kempner, who
investigate the multiwavelength properties of a statisticafound that a tail of cool gas in the cluster trailing the smaller
sample of about 800 galaxy clusters selected from theubcluster. They are also observing the merging clusters
ROSAT All-Sky Survey in collaboration with MPEGarch-  Abell 1240, and Abell 725 with XMM-Newton.
ing). The collaboration is based on the telescope time avail- Reiprich, Sarazin, Blanton, Randall, Sivakoff, H.
able to UVa through the agreement with the University ofBohringer, P. SchueckeiMPE), Y. Ikebe (GSFQ, and E.
Arizona made possible by the Celerity foundation. Pierpaoli(Princeton are obtaining new and archived Chan-

Blanton, Sarazin, K.-W. Won¢graduate studeptind B.  dra observations of a complete sample of the brightest clus-
McNamara(Ohio U, are using a Chandra images to studyters in the sky. This HIFLUGCS sample is being used to
the cooling flow clusters Abell 262 and Abell 2626, both of provide a low redshift sample for cosmological studies. Ar-
which show evidence for radio/cooling flow interactions. chived XMM/Newton observations of the sample are also
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being analyzed. Reiprich, Blanton, Clarke, Carlin, Chatzikosnified caustically create the flickering. However, Schild has
Randall, Sarazin, and Sivakoff are working with a largeshown that the flickering in Q0957561 is neither preferen-
group at MPE and elsewhere to study a very large sample afally “up” nor “down,” but more akin to true power-law
more distant clusters, the NORAS Il sample. Observationglickering. Colley and Schild have therefore undertaken to
by the X-ray group at U. Va. with the Bok telescope aresimulate the HE 1104-1805 system under the assumptions of
being used to provide images and spectra to confirm théairly normal accretion disc, but a lens galaxy with a range of
identifications and determine the redshifts of the clusterspossible dark matter masses. While the MACHO program
With Skrutskie, 2MASS is being used for statistical studiesapparently ruled out Jupiter-mass type dark matter, the focus
of the galactic populations of the clusters. here would be more on Earth-mass type dark matter. The

Sarazin reviewed the observations and theory of merger9so lens regime is much more favorable for detecting such
and nonthermal processes in clusters of galaxies at the Syghatter, since the optical depth is near uriigther than a part
ney IAU JD 10. in a million).

Abell 2107 and Abell 2670 are two clusters containing cD  The WMAP results have provided the deepest full-sky
galaxies with relatively high velocities. Chandra observa-jew to date of the Cosmic Microwave Background. Colley
tions are being make by Sarazin, Blanton, Y. Fujita, and land J. Richard Gott, Ill, have begun a search for large cosmic
Tanaka(NAO Japan to try and understand the dynamics of strings in the survey. Such a string would be most visible if
these clusters. it were moving tangentially to the sky at relativistic speeds.

Sarazin, Kempner, and L. Rudnidk). Minnesota are  |n that case, it should leave a tell-tale signature on the CMB:
making follow-up observations of three newly discovered, step function in temperature along a latitude line at roughly
radio relics using the VLA. They have gotten high resolutiongg gegrees from the direction of its motion. Colley has found
total intensity maps of the relics at multiple frequenciesinat such a massive cosmic string would be apparent to the
which allows measurements of the cluster magnetic fieldgye in the WMAP resullts if the string were about three times
and the spectral aging of this population of cosmic ray parmore massive than seems theoretically plausible. As WMAP
ticles, and polarization maps which provide details about thgagits continue to improve, however, plausible cosmic
magnetic field structure and shock amplification of the field.qings should become just detectable. Colley has also begun

Comparison with X-ray observations would also provide anyqri on a statistical method to detect such strings even when
opportunity to study the efficiency of shock acceleration ofihe eye cannot.

relativistic electrons and the contributions of nonthermal ef- W. Saslaw with D. BaumantPrinceton and B. Leong

fects to pressure support in the ICM. (Cambridge, U.K\. have developed and explored a hybrid
The cluster Abell 133 was observed with XMM/Newton ey for an Einstein-deSitter Universe in which a single

by Sarazin, Reiprich, FujitdNAO Japan, Kempner, H. ¢y ster of galaxies grows to fill the particle horizon. This is
Anderach (U. de Guanajuato M. Ehle (XMM-Newton e o5y known example so far of a universe which can

SOQ, A. Roy (MPIfR), Rudnick, and B. SIEATNF). They o, 506'ts global symmetry because of its evolving equation
discovered a cold front and weak shock near the cluster Cent state.

ter, providing more evidence for a cluster merger. The un- W. Saslaw and F. AhmatUniversity of Kashmir, Srina-

usual spidery radio reI_ic near the cluster center is believed taao are examining the detailed nature of phase transitions in
be a detached old radio bubble from the central AGN. Chang, . cosmological many-body problem from a statistical me-

dra and XMM/Newton observations are also being obtaine hanical viewpoint

forvfl\lfé, alcluste:jv'\gthl_a similar glg(;nentsry rgdlo rellca W. Saslaw and B. Leong are examining implications of
t t_as alvv ?nt' t'. Ieong;]am_ nl ge,l .IK)'.[' av? uset a tthe peculiar velocity distribution function of galaxies for the
gravitational stauistical mecnanical caiculation 1o €stimal&,,y, o of gark haloes. Their conclusion is that galaxies gen-

the density of small cluste_rs of galaxies such as our .Iocaérally have individual haloes, rather than many galaxies be-
group. Such groups are quite common and therefore it is n%nging to large communal haloes

surprising that the flow around the local group is only mildly Thuan in collaboration with IzotovKiev) have redeter-

perturbed from the Hubble expansion. mined the primordial helium abundandg, and the slope
dY/dZ using a sample of 82 H regions in blue compact
galaxies, including new spectrophotometric observations of
Recently, a somewhat surprising phenomenon has bee#8 H Il regions which span a large metallicity range, with

discovered in QSO lens systems, particularly in HE 1104-0xygen abundance 12 log(O/H) varying between 7.43 and
1805. The light in one image appears to “flicker” more than 8.30 (/30 <Z< Z/4). For a subsample of 7 K regions,

in the other on short timescaléef order a month at the they derive the He mass fraction taking into account known
level of a few percent. Since the stellar mass Einstein ringystematic effects, including collisional and fluorescent en-
crossing time for such systems is much longer than that, thbancements of He emission lines, collisional excitation of
phenomenon seems to require that either the lens galaxyydrogen emission, underlying stellar Heabsorption and
have a significant population of small, planetary mass darithe difference between the temperatufgée 1) in the He"
matter “particles,” and/or that the QSO has structures onzone andT¢(O Il1) derived from the collisionally excitefO
very small scales. Some suggestions have been that the Q30 lines. By extrapolating th& vs. O/H linear regression to
has dark, absorbing clouds, or bright emitting clouds racingd/H = 0 for 7 H1 regions of this subsample, they obtp
around the interior of the accretion disc, which, when mag-—= 0.24210.0021 andlY/dZ = 3.7+ 1.2. In the framework

3.5 Cosmology
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of the standard Big Bang nucleosynthesis theory, Mjis systems in use at the FMO 1-m telescope, including the ad-
corresponds t&),h? = 0.013°09%3, whereh is the Hubble dition of a serial link to the telescope control system which
constant in units of 100 km™s Mpc™ 1. This is smaller at may be used to automatically record essential data to the
the 2o level than the value obtained from recent deuteriumimage headers in FITS format and integration of the Genll
abundance and microwave background radiation measureamera with the fiber-fed spectrograph designed by Crane
ments. The linear regression slog¥/dZ = 2.8 = 0.5 for and Majewski. He also worked in collaboration with Barr
the whole sample of 82 H regions is similar to that derived and Crane to develop a computer system to monitor an array

for the subsample of 7 H regions, although it has a consid- of temperature and humidity sensors in the 1-m observatory

erably smaller uncertainty. building and a weather station which was installed on the
rooftop of the station house.
3.6 Astrometry Skrutskie and Wilson have established a laboratory for the

development of infrared instrumentation in new laboratory

Based on an ear”er time'series ana|ySiS Of Selected r%pace renovated by the Department during the previous sum-
gions from the southern hemisphere parallax programmer, The infrared laboratory’s active instrument,
Bartlett(graduate studentlanna, and Begam continued their corMASS — a cross-dispersed low-resolutid®=(300) in-
investigation of LHS 288. lanna and Bega8teward Obser- frared spectrograph, successfully moved from the Palomar
vatory) continue their analysis of the CCD parallax work g’ to the Vatican Observatory 1.8-meter telescope at Mt.
from the Mount Stromlo and Siding Spring Observatories.Graham seeing first light there in December. CorMASS has
lanna and T. HenryGSU) are continuing and expanding the peen scheduled for nearly 30 nights since that time. The
successful three-year CTIOPI parallax program at CTIO on aghoratory received a NSF/MRI grant to have students de-
the 0.9-m, which began in August 1999 under the auspices cg“,gn and build a state-of-the-art 1024024 HgCdTe infra-
a NOAO Survey award. In collaboration with D. Koerner red camera for the University’s Fan Mountain’3élescope.
(NAU), the observing list is being doubled, and a newThe students have finalized an optical design for the system
aspet — a comprehensive search for low mass companionfave begun fabrication of the dewar and optical mounts.
to red and white dwarfs — is underway. Via the SMARTS Restoration and upgrade of the”3@lescope is underway.
Consortium, the CTIOPI team now has about 100 nights/yeastudents also fabricated a DIMM seeing monitor and have
using four telescopes at CTIO to study nearby stars. Th@een regularly characterizing the seeing at the site. Wilson is
aims of this program are similar to the Australian program:eading the optical design effort for a new infrared spec-
to identify new nearby star candidates in new southerfrograph. Three nearly-identical copies of this cross-
proper motion catalogs through photometry as well as othegispersedR=3000 near-infrared spectrograph are planned.
sources and to obtain parallaxes of those objects likely to bene, fabricated at Cornell, is destined for the Palomar’ 200
within 20 pc. So far, they have discovered 18 new stargelescope. Another, fabricated at Caltech, will operate at the
within 10 parsecs and an additional 112 new stars within 25(eck 10-meter te|escope‘ The University of V|rg|n|a will
parsecs of our Sun. fabricate a third instrument capable of traveling to 4—10-

Seidelmann and J. Kovalevsky are proofreading and inmeter host telescopes. The Laboratory has recently provided
dexing their book “Fundamentals of Astrometry” for publi- 3 2MASS camera to the Center for Astrophysics for use at

cation by Cambridge University Press. the 1.3-meter 2MASS telescope at Mt. Hopkins to carry out
gamma-ray burst and supernova follow-up under the super-
3.7 Astronomical Instrumentation vision of Josh Bloom at the Center for Astrophysics. The

. . Laboratory is also engaged in a test and characterization pro-
Crane, Lam, and Barr completed (.:OHStrUCt'On of a f|per- ram to evaluate the suitability of commercial InGaAs arrays

fed spectrograph for the Fan Mountain Observatory 4O-|ncl]ctJ ; -

. . or astronomical applications.

telescope. After a period of successful laboratory testing, the

instrument was relocated to the observatory. Instrument in;

. 3.8 Space Astronomy

stallation and observatory upgrade work have recently been

completed with first light expected in September. lanna is a co-investigator with a MASSIF Effort to Deter-
Crane, McDavid, Barr, and Lam finished the installationmine the Mass-Luminosity Relation for Stars of Various

of a weather station and 40-inch telescope environmenfges, Metallicities, and Evolution States, which is a key

monitoring system at the Fan Mountain Observatory. Softproject for the NASA's Space Interferometry Missi@IM).

ware development and testing of the system are currentliJASSIF seek s precise mass measurements for stellar and

underway. substellar using astrometry and spectroscopy. SIM is cur-
McDavid implemented a mount model which reduced therently scheduled for launch in 2009.

RMS pointing error of the FMO 1-m telescope from 6 arc- A proposal, “Astrometric Mapping ExplorefAMEX),”

min to 1 arcmin and is continuing efforts together with Barr was submitted to NASA. This is a combination of the previ-

and Lam to resolve the problem of intermittent sticks andous FAME and DIVA projects, and would be funded by

slips on the order of a few arcmin due to mechanical instaNASA and the DLR in Germany. Seidelmann is the chair-

bilities of the declination bearing, drive train, and encoderman of the AMEX Science Team and prepared the science

assembly. portion of the proposal. In preparation for Phase A, research
McDavid made improvements in the functionality of the on charge transfer efficiency using time delay integration

computer control programs for the two ARC CCD camerareadout is underway. Studies are being done on the use and
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analysis of spectral observations for determining astrophysiprograms to coincide with the perihelic opposition of Mars.
cal parameters. Also, the optical design and the data redudNearly 1500 visitors attended the four “Mars Mania”

tion methods are being investigated. events.
Thuan and Murphy assisted in the production of the
3.9 Solar System “Dark Matter” planetarium show at the Science Museum of

) ) . Virginia in Richmond. The show, which ran from February
. Balbus anc_j Hawley continue to investigate, through €0Mi5 June 2003, was funded with a Hubble Space Telescope
hined analytical and ”“me“C?' studies, the mflue_nce Ofeducation and public outreach supplemental grant to Thuan.
MHD turbylence on gap formation an.d planet migration. Murphy, Rood, Tolbert and Patterson have proposed de-
As chairman of the IAU/IAG Working Group on Carto- veloping a University of Virginia science outreach center

graphic Coordinatgs apd Rotational EIemer_uts, Seidelmang,q ;nq the McCormick Observatory. The center will com-
draﬁed the'next trlennlal report of the working group andbine the education and public outreach programs from all
Cha'rid thellr_ m?_letln? at the IAU dGeneraI AsseT]blyh!n SYd-gcience departments at the University. An architectural study
nhey,W uit_ral% € aiso r?reignljeF alll r;jlper- on the history Qf¢ yhe Observatory and the former director’s residence is
the Working Group at the AGU Fall Meeting 2002 in San ,njenyay to determine how to renovate the structures to ac-
Francisco. This session was in memory of the original Cha'r'commodate a science center
magkof thkg V\{orkmgdgro_up, rl]\(ler:ton D_ay|es|_ lut The Astronomy Department has formed the Friends of the
rutskie is conducting high-precision low-resolutidR (| oander McCormick Observatory to provide financial and

=300) 0.8-2.5um spectroscopy of Enceladus using thevolunteer support for the education and public outreach pro-
CorMASS instrument at the Vatican Advanced Technology r PP P P

o am.
Telescope to characterize ice temperature and morpholog%/ Murphy was a University of Virginia Teaching and Tech-

Fﬁfferences betvyeen the leading and.trailing her.nispheres'. Hr"?ology Initiative Fellow for the 2002-2003 academic year.
is also conducting long-term synoptic observations of Titane ,ceq o fellowship to prototype a series of problem solv-
in the same configuration to monitor tropospheric cloud or-in g 1 torials for use in the introductory astronomy classes for

mation. _ _ ) ) non-science majors.
Verbiscer continues to investigate the photometric prop-

erties of Saturnian satellites. She has produced mutually con-

sistent rotational and solar phase curves using broadbari MISCELLANY

UVBRI HST WFPC2 data in collaboration with R. French  Bartlett completed the first of a three-year teaching tech-

and C. McGhedWellesley. Solar phase curves of Encela- nology fellowship. During this time, her work concentrated

dus, Mimas, and Tethys all have sharp, narrow oppositioron digitizing the Department’s collection of approximately

surges which become apparent only through observatiors,000 slides.

made at phase angles of less than one degree. She has apBlanton was a member of the local organizing committee

plied the Hapkelcarus 157, 523, 2002hotometric model, for the conferencdhe Riddle of Cooling Flows in Galaxies

which includes coherent backscattering, to solar phase curvesd Clusters of Galaxies Charlottesville, VA.

for Mimas and Enceladus in each UVBRI filter in order to  Chevalier served on the AURA/NOAO Observatories

determine physical characteristics of each satellite regolith a¥isiting Committee(Chair), the USRA Board of Trustees,

well as to investigate any wavelength dependence of phot@nd the AAS Heineman Prize Committé2003 Chaiy. He

metric parameters. Rotational lightcurves produced fromwas on the Scientific Organizing Committees for the IAU

HST data show that while both Mimas and Enceladus hav€olloquium 192 on Supernovaépril 2003), IAU Sympo-

brighter trailing hemispheres than leading, the albedo differsium 218 on Young Neutron Stars and Their Environments

ence between the two hemispheres is greater for Mimas. (July 2003, and the meeting X-Ray and Radio Connections
(Feb. 2004.

3.10 Astronomical Surveys Clarke was a member of the local organizing committee

) ) ) for the conferenc@he Riddle of Cooling Flows in Galaxies
The 2MASS project(Skrutskie, P.). delivered all-sky and Clusters of Galaxiel Charlottesville, VA.

catalogs containing 470 million point sources and_1.3 mil!ion Hawley served on the National Computational Science
extende_d source to thg publ[c co.ncludlng the original projectyjiance (NCSA) User Advisory Committee.

Skrutskie is now participating in the 2MASS “"Extended |53 serves as a technical consultant to CSICOP, a mem-
Mission” which will, over the next two years, deliver the pq; of the Executive Board of the International Dark-Sky
full content of the 1.4 billion 2MASS source extractions, association, the chair of the Virginia Section of IDA, on the
r_epeated calibration observations, ar_ld special deep Observé"cientific Working Group of the NASA NStars Project, on
tions of 400 square degrees covering the LMC/SMC anghe oytdoor Environmental Lighting Committee of the

other regions of astrophysical interest. IESNA, on the IAU Working Group on Extrasolar Planets,
and on the Roadway Lighting Design Study Advisory Com-
4. EDUCATION AND PUBLIC OUTREACH mittee for VDOT.

During the year there were about 4000 visitors to the Mc- Majewski continues to serve as a member of the NASA
Cormick and Fan Mountain Observatories as part of our conSpace Interferometry Mission Science Team and, together
tinuing public outreach program. In August 2003, the As-with Patterson, heads the SIM Key Project “Taking Measure
tronomy Department offered a series of special publicof the Milky Way.”
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McDavid was re-elected to the Organizing Committee ofnomical Observatory of Japan in Mitaka, Tokyo. In addition,
the AU Working Group on Active B Stars and continued ashe received Graduate Student support from a NASA Educa-
webmaster for the Be Star Newsletter, which is now hostedion Grant(NAG5-13028 to the American Museum of Natu-

on the departmental web site. ral History to complete his thesis research under the direction
Murphy served as a reviewer for proposals to the Nationabf M. Mac Low.
Radio Astronomy Observatory’s Green Bank Telescope. Rhee received a Small Research Grant of the American

O’Connell is chair of the Scientific Oversight Committee Astronomical SocietfAAS) in support of his research en-
for the Hubble Space Telescope Wide Field Camera 3, &tled “New Metal-Poor Giants and Horizontal-Branch Stars
two-channel UV-visible-infrared imager scheduled for instal-from the HK-II Survey.”
lation during the next HST servicing mission.

Patterson and Frinchaboy have continued as Cooperative
Observers for the National Weather Service Station that haé SUPPORT
operated continously at McCormick Observatory since the We gratefully acknowledge the continuing research sup-
1890's. port offered, collectively and individually, to our staff by the

Reiprich was chair of the Local Organizing Committee of Celerity Foundation, the Estate of Leander J. McCormick,
the international conference “The Riddle of Cooling Flows the National Aeronautics and Space Administration, the Na-
in Galaxies and Clusters of Galaxies” attended by 100 partional Science Foundation, the Packard Foundation, the Re-
ticipants from ten countries in June 2003 in Charlottesville. search Corporation, Sigma Xi, and the University of Vir-

Sarazin was a member of the Astronomy and Space Phyginia.
ics Science Council of Universities for Space Research As- The education and public outreach program gratefully ac-
sociation, the XMM/Newton Cycle 3 Proposal Review knowledges significant support from the following Friends of
Panel, and the scientific organizing committees for the théhe Leander McCormick Observatory: Robert & Rose Ca-
Soft X-ray Emission from Clusters of Galaxies and Related?on, Susan Bender, Henrietta McCormick-Goodhart Burke,
Phenomena meeting in Huntsville, AL, Riddle of Cooling Lewis & Anne Buckler, and Robert & Patrice Ayer.

Flows Meeting in Charlottesville, VA, the Cosmic Rays and
Magnetic Fields in Large Scale Structure meeting in Busan
Korea, and the meeting of the Southeastern Section of thgg:thC?Tl_l)ONSStauffer 3. R. Skrutskie. M. F. Monet. D. G

American Physical Society in Auburn, AL. T o R Y

W. Saslaw gave ten invited lectures, about half of which Portegles Zwart, S. F., Janes, K. A, Be|chmjan, C. A
were popular public talks and half were technical university iggg Structure of the Praesepe Star Cluster,” AJ, 124,
lectures, in Mumbai, Pune, Kolkata and Delhi during a three . .
week visit to India in November 2002 at the invitatio% of the Allen, A., Shu, F. H., Li, Z.-Y., Chp|, M., & Chuang, HW
National Council of Science Museums. 2003, “Collapse of Magnetized, Rotating, Toroidal

W. Saslaw and P. Murdin have discovered an astronomi- I(,:Algugf/m;)gs?;?r: Eg”ggtl'%r; dar:el;lgzuéprgw;ar JEI?/ sggu(;l?:)n,
cal interpretation of a previously mysterious symbol on an N ’ ’
ancient cE,)oin P y my y Allen, A., Shu, F. H., & Li, Z.-Y. 2003, “Collapse of Mag-

Seidelmann continues as president of Celestial Mechanics gztézee? Ail;giﬁlz;rrelsssothermal Toroids: 1. Non-Rotating
Institute, the organization responsible for the scientific over- L .
sight of the “Celestial Mechanics and Dynamical As- AIIen,_A., L"_Z"Y" & Shu, F. H. 2093’ CoIIap_se of Mag-
tronomy” journal. net!zed Smgulﬂar Isothermal Toroids: I. Rotation and Mag-
The organization and arrangements were made for the 5t netic Braking, ApJ, N press
US Russian Space Surveillance Workshop to be held in S .nderson, J. M‘;’ Li, ZY Krasnopo!sky, R". & BIandford,.
Petersburg, Russia in September, 2003. Seidelmann will lead R'. D. _2003’ Locating the Lagrlchmg Region of T Tauri
the US delegation and chair the workshop again. Winds: The Case of DG Tauri, ApJ“, 590, L.107 .
Tolbert, Fredrick, and Rood all served as AAS ShapleyBaI.bus’ S. A, & Hawle;y, ‘J;, F 2003, “Numerical Slmu!a-
Lecturers. t|9ns o_f Accretion DIS’|§S, inTurbulence and Magnetic
Wilson attended the Science-Engineering-Technology Fields in Astrophysms,_eds. I_E..Falg_arone and T. Passot,
Congressional Visits Day in Washington, DC, in April, Lecture Notes in F:hysu:éBerlm. Springey, 329
2003. Sponsored by the AAS and numerous other profeﬁalbus’. S: A 20.03‘ .Enh%nced Angular Momentum Trans-
sional societies, the event allowed participants an introduc- port |n“Accret|on Disks,” ARA&A, 41’. 555 Balbgs,_ S A
tion to various actors in the science policy stage as well as 2003, *Turbulent Energy Transport in Nonradiative Ac-

meetings with Members of Congress. cretion Flows,” ApJ, 600, in press . . .
g g Balbus, S. A. & Hawley, J. F. 2003, “Numerical Simulations

of Accretion Disks,” in Turbulence and Magnetic Fields
6. PRIZES AND AWARDS in Astrophysics: Recent Achievements & Perspectives,”
Crane and Frinchaboy were awarded Aerospace Graduate eds. E. Falgarone and T. Passot, Lecture Notes in Physics
Research Fellowships by the Virginia Space Grant Consor- (Springer-Verlag: Berlijy 329
tium. Baumann, D., Leong, B. & Saslaw, W. C. 2003, “A Uni-
Oishi was the recipient of a 2003 NSF East Asian Sum- verse that Changes its Symmetry,” MNRAS in press,
mer Institutes Fellowship to study at the National Astro- Oct. 2003.
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