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This report covers the period 1 September 1998-31 Augusgistronomy; and J.CraigWheeler (Samuel T. and Fern
1999. Yanagisawa Regents Professorship in Astronpmy
Professors Michel Breger (adjunc}, James NDouglas
Paul M.Harvey, DanJaffe, JohnLacy, PaulShapiro, Chris
Sneden DerekWills, and DonWinget.
1. ORGANIZATION, STAFF, AND ACTIVITIES Associate Professardarriet Dinerstein and R. Robert
Robbins, Jr.
Non-Academic
The astronomical components of the University of Texas Senior Research ScientistSfhomas G. Barnes |,
at Austin are the Department of Astronomy, the Center folGeorge F.Benedict William D. Cochran, Laurence M.
Advanced Studies in Astronomy, and McDonald Observa-Trafton, and Robert GTull.
tory at Mount Locke. Faculty, research, and administrative Research Scientist&dwin S.Barker, Anita L. Cochran,
staff offices of all components are located on the campus ifRobertDuncan, Artie P. Hatzes Gary Hill, PeterHoflich,
Austin. The Department of Astronomy operates a 23-cm reDaniel F.Lester, HugoMartel, FrankRay, Peter JShelus
fractor and a 41-cm reflector on the Austin campus for in-Verne Smith, JocelynTomkin, and Beverley JWills.
structional, test, and research purposes. Research AssociatesMark Cornell, James Fowler*,
McDonald Observatory is in West Texas, near Fort DavisNiall Gaffney, Mary Kay Hemenway, GrantHill *, Phillip
on Mount Locke and Mount Fowlkes. The primary instru- MacQueen Alvin L. Mitchell, Ed Nelan, FrancoisPiche*,
ments are 2.7-m, 2.1-m, 91-cm, and 76-cm reflecting teleMatthew Richter, Matthew Shetrone*, William Spiesman
scopes and a 76-cm telescope dedicated to laser ranging Barrell Story, and RonWilhelm.
the moon and artificial satellites. The new 9.2-m Postdoctoral Research Associates and Other Visiting

1.1 Description of Facilities

Hobby<Eberly telescope is substantially completed. Staff CeciliaColome, PeterDiener, Oleg Ershov, JohnJu-
McDonald Observatory is also a partner in the Caltechrcevic, Ruth Knill-Dgani, Marc Kutner, Judit Gyorgyey
Submillimeter Observatory on Mauna Kea, Hawaii. Ries Yaron Sheffer, Jihad Touma, Daniel Vanden Berk,

Lifan Wang, William Welsh and VincentWoolf.
1.2 Administration

Chris Snedenis Chair of the Department of Astronomy, 1.4 Senior Research Support and Administration

with Dan Jaffe as Assistant Chair. Frank NBash is the HET Commissioning ManagemThomasBarnes
Director of McDonald Observatory and the Center for Ad- HET Facilities Manager Mark Adams* (ad interim to
vanced Studies in Astronomy, Thomas Barnes |l is As- May 1999; Craig Nance* (from May 1999.

sociate Director, and Phillip WKelton and Edwin S. Development OfficerJoel Barna.
Barker are Assistant Directors. Markdams is the resident Director of the McDonald Public Information Offic&an-
Superintendent. dra L. Preston

McDonald supervisors John Booth (mechanical engi-
1.3 Teaching and Research Personnel neering, EdwardDutchover, Jr.* (administrative suppoxt

Earl Green* (observing suppoxt Tom Brown* (physical
plany, Mark Cornell (computing systems Phillip Mac-
Queen (CCD development Alvin L. Mitchell (engineering
supporj, and Jerry RWiant* (MLRS).

Administrative Services Office€ecilio Martinez

(In the lists that follow, asterisks denote Mount Locke
residents.
Academic

Named Chairs:David L. Lambert (Isabel McCutcheon
Harte Centennial Chair in AstronorjyStevenWeinberg

(Regents Professor and Jack S. Josey—Welch Foundation -
Chair in Science 1.5 Board of Visitors

Named ProfessorsFrank N.Bash (Frank N. Edmonds Mark Bivins was Chair of the McDonald Observatory and
Regents Professor in AstronomyDavid S.Evans (Jack S.  Department of Astronomy Board of Visitors, with Lillian

Josey Centennial Professor Emeritus in Astronpreal J.  Murray Vice Chair and Francigvright, M.D., Secretary.
Evans Il (Edward Randall, Jr. Centennial Profegsill-

iam H. Jefferys (Harlan J. Smith Centennial Professor in
Astronomy; R. EdwardNather (Rex G. Baker, Jr. and Mc-
Donald Observatory Centennial Research Professor in As- The Antoinette de Vaucouleurs Centennial Lectureship in
tronomy); Edward L. Robinson (William B. Blakemore Il Astronomywas presented this year by Dr. Pe@oldreich.
Regents Professor in AstronojnyJohn M. Scalo (Jack S.  Dr. Goldreich was presented with the medal at a departmen-
Josey Centennial Professor in AstrongmyGregory A. tal colloquium. In addition, he presented a public talk on
Shields (Jane and Roland Blumberg Centennial Professor itampus.

1.6 Visitors and Affiliations



Jim Truran was the Beatrice Tinsley Visiting Professor. of the Local Organizing Committee was Ani@chran. Ap-
He presented many informative lectures in the departproximately 100 volunteers helped with the meeting.
ment and worked extensively with several members of The meeting was attended by approximately 1800 people,

the faculty and research staff. with over 1000 abstracts submitted. One of the highlights of
The following people visited the department for extendedthe meeting was an invited talk and an oral session on the
periods: new HobbyesEberly Telescope.
Tim Beers— Michigan State University
RobertBenjamin — University of Wisconsin 1.8 Awards, Honors, and Special Activities

Chen Hanliang — Nanjing Astronomical Instruments Re-
search Center, Chinese Academy of Sciences

JohnCowan — University of Okalahoma

Simonadi Tomasa — Oss. Astr. Bologna

ImaculataDominguez — University of Granada

RafaelGratton — Padova Observatory

JenniferJohnson— UC Santa Cruz

RobertKraft — UC Santa Cruz

Ed Langer — Colorado College

KathleenMatyn — Belgium (Exchange Studept

MichaelMontgomery — Institute for Astronomy, Univer-
sity of Vienna, Austria

JohnNorris — ANU Mt. Stromlo Observatory

S. KeplerOlivera — Instituto de Fisia, Universidade Fed-
eral do Rio Grande do Sul, Brazil

Premanaremadi — Astronomical Institute, Tohoku Un-
versity, Japan

GeorgePreston — Carnegie Observatory

Francesc@rimas — ESO

Friedrich Theilemann — University of Basel

Ted von Hippel — Gemini Observatory

Jenny Westin — University of Uppsala, SwedefEx-
change Studept

InsuYi — Korean Institute for Advanced Studies

Zhu Yongtian — Nanjing Astronomical Instruments Re-
search Center, Chinese Academy of Sciences

William Jefferys was on leave at Duke University, where
he worked with Jim Berger and Peter "Neu of
Duke’s Institute for Statistics and Decision Sciences,
on applications of Bayesian model selection and

model averaging, using Markov Chain Monte Carlo Col\rzlmltteKe oLthe International Asr:rozomlc;al Uxon. .
(MCMC) techniques, to the Cepheid distance scale ary Kay Hemenwaywas on the American Astronomi-

and to CCD image centroiding cal Society Shapley Lectureship Program Advisory Commit-
Greg Shields spent February — Ju.ne 1999 at the Work-t€€ and a member of the American Geological Institute Ad-

; : i Board for “Earth Science in the Community.”
shop on Black Hole Astrophysics at the Institute for visory )
Theoretical Physics, University of California, Santa Frank Bash chaired the Hobby-Eberly Telescope Board

Barbara. qf Directors and is their representgtive on the Southern Af-
CeceliaColome was associated with the astronomy pro- rican Large Telescope B(_Jard of D|rector_s. Frmh was
grams at both The University of Texas and UNAM, the Member Represgntatlve f'rom Fhe University of Tgxas at
Mexico. She is currently working to publish her lec- Austin to the Associated Universities for Research in As-
ture notes from a graduate course on “Polarimetrytronomy and was a member SECORD, theAURA-sponsorec_J
With Applications in Astronomy,” which was given group of the dlrecFors of the large ground-based, optical-
at UNAM in August 1998. infrared obse_rvatorles. He also was a member of the NOAO
MAXAT Steering Committee.
PeterSheluswas reappointed to the Directing Board of
1.7 Special Activity: 193d American Astronomical the International Earth Rotation Service to represent world-
Society Meeting wide Lunar Laser Ranging efforts. He was also appointed to
the Governing Board of the International Laser Ranging Ser-
The 193d meeting of the American Astronomical Society vice as Lunar Laser Ranging representative and deputy co-
was held 5-9 January 1999 at the Austin Convention Centenrdinator within the ILRS’s Analysis Working Group. Craig
It was hosted by McDonald Observatory and the DepartmeniVheeler was a General Member of the Board of Trustees of
of Astronomy of the University of Texas at Austin. The chair the Aspen Center for Physics.

RobertDuncan received the University Co-Op Research
Paper Award for the best research paper at the University of
Texas in 1998. The honored paper is “Global Seismic Os-
cillations in Soft Gamma Repeaters” which appeared in As-
trophysical Journal Letterday 1998. CraigWheeler won
the Dad’s Association of the University of Texas at Austin
Teaching Fellowship and also received the President’s Asso-
ciation Teaching Excellence Award. Robdrbbbins was
awarded the College of Natural Sciences Teaching Excel-
lence Award. The Board of Visitor's Teaching Excellence
award went to JimmyVelborn. The staff excellence award
for Astronomy was given to Natashapousekand for Mc-
Donald Observatory was given to Tidones

Craig Wheeler was a Vice President of the American
Astronomical Society. FranBashwas President of the As-
tronomical Society of the Pacific and finished a term as
councillor of the American Astronomical Society. Mary Kay
Hemenwaywas selected Secretary to the Board of the As-
tronomical Society of the Pacific in February 1999. Peter
Shelus served his 21st year as Treasurer of the American
Astronomical Society’s Division on Dynamical Astronomy.
Edwin Barker served as Past-Chair for the Division for
Planetary Sciences of the American Astronomical Society.
William Jefferys was elected to a term on the committee of
the Division on Dynamical Astronomy of the American As-
tronomical Society.

Anita Cochran served on the Dannie Heineman Prize
committee of the American Astronomical Society and was
its chair in 1999. She is also a member of the US National
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Harriet Dinerstein served as a member of the External Tokyo). Mary Kay Hemenwaywas a consultant t€hoice
Science Review panel foxasA’s Next Generation Space the journal of college libraries. Larryrafton served as an
TelescopedNGST). Associate Editor ofcarus Anita Cochran was an advisor to

RicaFrench served on the Organizing Committtee, as thethe Planetary Data System’s Small Bodies Node.
Volunteer Coordinator, of Austin Expanding Your Horizons  RobertRobbins led a group of college professors to in-
(EYH) in Science and Mathematics conferences. EYH, thevestigate archaeoastronomical sites in Belize and Guatemala
flagship program of the national Math/Science Network, isunder the sponsorship of the NSF-Chautauqua program.
designed to “nurture girls’ interest in science and math
courses and encourage them to consiqler scier_lce and maﬁ.hACADEMIC AND EDUCATIONAL PROGRAM
based career options.”(For more information, see
www.scicomp.com/eyh 2.1 Graduate Program

Matt Richter served as a member of the preliminary de- The Graduate Studies Committee Chairman was Neal
sign review committee for the Airborne Infrared Echelle Evans with Graduate Advisor Craigvheeler. The Fred T.
SpectrometefAlRES) being built at Ames as a facility instru- - g oetting, Jr. Memorial Endowed Presidential Scholarship
ment for SOFIA. RobertTull participated as the invited out- was awarded to MarceBergmann. The David Alan Ben-
side reviewer in a two-day design review for a spectrograpl?iem Memorial Fellowship was awarded to Cyntifigoning.
planned for the Spanish 10-meter telescope to be built on Lo Frank N. Edmonds. Jr. Memorial Fellowship was
Palma, in the Canary Islands. The review was held at Layvarded to JuntatMichae) Yuan. Ineselvans was the re-

Laguna on Tenerife, Canary Islands. _ ~ ciepient of the Board of Visitor's Second Year Project
PeterSheluswas honored by the International Astronomi- Award.

cal Union Minor Planet Center with their naming Asteroid  raduate students in 1998—1999 were NaBaliber
(7929 Shelus, for his contributing work to Astronomy in parcel Bergmann, Anirban Biswas JungyeonCho, Lara

general and his work in astrometry and dynamics in particuCross GregDoppmann, Erik Fierce, RicaFrench, Cynthia
lar. Edwin Barker was honored by the International Astro- Froning, PamelaGay, Thomas Greathouse D. Andrew
nomical Union’s Minor Planet Center with their naming As- fowell, Inese Ivans, ReneeJames Luke Keller, Eric
teroid (7868 Barker, for his work on physical observations Klumpe, FengMa, TravisMetcalfe, MichaelMoscosg An-
of both major and minor planets and his contributions to theium Mukadam, Atsuko Nitta, Divas Sanwal Zhaohui

operation of McDonald Observatory. Shang Yancy Shirley, G. RogerStanley, JosephTufts,
FrankBashchaired an AASC “Cross Panel” for the De- \arshawolf, JuntaoYuan.

cade Study on the NSF-funded National Observatories, and poctoral Dissertations: Seven Ph.D. degrees in as-

he is a member of the Education and Policy Panel of thQronomy were awarded in 1998—1999:

Astronomy and Astrophysics Survey Committee. CynthiaFroning — “Infrared Properties of Interacting Bi-
William Cochran served as a member of thasa Ori- nary Systems”(Edward Robinson, Chair Dr. Froning is

gins SubCommittee. EdwiBarker served orNASA’s Plan-  cyrrently a Post-Doc at Space Telescope Science Institute.

etary Astronomy Management Operations Working Group. Luke Keller — “New Devices and Techniques for High

Anita Cochran served ornAsA’s Origins of Planetary Sys-  Resolution IR Spectroscopy and A New Study of Old Stars”

tems management operations working group. Mary K&y  (Dan Jaffe, Chajr Dr. Keller is currently a Post-Doc at Cor-

menway was a member of theoFia education and Public nell University

Outreach Working Group. Eric Klumpe — “Mini-Telescope Survey of Molecular
Craig Wheeler was a member of the International Orga- Hydrogen Fluorescence in the ISMDan Jaffe, Chaijt Dr.

nizing Committee of the Texas Symposium on RelativisticKlumpe is currently at Middle Tennessee State University.

Astrophysics. He was also on the Scientific Organizing Com- MichaelMontgomery — “The Evolution and Pulsation of

mittee for the meeting “Twenty Five Years of The Disk Crystallizing White Dwarf Stars’(Don Winget, Chaix. Dr.

Instability Model,” Kyoto Japan. Montgomery is currently a Post-Doc at The University of
Anita Cochran wrote the section on cometary comae for Vienna Austria.

the IAU Commission 15 Trienniel Report. Craiiyheeler Michael Moscoso — “Electron-Positron Pair Winds”

was on the Organizing Committee for IAU Commission 41, (Craig Wheeler, Chaijr

Close Binary Systems. Divas Sanwal — “Optical Study of Pulsars”(Edward
Chris Snedenserved on the NOAO Telescope Allocation Robinson, Chajr Dr. Sanwal is currently a Post-Doc at Penn

Committee. AnitaCochran served on the solar system panel State University.

of the NOAO Telescope Allocation Committee. JosephWang — “A One Dimensional Model of Convec-
Chris Snedenwas a Scientific Editor for théstrophysi- tion in Type Il Supernovae”(Craig Wheeler, Chajr Dr.

cal Journal William Cochran was a receiving editor for Wang is a consulting software engineer for a geological

New AstronomyWilliam Jefferys serves as an Associate company in Austin.

Editor of Celestial MechanicsCecila Colome collaborated Master’s ThesesSix Master’'s degrees in astronomy were
with the StarDate radio program as translator and editor foearned in 1998—1999:
the Spanish-language versidsniversa CraigWheeler was Marcel Bergmann “Morphology and Evolution of E and

a co-editor, along with S. Mineshige, of the bdblsk Insta- SO Galaxies: HST Observations of a Cluster at0z4”
bilities in Close Binary System®niversal Academy Press, (Greg Shields, Inger/dgensen Chaijs



Lara Cross “The Polarization of 3C 273”(Bev Wills, The Prime Focus Instrument PlatfofFIP was brought
Derek Wills, Chair. nearly to completion this year. PFIP rides on the prime focus

Erik Fierce “Searching for Accretion Disk Signatures in tracker and incorporates subsystems for acquisition and guid-
AGN” (Greg Shields, Chajr ing, fiber handling, the Spherical Aberration Corrector, and

PamelaGay “Variable Stars in the Ursa Minor Dwarf support for the prime focus Low Resolution Spectrometer.
Spheroidal Galaxy: A Story of Stellar Formation as Told by Except for improvements to the instrument calibration sys-

the Horizontal Branch”(Edward Robinson, Chair tem, light baffling, and the atmospheric dispersion corrector,
Ineselvans “Chemical Composition of Globular Cluster the PFIP is now complete.
M4” (Chris Sneden, Chair The Low Resolution SpectrometékRS, PI Gary Hill,

G. Roger Stanley “Exploration of the Lithium-Star- McDonald Observatopyentered instrument commissioning
Planet Connection in Solar System&Chris Sneden, Chair  in April 1999. With the exception of the yet-to-be completed
multi-object capability, the LRS is now in research opera-
2.2 Undergraduate Program tion. The first published result from the HET used the LRS to
] ) . confirm supernova 1999bv in MC& 10-25-14(IAU Circu-
Derek Wills was the chair of the Undergraduate Studieg,, 7186, 1999 Additional papers from commissioning sci-
Committee; Bob Robbins served as undergraduate advisog,.e in April — June 1999 are in preparation.
There were 42 astronomy majors this year and 1 student prgress continued on the High Resolution Spectrometer

received a BA. , _ (HRS, PI Robert Tull, McDonald Observatoryith the ex-
Patrick Young was awarded the Outstanding Graduatingeention of coating and mounting the camera optics, the opto-
Senior Award. Shizuk&kiyama was the winner of the Karl e chanical portion of HRS is complete and installed. The

G. Henize Memorial Scholarship in Astronomy. EBKUga-  qetector system is well into construction with delivery ex-
myer was the winner of the Board of Visitors Undergraduatepected early in 2000.

Scholarship in Astronomy. The Medium Resolution SpectrometéviRS, Pl Larry
. . Ramsey, Pennsylvania State Univerpitpntinued to make
2.3 Educational Services progress toward a delivery in 2000.

The nine-inch refractofdirected by FendMa and Divas Observing time on the HET will be offered to the US
Sanwal) was visited by 1100 people during public tours. national community starting in June 2000. NOAO will
Forty-six school groups totaling over 1300 elementary/ha”_dle all interactions with natlongl re;earchers. A_pproved
secondary students and teachers participated in Solar TelBrOJ€cts from the national community will be entered into the
scope field trips presented by LaEakins. Regular star par- HET queue and observed on the same basis as projects from
ties attracted 1100 people. Special lectures in astronomy hafe five partner institutions. In the first competition for time,

an attendance of 130. The SkyWatcher's Report logged a-RS and HRS will be available.
most 3200 calls throughout the year. A contract was let in October 1999 to Marshall Space

Mary Kay Hemenway and LaraEakins represented the Flight Center/Blue Line Engineering to design, fabricate, and
Department at ten other events, such as Austin Science FUfiStall a Segment Alignment and Maintenance System
Day, UT Interactive, and Amistad National Recreational(SAMS) on the primary mirror arraysams will provide

Area. About two thousand people were served through thegg/osed loop control of the 91 segments and their global ra-
events dius of curvature. We expedams to reduce the need to

align the segments using the CCAS from hourly to twice
monthly. Completion oSAMS is expected early in 2001.

3. RESEARCH PROGRAM New staff who joined the HET operations team in 1999
3.1 The 9.2-Meter HobbyEberly Telescope(HET) were Ben RhoadéTelescope Operatpand Tom Worthing-

ton (Mechanical Enginegr Francois Picheleparted the HET
In the past year, the HobbyEberly Telescope has re"’mhesaaff on 31 August 1999. Craig Nance was promoted to HET
the end of its Commissioning phase and is expected to ent

#acility Manager on 1 May 1999. The HET is a joint project
“Early Operations” in October 1999. The Early Operations y g Y J proj

. . of five universities: The University of Texas at Austin, the
phase emphasizes research operation of the HET approxk y

. RS U ‘ennsylvania State University, Stanford University, Ludwig-
mately 50% of each lunation, with instrument commission- y y y 9

) L ) _ Maximilians-Universith Munchen, and Georg-August-
ing a_md facility improvements occupying the remainder OfUniversit'%i Gittingen.
the time.

In September 1999, the HET is operating at specification
in pointing, tracking, autoguiding, and all other essential
electro-mechanical functions. The primary mirror is in op-3.2 Observing Conditions at McDonald Observatory
eration with a full array of 91 segments. The array is rou-
tinely aligned using the Center of Curvature Alignment Sys- A summary of the hours scheduled, hours lost to poor
tem (CCAS, a shearing interferometen about 10 minutes weather, hours lost to telescope/instrument problems and
to a median mirror quality of better than 1.1 arcsecondsours assigned to maintenance is given in Table 1. Sched-
(50% encircled energy An intensive program to improve uled hours are measured from civil twilight to civil twilight,
primary mirror quality to specification, EE0) = 0.6 arcsec- plus any especially scheduled daytime hoyf$e daytime
ond, is continuing. hours for all four telescopes together only total 51 hqurs.
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TABLE 1. Utilization Statistics for McDonald Observatory Optical Tele- TCS project were P. Kelton, M. Cornell, W. Spiesman, R.
scopes(1997-1998 (hourg Ricklefs, P. S. Odoms, E. Green, M. Ward, M. Blackley, A.
Mitchell, and J. F. Harvey.

J. Lacy, M. Richter, T. Greathouse, D. Jaffe, and M. K.
a 4039 4015 4008 4019 Hemenway continued development of the Texas echelon-
cross-echelle spectrogragexes) and thesorIA echelon-
cross-echelle spectrografixes), two high resolution, mid-

2.7-m 2.1-m 0.9-m 0.8-m

b) 2303 (57% 2020 (509% 233 (6% 1200 (30%

© 1248 (31% 1373 (34% 127 (3% 856 (21%) infrared spectrographsexes is designed for ground-based
operation, whileexesis being designed for the Stratospheric
d 113 (3% 48 (1% 0 0% 15 (0% Observatory for Infrared Astronomy. 36 in€texes) and 40

inch (EXES) echelon gratings have been delivered by Hyper-
fine, Inc. Lab tests show that both gratings achieve the de-
f) 159 (4% 442 (11% 3648 (91% 1938 (48% sign resolving power of R= 10°. TEXES was tested on the
Harlan J. Smith telescope at McDonald Observatory, and de-
& Available; b Observed; kLost to weather; tected GH, emission lines from Jupiter’'s stratosphere. It is
d) Lost to telescope/instrument problems; currently being improved with a larger detector, new elec-
e) Scheduled maintenance; ®ther tronics, and new software.
R. Tull and associates brought the HRS, the high resolu-
tion spectrograph of the HET, near completion this year. The
Category “Other” is comprised primarily of time when the Newport optical bench and the thermal isolation chamber
telescope was not scheduled or no program object was avaivere assembled at the HET in December 1998. In March—
able. April 1999, the camera lenses, the second collimator mirror,
The 2.7-m telescope records may be used to infer an e@nd the last of three diffraction gratings were completed and
timate of the fraction of time the sky was suitable for spec-delivered. Tests of the control electronics and pneumatics
trometry or imaging. After correcting for downtime due to Were carried out in August 1999, followed by assembly of
maintenance, equipment, etc., the usable time is estimated # optical systenfless cameraat the HET. The camera
65% for the last fiscal year. This value may be comparedenses await anti-reflection coatings and assembly. Two
with 66% for the previous year, and 62.7% for an eighteerf°CDs have been ordered from EEV and are due for delivery
year mean. From 0.9-m telescope statistics for photometrith December 1999. The CCD dewar and operating system
observing in 1981-1992, the photometric weather at Mcare nearing completion. First-light commissioning and opera-
Donald Observatory has averaged 39.8% of the availabléon of the completed HRS are anticipated in early 2000.
hours. The 0.9-m telescope is now closed to regularly sched- G.J. Hilland P. MacQueen delivered the HET Low Reso-
uled programs and is only used for special projects. lution Spectrograph. This instrument is a very efficient im-
aging grism spectrograph with multi-object capability that
covers 360—1000 nm, with a future extension to 1350 nm.
Resolving powers between=F600 and 1500 are currently
available, and the instrument images the 4 arcminute field of
3.3.1 Instrumentation: view of the HET. First light was obtained in April 1999,
followed by 2 months of commissioning observations in
A new Telescope Control SystefiCS) for the 2.7-meter May and June. Objects observed included quasar and L

Harlan J. Smith(HJS Telescope was put into service in ijwarf candidates from the Sloan Digital Sky Survey, high

e) 216 (5%) 133 (3% 0 (0%) 0 (0%)

3.3 Scientific Results

Qpr" 1999' The HJSt Teflt.atscolge Wats tl)u'lt tm the 1960s ag edshift cluster candidates, AGN, and supernovae.
€ main components ot 1ts old control System were over C. Colomedesigned and constructed a new polarimeter

years old. In thg upgraded TCS, the underlying meghanlc%ode for CoolSpec, the near-infrared spectrograph at Mc-
system was retained, and modern encoders, electronics, seny

bsvst ¢ trol toaquid ft dnald Observatory. The polarimeter is now available to the
subsystem, computer control, autoguiders, software, Comgeneral astronomical community.

mand language for access by instruments, and graphical us "' While visiting the department for six months, Zhu Y.

interfaces were implemented. Delta Tau's PMAC embeddeg\lorkeoI with R. Tull while developing spectrograph designs

servo controller was used. The new TCS system is highl, o chinese amost telescope project. He also partici-

integrated and adds a great deal of new function_a}lity forpated in the assembly of the high resolution spectrograph of
observers. Many obsolete compone(fts example wiring,

the Hobbye<Eberly Telescope.
handpaddles, encoders, consoles, computers and software Chen H. worked with McDonald engineer F. Ray on a

were rgplaced to improve maintginability, inc.luding mos'g Ofmirror support design forAMosT.
the original 1960s-era electronics. Integration, validation,
and commissioning presented special challenges, since the

telescope is very much general purpose with a wide variety-3-2 Extrasolar Planetary Systems:

of instruments, foci, and observing modes, and was taken out The McDonald Observatory Planetary Search program,
of service only for periodic engineering runs but not for anyoperated by W. Cochran and A. Hatzes, has continued on the
extended period of downtime. The new TCS system has beddcDonald Observatory 2.7-m telescope. This program sur-
in regular use since April 1999. Primary participants in theveys about 140 nearby F, G, K, and M dwarfs for Jovian



6

mass companions. A companion southern-hemisphere suftockheed-Martif, has explored the relationship between
vey, operated in collaboration with M. Kster, M. Endl, S. Vesta and the small asteroids suggested by Binzel and Xu
Els (ESO, K. Dennerl, and S. Dereiner(MPI Garching (1993, Science260, 186 to be chips off Vesta. Using the
has discovered a planetary companion to the young GOV st&06.5-nm pyroxene feature as a tracer, they have shown that
¢ Horologii. The planet has an orbital period of 320 days, antbnly some of the chipgor Vestoid$ truly resemble Vesta.
a minimum mass of 2.26 Jupiter masses. With an eccentricitfhe most similar objects are exterior to Vesta’s orbit, be-
of 0.16 and a semi-major axis of 0.92 AU, this object movesween Vesta and the 3:1 mean motion resonance with Jupi-
in the most Earth-like orbit found so far among extrasolarter. They investigated the dynamical possibilities for forming
planets. Moreover, with an estimated age between 30 Myhese Vestoids from Vesta and the applicable lifetimes of
and 2 Gy,. Hor is the youngest star with a known planet. these objects. The Vestoids represent important tracers of the
The ESO planetary search program has also placed very tiggbllisional evolution of the asteroid belt.
constraints on possible planetary companions to the nearest g, Howell (Arecibo), F. Vilas (NASA/JSQ and A. Co-
star to our sun — Proxima Centauri. Differential radial veloc-chran have been exploring the use of mineral absoprtion
ity measurements of Prox Cen collected over 4 years witthands in the optical region of the spectrum as a tracer of
the ESO CES with a mean precision of 54T show no  hydrated minerals in the asteroid belt. Hydration features
evidence of a periodic signal that could corroborate anygyve typically been discovered a®n in asteroid spectra.
claims of the existence of a sub-stellar companion. We putjowever, it is more difficult to obtain IR observations of
upper limits(97% confidenceto the companion mass rang- asteroids and fainter asteroids cannot be observed in the IR.
ing from 1.1 to 22 Jupitel’ masses at orbital pel’iOdS of 0.75 tq—hUS, they are Seeking an Opticai proxy for determining the
3000 days, i.e. separations of 0.008 — 2.0 AU from Prox,ygration history of the main asteroid belt. If an optical
Cen. These mass limits concur with limits found by predsecounterpart to the Am band can be found that is well cor-
astrometry which strongly constrain the period range of 50telated with the 3em band, many more asteroids can be
600 days and the mass range to 1.1-0.22 Jupiter massgpserved. This will allow the determination of where in the
Combining both results we exclude a brown dwarf or superspjar nebula conditions existed which were wet enough to
massive planet at separations 0.008-0.69 AU from Proﬁydrate minerals.
Cen. We also find that, at the level of our precision, the RV " o cochran and E. Barker completed a study of comet
data are not affected by stellar activity. _ 19P/Borrelly. This comet is a potential target of the DS1
The Hubble Space Telescope Astrometry Science Teagpacecraft in 2001. The observations compiled cover three
has completed its search for sub-stellar companions tgnnaritions of Borrelly, with Image Dissector Scanner spec-
Proxima Centauri and Barnard's St&J, 118 1088. Once . of Borrelly in 1981 and 1987 and Large Cassegrain Spec-
low-amplitude instrumental systematic errors are 'dent'f'eqrograph(long slit CCD observations of Borrelly in 1994

and removed, our companion detection sensitivity is Iessrhey showed that Borrelly is a member of the class of com-
than or equal to one Jupiter mass for periods longer than 6Q;¢ depleted in Cand G relative to OH and CN.

days for Proxima Cen. Between the astrometry and the A ochran E. Barker and W. Cochran have analyzed

Kursterlet al. l(|1999, A&A, 344, L5) radial velocity results  piqp gpectral resolution observations of Hale-Bopp and de-
V\ie exc lfjde all companions V(\;'M > 0.8Myp for t’he range  vico to determine if there is any Nin the spectra. Bl is an

of periods 1< P_ < 1000,, ays. For Barnard's Star our important molecule to study because it traces the nitrogen
companion detectlon_ sensitivity is less than or equal to ON&,mpounds in comets and becausgidldeposited in ices in
Jupiter mass for PeI’IOdS longer than 150 _days. Our nul "an analogous manner to argon at the deposition temperatures
sults for Barnard’s Star are consistent with those of Gatebf comets(50K). If we understand §l in comets, we can
wood (1995 Ap&SS,223 91). understand argon. This is important because it is believed

that differences in noble gas abundances in the terrestrial

3.3.3 Solar System: planets is caused by delivery of volatiles and noble gases
Working with University of Texas Aerospace engineers,from cometary impacts.
D. Goldstein and S. Nerem, E. Barker proposed4sa and A. Cochran and M. Festo(SwRI-Bouldej have begun

then coordinated observations of the controlled crash ofvestigating the cometary ratio dfFCN/**CN using high
NASA’s Lunar Prospector spacecraft into a permanently shadspectral resolving power observations of Hale-Bopp, deVico
owed crater near the south pole of the Moon on July 31and Hyakutake obtained at McDonald Observatory. A reso-
1999. Over 10 observing teams at major ground— and spacelance fluorescence model with collisional effects is being
based observatories around the world participated in thesed to analyze these data.
campaign to detect direct evidence of water ice on the floor L. Trafton proposed an explanation of why Triton’s £H
of the crater. The impact produced no observable evidence spectrum shows lines with a shift characteristic of a dilute
a dust plume, KO plume or its photo-dissociation byproduct solid solution of CH in N,, while Pluto’s spectrum shows
OH. The lack of positive evidence from this ambitious, butthat these lines are shifted at intermediate positions between
low success probability, attempt to confirm the indirect evi-the solid solution and pure GHyas. The explanation is that
dence for water ice, leaves open the question of the source §fH, ice is more abundant on Pluto’s surface, so that it is
the enhanced hydrogen abundances seen by Lunar Prospseiurated in the Nice. The excess leads to a component of
tor in the polar regions of the Moon. the ice mixture that is a dilute solid solution of, Nh CH,

A. Cochran, with F. Vilas(NASA/JSQ and K. Jarvis ice. This leads to a disk-averaged spectrum where thg CH
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wavelength shifts are intermediate to the two cases. On Tri- In work on galactic halo field stars, J. Cowdd. Okla-
ton, the CH abundance is inadequate to saturate thécl, @ homag, B. Pfeirrer, K.-L. Kratz(U. Mainz), F.-K. Thiele-
so only the CH:N, solid phase results. mann(U. Base), C. Sneden, S. BurledJ. Chicagg and D.
With S. Miller (UCL), L. Trafton obtained further NSF- Tytler (UCSD) have performed theoretical computations of
Cam near-IR images of Uranus,kind H; emissions at the rapid neutron-capture nucleosynthegfse r-procesys yield-
IRTF in July using the telescope’s new tip-tilt capability to ing excellent agreement with the observed solar-system
reveal a more detailed distribution of the excited species over-process abundances, including those of the heaviest observ-
the planetary disk than in 1998. Evidence of morning-able elements Pb, Th, and U. Their predicted abundances
evening asymmetry was found, which should be diagnostignatch well the total elemental abundances of the neutron-
of the solar EUV excitation process and deviations fromcapture elements with atomic numbers 56 and greater, con-
thermal equilibrium in the atmosphere. firming r-process dominance in the synthesis of these ele-
With T. Geballe(Gemini, L. Trafton observed Uranus, ments in the early galaxy.
Neptune, Titan, and Saturn at theIrRT in the dimer lines of J. Westin, C. Sneden, B. Gustafsgaippsala U), and J.
H,-H; and H-N, in order to attempt the detection of these Cowan (U. Oklahoma performed a detailed differential
features in Uranus’ and Titan’s near-IR spectra. They hagpundance analysis between the bright very metal-poor field
previously detected them in the spectra of the other majogiants HD 122563 and HD 115444, confirming the large
planets. These lines potentially constrain both the temperasyerabundances of the heaviest neutron-capture elements
ture and ortho/para ratio of the molecular species separatelynd their r-process signature in detail. This is the second very
avoiding ambiguities when one attempts to derive thesenetal-poor star to undergo such close scrutiny of its neutron-
quantities from the few quadrupole lines available at quitecapture elemental abundances, and the analysis also yielded
different wavelengths. _ an abundance of the radioactive element Th. This in turn
L. Tr{;\fton and D. Lester observed Jupiter's K-band SPeCxyggests an age of about 15 Gyrs for the material of HD
trum using the new CoolSpec IR spectrograph at McDonalq 15444, in reasonable agreement with other recent age esti-
Observatory. The objective is to compare the relative distriyyates for the galactic halo.
bution of Jupiter's auroral K and I—Q emission, which is C. Allende Prieto, D. L. Lambert, R. GaecLopez(IAC),
known to vary. Further observations are needed to map oy Ry iz Cobo (IAC), and B. GustafssolUppsala Astro-
the H, emission. _ . nomical Observatopyhave derived semi-empirical model at-
Using the high spectral and spatial resolution of themsspheres for the metal-poor star Gmb1830 and the active
2dcoude spectrograph on the 2.7-m telescope, E. Barker cogg|ar-metallicity K2 dwarfe Eridani, by applying an inver-
tinued his long term monitoring of the martian atmosphericginy code to extremely high resolution optical spectra
HZO_vapor. During the 1998—-2000 apparition, the northerrb\/m\ = 200,000) acquired with the 2dcoudpectrograph
hemisphere summer and fall seasons were covered. Abugt the McDonald 2.7-m telescope. The same group of people,
dances up to 60m of ppt water vapor were seen at the edgewith M. Asplund (Nordita) and A. Nordlund(TAC), have
of the retreating north polar cap, with only small amounts;,mnared the line asymmetries observed in the very metal-
(3-5um) seen at southern latitudes during these seasons. The, . star HD140283 with three-dimensional hydrodynamical
strong diurnal variations noted in the 19961998 apparitior;y, 1ations of surface convection for that star. The agree-

were confirmed. Nearly simultaneous spectra of thement, as was found previously for the solar case, is astound-

8689A CO, band provided an independent measurement Ofngly good. Allende Prieto and Lambert have investigated

the effchye pa_thlength in the lower martian atmqsphere. Irfhe errors in the stellar masses, radii, and effective tempera-
collaboration with A. Sprague a_\nd_ D. Hunted. Arl_zong), tures (TxS) obtained from the comparison of absolute mag-
Barker found CQ abundances indicated a reduction in the ;. ,joq “qerived fronmipparcosparallaxes, and broad-band
pathlength due to the dust content of the lower atm.OSpher%olors, with calculations of stellar evolution. The study made
The measurement of the_CZ‘Chbundancg also provides a use of published masses and radii for nearby eclipsing binary
method to correct for martian topographic effects. systems, and InfraRed Flux Methddgs, concluding that the
typical accuracy with which those parameters can be esti-
3.3.4 Stars and Stellar Systems, Stellar Ejecta: mated is 8% for the mass, 5% for the radius, and 2% for the
The first detection of the polarization in the CO band inTe. These results have been applied to 17,219 stars ob-
an astronomical object, a young star, was made at McDonalgerved byHiPPARCOswithin 100 pc from the Sun. Allende
Observatory by C. Colomand collaboraters, using the new Prieto and Lambert have also exploited therArcospar-
polarimatry mode of CoolSpec. In addition, large differencesallaxes available for relatively-nearby metal-poor stars, to
between the polarization in the CO band and the polarizatiotranslate low-resolution IUE fluxes observed at Earth to
of the stellar radiation were found, and through this resulfluxes at the stellar surface, and compare them to the predic-
they were able to conclude that the CO emitting gas is notions of classical model atmospheres. They find a good
distributed uniformely around the central star, but instead isigreement for stars in the range 4,080T.; < 6,000 K.
most likely located in the inner parts of very flat disks around D. Burris (U. Oklahoma, C. Pilachowski, T. Armandroff
young stars. This new infrared instrument provides a neWNOAO), C. Sneden, and J. Cowdlt). Oklahoma com-
technique in the search for protoplanetary disks in our Galpleted an abundance analysis of selected neutron-capture el-
axy, and a powerful tool to study their physical characteris-ements in about 50 field halo giant stars. These abundances
tics. show clear evidence for a large star-to-star dispersion in the
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neutron-capture element to iron ratios. This condition musbut also uncovered uniform enhancements of aluminum,
have arisen from individual nucleosynthetic events in rapidlymagnesium, silicon, barium and lanthanum. The enhance-
evolving halo progenitors that injected newly manufacturedments of these elements, combined with the slight excess of
neutron-capture elements into an inhomogeneous early Gauropium in the cluster stars, is evidence that the period of
lactic halo interstellar medium. The abundances also confirrstar formation and mass-loss that preceded the formation of
that at metallicitie§Fe/H]< —2.4, the abundance pattern of the observed stars in M4 was long enough for stars of 3—10
the heavy(Z= 56) neutron-capture elements in most giants issolar masses to evolve into AGB stars and contribute their
well matched to a dominant r-process nucleosynthesis pagjecta into the ISM of the cluster. The investigation also
tern. Contributions from the s-procedbat is, slow neutron- successfully employed the use of spectroscopic line ratios as
capture nucleosynthesgisan first be seen in some stars with temperature indicators. The line ratio calibrations of the very
metallicities as low agFe/H]~ —2.75, and are present in large high resolution data set are currently being employed in
most stars with metallicitie-e/H]> —2.3. The appearance the analysis of other clusters.

of s-process contributions as metallicity increases presum- R. Kraft, R. Peterson, P. Guhathakurtd CSQO, C.

ably reflects the longer stellar evolutionary timescale of theSneden, J. FulbrigftJCSC), and E. Lange(Colorado Caoll.,
(low-mas$ s-process nucleosynthesis sites. deceased have serendipitously discovered an extremely

R. Gratton(Padova Ob$, C. Sneden, E. Carrett®adova lithium-rich RGB star in globular cluster M&star IV-101.
Obs), and A. BragagligBologna Obs.have determined Li, Their analysis yielded one of the largest Li abundances of
C, N, O, Na, and Fe abundances, a/@/*3C isotopic ratios any metal-poor giant star: logLi) = +3.0. They suggested
for a sample of 62 field metal-poor stars in the metallicitythat Li synthesis has occurred recently in the hydrogen-
range — 2 < [Fe/H]< — 1. Stars were selected which had burning shell of this star, just below the convective envelope.
accurate luminosity estimates from the literature, so that evowhile such enrichment could conceivably only happen
lutionary phases could be clearly determined for each stararely, it may in fact regularly occur during RGB evolution
These abundances showed that lower-RGB dfegs stars  but be rarely detected because of rapid subsequent Li deple-
brighter than the first dredge-up luminosity and fainter thartion.
that of the RGB bump mid-way up the RGBave light I. Ivans, C. Sneden, B. CarngNC), L. de Almeida
element abundances in agreement with predictions from clagtNC), and R. James have begun a chemical analysis of a
sical evolutionary models: tiny changes in the CNO ele-group of high-velocity metal-poor field stars, seeking to de-
ments, and decreases of Li by a factor of about(@0e termine whether, as a group, they show any distinctive abun-
simply to dilution within the convective envelopé\ second dance ratios. A number of stars on very large galactic orbits
mixing episode occurs in metal-poor stars just after the RGBiave been discovered that have unusual ratios of elements
bump, when the molecular weight barrier left by the maxi-such as sodium, calcium, and magnesium to iron. The un-
mum inward penetration of the convective shell is canceledisual abundance ratios may suggest a chemical “signature”
by the outward expansion of the H-burning. This secondf previous merger or accretion events. That is, these stars
mixing episode only reaches regions of incomplete CNOmay have originated within a satellite galaxy or galaxies that
burning, causing a depletion of the surfdée abundance by experienced a different nucleosynthetic chemical evolution
about a factor of 2.5, and an increase in the N abundance byistory than the Milky Way and which were later accreted by
about a factor of 4. Th&C/*3C drops to about 6 to 1@&lose it. By combining the kinematics with the chemical abun-
to but distinctly higher than the equilibrium value of B.5 dances, they hope to trace what may have occurred during
while the remaining Li disappears. the formation of the halo and subsequent evolution of the

C. Sneden, R. KraftUCSQ), and collaborators continued Galaxy. Already, a few of the stars have been found to ex-
their program of using high resolution echelle spectroscopyibit unusual abundance ratios of the iron-elements, perhaps
to determine the chemical compositions of large stellaindicating some differences in the SN progenitors of these
samples(typically = 10) on the upper red giant branches stars from those that contributed to the mix of the general
(RGBs) of globular clusters in the metallicity range —G=8 halo population.

[Fe/H = —2.3. Very large star-to-star variations of the D. A. Howell, L. Wang and J. C. Wheeler completed a
light elements C, N, O, Na, Mg, and Al occur in many globu- study of the radial distribution of Type la supernovae in host
lars; positive correlations exist among N, Na, and Al abun-galaxies. They showed that the calibration sample used in
dances, and these are anticorrelated with C, O, and Mg aburesmological studies discovered photographically has a dif-
dances. This suggests strongly that at some(8m& some ferent distribution than those in the deep sample discovered
places) in cluster evolution, advanced proton captures havavith CCDs. This may be significant for determining system-
reshuffled these light element abundances via -€N)  atic effects in the use of Type la supernovae as probes of
Ne— Na, and Mg Al synthesis chains. cosmology.

This past year, I. lvans, C. Sneden, R. Krid$iCSQO, N, L. Wang and J. C. Wheeler have continued their program
Suntzeff(CTI0), E. Langer(Colorado Coll., deceasgdand  of routine spectropolarimetry of all accessible supernovae.
J. Fulbright(tUCSQ analyzed 37 stars in the “CN-bimodal” They have now nearly tripled the sample of supernovae with
globular cluster M4, the closest cluster to the Sun. Usingoolarimetry data compared to that available at the beginning
high resolution spectra, they not only confirmed the evidencef this effort. They still find that core collapse supernovae
for the light element abundance correlations and anti{SN Il, SN Ib/g are polarized at the 1% level and SN Ila
correlations suggestive of proton-capture nucleosynthesisnuch less so in general. They found that the narrow line
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Type Il sueprnova 1998S was significantly polarized. Theylengths. The mass-luminosity relation defined by these data
also obtained the first polarization data ever on a sublumireaches toM,, = 18.5 and provides a powerful empirical
nous Type la and found that it was modestly polarized. Theest for discriminating the lowest mass stars from high-mass
polarization of Type la supernovae is an important probe obrown dwarfs at wavelengths shorter thap.fn.

the combustion physics. The polarization of the core collapse R. French is working with J. A. SmitflJ. Michigan), T.
events suggests that the core collapse process itself is ve@swalt (NSF and Florida Institute of Technologyand S.
strongly asymmetric and may require something like a jet td_eggett(Joint Astronomy Centre, Hawaion BVRI photom-
induce the explosion. etry of white dwarfs in common proper motion binaries.

T. Barnes, I. lvans, J. Martin, C. Froning and T. Moffett  Diverse avenues of research, ranging from the physics of
(Purdue Univ. completed a photometric study of Cepheids matter at high densities and temperatures to galactic structure
in the Magellanic Clouds. They have published light curvesand cosmochronology, intersect in the study of white dwarf
in VRI for 21 Cepheids with a typical uncertainty of 0.03 stars. D. Winget and collaborators exploited the intrinsic
mag. simplicity of these high gravity objects by applying the pow-

W. Jefferys and T. Barnes continued their application oferful theoretical machinery of asteroseismology to determine
Bayesian statistics to the surface brightness method for denany of the fundamental structural and evolutionary param-
termining distances and radii of Cepheids. They have appliedters of white dwarf stars: rotation rates, magnetic field
both approximately Bayesian methods and fully Bayesiarstrengths, total mass, compositional stratification of the en-
methods to the analysis of eight Cepheids. Both methodselopes, core composition, and more. Winget used this infor-
successfully account for errors in the data, provide unbiasedhation to study the behavior of matter under extreme condi-
distance estimates, and provide objective model selection fdions and to explore the history and population of our galaxy.
the radial velocity curve. In addition, the fully Bayesian Much of his and his collaborators efforts in the past year
analysis objectively selects a model for the magnitude curvehave been aimed at using HST and ground-based observa-
averages over models using different Fourier orders properltions, along with extensive theoretical calculations, to study
weighted by the posterior probabilities of the individual massive pulsating white dwarf stars. The idea is to carry out
models, and includes a Lutz-Kelker correction. The resultghe first empirical tests of the process of crystallization as it
are consistent with each other, although there is a tendendy thought to occur in the deep interior of white dwarf stars
for the fully Bayesian results to give slightly larger Cepheid or neutron star crusts.
radii. H. Dinerstein, L. Likkel (U.Wisc.-Eau Clairg and D.

G. F. Benedict, A. Hatzes, O. Frarizowell Observa- Lester continued their study of the near-infraregdémission
tory), and T. Henry(Harvard-SAQ have continued a pro- lines in planetary nebulae, utitilizing Lester's new near-
gram of radial velocity measurements of low-mass binanjinfrared spectrometer, CoolSpec, on the McDonald 2.7-m
stars. These data, once combined with HST astrometry, willelescope. These emission lines are generally interpreted as
permit a full, three-dimensional characterization of the or-originating from shocked gas, although earlier work at Mc-
bits, and very precise determination of masses and mas®onald Observatoryin the 1980'$ demonstrated that the
ratios for these objects. The primary goal is to firm-up thelines can be excited by fluorescence processes. New K-band
lower main sequence mass-luminosity relationship. The sembservations with CoolSpec of three compact, relatively un-
ondary goal is to sift for additional low-mass companions. Astudied planetary nebuld¥y 2-2, IC 5117, and J 90Geem
tertiary goal is to obtain dynamical parallaxes with which toto indicate a more complex picture: either both mechanisms
resolve possible discrepancies betwegrPArRcOsand HST  are contributing, or the line emission is due to very dense gas
parallaxes. Analyses for two objects are nearly complete, Glluminated by ultraviolet photons, in which collisions
748 (= Wolf 1062 and Gl 831(= Wolf 922). Comparisons modify the emergent spectrum.
with HST astrometry indicate radial velocity precision of H. Dinerstein, C. Sneden, and R. French have been ana-
order 200 ms™ 1. lyzing a set of broad-wavelength coverage, high-resolution

G. F. Benedict and B. McArthuiin collaboration with O.  spectra of 44 planetary nebulae obtained with the coude
Franz, Lowell Observatory and T. Henry, Harvard-SAO spectrometer at the McDonald 2.7-m telescope. The primary
continued an HST Guest Observer program of simultaneougurpose for obtaining these spectra was to detect circumstel-
transfer scan and position mode astrometry with FGS 3lar neutral material associated with the nebulae, via reso-
They will obtain precise orbits, parallaxes, and masses fonance absorption lines of species such as,all, and Ki.
close binary stars difficult or impossible to study from the Earlier work by Dinerstein and Sneden had revealed the
ground. Some of these data were used to define an empiricptesence of at least neutral atomic gas in about 40% of ob-
mass-luminosity relation for stars with masses 0.08served planetary nebulae with no other evidence for neutral
— 0.20M¢ (Henryet al. 1999, ApJ,512 864). The targets or molecular gas. If present, these features imply that the
are nearby, red dwarf multiple systems in which the magninebular is ionization-bounded, rather than matter-bounded.
tude differences are typically measureditc0.1 mag or bet- The new spectra are yielding new detections of neutral en-
ter. The M, values are generated using the best availableelopes in some objects, and providing more detailed infor-
parallaxes and are also accurateto0.1 mag, because the mation on the expansion velocities of the neutral layers.
errors in the magnitude differences are the dominant error W. F. Welsh and collaborators at Keele UniversityK)
source. In several cases, this is the first time the observetbntinued their study of the properties of post-common en-
sub-arcsecond multiples have been resolved at optical waveelope binariesPCEB, pre-cataclysmic variabje&mphasis
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was placed on determining the stellar rotation velocity inlines in planetary nebulae, which indicate implausibly high
these tidally-locked interacting binaries, because this can b®/H abundances in some objects. Analysis of our McDonald
used to determine the system mass ratio and inclination. Thebservations of about a dozen planetary nebulae has revealed
same technique is used in the X-ray binaries, but in the cleaimtriguing patterns in the line strength enhancements. The
PCEB systems, one can investigate the large systematic efata suggest that an unknown physical mechanism is contrib-
fects that bias the results. uting to the line emission to different degrees in different

E. Robinson spearheaded team efforts to explore blackbjects; this mechanism may be dielectronic recombination
hole and neutron star X-ray binaries. Robinson, with W.in hot gas. If we can account for its contribution, the recom-
Welsh and P. Young, obtained photometry of Agl X-1, bination lines offer an extremely valuable method for mea-
J0422+32 and GS2006 25 for the purpose of measuring the suring O/H abundances in ionized nebulae because it is in-
ellipsoidal variations in their light curves, which then yields sensitive to the temperature-sensitivity that plagues the
the system inclination. Combined with the mass function,collisionally-excited “forbidden” lines which are usually
this gives accurate masses for the compact object. In Aglsed for abundance determinations. New observations at
X-1, a revised orbital period and system inclination was de-igher spatial and spectral resolution, obtained by Garnett
termined. Techniques for measuring the rotation velocity inand Dinerstein at Steward Observatory in June 1999, should
X-ray binaries were investigated. With I. Ivans, long-term help identify this mechanism, which apparently enhances the
high resolution spectroscopy of the X-ray transient ClI Camstrengths of recombination lines of carbon and nitrogen, as
was obtained, and a study of this peculiar system is undemell as those of oxygen.
way. C. Froning observed the unique X-ray binary SS 433 in
September 1998, concluding a six-month program to exams 3 g Extragalactic:
ine variations in the near-infrared spectra of SS 433 over a
full binary precession cycle.

D. Sanwal and E. Robinson obtained multicolor optical

photometry of the Crab pulsar withidsec time resolution, a have discovered red supergiant variabf@SVs in the gal-

factor of 20 better than previous investigations. They foundfX1€S M81, NGC 2403, NGC 2366’ a}nd Ml(.)l' By using the
the peak of the main pulse in the B band arrives A4ec optical (R andl-band period-luminosity relations for RSVs

before the peak of the radio pulse. The color of the emission recently idenFified gnd calibrated by Jurceyic — they were
changes across the phase by 20%. The bluest color occursgt?le to determine distances to those galaxies. These RSV

the bridge region between the main pulse and the interpuls Istances Were In agreemgnt with, and were of .S'm".ar aceu-
The autocorrelation functiofACF) of the light curve shows racy to, Cephelql-bgsed distances to the galaxies, including
extra correlations at very short time scales, near 20 and 1 e HST Cepheid distance for M101. The resulis show that

microseconds. The extra correlations are attributed to micro- S_VS éorn;] z_adn dlmtportant nzw dd(;stance |rt;(|j|cator _:L]at cant
structures; this is the first time microstructures have beel)cg?rt'fy ep ell Istances and address problems with curren
seen outside radio wavelengths. IStance scales.

C. Froning, E. Robinson and W. Welsh continued theird tH. I'I))Lngrsgeltz] ctgntllréuoeito Igarym?atetlr? tlh? antall{S'SMOf
study of cataclysmic variable€CVs). Welsh, with collabo- ata obtained by the ey roject on the Interstetiar Me-

rators from Keele UniversityUK), continued his investiga- dium O.f Gangies(G. Hglou of Caltech/IPAC is the project

tion of the rapid oscillations in WZ Sge. Froning continued PI). This project constituted a broad survey of the infrared
modeling the H— and K—band light curves of IP Peg, RW Triemission from gas and dust from galaxies with different glo-
and SW Sex, producing the first infrared eclipse ,maps o al properties and different levels of star formation activity.

CVs. The accretion disk in IP Peg appears to be primarilyt he ?trongtest l'”ffared enslfgonllgses n th(ej |(n)tegg§ed spec
optically thin in the NIR, while the accretion disks in RW Tri ra of most galaxies are tHe 1] pm and[O1] 63um

and SW Sex are hot and opaque; the secondary stars in tHQeS' In general, these lines appear to arise mostly from pho-

latter CVs show broadband emission from the irradiatec}OdiSSOCiated gas associated with recent star formation, al-
faces of the secondary stars though three of the four earliest-type galaxi&and SQ in

R. French is collaborating with K. A. Lewi§Colorado the san;ple rt;_ay be eﬁceptlogs to thlsdrule. \éVltZkt.he aSSIS-d
School of Mine$ and E. FrieNSF on BVRI CCD photom- tance of two Texas undergraduate students, S. Aklyama an

etry of two relatively unstudied, yourid—2 Gyj open clus- M. Huerta, Dinerstein has compiled a data base of informa-
ters. IC 361 and NGC 6802 :I'hey have constructed colorzion from the literature and optical spectra obtained at Mc-
magnitude diagrams of both clusters, and are fitting the dat olna!d Ob_lsiervat(_)dry. _Tfhe o;z_hcal dattﬁ on tt_het_Key Pr(_)tject
with isochrones to estimate properties such as reddening, gigaaxies will provide information on the extinction, excita-

tance, metallicity, and refined age estimates. These data apan: and elemental apundances, and assist in the interpreta-

. . . tion of the ISO data.
ideal for testing models of stellar evolution. . . . . . .
g G. J. Hill, with S. Rawlings(Oxford University, contin-

i ) ued theTExox survey of radio galaxies from the NVSS and
3.3.5 Interstellar Medium, Compact Regions, Protostellar ¢ zstsurveys. The aim of this survey is to discover clusters
Disks, Star-Forming Regions: of galaxies to high redshift, using radio selection, for com-
H. Dinerstein, former graduate student C. Pulliam Lafonparison with other selection techniques. The space distribu-
(now at Brookhaven Nat. Laj.and D. GarnetfU. Arizona) tion of the radio sources will also be used to study evolution
continued to investigate the anomalousl @ecombination  of large scale structure since=2. The technique has proven

After conducting a three year ground-based optical survey
of nearby galaxies, J. Jurcevic and M. Pietteliana Univ)
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very successful, with candidate clusters at probable redshiftsmall-scale fractures in the deep crust. The AXPs seem to be
as high as 1 already discovered. Several intermediate redmagnetars that are observed during episodes of inactivity;
shift clusters already have confirmed redshifts between 0.3they have less rapid spindown rates due to their milder out-
and 0.6 from HET LRS spectroscopy. Graduate students Rlows. Free precession is potentially observable in magnetars
Gay (UT), and S. Croft(Oxford) have been working on as- because of the distortion of stellar equilibrium shapes by the
pects of the th@EXOX survey. strong magnetic field. Duncan and his collaborators pre-
W. Welsh and E. Robinson continued their investigationdicted that this will soon give the first direct measures of
of variability in AGN. Welsh has shown that AGN time lag magnetic field strengths deep inside neutron stars.
measurements derived from the cross-correlation function J. C. Wheeler, I. Yi(Korean Institute for Advanced
are both biased and contain very large variances, throwingtudy), P. Hdlich, and L. Wang completed a study of the
into question whether the observed year-to-year changes isossibility of matter and radiation-dominated jets from
lag seen in some AGN are real. Welsh completed his studyewly formed neutron stars and how they might induce
of NGC 7469, in which HST high-speed spectrophotometryasymmetric supernovae and gamma-ray bursts of various
was used to search for ultl‘a-rapid Var|ab|l|ty in this Seyfert 1strengths_ Core Co”apse that gives rise to very Strong|y mag-
galaxy. netized neutron stars, magnetars, identified with soft gamma
W. Welsh, E. Robinson, G. Hill, G. Shields, and B. Wills yay repeaters, could produce very strong Poynting flux that
and coIIabora_t_ors from Penn Stat®l. Eracleous and N. quid provide jets with collimated energy ef 10°2 ergs,
Brandy and Gdtingen (W. Kollatschny have initiated the  gyfficient to account for cosmic gamma-ray bursts.
“HET Echo Mapping Project,” a long—term spectroscopic A= Khokhlov (Naval Research LaborataryP. Hdflich, E.
program to map the gas flows inside AGN. By using time—oyan (Naval Research Laboratdnd. C. Wheeler, L. Wang,
delay information in the emission lines, structure at the mi-ang A, ChichelkanovdNaval Research Laboratongimu-
croarcsecond scale can be resolved. With the HET, full 2-Oateq three dimensional jets emerging from a newly born
velocity-resolved echo mapping can be achieved, and highyeytron star and propagating through the mantle of a
redshift QSOs can be mapped. A photometric study is undetsyqrogen-deficient Type Ib supernovae. The jets emerged
way, and spectroscopic observations await final HERS  from the mantle in about 10 seconds and generated lateral
commissioning. _ shocks that converged on the equator. The subsequent expan-
W. Welsh and E. Robinson are part of the "Kronos” gjq, yielded the sort of oblate asymmetries required to ac-
project, a proposesliDEx-class satellite to probe black holes ¢t for the polarization of core-collapse supernovae. This
and accretion processes in AGN, X-ray binaries and catdyqrk gave more substance to the notion that ordinary core
clysmic variables(B.M. Peterson, Ohio State Univ., is the 4| janse supernovae are induced by jets rather than tradi-

P.1). . . _ tional processes of neutrino transport. The jets might be re-
G. Shields completed a review of the history of researcqated to gamma-ray bursts.

on active galactic nuclei. The article traces observational and P. Hdflich, J. C. Wheeler, and L. Wang explored light
theoretical developments from the beginning of the twen'uetfz:urveS of asymmetric configurations for supernovae and

century through the 1980s. showed that the high optical luminosity of SN 1998bw might
be accounted for by asymmetries, without the need for the

3.3.7 Theory: very high energies associated with spherically symmetric
R. Duncan studied X-ray observations of soft gamma re-hypernova” models
peater§SGR$ and anomalous X-ray pulsat8XPs) in col- P. Hdlich, K. Nomoto(Tokyo), H. Umeda(Tokyo) and J.

laboration with scientists atasA’s Marshall Spaceflight C. Wheeler showed that Type la progenitors of low metal-
Center(E. Gogus, C. Kouveliotou, J. van Paradijs, P. Wooddlicity would have smaller carbon/oxygen ratios than solar
and others These observations give corroborating evidencenetallicity progenitors. This would tend to make the peak
for the magnetar model, which was proposed in 1992 byight a little dimmer for distant, high redshift, low metallicity
Duncan and C. ThompsdtJ. N. Carolina at Chapel Hjll In  events. This is the effect seen which is then interpreted as the
particular, SGR 190014 was found to have undergone a €effect of cosmology. This could be a source of systematic
“spindown glitch” during the giant flare of August 27, 1998. differences in brightness that needs to be resolved from the
This can be understood as a sudden transference of angukfifects of cosmology.
momentum between a magnetar’s crust and the more slowly- G. Shields began a theoretical study of the quasar PG1222
rotating superfluid component. In a magnetar, crustal defor+228. This is one of several QSOs observed to have a
mation induced by the stresses of an evolving magnetic fielétrong, abrupt rise in polarization in the Lyman continuum
generally induce the crustal superfluid to rotate more slowlyspectral regior(Koratkar and Blaes 199PASP111, 1). In
than the rest of the star. This is the opposite of what happertkis object, the polarization rise coincides in wavelength with
in ordinary rotation-powered radio pulsars, and leads ta Lyman limit absorption feature. Shields is exploring the
glitches of opposite sign. possibility that the feature is caused by high velocity out-
R. Duncan and collaborators studied the steady spindowflow. Such an interpretation would contrast with attempts to
histories of SGRs and AXPs. Angular momentum loss fronrelate such polarization rise features to the presumed accre-
SGRs is enhanced by relativistic wind channeled by thdion disk in QSOs. Shields and O. Blag3CSB) studied the
star's ultrastrong field. Quasi-steady magnetic vibrationsviability of a new accretion disk model for Lyman con-
(Alfven wave$ can drive such a wind, due to frequent, tinuum polarization rises in QSOs. This modBEloborodov
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and Poutanen 1999, Ap317, L77) involves Compton scat- and direction around each particle. A new 3D version has
tering in an accretion disk corona or wind. Blaes and Shieldbeen developed by Shapiro and Martel, with a Particle-
found that the model does not give a sufficiently rapid rise inParticle/Particle-Mesh(P3M) gravity solver, and tested
polarized flux as a function of wavelength. Shields and Eagainst a variety of problems with well-known solutions, in-
Agol (Johns Hopkins U.began an effort to explain Lyman cluding that of cosmological pancake collapse, the Sedov
continuum polarization rises of QSOs in terms of generaproblem of a point explosion in a uniform gas, and the cos-
relativistic “returning radiation.” The angular distribution of mological self-similar spherical infall problem. The new 3D
this radiation as it strikes the disk can give strong polarizaversion includes a refined algorithm for suppression of arti-
tion because of electron scattering. ficial viscous heating away from shocks, which automati-
H. Martel, P. Premadi(Tohoku University, and R. cally adjusts the threshold criteria used to suppress viscous
Matzner(Dept. of Physics and Center for Relativity, Univer- heating, in a time- and space-varying manner, according to
sity of Texas have pursued their study of light propagation local conditions and particle resolution. A new numerical
in inhomogeneous universes. Using the multiple-lens planénstability for the standard SPH method has been identified
algorithm, they studied the effect of gravitational lensing onin which artificial viscosity couples to radiative cooling so as
light propagation for 43 differentoBenormalized Cold to produce a spurious isothermal shock jump whenever the
Dark Matter models, with various values of the density pa-time for particles to transit the shock transition zone is longer
rameter()y, cosmological constant,, Hubble constani, than the cooling time inside the zone. This may have signifi-
and rms density fluctuationg. This constitutes the largest cantimplications for the large body of research already in the
cosmological parameter survey ever done in this field. Theskterature on galaxy formation, in which the kinetic energy of
experiments provide statistics of the magnification, sheargravitationally-driven infall is dissipated by radiative cooling
and multiple imaging of distant sources. They intend to com{ollowing shock-heating, most of which is based upon simu-
pare these statistics with available observations of lenselditions using the standard SPH method. Work to eliminate
sources in order to determine or impose limits on the valueshis problem is underway.
of the cosmological parameters. H. Martel and P. Shapiro studied the effect of explosions
H. Martel, T. HamandTohoku University, and T. Futa- inside protogalaxies on their formation. When density fluc-
mase(Tohoku University computed statistical properties of tuations collapse gravitationally out of the expanding cosmo-
weak gravitational lensing by large-scale structures in 3 difiogical background universe to form galaxies, the secondary
ferent Cold Dark Matter models. They performed 1.1energy release which results from supernovae following the
X 10’ ray-tracing experiments for each model, by comput-formation of the first generation of massive stars inside the
ing the Jacobian matrix along random lines of sight, usingprotogalaxy can affect the subsequent evolution profoundly.
the multiple lens-plane algorithm. From the results of thesélheir study focused on the consequences of the nonspherical
experiments, they calculated the probability distributiongeometry and continuous infall, which are characteristic of
functions of the convergences, shears, and magnificationgalaxy formation from realistic initial and boundary condi-
and their rms values. They found that the probability distri-tions. As an idealized model, they studied the effect of ex-
bution functions of the magnificationg,, have a peak at plosions on the quasi-spherical objects which form at the
values slightly smaller thap = 1, and are strongly skewed intersections of filaments in the plane of a cosmological pan-
toward large magnifications. In particular, for the high- cake, as a result of gravitational instability and fragmentation
density models, a power-law tail appears in the distributiorof the pancake. Numerical gas dynamical simulations of the
function at large magnifications for sources at redshifts formation and evolution of these “galaxies,” subject to the
> 2. They also studied the effect of magnification bias onexplosive injection of energy at their centers, were per-
the luminosity functions of high-redshift quasars, using theformed of the self-similar behavior which results when the
calculated probability distribution functions of the magnifi- gas is unable to cool by radiating away its internal energy.
cations. They showed that the magnification bias is moderatéhe results indicate that such explosions channel the gas
in the absence of the power-law tail in the magnificationmass ejected from the protogalaxy away from the pancake
distribution, but depends strongly on the value of the densitgentral plane along an axis perpendicular to that plane, but
parameterf(),. In the presence of the power-law tail, the infall within the pancake plane, especially along the fila-
bias becomes considerable, especially at the bright end of thments, continues and eventually replenishes the original lost
luminosity function where its logarithmic slope steepens. gas. Computer visualization and animation of these simula-
P. Shapiro, H. Martel, and J. Oweéhawrence Berkeley tion results was developed with the help of undergraduate
Livermore Lab$ continued the development and application physics major M. Alvarez.
of their new anisotropic version of Smoothed Particle Hydro- H. Martel and P. Shapiro calculated the maximum frac-
dynamics(SPH), called Adaptive SPHASPH), for cosmo-  tion of matter which is able to condense out of the expanding
logical gas dynamics. The ASPH method improves the spabackground universe, for any universe which will expand
tial resolving power of the SPH method at fixed numbers offorever. They used a simple, pressure-free, nonlinear, spheri-
simulation particles, by replacing the spherical interpolationcal model for the growth of density fluctuations in the uni-
kernels of SPH by triaxial ellipsoidal kernels whose size,verse. This model includes the cases of an open matter-
orientation, and axis ratios are dynamically adjusted continudominated universe and universes in which there is a
ously throughout a simulation, so as to respond to the variadniform background componefg.g. the cosmological con-
tion of the interparticle separation distances in time, positionstant or “quintessence), of great current interest because
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luminosity distances measured for Type la supernovae nowwolm Obs., Swedemperformed the first gas dynamical simu-
indicate that cosmic expansion today is accelerating, as Iations of the photoevaporation of an intergalactic gas cloud
would be in such a universe. In these background universesyertaken by the R-type ionization front which results when
the growth of density fluctuations freezes out, gravitationala quasar or stellar source turns on in the neutral intergalactic
instability is suppressed, and with it so is the growth of themedium(IGM) during the reionization of the universe at an
collapsed fraction. The asymptotic collapsed fraction is apoch earlier than redshift 5. Located 1 Mpc from a quasar of
quantity of interest in anthropic probability calculations, to modest luminosity, a cloud of gas mass a few million solar
explain why it is natural for us to observe a small, but posi-masses can trap the ionization front and gradually evaporate
tive cosmological constant comparable in energy density t®Y expelling a supersonic wind in the direction of the quasar,
the matter density today, in cosmologies in which there argvhile accelerating away from the quasar by a “rocket ef-
an infinite number of subuniverses in each of which the cosfect.” Observationally, such a cloud would initially appear
mological constant can take on any value. In addition, thig8s @ Lyman limit quasar absorption line cloud in the spec-
asymptotic collapsed fraction serves to identify a limitationtrum of that quasar and evolve into Lyman alpha forest ab-
of the well-known Press-Schechter approximation for thesorption line gas, as the photoevaporation reduces its neutral
time-dependent mass function of cosmological structure forcolumn density over the course of more than 100 Myr. Sha-
mation. In the latter approximation, the mass function deterPiro and Raga have followed this work by considering a
mined from the extrapolation of linear density fluctuationmore realistic, centrally-concentrated, gravitationally-bound
growth for Gaussian random noise fluctuations to nonlineaptructure as the initial condition for a minihalo or protogal-
amplitudes is conventionally multiplied by a factor of two to @y at high redshift at the time of passage of the global
correct for the fact that linear growth predicts that only ini- |on|z'at|0n front responsible for reionizing the intergalactic
tially positive fluctuations are able to condense out, whichmedium. o _ .
neglects the accretion of matter from initially underdense P Shaplro a_nd R-_ BenjamifU. of Wlscong_n _upda_\teq
regions. These calculations of the asymptotic collapsed frac@nd revised their earlier work on the nonequilibrium ioniza-
tion indicate that, contrary to this expectation, when freezelion, radiative cooling, and emergent emission and absorp-
out occurs, the correction factor reduces to unity and thdiOn spectra of hot gas cooling radiatively in the galactic
simple PS formula must overestimate the collapsed fractio?&/0, such as in the galactic fountain model.

P. Shapiro, I. lliev, and A. RagdUNAM) developed a
new model for the postcollapse equilibrium structure of ob-3.3.8 Astrometry:

jects which form by gravitational condensation out of the  The Hubble Space Telescope Astrometry Science Team is
expanding cosmological background universe, a key elemeifased at the University of Texas. Local members include G.
in the theory of galaxy formation. The outcome of the non-gyitz Benedict(Deputy P.I), B. McArthur, R. Duncombe
linear growth of a uniform, spherical density perturbation in(aerospace EngineeringW. Jefferys(P.1), and P. Shelus.
an unperturbed background universe — the cosmologicafhe team continued obtaining, reducing and analyzing data
“top-hat” problem — was reconsidered. The usual assumppearing on planet searchésee Planet Detection, abdye
tion was adopted, that the collapse to infinite density at garallaxes of astrophysically interesting objects Gephei,
finite time predicted by the top-hat solution is interrupted byRR Lyrae, Feige 24, the central star of the planetary nebula
a rapid virialization caused by the growth of small-scale in-NGC 6853, RW Tri, and TV C9| and astrometry of low-
homogeneities in the initial perturbation. The standard demass M-dwarfs. All data are obtained with Fine Guidance
scription of the postcollapse object as a uniform sphere irsensor 3 aboard HST. They continue to obtain 1—2 milliarc-
virial equilibrium was replaced by a more self-consistent onesecond precision per measurement and sub-milliarcsecond
as a truncated, nonsingular, isothermal sphere in virial an@recision parallaxes. The team obtained absolute parallax
hydrostatic equilibrium, including for the first time a proper values for Proxima Cenr,,s = 077687 = 070003 and for
treatment of the finite-pressure boundary condition on th@arnard’s Starr,,s = 075454 + 070003.
sphere. The results differ significantly from both the uniform | ed by Otto Franz(Lowell Observatory, the M dwarf
sphere and the singular isothermal sphere approximations f@inary, Wolf 1062 (Gliese 748, was observed with Fine
the postcollapse objects. These results will have a significaruidance Sensor 3 in the fringe scanning mode to determine
effect on a wide range of applications of the Press-Schechtehe apparent orbit. This is the first orbit defined fully and
and other semi-analytical models to cosmology. The uniquexclusively with HST, and is the most accurate definitive
truncated isothermal sphere solution derived by Shapiroorbit for any resolved, noneclipsing system. The orbital pe-
lliev, and Raga predicts the virial temperature and integrate¢iod is 2.4490 + 0.0119yr and the semimajor axis is
mass distribution of the X-ray clusters formed in the CDM 071470 + 070007 — both quantities are now known to bet-
model as found by detailed, 3D, numerical gas and N-bodyer than 1%. Using the weighted mean of seven parallax
dynamical simulations remarkably well. With this solution, measurements and these HST data, they found the system
they derived analytically for the first time the numerically- mass to be 0.54% 0.03IM, where the error of 6% is due
calibrated mass-temperature and radius-temperature scalidgmost entirely to the parallax error. The mass uncertainties
laws for X-ray clusters which were previously found empiri- should decline to about 3%, once their ongoing HST parallax
cally from simulation results for the CDM model and are analysis is completed.
consistent with the observations of X-ray clusters. B. McArthur lead an astrometric investigation of RW Tri-
P. Shapiro, A. RagdUNAM), and G. Mellema(Stock-  angulum(RW Tri), carried out with HST. RW Tri is a 13th
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magnitude nova-like cataclysmic variable star with an orbitalin the International Celestial Reference Frafi@RF) by re-
period of 0.2319 day&.56 hy. Infrared observations of RW placing the GSC with USNOA-2.0 and its derivatives. Re-
Tri indicate that its secondary is most likely a late-K dwarf. placing the fundamental reference catalog will also remove
Past analyses predicted a distance of 270 pc, derived fromsignificant systematic effects on the measures.
blackbody fit to the spectrum of the central part of the disk. The total PFC astrometric system continues to be fully
The Hubble Space Telescope Fine Guidance Sensor intefdnctional during the continuing upgrade, and excellent re-
ferometric observations allow the determination of the firstsults are being obtained. They have just begun a major new
trigonometric parallax to RW Tri. This determination puts thrust this year with the timely observation of objects that
the distance of RW Tri at 3453pc, one of the most distant appear on the nightly MPC NEO Confirmation Page. As a
objects with a direct parallax measurement. consequence, and as a sign of success in this endeavor, the
With FGS 3, G. F. Benedict and B. McArthur have deter-number of Minor Planet Electronic Circulars containing their
mined a parallax for the white dwarf-M dwarf interacting observations has increased. Also, a very recent software up-
binary, Feige 24. The white dwatDA) component has an drade gives the ability to query a generalized JPL minor
effective temperaturel;; ~ 60,00K. A weighted average planet data base in real time to identify all known targets
with past parallax determinationsr{,s = 14.6 + 0.5 ma$ within the field that was just observed. The software has
narrows the range of possible radius values, compared to pagen modified to physically identify all such targets on the
estimates. They obtaing®p, = 0.0199+ 0.002R,, with  exposure, assuring that all known field objects are measured,
the temperature uncertainty the dominant contributor to thé? addition to the target. It remains routine to have a night's
radius error. A recently refined model Mass-Luminosity Re-Worth of minor planet and cometary positional observations
lation (Baraffe et al. 1998 A&A, 337, 403 for low mass electronically sent to the Minor Planet Center the morning
stars provides a mass estimate for the M dwarf companiorfifter the observations were taken. o _
Mgy = 0.37 = 0.20M,, where the mass range is due to P Shelus and co-workers are investigating a cooperative
metallicity and age uncertainties. Radial velocities fromeffort with the 3-m aperture liquid mirror telescoeMT)

Vennes and Thorstensei994, AJ, 108 1881 provide a that is located near Cloudcroft, NM. This facility is located
mass ratio from which we obtaiMp, = 0-49f8'c1>§M®- approximately 250 km north-west of McDonald Observa-

Independently, the radius and recéay g determinations tory. The major thrust of the effort is to discover and confirm
yield 0.44< Mp, < 0.58M, . In each case the minimum €W NEO’s. While the LMT can discover and identify ob-

DA mass is that derived by Vennes & Thorstenson fromi€cts, it cannot perform follow up, since it is zenith staring.
their radial velocities and Keplerian circular orbits with McDonald Observatory is joining an effort to make regular
< 90°. Locating Feige 24 on aM — R plane suggests a follow-up observations of objects that are found by the LMT.

carbon core. This project will depend strongly upon real time, at-the-
B. McArthur and G. F. Benedict assisted in determiningteleSCOPe communications between the two observatories.

astrometric parallaxes for three well-known dwarf novae.Nitial observations should begin in the fall
This work resulted in a parallax for SS Aurigae af
= 5.00 + 0.64 mas, for SS Cygnir = 6.02 + 0.46 mas, 3.3.9 Laser Ranging:
and for U Geminorumr = 10.37+ 0.50 mas. These rep-  The |unar and artificial satellite laser ranging staff consists
resent the first true trigonometric parallaxes of any dwarfof Project Director P. Shelus and staff members R. Ricklefs,
novae. This program and our RW Tri results demonstrated, G. Ries, and J. Wiant. This year continued nearly 3 de-
again, that with a very modest amount of HST observingcades of observation and research efforts. The McDonald
time, the Fine Guidance Sensors can deliver parallaxes withaser Ranging StatiotMLRS) is a fundamental station in
sub-milliarcsecond precision. the world-wide laser ranging network. It consists of a 0.76-m
P. Shelus, J. G. Ries, and E. Barker continued their astraeflecting telescope and a very short pulse, frequency-
metric observations of small, faint solar system bodies. Thigioubled, 532-nm wavelength, neodymium-YAG laser, with
effort employs a CCD using the Prime Focus Correctorancillary computer, electronic, and timing hardware. The sta-
(PFQ on the McDonald 0.76-m reflector. This instrument is tion is located at McDonald Observatory on Mt. Fowlkes, to
capable of reaching R22, with more than 3-sigma signifi- the north-east of Mt. Locke in west Texas and shares the
cance on stellar objects. Primarily, they are working to ob-mountain top with the new Hobby«Eberly Telescope.
serve minor planets. There is a substantial non-observational During the spring of this year, a slaved, pencil-beam radar
part to this project. They continued their software developwas installed at the MLRS, which eliminated the need for a
ment efforts within IRAF and ICE to perform real time pro- human airplane spotter. This allows the station to operate
cessing of CCD frames, identify star fields and solar systenith single member observing crews. During installation and
objects, digitally determine center and intensity for all iden-shake-down operations, extensive coordination was main-
tified objects, and process measures to obtain astrometric peained with National Radio Astronomy Observatory person-
sitions and magnitudes. They continued to automate extemel to assure non-interferenece of the MLRS radar with the
sive portions of the astrometric measuring and reductioNRAO Fort Davis facility. The MLRS is now in continuous
script for increased efficiency during data processing. Theyperation, 24 hours a day, 365 days/year, weather and equip-
are also removing the effects of “personal equation” duringment permitting. Laser ranging observations are carried out
the measuring process by applying robust estimation theorio 15-20 artificial satellites, according to the priorities and
to the reduction. They will soon be making measures directlyspecifications of the International Laser Ranging Service, as
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well as to the Moon. The MLRS continues to be the only ferys, W. H., Van Altena, W., Lee, J., D., C., Shelus, P. J.,
lunar capable laser ranging station in the United States, and Hemenway, P. D., Franz, O. G., Wasserman, L. H., Dun-
only one of two routinely lunar capable stations in the entire combe, R. L., Story, D., Whipple, A. L., & Fredrick, L.
world. By measuring the time it takes for a laser pulse to \W. 1999,AJ, 118 1086.
leave a ground station, bounce off a targeted reflector arrayg|ess, R. C., Richards, E. E., Bosh, A., Dolan, J. F., Elliot, J.
and return to the ground station, one measures very precisely | Nelson, M., Percival, J. W., Robinson, E. L., Taylor,
the distance between the station and the reflector array. Com- \. van Citters, G. W., & White, R. L. 1999ASP,111,
paring a series of measuremefiggmost 30 years of lunar 364.
laser ranging observations have now been accumulated, ®randt, J. C., Heap, S. R., Beaver, E. A., Boggess, A., Car-
ggther with almost ZQ years of artificial satellite Jatxien- penter, K. G., Ebbets, D. C., Hutchings, J. B., Jura, M.,
tific results are obtained in four broad areas: solar system Leckrone, D. S., Linsky, J. L., Maran, S. P., Savage, B.
ephemeris development, general relativity and gravitational D., Smith, A. M., Trafton, L. M., Walter, F. M., Wey-
physics, lunar science, and geodynamics. Finally, the laser mann, R. J.. Howk, J. C.. Snow, M.. Ake, T. B., & Sem-
site at McDonald Observatory hosts a permanent GPS re- bach. K. R. 1999aAJ. 117 400.
ceiver and satisfies all other requirements for being afunda}érandt ’J C., Heap S ,R éeaver E. A, Boggess, A., Car-
mental site in a world-wide geophysical network. The con- oY Lo o P
. i ) : . penter, K. G., Ebbets, D. C., Hutchings, J. B., Jura, M.,
tinuous, real time meteorological data that is monitored Leck DS Linskv. J L. M S p. S B
routinely by the MLRS automatically becomes a part of an eckrone, L. ., LInsky, J. L., Varan, >. ., savage, b.
international meteorological database. The MLRS site also D., Smith, A. M., 'Trafton, L. M., Walter, F. M., Wey-
serves as a fundamental node in the International GPS Sys- mann, R_‘ J., Proffitt, C. R., Wahigren, G. M., Johansson,
tem. S. G,, Nilsson, H., Brage, T., Snow, M., & Ake, T. B.
Lunar and artificial satellite laser ranging observations 1999b,AJ, 117, 1505. . .
were obtained with the MLRS at record setting levels for theBréger, M., Handler, G., Garrido, R., Audard, N., Zima, W.,
10th straight year, as personnel cooperated with colleagues Papare M., Beichbuchner, F., Zhi-Ping, L. S. Y., J,, .
around the world, making maximum use of the data type for -Y-J., Zong-Li, L., Ai-Ying, Z., Pikall, H., Stankov, A.,
earth, moon, and solar system related dynamics. Principal Guzik, J. A., Sperl, M., Krzesinski, J., Ogloza, W., Paj-
research activity using LLR data includes monitoring the ex- d0sz, G., Zola, S., Thomassen, T., Solheim, J. E., Serkow-
change of angular momentum between the solid earth and its itsch, E., Reegen, P., Rumpf, T., Schmalwieser, A., &
atmosphere, the principal geopotential terms, plate tectonic Montgomery, M. H. 1999A&A, 349, 225.
activity, tidal dissipation in the lunar orbit, the lunar free Catala, C., Donati, J. F., Bon, T., Landstreet, J., Henrichs,
libration, and the equivalence principle of general relativity. H. F., Unruh, Y., Hao, J., Collier Cameron, A., Johns-
In a service capacity, the project also serves as Observing Krull, C. M., Kaper, L., Simon, T., Foing, B. H., Cao, H.,
Center and Analysis Center in the International Earth Rota- Ehrenfreund, P., Hatzes, A. P., Huang, L., De Jong, J. A,,
tion Service(IERS) and the International Laser Ranging Ser-  Kennelly, E. J., Kulve, E. T., Mulliss, C. L., Neff, J. E.,
vice, obtaining millisecond accuracy estimates of the con- Oliveira, J. M., Schrijvers, C., Stempels, H. C., Telting, J.
stant of precession, coefficients of nutation, polar motion, H., Walton, N., & Yang, D. 1999A&A, 345, 884.
and Earth rotation. This constitutes the only near-real timeClementini, G., Gratton, R. G., Carretta, E., & Sneden, C.
source of this information that includes the lunar laser rang- 1999, MNRAS,302, 22.
ing data type. Cochran, W. D. & Cochran, A. L. 1999¢arus, 140, 122.
Finally, the laser ranging team is cooperating with NASA/ Combi, M. R., Cochran, A. L., Cochran, W. D., Lambert, D.
GSFC in the development, construction, and eventual de- |, & Johns-Krull, C. M. 1999 ApJ, 512, 961.
ployment of a network of what are to be know as SLR2000Cowan, J. J., Pfeiffer, B., Kratz, K. L., Thielemann, F. K.,

receivers. These are small, unmanned, eye-safe laser rangingsneden, C., Burles, S., Tytler, D., & Beers, T. C. 1999,
systems that will provide inexpensive coverage for most la-  ApJ 521 194.

ser ranging targets on a continuous, 24 hour/day, 365 dayfrawford, J. L., Sneden, C., King, J. R., Boesgaard, A. M.,

year schedule. & Deliyannis, C. P. 1998AJ, 116, 2489.
Cunha, K. & Smith, V. V. 1999ApJ, 512, 1006.
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