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This report covers the period from 1 October 1999 through Visiting colleagues included Marcelo Emilio, Miwa Goto,
30 September 2000, and was compiled in October 2000. Olivier Guyon, Masatoshi Imanishi, Roland Meier, rBa-
gere Parise, and Bradford Smith.

2.1 New Faculty

1. INTRODUCTION In June 2000, the University of Hawaii Board of Regents
The Institute for AstronomylfA) is the astronomical re- appointed Rolf-Peter Kudritzki director of the IfA beginning
search organization of the University of Hawd#iiH). Its  in October 2000. At the time of his appointment, he was

headquarters is located in Honolulu on the island of Oahyprofessor of astronomy and director of the Institut As-

near the University of Hawaii at Manoa, the main UH cam-tronomie und AstrophysikUniversity Observatoryat the

pus. The IfA is responsible for administering and maintain-University of Munich.

ing the infrastructure for Haleakala Observatories on the is- Haosheng Lin was appointed to an assistant astronomer
land of Maui and for Mauna Kea Observatorid@dKO) on  position. He has considerable expertise in instrumentation

the island of Hawaii. for solar astronomy, and he plans to continue his work on
More information is available at the Institute’s World infrared measurements of solar magnetic fields and precise
Wide Web site: http://www.ifa.hawaii.edu/. measurements of the solar cycle. He came to the IfA from

the National Solar Observatory/Sacramento Peak in Sunspot,
New Mexico, where he held the position of assistant astrono-
2. STAFF mer. He is based in Waiakoa on Maui and is also working at
The scientific staff during this report period consisted ofthe Mees Solar Observatory on Haleakala.
Joshua E. Barnes, Ann M. Boesgaard, Wolfgang Brandner, Equardo Marin was appointed to an assistant astronomer
Douglas Burke, Kenneth C. Chambers, Antoinette Songailosition. His areas of research are brown dwarfs and low-
Cowie, Lennox L. Cowie, Harald Ebeling, Isabella M. Gioia, mass stars. He joined the IfA after completing a postdoctoral
J. Elon Graves, Donald N. B. Hall, James N. Heasley, Je|lowship at the California Institute of Technology.
Patrick Henry, George H. Herbig, Klaus-Werner Hodapp, | szapudi was appointed to an assistant astronomer posi-
Esther M. Hu, David C. Jewitt, Robert D. Joseph, Nick Kai-tjon. A cosmologist, he comes to the IfA from the Canadian
ser, Richard Knabb, John Kormendy, Jeffrey R. Kuhn, Barry|nstitute of Theoretical Physics at the University of Toronto,
J. LaBonte, Jing Li, Haosheng Lin, Gerard A. Luppino, Eu-canada, where he has held the position of senior research

gene A. Magnier, Eduardo L. Manti Robert A. McLaren  associate. He is expected to arrive at the IfA in January 2001.
(Interim Directop, Karen J. Meech, Donald L. Mickey, Mal-

colm J. Northcott, Tobias C. Owen, Andrew J. Pickles,» 2 Honors and Awards Received
Narayan S. Raja, John T. Rayner, Pui Hin W. Rhoads, A.
Kathleen Robertson, Claude Roddier, Fraind). H. Roddier, I. Sanders won the Humbolt Research Award for Senior
David B. Sanders, Theodore Simon, Alan Stockton, David JUS Scientists. F. Roddier won the UH Board of Regents’
Tholen, Alan T. Tokunaga, John L. Tonry, R. Brent Tully, Medal for Excellence in Research for his work in adaptive
William D. Vacca, Richard J. Wainscoat, and Gareth Wynn-Optics. Chambers won the UH Board of Regents’ Medal for
Williams. Excellence in Teaching.
Postdoctoral fellows included Hernviussel(James Clerk
Maxwell Fellow), Amy Barger(Hubble fellow), Pierre Bau- 3. MAUNA KEA OBSERVATORIES
doz, Nicholas BiverlJames Clerk Maxwell Fellow until 30 The telescopes in operation during the report period were
June 2000 Yanga R. Fernandez, Renate Kupke, Jana Pittithe UH 2.2 m and 0.6 m telescopesetB m NASA Infrared
chova (NATO-NSF Postdoctoral Felloyw and Gillian Wil-  Telescope Facilit{IRTF), operated by the UH under a con-
son(Parrent Fellow. tract with NASA,; the 3.6 m Canada-France-Hawaii Tele-
The following students completed the requirements for ascope(CFHT), operated by the Canada-France-Hawaii Tele-
Ph.D.: Gabriela Canalizo, #an Dahle, James Deane, Alex scope Corporation on behalf of the National Research
Stephens, Chadwick Trujillo, and Robert Whiteley. Council of Canada, the Centre National de la Recherche Sci-
The other graduate students during the report period werentifique of France, and UH; the 3.8 m United Kingdom
James Armstrong, Elizabeth Barrett, Brian Barris, Jamesnfrared Telescop@UKIRT), operated in Hawaii by the Joint
Bauer, George Bendo, Peter Capak, Michael ConnelleyAstronomy CentréJAC) based in Hilo on behalf of the Par-
Michael Cushing, Scott Dahm, David Donovan, Eliza Ful-ticle Physics and Astronomy Research Council of the United
ton, Cyrus Hall, Catherine Ishida, Kevin Jim, Dale Kocevski,Kingdom; the 15 m James Clerk Maxwell Telescope
Christopher Mullis, Michael Nassir, Megan Novicki, Daniel (JCMT), a submillimeter telescope operated by the JAC on
Potter, Barry Rothberg, Robert Thornton, Scott Sheppardyehalf of the United Kingdom, Canada, and the Netherlands;
and Wei-Hao Wang. the 10.4 m Caltech Submillimeter Observat¢650), oper-
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ated by the California Institute of Technology for the Na- 3.2 IfA Hilo Facility and Infrastructure
tional Science FoundatiofNSP); the Hawaii antenna of the The 35,000 square fo¢8300 rr?) IfA Hilo Facility, com-

Very Long Baseline Array(VLBA), operated by the Na- leted during th id tate-of-the-art
tional Radio Astronomy ObservatofNRAO); the 10 m  P'St€C AUrng the summer, provides a state-ol-the-art opera-
tions base for the IfA’s activities on Mauna Kea, plus long-

Keck | and Keck Il telescopes of the W. M. Keck Observa- ited . f h. inst tati
tory, which is operated by the California Association for Re-2Walled expansion space 1or our research, instrumentation,
teaching, and outreach programs. The facility is equipped

search in Astronomy for the use of astronomers from the ™. ) . . L
California Institute of Technology, the University of Califor- with a high-bandwidih fiber-optics link to the other base fa-
nia system, NASA, and UH:; the 8.3 m Subaru Telescopec'“t'es in the UH Hilo University Pa_rk and to the telescopes
operated by the National Astronomical Observatory ofJapar?n Mauna Kea for remofce observing. Ogr.Hno-bgsed staff
(NAQJ); and the 8.1 m Gemini North Telescope, built by an about 30 peoplemoved into the new building during Au-

international partnership and managed by the Association ot
Universities for Research in Astronomy.

st and September.
The MKO connection to the Internet has been upgraded to
. . - DS-3 capacity(45 Mbits s'1) with funding provided by the
Construction continued on the Submillimeter Arra . .

uct nu abmitt y NSF. The local area network linking the observatories to

(SMA), a collaborative project of the Smithsonian Astro-
physical Observatory and the Institute of Astronomy and ag.8ach other and to the base facilities has been converted to

trophysics of the Academia Sinica of Taiwan. asynchronous transfer mog&TM) technology.

4. HALEAKALA OBSERVATORIES

The administrative staff consisted of M. Maberry, D.
O’'Gara, K. Rhoden, K. Kimura, and J. Perreira, and the tech-

nical staff included E. Olson, M. Waterson, R. Coulter, G.

In June, the UH Board of Regents approved a new Iv"':lStel(Iitta J. Frey, C. Foreman, L. Hieda, B. Lindsey, K. Ventura
Plan for the UH-managed lands on Mauna Kea. The nevgénd\’] kamit’)ay.ashi T T T '

plan provides guidelines for astronomy development for the
next 20 years and introduces a new management structure.
All future development will be located within a 525 acre 4-1 Mees Solar Observatory

(213 hectarg Astronomy Precinct, leaving the surrounding  \ees Solar Observatory supports IfA solar scientists in
10,760 acres4,358 hectargsas a natural and cultural pre- data acquisition by running diverse observational programs
serve. The guidelines prohibit development on currently unyith its telescope cluster. The observatory regularly co-
disturbed cinder cones and require facility designers to minippserves with the satellitegohkoh Solar and Heliospheric
mize environmental impact, including visual impact. Projectsppservatory(SOHO, and Transition Region and Coronal
foreseen through the year 2020 &t a next generation Explorer (TRACH, and also participates in special satellite
optical/IR telescope in the 25-50 m rang®), renovation or  and ground-based observatory campaigns. One of the unique
replacement of up to five of the older existing faciliti€8)  opservational capabilities at Mees is the ability to perform
expansion of the W. M. Keck Observatory with the addition measurements of the temporal evolution of photospheric vec-
of four to six 1.8 m outrigger telescoped) expansion of the  tor magnetic fields. The observatory’s complement of instru-
Submillimeter Array with the addition of up to 12 more an- ments includes the Imaging Vector MagnetograViM ),
tennas(for a total of 24, (5) one new telescope in the 4-12 ajeakala Stokes Polarimeter, Mees CCD Imaging Spec-
m range at a currently unused site, d6pla 1 m instructional  trograph(MCCD), Mees White Light Telescope, and Coro-
telescope. nal Limb Imagers.

The plan establishes a new Office of Mauna Kea Manage- Active instrumentation projects include adding rapid
ment, located at the University of Hawaii at Hilo. The office yyavelength selection to the IVM to permit sequential photo-
will have a director reporting to the UH Hilo chancellor, spheric and chromospheric magnetic observations, and a new
support staff, and a team of guides who will work on theccp camera and data system for the MCCD for high-speed
mountain. Also included in the plan is a Mauna Kea Man-gpectral imaging in collaboration with the upcomiktigh
agement Board representing the various stakeholder constitgmergy Solar Spectroscopic ImagédESS), a Small Ex-
encies. This seven-person board will have an oversight rolgjorer Progan{SMEX) mission.
for all activities on Mauna Kea. It will serve as the interface
between the UH and the community, and it will provide 4.2 LURE Observatory
policy guidance to the Management Office. Finally, the plan
calls for a panel of Hawaiian elders, the Kahu Kupuna Coun- LURE is a satellite laser rangingSLR) observatory.
cil, to provide policy recommendations and advice on Ha-LURE utilizes a high-powered pulsed laser to obtain distance
waiian cultural matters. measurements to satellites in Earth orbit. LURE is funded by

The new Master Plan is the product of two years of hardhe Space Geodesy Networks and Sensor Calibration Office
work by a great many people. There is much more work toof NASA Goddard Space Flight Center. The missions of the
be done in the implementation phase. With this plan as #arget satellites include monitoring of Earth resources and
framework, and with a continued spirit of cooperation, it will climate parameters, measurements of ocean levels and tem-
be possible to balance the interests of all for whom Maungeratures, plate tectonics, the improvement of the Global Po-
Kea is so precious. sitioning System(GPS, as well as special missions related

3.1 Mauna Kea Master Plan
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to the physics of tethered satellite systems. LURE provideJhe design heritage of these telescopes comes from that of
range data to NASA 7 days a week, and improvements to ththe William Herschel telescope. The first of these instru-
computer system and to the operational procedures will sooments will be the Liverpool Telescope, scheduled to become

allow LURE to operate on a 24 hour schedule. operational in the Canary Islands in October 2000.

The initial instrument on the Faulkes Telescope will be a
4.3 AEOS-Haleakala Atmospheric Characterization state-of-the-art CCD camera. The IfA plans to add an infra-
Project red camera to the instrument complement shortly after the

L . telescope is commissioned. This will allow for daytime ob-
Haleakala Observatories is under contract to the Air Force : : - X
. Servations by schools in Hawaii. The control system will
Research Laboratories to conduct a research program knowry ; . .
. .. allow observations to be made both interactively over the
as the AEOS-Haleakala Atmospheric Characterizatio : .
) ) nternet or by queued robotic operation.
(AHAC). This program supports the U.S. Air Force Ad- . )
: The Faulkes Telescope Project will draw upon the great
vanced Electro-Optical SystefAEQOS) Telescope on Hale- o . :
L ) . ._ public interest in astronomy to teach students what science
akala by providing comprehensive atmospheric characteriza-

. . . : " Is. Astronomers in Hawaii and the United Kingdom plan to
tion and timely prediction of inclement weather conditions aten ace students in research proiects that will be published in
the observatory site. The instrument suite that supports the 9ag proj P

. . : - : 3fe scientific literature. They will encourage joint projects in
site measurements includes a daytime/nighttime optical see-, . . . )
. . : which students will collaborate over the Internet with their
ing monitor and a network of remote meteorological systems
. . . . . counterparts halfway around the world.
linked by radio modems. The optical seeing monitor captures
star image data at high frame rates and uses a differential
image motion technique to allow the computation of seeing
statistics over intervals of a few seconds. Data from the re- The Solar-C instrument is a 0.5 m off-axis coronagraphic
mote meteorology stations are processed using an artificiakflecting telescope being built on Haleakala adjacent to the
intelligence program to generate locally specific predictiondMees Solar Observatory. This instrument wil) allow coro-

of adverse weather events on a time horizon of 30 min.  nal observations that have not been realized, even from

space(2) develop technology that IfA scientists believe will

4.4 MAGNUM Telescope Project be used for future satellite observations, &)dsupport sev-

eral long-term coronal observing platforms that extend inter-

mittent coronal space observations. Unlike most telescopes,

tion of light from active galactic nuclgiAGNSs). The project light strikes the. Sola_lr C mirrors off-axis, at an angle to the'lr
. ; . : surfaces. No light is blocked, reflected, scattered, or dif-
is a collaboration between the University of Tokyo and the . . .
: ) - : L o fracted by the mirrors or their support structure aside from
University of Hawaii. The main scientific objective of MAG- . !
. . the superpolished optical surfaces.
NUM is to measure distances to AGNs and quasars up to . .
: ) The mechanical components of the Solar-C instrument
=1. The telescope is designed to be operated remotely and g . . : .
) . -2 " have been fabricated. The off-axis secondary mirror is com-
conduct observations autonomously. The main scientific in- . 2 .
. S leted, and as of fall 2000 the project awaits final polish of
strument is a two-detector camera that can obtain imag Fe primary mirror
from 0.3 to 3.4um. The telescope is in the final phase of P y '
commissioning.

6 Solar-C

The 2 m Multi-color Active Galactic Nuclei Monitoring
(MAGNUM) Telescope is dedicated to studying the varia-

5. INSTRUMENTATION
4.5 Faulkes Telescope 5.1 Adaptive Optics

On 26 June 1999, the UH-IfA and the Faulkes Telescope The UH 36-element curvature sensing adaptive optics
Corporation signed a Memorandum of Understanding to losystem, H&upa‘a, had its second commissioning run at the
cate a 2 mtelescope at Haleakala Observatories. ThisGemini North Telescope in March 2000; Kepa‘a utilizes
professional-grade telescope will be the largest in the worldhe UH near-infrared camera, QUIRC. In June 2000, the op-
dedicated to astronomical education. Access to the telescopieal design was modified to allow dithering, and a new len-
in Hawaii will be available to public and private schools andslet array with a larger field of view (4 was installed. Also,
to the science programs of the UH system and other collegess a part of UH graduate student D. Potter’s thesis, a Wol-
and universities. laston prism for high-contrast detection of polarized emis-

The telescope’s construction will be financed by the Dill sion was implemented on Kapa‘a. Two observing runs in
Faulkes Educational Trust of the United Kingdom and will June/July and July/August that were part of the Gemini
be named in honor of Dr. Martin “Dill” Faulkes, the Demonstration Science program observed the Galactic cen-
founder of the trust. Plans call for having the instrumentter. The Gemini QuickStart science observations withkido
operational in 2002. The telescope will be housed in a statgpa‘a began in September 2000. A total of six science runs
of-the-art facility with an enclosure that will open like a with Hokupa‘a at Gemini were scheduled for the year 2000
clamshell and that will be capable of exposing the entire(~5-12 nights/month after July
telescope to the night sky. Observations in the first half of 2000 were hampered by

The Faulkes Telescope will be the third in a series of 2 nmthe worse-than-average weather conditions in the Pacific ba-
telescopes being constructed by Telescope Technologiesn due to the fading La Na phenomenon. Nightly prob-
Limited in Birkenhead, Merseyside, in northwest England.lems with telescope operations, as well as various problems
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with Hokupa'a, significantly cut into the time spent observ- missioned at the telescope under the direction of Project Sci-
ing when the weather was favorable. In September, the awentist N. Kobayash{NAOJ). It incorporates a 10241024
erage seeing conditions improved, andkdoma‘a consis- Aladdin 2 array that is sensitive from 0.9 to 5un. IRCS
tently produced image cores with full width at half- has been designed to deliver diffraction-limited images from
maximum, close to the diffraction limit ofra8 m telescope 2 to 5 um and to provide spectroscopy with grisms and a

in the K andH bands with Strehl ratios of-30%. cross-dispersed echelle. The camera can also be used as a slit
Hokupa'a is capable of using sources as faint ass\15  viewer.
mag to 17 magdepending on source cojoand up to 45 Tokunaga has served as the PI for this project. Co-

off-axis from the science target for wavefront sensing. Thanvestigators Hodapp and Rayner, and Y. Kobayashi, T
larger field of view of H&upa‘a’s lenslet array (4 enables Maihara, and T. Nagat@&AQOJ) have worked with Tokunaga
the use of extended objects.g., Neptune or the core of and Kobayashi on this project.

M32) for this purpose. For direct imaging, Kapa‘a is cur-

rently capable of detecting point sources 6 mag fainter ang 4 spex

separated by’@ from a bright object. For more information

on the performance of Hmpa‘'a, consult the Web page, SPeX, a new medium-resolution 0.8-5/mm spec-

http://www.gemini.edu/sciops/instruments/uhaos. trograph and imager for the NASA IRTF, was successfully
commissioned during June and July 2000. Since September

the instrument has been working smoothly during observing
time awarded by the Telescope Application Committee.

NIRI, built at IfA, will be the main infrared imaging in- Over 40% of observing time during the fall 2000 semester
strument on Gemini North. Its first task will be the commis- was awarded to programs using SpeX. The instrument was
sioning of the telescope and a characterization of its perforfunded primarily by NSF with additional funding from
mance. NASA for the detector arrays.

NIRI provides three pixel scales for scientific observa- The spectrograph uses gratings and prism cross-dispersers
tions, the finest(0.02 arcsec pixel') has been chosen to to provide spectral resolving powe(R) of up to 2500 si-
sample properly the expected image quality delivered by thenultaneously across 0.8—2.46m, 1.9—-4.2um, or 2.3-5.5
adaptive optics system; the middle oie05 arcsec pixel') pm. A low-resolution prism mode covering 0.8—2u5n (R
is best matched to the image quality expected from tip-tiltup to 250 and single-order long-slit modé® up to 2500
corrected images on the best nights; and the widest fieldre also available. An Aladdin 3 1024024 InSb array is
(0.12 arcsec pixel') fills almost the whole unvignetted sci- used in the spectrograph. The infrared imager/slit-viewer
ence field of the telescope. The science detector array is @ses an Aladdin 2 522512 InSb and covers a 6860’
1024x1024 Aladdin array with 27«m pixels. Besides basic field. Infrared guiding is done on objects in the field or on
imaging, NIRI provides the capability for grism spectros- spillover from the science object in the slit. The imager also
copy at low to moderate spectral resolutid6®0 and 2000 contains a full complement of science imaging filters.

5.2 The Gemini Near-Infrared Imager (NIRI)

for J, H, andK, and 1500 forL). NIRI will also allow coro- SpeX was designed and built by IRTF/UH staff: Rayner
nagraphic observations and is equipped with a WollastoriPI), G. Ching(instrument technicign A. Denault(software
prism for polarimetric work. engineey, P. Onaka(electrical enginegr W. Stahlberger

NIRI is using an internal on-instrument wavefront sensor(mechanical enginegrD. Toomey(project enginegr and D.
(OIWFY9) to keep differential flexure between the scienceWatanabe (instrument technicign Support astronomer
channel and the OIWFS within acceptable limits. OpticalVacca and graduate student Cushing are writing the IDL-
wavefront sensors perform well almost everywhere in thébased automatic spectral extraction program, SpeXtool. At
sky, but an important class of scientific projects, studies othe telescope SpeX is maintained by the IRTF day crew, and
deeply embedded very young stars in nearby moleculauser support is provided by IRTF support astronomers.
clouds, is not able to utilize such a system. For this reason, For details about applying to IRTF and using SpeX, visit
and in light of advances in the noise performance of nearthe IRTF Web site at http://irtf.ifa.hawaii.edu/.
infrared detector arrays, the NIRI OIWFS uses a HAWAII
1024x1024 HgCdTe array to allow guiding in obscured re-5 5 AEOS Spectrograph
gions of the sky and during twilight.

In the report period, NIRI was completed and went This high-resolution spectrograph being constructed for
through the preshipment acceptance testing. It was shippdfe U.S. Air Force Advanced Electro-Optical System
to the Gemini Hilo base facility in May 2000 and subse- (AEOYS) Telescope is nearing completion. Installation of the
quent|y tested there A f|rst test run at the te'escope in Audual arm V|S|b|e and near- |nfrared InStrument |nt0 one of the

gust 2000 was successful, and NIRI is currently being fineAEOS couderooms is about to begin. Due to the large size
tuned in preparation for commissioning. of this instrument, integration and testing will take place at

the facility.

The spectrograph will employ large-format array detec-
tors to provide resolving power of up to 50,000 together with
wide spectral coverage over the 0.5-2/n wavelength

The IRCS, another IfA product, is a facility instrument for range. The visible arm will utilize a 4K4K CCD mosaic
the Subaru Telescope on Mauna Kea. It is now being combeing developed by Luppino. The infrared arm will utilize a

5.3 Infrared Camera and Spectrograph (IRCS) for the
Subaru Telescope
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2K X 2K HgCdTe hybrid array being developed by Rockwell the so-called North Ecliptic PoldNEP) region, Gioia,
Science Center. Science-grade devices of both types havéenry, and Mullis have compiled a well-defined and com-
been delivered and are undergoing characterization. plete sample of X-ray clusters. The sample is being used to
Fabrication of all common optical assemblies and compoinvestigate the nature of cluster evolution and explore poten-
nents for the visible arm has been completed, and the systetial implications for large-scale structure. Four papers were
will be installed and tested during late 2000. Completion offinalized for submission t@he Astrophysical Journal Let-
mechanical detailing and fabrication of IR subsystem comdters These papers give an overview of the survey and of the
ponents is proceeding in parallel. Assembly and testing oK-ray data. They also present evidence for a deficiteD.3
the IR arm and integration of the two spectrograph arms willclusters with respect to the local universe and the existence

be completed by July 2001. of a supercluster a=0.087 consisting of at least 21 clusters
Institute personnel responsible for this project are Mickeyand groups. Follow-up observations for one of the most dis-
(PI), Stockton, Hodapp, and Luppino. tant NEP clusters ar=0.81 with the X-ray Multi-Mirror
Missionsatellite have been awarded.
6. GALACTIC AND EXTRAGALACTIC STUDIES Gioia is collaborating with M. Donahu&TSc) and other

Barger and Cowie have been working with collaboratorsc0/l€agues onChandra observations of MS0451-03, the
R. Mushotzky and K. AmaudNASA Goddard, and E. Ri- brlgh'Fe_~s_t cluster ax>0.5 in the Elnste|_n Extended Medlum_
chards (Univ. Alabama on identifying the hard X-ray Sensitivity Survey. The_se data combined with other muIF|-
sources responsible for the extragalactic hard X-ray backvavelength datasets will allow them to probe the density
ground. TheChandrasatellite was used to resolve most of Structure of gas in a cluster at high redshift.
the background in the Hawaii field SSA13, and follow-up Gioia has an ongoing collaboration with T. Maccacaro

studies have shown that the galaxies containing the AGN&Nd A. Wolter (Observ. Brera, Milahand A. Caccianiga
producing the X-ray sources are distributed over a wigdObserv. Lisbopto search for radio—X-ray-selected BL Lac

range in redshift. Barger is now working with collaborators ©Piects. The sample they are building already consists of
at Penn State on the ultrade€pandraimage of the Hubble @bout 70 BL Lacs and will be instrumental in assessing the
Deep Field region and with collaborators at MIT and Cam-€Vvelutionary behavior of BL Lac objects on a robust statis-

bridge on studies of sources lying behind modest redshifical basis. They also plan to study the connection between
lensing clusters A370 and A2390. BL Lac objects and other flat spectrum radio quasars that

Songaila, Hu, L. Cowie, and R. McMahdioA, Univ. share with BL Lacs many of their observed properties, such
Cambridge studied limits on the absorption due to neutral @ variability or relativistic effects but not the optical prop-
hydrogen clouds of the Lymaa-forest in thez=5 quasar erties(i.e., the presence of strong emission lines
J033829.33002156.3. This Gunn-Peterson test constrains Hu, Cowie, and McMahon continue studies of very high
the amount of neutral hydrogen that can be present at higtedshift galaxies. They are using a combination of deep nar-
redshifts based on spectroscopic studies of absorption of tH&wband filter imaging at the Keck telescope in long-
quasar’s continuum light below the redshifted Lyman breakWavelength atmospheric windows around redshift.7 and
High-resolution spectra obtained with the Keck HIRES specZ~ 6.5 to select objects via their redshifted d.yemission
trograph were compared and calibrated against lowerline along with deep multicolor imaging. This technique has
resolution spectrophotometrically calibrated spectra obtaineroved to be a robust and successful method of identifying
with the Keck LRIS spectrograph. Portions of the HIRESthe highest redshift galaxies now known, with the hydrogen
spectra return to near the extrapolated quasar continuurky @ emission linewidth amplified by the object’s redshift. It
yielding an upper limit ofr=0.1 on the regions of minimum shows distant galaxies in the light of their early star-forming
opacity. This suggests a high metagalactic ionizing backactivity by the enhanced contrast in the line emission to the
ground (,>4x10 2P ergcm?s *Hz *srlatz~4.72) neighboring continuum starlight. Recent work has focused
for the early universe for even minimum consistency withon extending the samples at redshifts. Using observa-
nucleosynthesis measurements of baryon density, even if tH®ns in gravitationally lensed clusters, the first identifica-
opacity arises in underdense regions of the intergalactic gatons of z~6.5 galaxies have been made. High-resolution

Dahle completed his thesis with supervisor Kaiser. Hespectroscopy performed with the LRIS at Keck shows the
studied a large, complete X-ray—selected sample of clustemission line is too narrow to be due tolGemission from
and obtained weak gravitational lensing mass maps folow-redshift, foreground galaxies, and there is no detected
roughly 30 clusters. This represents a substantial increase fhux in the deep Keck and archivddST images at visible
the total amount of weak lensing information obtained so farwavelengths below 8200 A, where intervening neutral hy-
Some 8 or so of these were observed with the UH8K camerérogen clouds of the Lyman alpha forest absorb light below
and give mass profiles out to a large radius. Essentially all ofhe redshifted Lyman break. Deep multicolor studies show
the clusters were detected significantly. The mass and X-rathat the brightesz>5 objects can be selected with a color
properties were compared and show a strong scatter in mabseak criterion using the optic& andZ (~9200 A) bands,
at a given X-ray luminosity. A composite cluster mass pro-but that more typical higlz-galaxies will be marginally be-
file was computed and compared to the profile of the lumidow currentZ magnitude limits ¢25.3 AB mag.
nous matter. Using the Cooled Infrared Spectrograph and Camera

After the completion of the optical identification of the (CISCO on the Subaru Telescope, Hu started a program of
sources in the deepest region of ROSATAII-Sky Survey, deep infrared imaging of the brightest-5 galaxies with T.
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Maihara and F. lwamurd@Univ. Kyoto), and K. Motohara the galaxy formation processes were effectively quenched in
(NAQJ). The brightz~5.74 galaxy, SSA22-HCML1, shows a low-mass halos after the epoch of reheating of the universe
flat (F,) spectrum out to 2.Jum (~3200 A in the rest by early star formation or QSOs.
frame), and is consistent with minimal or no dust extinction.  Wilson, Kaiser, Luppino, and L. Cowie presented mea-
Star formation estimates based on ultraviolet continuum lighsurements of the extended dark halo profiles of bright early-
are therefore consistent with the earlier estimates based dyipe galaxies at redshifts 6:1z<0.9 obtained via galaxy-
optical emission-line and-band (~9200 A) continuum es- galaxy lensing analysis of images taken at the CFHT using
timates. the UHBK CCD Mosaic Camera. They us¥d-1 color and
Kaiser, Wilson, and Luppino presented estimates of thd magnitude to select bright early-type galaxies as the lens
gravitational lensing shear variance obtained from imagegalaxies, yielding a sample of massive lenses with fairly well
taken at the CFHT using the UH8K CCD Mosaic Camera.determined redshifts. They paired these with faint galaxies
Six fields were observed for a total of 1 hr eachMrand|,  lying at angular distances 2€ 6<60", corresponding to
resulting in catalogs containing approximately 20,000 galaxPhysical radii of 26<r<77 h™' kpc (z=0.1) and
ies per field with properly calibrated and optimally weighted 105<r <315 h™* kpc (z=0.9), and computed the mean tan-
shear estimates. These were averaged in cells of sizes rar@gntial shearyr(6) of the faint galaxies. The shear signal
ing from 1875 to 30 to obtain estimates of the cosmic shearWas detected at a high level of significance, and gives a value
variance(y?), with uncertainty estimated from the scatter for the average mean rotation velocity of ap galaxy halo
among the estimates for the 6 fields. At scate0’ the atr~50-200 h' kpc of v, =238"3) km s *. Subdividing
results were found to be in good agreement with those othe sample showed little evidence for evolution with redshift.
other groups and with currently fashionable cosmologicall ese halo masses are somewhat lower than a simple per-

models. At larger scales the shear variance falls below thEectly flat rotation curve extrapolation from smaller-scale dy-
theoretical predictions, with a null detection of shear vari-Namical measurements, and are considerably lower than the

ance averaged in 3@ells of (y2)=(0.28+ 1.84)x 10~5. masses found for the best-studied X-ray halos. They do how-

Tully continued work on the extragalactic distance scale®Ver agree extremely well with the masses of halos of the
and studies of the peculiar velocity field of the Local Super-S@me abundance inCDM simulations.
cluster. Improvements in the luminosity—rotation rate
method of distance determinations have resulted ffdn 7. STAR FORMATION AND INTERSTELLAR
better determination of inclination correctiorig) the acqui- MATTER

sition of far larger and more complete calibration samples, |5 1996 Herbig publishe¢AJ, 111, 1241 a description of
and (3) many new zero-point calibrators from tHéST  the peculiar reflection nebula IC 34@arnard’s Merope
cepheid programs. Tully and M. Pier@@diana Univ) now  Nebula, which is only 30 from the bright star 23 Tauri.
find Hy=77+8 km s™* Mpc™* (95% statistical certainly  Herbig and Simon have now obtained new high-resolution
Errors are now dominated by potential systematic effects. HsWEPC2 images of IC 349 iBVRL With 8 times the

Tully is also collaborating with W. Saunde(8AO), B.  resolution of the best /10 frames taken with the UH 2.2 m
Mobasher(STSc), and others on an observing program totelescope for the 1996 paper, much interesting new structure
acquirel andK’ photometry and linewidths on a sample of appears.

1300 galaxies selected with all-sky uniformity from BAS Herbig and Simon have now expanded in more detail the
redshift survey.IRAS selection andK’ photometry assure hypothesis that IC 349 is part of an outlying fragment of the
more even coverage of the sky than provided by previougaurus-Auriga dark clouds that the Pleiades cluster has en-
studies. H observations are continuing, but the optical andcountered in its southward motion, and that IC 349 as it
infrared observations are completed. In a companion pronears 23 Tau is being shaped by radiation pressure. Several
gram, K’ imaging and spectroscopic follow up have madeobservations support this idea. The color gradient across one
the IRAS Point Source Catalogue: Redshift Surgegnplete  side of IC 349 is as expected if the dust is being sifted by
to very low galactic latitudes. differential radiation pressure and, at the same time, being

Tully collaborates with E. J. Shay@aytheon, and P. J.  dragged by the H and Hgas with which it is mixed. The
E. Peebles and S. Phelffrinceton on a least-action recon- observed colors can be explained by a mix of silicate and
struction of the orbits of galaxies in the Local Superclustergraphite particles with radii between about 0.1 angrh.
in order to understand the peculiar velocity field. Their re-The proper motion of IC 349 is poorly known, but it is not in
cent focus has been on the nearby field, developing modelsonflict with the Tau-Aur hypothesis. The radial velocity has
that simultaneously take uncertainties in distance and redset to be measured to everyone’s satisfaction; an attempt by
shift into account, and that explore the great improvement®eane to detect IC 349 in the millimeter line BCO(2-1),
possible if measurements of proper motions become availwvhich could have settled that vexing question, was unsuc-
able. cessful.

Tully is also working with N. Trentham(Cambridge Herbig and Dahm are essentially finished with their pho-
Univ.) and M. Verheijen(NRAO) in an attempt to quantify tometry (BVRI and JHK) and spectroscopy of the young
constraints on the faint end of the galaxy luminosity func-cluster IC 5146 and the adjacent clustering around the Ae/Be
tion. It is becoming increasingly clear that the luminosity star BD+46° 3471. The central star of IC 5146, of type B1
function is flat or even falling toward faint luminosities in V, illuminates a large emission/reflection nebula in and
moderate- to low-density environments. They speculate thairound which about 80 & emission stars brighter than
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R = 21 have been found. Optical and radio-frequency interon timescales of 10 Myr. This is very likely related to the
stellar lines indicate that a conical cavity is being excavatedbuildup of larger dust particles and planetesimals.
in the front surface of the background molecular cloud, and it The study of the Galactic giant tHregion NGC 3603 by
is in the outflowing gas in this cavity that the cluster is lo- Brandner and main collaborators E. K. Grelbidbax-Planck-
cated. Institut fur Astronomig, B. Brandl (Cornell Univ), and
Similar clusterings of emission-dstars have been found Y.-H. Chu (Univ. lllinois at Urbana-Champaignwas ex-
in other young clusters, particularly NGC 1333 and IC 1274tended. This study is based on data obtained W®IT
Dahm has begun photometry and spectroscopy of a numb&FPC2 and the Infrared Spectrograph and Array Camera at
of young clusters of ages between 1 and about 15 Myr tdhe Very Large Telescop@/LT) of the European Southern
determine how cluster structure and composition evolve wittObservatory. The deep infrared observations of NGC 3603
time. with the VLT confirm that there is no deficit of low-mass
Herbig and Dahm have used that same grism arrangemeastars down to 0.lM, and that the low-mass initial mass
at the f/10 focus of the UH 2.2 m telescope to investigate théunction in this starburst cluster is virtually identical with the
incidence of Hr emission among the brighter members of field IMF in the mass range 0.2-M, . The relative scarcity
the cluster NGC 6611= M16), which has been reported to of stars with intrinsic infrared red excess compared with a
contain an unusually high number of Be and Ae stars. Théess massive star-forming region like Orion suggests that cir-
cluster is imbedded in a very bright IHregion, so that cumstellar disks in starburst environments are transient phe-
proper subtraction of the background on slit or multiobjectnomena and might not survive long enough to form planetary
fiber-fed spectra is important. Slitless spectra are not subjeslystems.
to such contamination. Herbig and Dahm examined about 40 Sheppard, Brandner, and Tokunaga completed the analy-
suspected Be and Ae stars, and were able to confirm thsis of near-infrared VLT/ISAAC observations of the circum-
presence of 4 emission above the continuum level in only stellar environment of young stars in southern star-forming
4. However, about 25 much fainteraHemitters were found regions. Two new edge-on circumstellar disk sources were
in the cluster. These are probably the brightest members ofidentified in the Ophiuchus star-forming region. Infrared
low-mass T Tauri population. None of these stars are conspectra obtained with the Subaru Telescope and its CISCO
vincingly associated with the famous elephant-trunk struccamera show that the bipolar reflection nebulosities above
tures seen in projection against thaiHegion. and below the disk planes exhibit featureless continua. The
Herbig published the results of his search for interstellaVLT data combined with observations obtained with the
Ceo (“buckminsterfullerene’) using Keck HIRES spectro- frared Space Observatomyicely confirm theoretical predic-
grams. The laboratory data leave much to be desired, buions about the effect of disk geometry and inclination angle
what can now be said is that neutrajy@ould not be de- on the spectral energy distribution of young stellar objects
tected in any of the heavily reddened OB stars that weravith circumstellar disks.
examined, notably CygOB2/8A. However, given the relevant Brandner, Marn, G. Basri(Univ. California, Berkeley,
ionization potentials, most interstellags probably singly  X. Delfosse(Instituto de Astrofsica de Canariasand Allard
ionized. Two bands at 9577 and 9632 A are believed to batarted aHSTWFPC2 snapshot program to survey for com-
due to G,, and are readily detected in CygOB2/8A, a regionpanions up to 50 free-floating brown dwarfs in the solar
best observed at Mauna Kea on very dry nights because aofeighborhood. The survey studies the binary properties of
heavy atmospheric D structure. Herbig also determined free-floating brown dwarfs, which should hold important
the column densities of CH, CN, and, @ that same star, clues to their origin. A second objective is to obtain dynami-
and estimated the amount of interstellar carbon that could beal mass estimates for the individual companions of brown
tied up in the diffuse interstellar bands. The conclusion waglwarf binaries.
that neutral G cannot be a significant sink of interstellar C ~ Magnier has continued work on “transitional” YSOs. His
(less than 0.2—-04% of the total amount of C availghbeit  collaborators are R. Watetsniv. Amsterdany, M. van den
that there could be over 100 times that upper limit f3.CA  Ancker(Center for Astrophysigsand N. McCrady(UC Ber-
similar investigation of the fullerenegawaits better labo- keley. They have recently obtained LM’, and 850um
ratory information. photometry of most of the northern objects in their sample.
Brandner, in collaboration with H. Zinneckéstrophys-  This data completes the measurement of the spectral energy
ikalisches Institut PotsdamJ. M. Alcala and E. Covin@Os-  distribution for the objects, and will be combined with the
servatorio Astronomico di Capodimonte Napplr. Allard  optical spectroscopy obtained previously to study the evolu-
(Univ. Lyon), S. Frink and R. Koehle{Univ. California, San  tionary state of these objects. Q@-1) observations of the
Diego), A. Moneti (Institut d’Astrophysique de PajisM.  sample show that the bulk of the objects, nearly all of which
Kunkel (Astronomisches Institut der Universita/Urzburg, show evidence of optical, ionized outflows, also show mo-
and A. SchweitzeXUniv. Georgia, completed the analysis lecular outflows. This serves to confirm the transitional state
and interpretation of ahlSTTNICMOS survey for substellar of these objects, on the boundary between the embedded
companions to weak-line and post—T Tauri stars. The result€lass ) and the expose@Class 1) YSOs.
of the survey suggest that massive substellar companions at C. Roddier and F. Roddier continued to observe a number
separations greater than 30 AU are extremely rare. ISOCAM binary T Tauri stars with adaptive optics to estimate their
and ISOPHOT observations of the same targets support th@ojected orbital velocities and their component variabilities.
idea that small dust grains get depleted in circumstellar diskResults for T Tau were presented at IAU symposium 200,
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“The Formation of Binary Stars,” held in Postdam on collectively known as the “stellar halo.” Photometric and

10-15 April 1999. chemical analyses suggest that these stars are ancient fossils
of the galaxy formation epoch, yet little is known about the
8. STELLAR ASTRONOMY origin of this trace population. Is this system merely a ves-

tige of the initial burst of star formation within the decoupled

Boesgaard has been studying the trio of the rare IIghbroto-GaIaxy, or is it the detritus of cannibalized satellite

eIement;—Ilthlum, berylllum., gnd poron. These can t?e deg alaxies? In an attempt to unravel the history of the Milky
stroyed in solar-type stars. Lithium is the most susceptible t

. ) ay’s stellar halo, he performed a detailed spectroscopic
destruction, followed by Be and then B. The large deplet'o,nanalysis of 55 metal-poor stars possessing “extreme” kine-

of Liin the mid-F stars in the Hyades and other clusters i atic properties. It is thought that stars in orbits that either

now understood to be due to slowjmnfmg of Li atoms to enetrate the remote halo or exhibit large retrograde veloci-
deep layers, where the temperature is high enough to destr %s could have been associated with assimilaed ac-

them. New results on the correlation of Li and Be deplet'onscreted”) dwarf galaxies. The hallmark of an accreted halo

in field F stars supports this and argues against diffusionst‘,:lr is presumed to be a deficien@ompared with normal

mass loss, anq propably, mixing by gravity waves. Rotgtion— tars of the a-elements(O, Mg, Si, Ca, Tj with respect to
ally '”d“C‘?‘d mixing is the m-ost probable cause of the Li an ron, a consequence of sporadic bursts of star formation
Be depletion. '_I’he G stars in the Hyadgs and other cluster, ithin the diminutive galaxies.

have progressively less Li with decreasing surface tempera- Abundances for a select group of light metdls, Na,

ture, whereas the few Be observations in G dwarfs ShOVK/lg Si, Ca, T), iron-peak nuclide¢Cr, Fe, Nj, and neutron-

Icljttlel c,)[.r no erk:tlon. tRecentdresullts. Or,:hB shotw onlyﬂ‘:’ma"capture elementdr, Ba) were calculated using line strengths

| €p etljor;_s_ln atew ngrs,dag only In those stars With Velyheasured from high-resolution, high signal-to-noise spectral

arge deficiencies in L1 and be. . . observations collected with the Keck | and the Kitt Peak
The abundance of beryllium has been determined in UNNational Observatgr 4 m telescopes. The abundances ex-

evolved stars over a range metal abundances to enhance tl!?gcted from the spectra reve@) the vast majority of outer

under_standing of the chemical evolution o_f our Galaxy,hal0 stars possess supersdfaz/Fe] > 0.0) ratios; (2) the
Eosmlg—ray thezry, a}nhd Igosl:nlmog)r’]' S|t|§|§rsvatlor?'s r?f 27 Sta:ﬁa/Fe] ratio appears to decrease with increasing metallicity;
avel t.een 4r5ngoe wit d h.eﬁ . W'tl ¢ . at i I%O sEf(c):tra (3) the outer halo stars have lower ratioq efFe] than inner
tr)?;icc): ;"';;n gl_hére ?s anemlgrkasllagl;;?r;eoa;p(r)éslztigilsiip Between?alo stars at a given metallicity4) at the largest metallici-
: . o ies, there is a large spread in the observet-e| ratios; (5
log N(Be/H) and[Fe/H] with a slope of 0.96 £ 0.04). Simi- ge sp elrel ®)

) . _ [«/Fe] anticorrelates with R»o; and (6) only one star
'f'”'y’ th_e relationship between Iog(BIe/H) ar_ld [O/H] is (BD+80 245 exhibits the peculiar abundances expected of
linear with a slope of 1.45%0.04). Beryllium increases at

th ¢ Fe. but h faster than O. Thi ” an assimilated star. The general conclusion extracted from
€ same rate as re, bul much faster than ©. 1hIS Provilegase gata is that the formation of the nascent Milky Way
constraints for and insights into models of Galactic chemic

lution. Th . i ; ntrinsi di as not dominated by the late accretion of dwarf galaxies
evolution. There IS some evidence Tor an INtrinsic spread iy o the ones that currently orbit the Galaxidowever, the
Be at a given[O/H] or [Fe/H]. There is no evidence of a

lat in Be at the | ¢ metallicities d ol I assimilation of fragments early in the evolution of the Gal-
plateau in Be at the lowest metallicities down to log3e/H) axy is a natural byproduct of hierarchical models of structure

= —13.5. . . .
Boesgaard has also been determining chemical aburlﬁéotrigr? tion and can explain many properties of the halo popu
dances in globular cluster turnoff stars with Stephens, J.
King (Univ. Nevada, Las Vegasand C. Deliyannigindiana
Univ.). Spectroscopic observations at high spectral resolu-
tion of unevolved stars in globular clusters have been pos?- SOLAR SYSTEM STUDIES
sible only since the 1993 advent of the Keck | 10 m tele-g 1 Atmospheres
scope and its high-resolution spectrometer. They have
derived chemical abundances of lithium and several other Owen continued studies of the ice-trapping of volatiles in
elements in some unevolved, but identical, stars in threeollaboration with Prof. Akiva Bar-NurfUniv. Tel Aviv).
globular clusters. For M13 they have found a spread in LiThe goal of these studies is to relate icy planetesimals to ices
abundances of a factor of 5 in four very similar stars. For sixin the interstellar medium and to the volatiles now found in
stars in M92 the range is a factor of 3. The stars with theplanetary atmospheres. No isotopic enrichment of deuterium
highest abundances of Li show values that are a factor of th HDO was detected in laboratory experiments simulating
above the field halo star Li plateau. The abundances of sethe formation of cometary ices. This result removes one ob-
eral other species—Na, Mg, Si, Ca, Ti, Cr, Ni, Fe, Y, andjection to the idea that comets may have preserved interstel-
Ba—show no such star-to-star variations. They comparethr D/H values in their constituent molecules. They also
these abundances with those of halo field stars that werd®und no fractionation of the xenon isotopes upon incorpo-
derived from Keck HIRES spectra by Stephens for his Ph.Dration of this gas in ice. This result indicates that the differ-
thesis. ence between isotopic abundances in atmospheric and solar
Stephens completed his Ph.D. thesis on possible accretianind xenon cannot be explained by cometary delivery of this
in the Galactic disk. The Milky Way disk is enveloped in a gas to the planets, if this is the only process that could pro-
diffuse, dynamically hot collection of stars and star clustergduce the fractionation in comets.
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Further analysis of th&alileo Probe Mass Spectrometer the surface of Chiron by near-surface activity powered by the
results by Owen, P. MahafffNASA Goddard, and other sublimation of a more volatile substance, presumably carbon
members of the instrument team led to the discovery that allnonoxide.
the elements measured in the atmosphere of Juf@terept
He and N¢ are enhanced by 81 relative to solar abun- 9.3 Asteroids
dances ratioed to hydrogen. This is particularly remarkable
in the case of argon and nitrogen, as these highly volatile
gases would not be expected to show the same enrichment
carbon or sulfur. It appears that the only way to achieve thi

Under the supervision of Tholen, Whiteley completed his
sis on the properties of near-Earth asteroids. He found that
@pproximately one-third of the observed sample consists of

uniformity is to make the icy planetesimals that delivered 2 YPe objects, believed similar to ordinary chondrites and

these elements at extremely low temperatures, below 30 R/yhich are rare among main-belt asteroids; another third con-
’ Ssists of S-types; and the remainder is distributed among the

for the formation of the solar system, which have the icyC’IF’ atr;]d ]2( stpect:trtgl clastsesf. Anotther_dlnteresltllngtr:esultbln-t
planetesimals that formed Jupiter condensing out at 150 Kyo'ves Ine fast rotation rates for asterolds smafler than abou

At this temperature, the amount of argon trapped by the iC(}00 m in diameter. He and Tholen determined rotation peri-

would be 6 orders of magnitude below the observed vaIueOds under 10 min for three more near-Earth aster@080

One is thus led to highly unconventional scenarios for pIane?‘G_ﬁ‘] 2|000 DS)S\}V?]r_]dIZOOO EB)'A' q devel d |
formation: The migration of Jupiter from beyond 30 AU, a olen and _|te ey continue .to cvelop and apply
solar nebula that is as cold as25 K at 5 AU, or the early techn!ques.for finding near-Earth obje(h=03 W.'th small
formation of icy planetesimals before or outside the forma-aphEIIon d|stances._ New software for compuy.n g short-arc
|orb|ts and ephemerides was developed. It facilitated the re-

tion of the nebula, in sizes large enough to survive the fal : .
into the nebular disk. The latter possibility carries the attracOVeY of an objec(1_99_9 XA153 30 days_ afte_r it had been
en over oyl a 6 min interval on one night in December.

tive advantage that it no longer matters where the gian € . . . .
planet forms(the snowline has no original significanceor hey found eight other NEOs during the reporting period.

is there any requirement to assume the nearly circular orbits pentaurs are probably the transition objects between the
normally expected from formation in the disk. Kuiper Belt objects and t_he short-period comets. The long-
Owen, Biver, H. E. MatthewsJAC), and A. Marten term work of Meech on distant comets and short-pe(®8 _
(Paris Observ., Meudordetected the 3—2 line of 80 in CF’_metS has estabhshgd that .SP cor_nets .have updergqne S19-
Titan's submillimeter spectrum with the JCMT. They de- nificant thermal evolutpn during their residence in the inner
rived a ratio of80/2%0 that is 2.5 times the value on Earth, SOar system. By studying the Centaurs and comparing them

showing that substantial oxygen escape has occurred on TP both the _SP comets and the _trans-Neptl_Jnl_an Obje.CtS’ It
may be possible to look at an earlier, more pristine version of

tan even though there is a steady influx of OH into the sat-h sp s B i beainni hensi tudv of
ellite’s upper atmosphere. Coupled with the earlier detectioﬁ € COMELS. Bauer Is beginning a comprenensive study o

of a 4.5 times enrichment JfN/N and the normality of all the Centaur objects for his thesis. He will attempt to fully

12C/*3c, the new result indicates massive atmospheric escapcg;aracctjenzg their p£1¥5|calkpropert|e§t_|n the Oprt]'(]ial an? (1tee}r—
that is buffered by a reservoir of carbon compounds, presuni' ' & €0 '€glons and to make a sensitive search for activity In

- these objects.
ably dominated by Chi Fernandez and Whiteley began a program to measure po-

larimetry from near-Earth asteroids. When the objects are at
a high phasd&Sun-target-Earthangle, the surface properties

In collaboration with Smith, Owen, and R. J. Terrile of the various taxonomic classes of asteroids show different
(JPD, Meier used observations from NICMOS on tHST  degrees of polarization. Moreover, the researchers are study-
to produce maps of the surface of Titan at 1.1, 1.6, and 2.@hg if polarization can be used to differentiate between near-
um. These maps demonstrated that there are surface featutearth asteroids perturbed from the main asteroid belt and
with significant contrast on the trailing side of Titan, ruling those with a cometary origin.
out the presence of a hemispherical ocean of hydrocarbons. Jewitt has used the 8K CCD camera built by Luppino to
The contrast of the main bright features is constant withmeasure the abundance and size distribution of Jovian Trojan
wavelength, so there is no immediate compositional informaasteroids. These objects, which lead and follow Jupiter by
tion from these new observations. In particular, they do no60° in its orbit, turn out to be nearly as numerous as the
support the idea that bright surface features on Titan indicatmain-belt asteroids, when measured to the same limiting
areas of exposed water ice. No cloud systems were detectstze. The Trojans appear comparatively rare in ground-based
on any of the NICMOS images. data, however, because of their greater mean distance from

J. Luu (Univ. Leiden, Jewitt, and Trujillo used infrared the Sun and the resulting faintness. The new measurements
spectrographs on the UKIRT and Keck telescopes to showf the Trojans clearly demonstrate a break in the size distri-
that water ice has recently appeared on Chiron’s surface. THaution near 30 km. Smaller Trojans are distributed in a way
appearance of water ice, identified primarily through its 2that suggests an origin by collisional shattering. Larger Tro-
um absorption, is attributed to the dissipation of the comgans occupy a very steep distribution that must have another,
surrounding this object. The coma is not due to the sublimaperhaps primordial, origin. The small Trojans appear to be
tion of water ice, which, at about 10 AU heliocentric dis- collisionally produced fragments of the larger objects. There
tance, is far too cold. Instead, the water may be exposed omre not enough small Trojans to supply the flux of short-

9.2 Surfaces
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period comets into the inner solar system. Such comets aigosition, coma morphology, and the nuclear size and albedo
thought to originate in the Kuiper Belt, but other sourcesto determine the comet's state in the time leading up to its
(including the 1:1 resonances of the gas giant plaregsld  spectacular disintegration around perihelion.
contribute significantly. Fernandez and Meech are investigating the rotation state
Tholen and M. SykegUniv. Arizona are working with  of the suspected extinct comet and Geminid meteor parent
members of the 2MAS$Two Micron All Sky Survey team (3200 Phaethon. Using a baseline of photometry covering
to identify and extract broadband infrared observations ofeveral years and a large fraction of Phaethon’s orbital
asteroids and comets that appear in the 2MASS scans of tlemomaly, they are disentangling the object's rotational
entire sky. In the first two incremental data releases, severdirightness variation as a function of aspect to constrain the
thousand asteroid detections were made, and prediscoveshape and spin axis direction. Simultaneous optical and mid-
observations of Comets C/1998 KMueller) and C/1998 infrared (thermal emission observations of Phaethon are
M2 (LINEAR) were identified. also being studied to map any albedo variations on the aster-
Tholen continued to participate in the Small Bodies Nodeoid’s surface.
of the Planetary Data System. He and the Planetary Science Fernandez has used thermal imaging cameras on IRTF
Institute in Tucson comprise the asteroid subnode, whicland Keck to measure heat from various small solar system

collects and prepares asteroid data for archiving. bodies. These measurements constrain the surface properties,
especially albedo, and provide a measure of absolute size. He
9.4 Comets finds that the primitive bodies—nuclei of comets and some

dynamically related objects that may be dead or dormant

Meech continued her program to search for Observabl%omets—tend to have very low albed@sfew percentcon-
differences in the physical or chemical nature of the periodicSistent with carbonized surface compositions

comets(old) compared with thénew) Oort comets by study-
ing their brightness as a function of heliocentric distance, r. )
The scientific objectives of this study af®) to search for 9-> Outer Solar System Objects

physical differences in the behavior of the dynamically new  jewitt continued to explore the Kuiper Belt. A primary
comets(those entering the solar system from the Oort cloudactivity has been the use of the wide-field CFHT 12K CCD
for the first timg and the periodic comets, artd) to inter-  camera for an ecliptic survey designed to measure the size
pret these differences, if any, in terms of their physical,distribution, radial distribution, and inclination distribution
chemical nature and the evolutionary histories of the twaf Kuiper Belt objects(KBOs). This survey has revealed
groups of comets. about 100 KBOs. The main results include a power-law size
Observations of approximately 50 comets over a range Ofjistribution with index near- 3.8, an inclination distribution
r are complete. The data will be compared to models of the\hout 20° half width at half-maximum, and confirmation of
level of activity (brightness and extent of copnas a function  the existence of an outer edge to the classical Kuiper Belt
of distance to interpret the observations in terms of possibl@ear 50 AU. This work, conducted with Trujillo and J. Luu
evolutionary or aging processes, or as differences in primor¢yniy. Leiden, defines the current state-of-the-art for studies
dial source regions. The analysis will involve using Finson-of the structure of the outer solar system. Of the 350 KBOs
Probstein dust dynamical models to ascertain the onset anghown (as of October 2000 about two-thirds have been
cessation of dust production, the grain properties, ejectiogliscovered from Mauna Kea. A continuing effort to obtain
velocities, and particle size distributions. follow-up astrometry of these objects has been mounted at
Observations of cometary comae at large heliocentric disthe UH 2.2 m telescope.
tances are now routine for the dynamically new comets, and Sheppard, along with Jewitt, Truijillo, and Australian col-
this clearly indicates that there is a strong difference in tthagues, used a modified Baker-Nunn satellite camera in
brightness curves of the Oort comets compared to the perjaystralia to survey 1400 square degrees in search of bright
odic comets. While the dynamically new comets and the<kBOs and Centaurs. While detecting no new objects, this
short-period comets are believed to have formed in differensyryey places interesting constraints on the number of such
regions, with the SP comets forming at lower temperaturesppjects that await discovery.
the differences in activity levels seen between the comet Tholen and J. Davie$JAC) obtainedV—J colors for a
classes are almost certainly due to evolutionary or aging efsample of trans-Neptunian objects via simultaneous observa-
fects. tions using the 2.2 m telescope and UKIRT. The bimodal
In collaboration with others, Bauer and Meech used theyjstribution of colors seen by other researchers at visible
UHBK Mosaic Camera on the UH 2.2 m telescope to provideyavelengths is not apparent in this sample, though there is

ground-based wide-field imaging of the breakup of comethe possibility of a correlation between color and sizs
Linear S4 while the comet was be|ng observed bymn' indicated by the absolute magnitude of the Obj_ect

dra andHSTobservatories. They monitored the comet’s dust

production and the rate of dispersion of the cometary debrisg 6 Planetary Satellites
Fernandez, with collaborators C. M. Lis€&TSc) and S. B. '
Peschkg[ESA), has been studying the prebreakup dust and Tholen continued the reduction and analysis of the Gal-
nucleus environment of Comet C/1999 S4. By imaging thdlean and Saturnian satellite mutual events that occurred in
comet from 0.6 to 2Qem, they are investigating the dust-size 1997 and 1995, respectively. The events involving lo will be

distribution, mass-loss rate, silicate-vs.-carbonaceous conused to make a more precise determination of the satellite’s
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secular acceleration, which can be compared to the amoutdr Observatory, see Sec. 4.1 of this report. For information
expected from heat flow measurements. The Saturnian satedbout Solar-C, see Sec. 4.6.

lite events will be used to improve their ephemerides in sup-

port of the Cassinispacecraft mission. 11. THEORY

Barnes developed an improved algorithm to classify or-
9.7 Spacecraft bits in two-dimensional potentials. The algorithm reduces a
numerically computed orbit to a sequence of sign-changes in
Meech is a CO-inveStigatOI’ on the I’ecently selected D|SX andy; this sequence is then matched against a set of pat_
covery missiorDeep ImpactThis mission will be the firstto  terns to identify the orbit's family. Previously, the set of
characterize the interior of a comet by sending a 0.5 tothatterns was generated by hand; new is the realization that
impactor to excavate a crater on the surface of comet 9Rfese patterns can be generated from Lissajous figures.
Tempe| 1. Participating SCientiStS W|” WatCh the develop- Barnes used an N_body/SPH code to Study dissipative gai_
ment of the crater, study the surface of the nucleus and thgxy mergers. These calculations included both equal-mass
ejecta, and look for changes in the activity of the comet agnd unequal-mass mergers, significantly increasing the cov-
induced by the impact. The mission will launch during Janu-grage of parameter space. Longer runs than attempted before
ary 2004 for an encounter on 4 July 2005. In preparation fog|lowed the formation of gas disks in merger remnants; in
the mission, Meech is coordinating all of the ground-basegnost cases these disks are strongly warped. Counterrotating
observing support. The goals are to fully characterize thejisks arose in about 25% of equal-mass mergers, while none
nucleus of the comet prior to encounter: its size, albedowere detected in a comparable sample of unequal-mass
rotation state, and activity level as a function of heliocentricmergers.
distance. In addition there will be a large-scale multiwave- Barnes studied encounters of simplified stellar models.
length Earth and space-based observing program simultarhis study compared the physics of encounters between gas
neous with the encounter. Meech and Pittichova have Undebolytropes with the physics of encounters between equiva-
taken an extensive international observing campaign usingnt collisionless polytropes; the former involve hydrody-
the facilities on Mauna Kea, at Lowell Observatory, at Lapnamics as well as gravity, while the latter involve gravity
Palma, and in Chile to attempt to characterize the rotationaélone' While many details of the encounters differ’ underly_
state of the comet. Results from 1999 indicate that the Comqhg reguiarities Suggest that anaiogues between Ste”ar dy_
may be in a complex state of rotation, with a periodt  pnamics and hydrodynamics have some validity even in sys-
days. Simultaneous optical/lR data were obtained in Augusfems far from equilibrium.
to determine the size of the nucleus and albedo. Barnes continued to develop SPH techniques for model-
Pittichova has been working with Meech to analyze comefng gas in galaxies. Since starburst galaxies are optically
nucleus and dust data for the targets of 8tardust Comet  thick, it may be appropriate to treat radiative transfer as a
Nucleus TourlCONTOUR, Deep Space 1DS1), Rosetta  (iffusive process. This was implemented in an SPH code and
andComet Nucleus Sample Retumissions. The goal of the  shown to work in several simple test cases. However, incor-
project is to extract as much nucleus information from theporating this process into a simulation of galactic starbursts
database as possible.g., nucleus size limits, rotation rate s computationally demanding.
and to begin modeling the dust activity. Barnes presented invited review talks at “Gas and Galaxy
Tholen participated in two meetings of tHdUSES-C  Eyolution,” Socorro, New Mexico, at “Stellar Collisions,
Joint Science Team in JapaMUSES-Cis a sample return \ergers, and Their Consequences,” New York, New York,
mission to a near-Earth asteroid. Unfortunately, the failure ofnd at the Fourth Scientific Meeting of the Spanish Astro-
the booster during thaSTRO-Haunch has forced a delay in nomjcal Society, Santiago de Compostela, Spain.
the MUSES-Cproject, as well as a change in target. The new  Kaiser, Tonry, and Luppino explored a new technique for
target is 1998 SF36, which offers an even lowev than the  providing adaptive optics image compensation for wide-field
previous target. Tholen and Whiteley successfully recovereqnaging' Deep optical imaging surveys are limited by solid
this object at the end of September. angle, depth, and atmospheric seeing, which limits the angu-
The ultimate test of the importance of comets in deliver-3r resolution. Conventional adaptive optics provides spec-
ing volatiles to the inner planets will come from an in situ tacular image quality, but only over a limited field of view
analysis of noble gases and isotopes in the comets themround the guide star, since widely separated objects probe
selves. To this end, Owen participated in the planning for thgndependent paths through the atmosphere. The new tech-
encounter oDS1with comet Borrelly, theCONTOURMIs-  pique allows more modest image compensation, roughly a
sion, and the development of the Odyssey Discovery Profactor of 3 in image size, but over a wide field of view. The
posal. strategy is to use an array of small telescopes with image
tracking to take out the atmospheric jiggling of the images.
Novel features of the approach are the use of an electronic
10. SOLAR PHYSICS “rubber focal plane” that allows one to track the image mo-
The IfA Solar Group consisted of Kuhn, LaBonte, Li, Lin, tions at all points in the field, and the combination of guide
Mickey, and postdoctoral fellow Kupke. For information star motion data from the array of telescopes that is needed
about their work, see their Web site(http://  to make this work. A detailed theoretical analysis of the per-
www.solar.ifa.hawaii.ed/ For information about Mees So- formance of such an imaging system was performed. Exact
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analytic results for the fast-guiding point-spread functionface. More recent publications are listed at http:/

were obtained, including the effects of isoplanatism. Detailedvww.ifa.hawaii.edu/publications/preprints/.

simulations were carried out to assess the required samplirgrmstrong, J.;Kuhn, J. R. Interpreting the Solar Limb

rate and guide star densities. Careful consideration was given Shape Distortions. ApJ, 525, 533-5@899

to the effects of multiple turbulent layers and to the persis-Atreya, S. K.; Wong, M. H.Owen, T. C.; Mahaffy, P. R.;

tence of the turbulence. This approach would allow one to Niemann, H. B.; De Pater, I.; Drossart, P.; Encrenaz, T. A

construct a system with a large collecting area and a degree- Comparison of the Atmospheres of Jupiter and Saturn:

scale field of view, but with images about a factor of 3 Deep Atmospheric Composition, Cloud Structure, Verti-

sharper than with conventional designs. cal Mixing, and Origin. Planet. Space Sci., 47, 1243-
Kaiser worked with Donovan to make calculations of the  1262(1999

limiting sensitivity for weak lensing observations. The Barger, A. J.; Cowie, L. L.; Richards, E. A. The Submil-

Hubble Deep Field images were processed to simulate im- limeter Search for Very High Redshift Galaxies. In Pho-

ages like those obtainable on ground-based telescopes. At- tometric Redshifts and High Redshift Galaxies, ed. R. J.

mospheric seeing and other effects were accurately modeled, Weymann, L. J. Storrie-Lombardi, M. Sawicki, & R. J.

as were the effects of image processing. State-of-the-art Brunner. ASP Conf. Ser. 191, 279—28¥99

shear measurement algorithms were used to quantify the linBarger, A. J.; Cowie, L. L.; Sanders, D. B.Resolving the

iting sensitivity as a function of seeing and depth of the Submillimeter Background: The 850 Micron Galaxy

observations. Counts. ApJ, 518, L5-L81999
Barger, A. J.; Cowie, L. L.; Smail, 1.; lvison, R. J.; Blain,
12. PUBLIC OUTREACH: THE TOPS PROGRAM A. W.; Kneib, J.-P. Redshift Distribution of the Faint Sub-
The Toward Other Planetary SysteT©OPS program is millimeter Galaxy Population. AJ, 117, 2656-2665
a five-year summer teacher enhancement workstuop- (1999

rently in its second yearfor high school science and math Barger, A. J.; Cowie, L. L.; Trentham, N.Fulton, E.; Hu,
teachers and students in Hawaii and the Pacific. TOPS al- E. M.; Songaila, A.; Hall, D. Constraints on the Early
lows them to learn about math, science, and technology Formation of Field Elliptical Galaxies. AJ, 117, 102-110
through their natural curiosity about astronomy. Developed (1999

by Meech and collaborators, the workshops are supported byarnes J. E.Dynamics of Mergers & Remnants. In Galaxy
funds from the NSF, NASA, and local private donors. The Interactions at Low and High Redshift, ed. J. E. Barnes &

program goals are D. B. SandergKluwer), 137-144(1999
*To give science and math teachers content material andarnes J. E.Galaxy Interactions. In Galaxy Dynamics, Pro-
experience in astronomy. ceedings of a Conference Held at Rutgers University,
*To expose teachers to and train them in the use of exem- 8-12 August 1998, ed. D. R. Merritt, M. Valluri, & J. A.
plary hands-on classroom activities. Sellwood. ASP Conf. Ser. 182, 463—-47099
*To train teachers in proper evaluation of students. Barnes J. E. Galaxy Transformation by Merging. In The
*To give teachers and students critical thinking skills. Evolution of Galaxies on Cosmological Timescales, ed.
*To expose students to science careers. J. E. Beckman & T. J. Mahoney. ASP Conf. Ser., 187,
*To provide a pathway for students to have outstanding 293-306(1999
research-related opportunities in higher education. Barnes J. E. Mergers and Galaxy Assembly. In After the

During the summer 2000 workshop, held from June 13— Dark Ages: When Galaxies were Youfite Universe at
30, 27 teachers and 22 high school students from Hawaii and 2<z<5): Ninth Annual Astrophysics Conference, Col-
U.S.-affiliated Pacific regions engaged in hands-on activities, lege Park, MD, October 1998, ed. S. Holt & E. Smith
developed their computer skills, listened to lectures, partici- (AIP Pres$, 191-201(1999
pated in discussion groups, saw demonstrations, and tourdsarucci, M. A.; Doressoundiram, ATholen, D.; Fulchi-
observatories. At night, they undertook research projects gnoni, M.; Lazzarin, M. Spectrophotometric Observations
with small telescopes. of Edgeworth-Kuiper Belt Objects. Icarus, 142, 476—-481

The program also incorporates an archaeoastronomical (1999
component, with fieldwork that ties in modern and ancientBiver, N., et al. Long Term Evolution of the Outgassing of
cultural astronomical practices with hands-on technology. In Comet Hale-Bopp from Radio Observations. In Proceed-
addition, the teachers are trained in assessment and educa-ings of the First International Conference on Comet Hale-
tional pedagogy, and are supported with pre- and post- Bopp, Tenerife, Canary Islands, 2-5 February 1998.
workshop activities. There will also be secondary workshops Earth, Moon, and Planets, 78, 5-(11997)
for the school complexegelementary and middle schools Biver, N., et al, including Jewitt, D.; Senay, M. Spectro-
affiliated with a high schoglscheduled throughout fall 2000 scopic Monitoring of Comet C/1996 BRlyakutake with
and spring 2001. For more information, see http:// the JCMT and IRAM Radio Telescopes. AJ, 118, 1850—

www.ifa.hawaii.edu/tops 1872(1999
Blakeslee, J. P.; Davis, M.Jonry, J. L.; Dressler, A,
PUBLICATIONS Ajhar, E. A. A First Comparison of the Surface Bright-

The following articles and books were published during
calendar year 1999. The names of IfA authors ar&atd- The issue is dated 1997 but did not appear until 1999.




UNIVERSITY OF HAWAII 93

ness Fluctuation Survey Distances with the Galaxy Den- ence, College Park, MD, October 1998, ed. S. Holt & E.

sity Field: Implications for i and Q). ApJ, 527, L73— Smith (AIP Pres$, 133—-142(1999
L76 (1999 Cowie, L. L.; Songaila, A.; Barger, A. J. Evidence for a
Block, D. L.; Stockton, A.; Elmegreen, B. G.; Willis, J. Gradual Decline in the Universal Rest-Frame Ultraviolet

Reflection of Bulge Light from a 2 Kiloparsec Segment of  Luminosity Density forz<1. AJ, 118, 603-6121999
Dust Lane in the Galaxy NGC 2841. ApJ, 522, L25-L27 Crawford, C. S.; Allen, S. W.Ebeling, H.; Edge, A. C.;
(1999 Fabian, A. C. The ROSAT Brightest Cluster Sample —
Boesgaard, A. M.; Deliyannis, C. P.; King, J. R.; Ryan, Ill. Optical Spectra of the Central Cluster Galaxies.
S. G.; Vogt, S. S.; Beers, T. C. Beryllium Abundances in  MNRAS, 306, 857—-8961999
Halo Stars from Keck/HIRES Observations. AJ, 117,Donahue, M.; Voit, G. M.; Scharf, C. AGioia, I. M.; Mul-
1549-1562(1999 lis, C. R.; Hughes, J. P.; Stocke, J. T. The Second Most
Boesgaard, A. M.;King, J. R.; Deliyannis, C. P.; Vogt, S. S. Distant Cluster of Galaxies in the Extended Medium Sen-
Oxygen in Unevolved Metal-Poor Stars from Keck Ultra-  sitivity Survey. ApJ, 527, 525-53d999
violet HIRES Spectra. AJ, 117, 492-5017999 Dotto, E., et al, including Owen, T. ISO Observations of
Boesgaard, A. M.;King, J. R.; Deliyannis, C. P.; Vogt, S. S. Asteroids. In The Universe as Seenli30, ed. P. Cox &
Erratum: “Oxygen in Unevolved Metal-poor Stars from M. F. Kessler. ESA-SP 427, 165—168999
Keck Ultraviolet HIRES Spectra.” AJ, 118, 2542999 Doute S.; Schmitt, B.; Quirico, E.Owen, T. C.; Cruik-
Boker, T.; van der Marel, R. PYacca, W. D. CO Band shank, D. P.; de Bergh, C.; Geballe, T. R.; Roush, T. L.
Head Spectroscopy of IC 342: Mass and Age of the Evidence for Methane Segregation at the Surface of Pluto.
Nuclear Star Cluster. AJ, 118, 831-84999 Icarus, 142, 421-4441999
Brandl, B.;Brandner, W.; Eisenhauer, F.; Moffat, A. F. J.; Duchee, G.; Bouvier, J.Simon, T. Low-Mass Binaries in
Palla, F.; Zinnecker, H. Low-Mass Stars in the Massive the Young Cluster IC 348: Implications for Binary For-
H 11 Region NGC 3603: Deep NIR Imaging with ANTU/ mation and Evolution. A&A, 343, 831-84(1999

ISAAC. A&A, 352, L69-L72(1999 Dudley, C. C.; Wynn-Williams, C. G. 8-13 um Spectros-
Bridle, S. L.; Eke, V. R.; Lahav, O.; Lasenby, A. N.; Hob-  copy of NGC 253: A Spatially Resolved Starburst.
son, M. P.; Cole, S.; Frenk, C. Stenry, J. P. Cosmo- MNRAS, 304, 549-5561999

logical Parameters from Cluster Abundances, Cosmic MiEvans, A. S.; Kim, D. C.; Mazzarella, J. M.; Scoville, N. Z,;

crowave Background andRAS MNRAS, 310, 565-570 Sanders, D. B.Molecular Gas in the Powerful Radio

(1999 Nucleus of the Ultraluminous Infrared Galaxy PKS 1345
Caccianiga, A.; Maccacaro, T.; Wolter, A.; della Ceca, R.; +12. ApJ, 521, L107-L1101999

Gioia, I. M. The REX Survey: A Search for Radio- Evans, A. S.;Sanders, D. B.; Surace, J. A.;Mazzarella,

Emitting X-ray Sources. ApJ, 513, 51-68999 J. M. Molecular Gas in 3C 293: The First Detection of
Catala, C..et al, including Simon, T. Short-term Spectro- CO Emission and Absorption in a Fanaroff-Riley Type I

scopic Variability in the Pre-Main Sequence Herbig AE  Radio Galaxy. ApJ, 511, 730-738999

Star AB Aurigae during the MUSICOS 96 Campaign. Fich, M.; Rupen, M. P.; Knapp, G. R.; Malyshkin, L.;

A&A, 345, 884—-904(1999 Harper, D. A.;Wynn-Williams, C. G. ISO Observations

Chambers, K. C. Morphology and Dynamics of High Ra- of Dust in Elliptical Galaxies. In The Universe as Seen by
dio Galaxies and Quasars. In After the Dark Ages: When ISQ, ed. P. Cox & M. F. Kessler. ESA SP-427, 877-880
Galaxies were Youngthe Universe at 2z<5): Ninth (1999

Annual Astrophysics Conference, College Park, MD, Oc-Fiore, F.; La Franca, F.; Giommi, P.; Elvis, M.; Matt, G.;
tober 1998, ed. S. Holt & E. SmitfAIP Pres$, 266—269 Comastri, A.; Molendi, S.Gioia, |I. The Contribution of

(1999 Faint Active Galactic Nuclei to the Hard X-Ray Back-
Chou, D.-Y.,et al, includingLabonte, B. Acoustic Imaging ground. MNRAS, 306, L55-L601999

in Helioseismology. ApJ, 514, 979—-988999 Folkes, S.get al, includingKaiser, N. The 2dF Galaxy Red-
Chou, D.-Y.,et al, includingLabonte, B. Results of Acous- shift Survey: Spectral Types and Luminosity Functions.

tic Imaging with the TON Data. In Structure and Dynam-  MNRAS, 308, 459-472.

ics of the Interior of the Sun and Sun-like Stars, Proceedfrayer, D. T.; Ivison, R. J.; Scoville, N. Z.; Evans, A. S,;

ings of the SOHO 6/GONG 98 Workshop, ed. S. Yun, M.S.; Smalil, I..Barger, A. J.; Blain, A. W.; Kneib,

Korzenniket al. ESA SP-418, 597-606L999 J.-P. Molecular Gas in the=2.565 Submillimeter Gal-
Cowie, L. L.; Barger, A. J. The View of Galaxy Formation axy SMM J1401%#0252. ApJ, 514, L13-L161999

from Hawaii: Seeing the Dark Side of the Universe. In Garcia-Barreto, J.A.; Aceves, H.; Kuhn, GCanalizo, G.;

The Hy-Redshift Universe: Galaxy Formation and Evolu-  Carrillo, R.; Franco, J. Optical Spectroscopy of the Cen-

tion at High Redshift, ed. A. J. Bunker & W. J. M. van  tral Regions of Bright Barred Spiral Galaxies. Revista

Breughel. ASP Conf. Ser. 193, 213-2¢399 Mexicana de Astronomaiy Astrofsica(Serie de Confer-
Cowie, L. L.; Barger, A. J.; Songaila, A. Flux Limited enciasg, 35, 173-1861999

Redshift Surveys in the Optical and Submillimeter. In Af- Gautier, D.;Owen, T. C. Preface. Planet. Space Sci., 47,

ter the Dark Ages: When Galaxies were Youtige Uni- 1173(1999

verse at 2z<5): Ninth Annual Astrophysics Confer- Gioia, I. M. Distant X-ray Clusters. In Cosmological Param-
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eters and Evolution of the Universe, ed. K. Sato. IAU  Galaxies, ed. K. A. van der Hucht, G. Koenigsberger, &

Symp. 183, 721999 P. R. J. Eenens. IAU Symp. 193, 568—-51099
Gioia, I. M.; Henry, J. P.; Mullis, C. R.; Ebeling, H.; Kaluzny, J.; Mochejska, B. J.; Stanek, K. Z.; Krockenberger,
Wolter, A. RX J1716.6-6708: A Young Cluster at M.; Sasselov, D. D.Tonry, J. L.; Mateo, M. DIRECT
=0.81. AJ, 117, 2608—261@.999 Distances to Nearby Galaxies Using Detached Eclipsing
Guyon, O.; Roddier, C.; Graves, J. E.; Roddier, F, et al. Binaries and Cepheids. IV. Variables in the Field M31D.

The Nulling Stellar Coronagraph: Laboratory Tests and AJ, 118, 346—36%1999
Performance Evaluation. PASP, 111, 1322188109 Kawara, K.,et al, including Cowie, L. L.; Joseph, R. D;

Harris, A. W.; Young, J. W.; Bowell, ETholen D. J. As- Sanders, D. B.I1SO Deep Far-Infrared Survey in the
teroid Lightcurve Observations from 1981 to 1983. Lockman Hole. In The Universe as Seen IS0, ed. P.
Icarus, 142, 173-2001999 Cox & M. F. Kessler. ESA SP-427, 1017-10(199

Herbig, G. H. Examination of the Interstellar Spectrum of Kormendy, J. The Central Structure of Elliptical Galaxies
AE AUR for Long-Term Changes. PASP, 111, 809-811 and the Stellar-Dynamical Search for Supermassive Black

(1999 Holes. In Galaxy Dynamics, Proceedings of a Conference
Herbig, G. H. The Optical Spectrum of the O-Type Sub-  Held at Rutgers University, 8—12 August 1998, ed. D. R.
dwarf BD +28°4211. PASP, 111, 1144-114B999 Merritt, M. Valluri, & J. A. Sellwood. ASP Conf. Ser.

Herbig, G. H.; McNally, D. A Search for the Presence of 182, 124-1371999
Diffuse Interstellar Bands in the Coma of Comet Hale-Kormendy, J; Bender, R. The Double Nucleus and Central
Bopp. MNRAS, 304, 951-9561999 Black Hole of M31. ApJ, 522, 772—-794999
Hodapp, K. W. Proper Motions of H Jets and Variability of Kuhn, J. R., et al. Probable Detection of a Bright Infrared
Young Stars in the Serpens NW Region. AJ, 118, 1338— Coronal Emission Line of SiIX near 3.93 Microns. ApJ,
1346(1999 521, 478-482.
Hu, E. M. High-Redshift Galaxy Surveys. In Photometric Kuhn, J. R.; Hawley, S. L. Some Astronomical Perfor-
Redshifts and High Redshift Galaxies, ed. R. Weymann, mance Advantages of Off-Axis Telescopes. PASP, 111,
L. Storrie-Lombardi, M. Sawicki, & R. Brunner. ASP 601-620.
Conf. Ser. 191, 203-211999 LaBonte, B. J.; Mickey, D. L.; Leka, K. D. The Imaging
Hu, E. M.; Cowie L. L.; McMahon, R. G. Galaxies at Vector Magnetograph at Haleakala — Il. Reconstruction
>5: The View from Hawaii. In The Hy-Redshift Uni- of Stokes Spectra. Sol. Phys., 189, 142999
verse: Galaxy Formation and Evolution at High Redshift,Laufer, D.; Notesco, G.; Bar-Nun, AQwen, T. From the
ed. A. J. Bunker & W. J. M. van Breughel. ASP Conf. Interstellar Medium to Earth’s Oceans via Comets: An
Ser. 193, 554-5661999 Isotopic Study of HDO/HO. Icarus, 140, 446-—-450
Hu, E. M.; McMahon, R. G.;Cowie L. L. An Extremely (1999
Luminous Galaxy at=5.74. ApJL, 522, L9-L121999 Lawrence, A..et al, including Kaiser, N. The QDOT All-
Imanishi, M.; Ueno, S. Hard X-Ray Luminosities of Multi- Sky IRAS Galaxy Redshift Survey. MNRAS, 308, 897—
nuclei Infrared Luminous Galaxies Showing a Radio/Far- 928 (1999
Infrared Excess. ApJ, 527, 709-7(B299 Lee, J.; White, S. M.; Kundu, M. R.; MikicZ.; McClymont,
Imanishi, M.; Ueno, S. The Optical/Near-Infrared Broad- A. N. A Test for Coronal Magnetic Field Extrapolations.
Line Emission and Hard X-ray Continuum of Active Ga-  ApJ, 510, 413—-4211999
lactic Nuclei and Ultraluminous Infrared Galaxies. Leka, K.D.; Mickey, D. L.; LaBonte, B. J. Stokes Profile

MNRAS, 305, 829-8331999 Reconstruction with the Imaging Vector Magnetograph.
Jensen, J. B.; Tonry, J. L.; Luppino, G. A. The Infrared In Proceedings of the Second Solar Polarization Work-

Surface Brightness Fluctuation Distances to the Hydra shop: Solar Polarization, ed. K. N. Nagendra & J. O.Sten-

and Coma Clusters. ApJ, 510, 71-8099 flo (Kluwer), 305—-312(1999
Jewitt D. Cometary Rotation: An Overview. Earth, Moon Lowrance, P.gt al, including Meier, R; Smith, B.A. Sub-

and Planets, 79, 35-53997) stellar Companion to CD-33°7795(TWA 5). ApJL,
Jewitt D. The Kuiper Belt. Physics World, 12, 7, 37-41 512, L69-L72(1999

(1999 Luppino, G. A.; Gioia, I. M.; Hammer, F.; Le Fere, O
Jewitt D. Kuiper Belt Objects. Ann. Rev. Earth Planet. Sci., Annis, J. A. A Search for Gravitational Lensing in 38

27, 287-3121999 X-Ray Selected Clusters of Galaxies. A&AS, 136, 117—
Jewitt, D.; Matthews, H. Particulate Mass Loss from Comet 137 (1999

Hale-Bopp. AJ, 117, 1056—1062999 Magnier, E. A.; Volp, A. W.; Laan, K.; van den Ancker,
Jha, S.et al, including Vacca, W. D. The Type IA Super- M. E.; Waters, L. B. F. M. Transitional YSOs: Candidates

nova 1998BU in M96 and the Hubble Constant. ApJS, from Flat-SpectrumRAS Sources. A&A, 352, 228—-238

125, 73-97(1999 (1999

Johnson, K. E.Vacca, W. D.; Leitherer, C.; Conti, P. S.; Magnier, E. A.; Waters, L. B. F. M.; Groot, P. J.; van den
Lipscy, S. J. The Very Young Starburst Merger System Ancker, M. E.; Kuan, Y.-J.; Marh, E. L. The Circum-
NGC 1741. AJ, 117, 1708-1724999 stellar Environment of IRAS 053273404. A&A, 346,

Joseph, R. D.Stellar Populations in Starburst Galaxies. In  441-452(1999
Wolf-Rayet Phenomena in Massive Stars and Starburd¥latsuhara, H.et al,, includingCowie, L. L.; Joseph, R. D.;
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Sanders, D. B.A Study of the Spatial Fluctuations of FIR Pierre, M.; Matsumoto, H.; Tsuru, TEbeling, H.; Hun-
Brightness in the Lockman Hole. In The Universe as Seen stead, RASCAObservations of Massive Medium-Distant
by ISO, ed. P. Cox & M. F. Kessler. ESA SP-427, 1045—  Clusters of Galaxies. I. A 1300 and A 1732. AP&SSS,
1048(1999 136, 173-1771999
Meier, R.; Smith, B. A,; Owen, T. C.; Becklin, E. E.; Ter- Poggianti, B. M.; Smail, |.; Dressler, A.; Couch, W. J.;
rile, R. J. Near Infrared Photometry of the Jovian Ring Barger, A. J.; Butcher, H.; Ellis, R. S.; and Oemler, A.,
and Adrastea. Icarus, 141, 253-2@2399 Jr. The Star Formation Histories of Galaxies in Distant
Menanteau, F.; Ellis, R. S.; Abraham, R. Barger, A. J,; Clusters. ApJ, 518, 576-593999
Cowie, L. L. The Optical-Infrared Colour Distribution of Quirico, E.; Doute S.; Schmitt, B.; de Bergh, C.; Cruik-
a Statistically Complete Sample of Faint Field Spheroidal shank, D. P.Owen, T. C.; Geballe, T. R.; Roush, T. L.
Galaxies. MNRAS, 309, 208—220999 Composition, Physical State, and Distribution of Ices at
Merline, W. J.,et al, including Roddier, F. Discovery of a the Surface of Triton. Icarus, 139, 158—-1{®99
Moon Orbiting the Asteroid 45 Eugenia. Nature, 401,Rego, D.; Achilleos, N.; Stallard, T.; Miller, S.; Prange, R.;

565-568(1999 Dougherty, M.;Joseph, R. D.Supersonic Winds in Jupi-
Mirabel, 1. F., et al, including Sanders, D. B.A Barred ter's Aurorae. Nature, 399, 121-124999

Spiral at the Centre of the Giant Elliptical Galaxy Centau-Richards, E. A.; Fomalont, E. B.; Kellermann, K. I.; Wind-
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