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This report covers the period from 1 October 1998 throughelescope operated by the JAC on behalf of the United King-
30 September 1999, and was compiled in October 1999. dom, Canada, and the Netherlands; the 10.4 m Caltech Sub-
millimeter Observatory(CSO), operated by the California
1. INTRODUCTION Institute of Technology for the National Science Foundation

The Institute for AstronomylfA) is the astronomical re- (NSP); the Hawaii antenna of the Very Long Baseline Array
search organization of the University of Haw&iiH). Its ~ (VLBA), operated by the National Radio Astronomy Obser-
headquarters is located in Honolulu on the island of Oahiwyatory (NRAO); and the 10 m Keck | and Keck Il telescopes
near the University of Hawaii at Manoa, the main UH cam-of the W. M. Keck Observatory, which is operated by the
pus. The IfA is responsibie for administering and maintain_ca”fornia Association for Research in AStronomy for the
ing the infrastructure for Haleakala Observatories on the isUse of astronomers from the California Institute of Technol-
land of Maui and for Mauna Kea Observatori@dKO) on 09y, the University of California system, NASA, and UH.

the island of Hawaii. Construction was completed and dedication ceremonies
More information is available at the Institute’s World Were held for te 8 m Gemini Northern and Subaru Tele-
Wide Web site: http://www.ifa.hawaii.edul/. scopes. Construction continued on the Submillimeter Array
(SMA).
2. STAFF This report covers in detail only the UH telescopes.

The scientific staff during this report period consisted of
Joshua E. Barnes, Ann M. Boesgaard, Wolfgang Brandne&
Douglas Burke, Kenneth C. Chambers, Antoinette Songaila”

Cowie, Lennox L. Cowie, Harald Ebeling, Isabella M. Gioia, = The major new initiative during the report period was the

J. Elon Graves, Donald N. B. Hall, James N. Heasley, Jgevelopment of a new telescope control syst&@S) for the
Patrick Henry, George H. Herbig, Klaus-Werner Hodapp,2.2 m telescope. The first full integration of the new TCS
Esther M. Hu, David C. Jewitt, Robert D. Joseph, Nick Kai-with the telescope and some associated tests were made dur-
ser, Richard Knabb, Lev Kofman, John Kormendy, Jeffreying the last week of September 1999. The new TCS is ex-
R. Kuhn, Barry J. LaBonte, Jing Li, Gerard A. Luppino, pected to be put into regular use in January 2000. It is based
Eugene Magnier, Robert A. McLarefinterim Directo),  on a PC running Linux and using a Galil three-axis servo-
Karen J. Meech, Donald L. Mickey, Malcolm J. Northcott, controller (the three axes being controlled are hour-angle,
Tobias C. Owen, Andrew J. Pickles, Narayan S. Raja, Johgeclination, and dome azimuytHt has been designed to al-

T. Rayner, Pui Hin W. Rhoads, A. Kathleen Robertson,joww much more efficient observing, and also to permit re-
Claude Roddier, Frawds J. H. Roddier, David B. Sanders, mote operation of the telescope.

Theodore Simon, Alan StOthon, David J. .T.holen, Alan T. During the report period, 33 nights of engineering were
Tokunaga, John L. Tonry, R. Brent Tully, William D. Vacca, scheduled. The 2.2 m telescope was shut down during sev-

1 2.2 Meter and 0.6 Meter Telescopes

Richard J. Wainscoat, and Gareth Wynn-Williams. eral of the engineering periods for major work involving new
Postdoctoral fellows included Amy Bargériubble Fel-  jring.

low), Nicholas Biver(James Clerk Maxwell Felloyy Renate During the report period, imaging with CCDs remained

Kupke, and Gillian Wilsor(Parrent Fellow. the most common use of the telescope, accounting for 53%
Visiting colleagues included Marcelo Emilio, Masatoshi of the observing time and the bulk of the dark-moon observ-

Imanishi, Roland Meier, and Bradford Smith. ing time. Three-quarters of this was wide-field imaging using

the Tektronix 2048X 2048 CCD at the /10 focus—this
3. MAUNA KEA OBSERVATORIES camera continues to be our most popular instrument. Use of

The telescopes in operation during the report period wer¢ghe 8192 X 8192 mosaic CCD camera increased to 22
the UH 2.2 m telescope and the UH 0.6 m telescope; the 3 mights—the increase can be mainly attributed to increased
NASA Infrared Telescope FacilityRTF), operated by the efforts to search for near-Earth asteroids, particularly at low
UH under a contract with NASA; the 3.6 m Canada-Francesolar elongations. High-resolution CCD imaging at the /31
Hawaii TelescopdCFHT), operated by the Canada-France-focus decreased to only 9 nights. The ultraviolet-sensitive
Hawaii Telescope Corporation on behalf of the National Re-Orbit CCD, which has high quantum efficiency in the blue
search Council of Canada, the Centre National de lalown to the atmospheric cutoff, was used at the /10 focus
Recherche Scientifique of France, and the University of Hafor 21 nights for imaging in the ultraviolet.
waii; the 3.8 m United Kingdom Infrared Telescope The use of the 2.2 m telescope for medium-resolution
(UKIRT), operated in Hawaii by the Joint Astronomy Centre spectroscopy decreased slightly to 15% of the observing
(JAC) based in Hilo on behalf of the Particle Physics andtime, scheduled mostly during dark and gray periods. Two
Astronomy Research Council of the United Kingdom; the 15spectrographs are available on the 2.2 m telescope, the Wide
m James Clerk Maxwell TelescopdCMT), a submillimeter  Field Grism Spectrograpkused at the /10 focysand the
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High Angular Resolution Imaging Spectrografused at the 4. HALEAKALA OBSERVATORIES

f/31 focus with the tip-tilt secondary mirrpr The administrative staff consists of M. Maberry, D.
Imaging with the 1024x 1024 infrared camereQUIRC)  O'Gara, K. Rhoden, K. Kimura, K. Ventura, and J. Perreira,

remained steady at 29% of the observing time. About fourand the technical staff includes A. Distasio, E. Olson, M.

fifths of these observations were performed at the f/10 focusyaterson, R. Coulter, G. Nitta, J. Frey, C. Foreman, L.

where the camera has a large field of viewd3< 3:2). The  Hieda, B. Lindsey, S. Rach, and E. Stevenson.

large format of this infrared camera has made it an extremely

powerful tool for infrared imaging. This camera was also4 1 Mees Solar Observatory

used at the f/31 focus, where near-diffraction-limited imag-

ing over a 60 X 60" field of view is possible in good Mees Solar ObservatoifSO) supports IfA solar scien-

conditions with a suitable guide star for the tip-tilt system. tists in data acquisition by running diverse observational pro-
The near-infrared spectrometer KSPEC was decommisdrams with its seven telescopes. The observatory regularly

sioned during the report period. New spectrographs soon tg0-observes with the satelliteééohkoh Solar and Helio-

be available on other telescopes on Mauna Hearticular ~ SPheric ObservatorySOHQ, Transition Range and Coronal

SpeX on the IRTFwill provide superior capabilities for in-  Explorer(TRACH, and also participates in support of special

frared spectroscopy. Visitor instruments were used on th&atellite and ground-based observatory campaigns. One of

telescope for 10 nights. the unique observational capabilities at Mees is the ability to
Efforts were made to schedule the telescope with minimaP€rform measurements of the temporal evolution of photo-

instrument changes. The average length of time an instr@Pheric vector magnetic fields. The observatory’s comple-

ment was installed on the telescope was 7.6 nights. Ther@ent of instruments includes th_e Imaging Vector Magnet.o-

were numerous long periodsp to 20 nightswithout instru- graph, Haleakala Stokes Polarimeter, Mees CCD Imaging

ment changes. The 2.2 m telescope still has many differenPectrograph, Mees White Light Telescope, K-Line Imager,

instrument modes in which it can be used, so further de_CoronaI Limb Imagers, and a second K-line Imager. Plans to

creases in the number of instrument changes will be difficuliPdate the instruments are discussed in Sec. 10.2.

without decreasing the number of modes that are made avail- ¢ S€c- 10, Solar Physics, for information about the re-

able. search projects at MSO, mclqdlng Sec. 10.1 for information
The URL for information relating to the 2.2 m and 0.6 m about the new SOLAR-C project.

telescopes is http://www.ifa.hawaii.edu/88inch/. The user

manual and instrument manuals are available there. 4.2 LURE Observatory

Scheduling periods for the telescopes are 6 month semes- LURE is a satellite laser rangingSLR) observatory.
ters. The semesters are: February—Jdsadiine September LURE utilizes a high-powered pulsed laser to obtain distance

15 and_ Augus_t—JanuarI/deadlme March 1b The same measurements to satellites in Earth orbit. LURE is funded by
scheduling periods are used for all the Mauna Kea telefhe Space Geodesy and Altimetry Projects OfiSSAPO
Scopes. of NASA Goddard Space Flight Center. The missions of the
target satellites include monitoring of Earth resources and
climate parameters, measurements of ocean levels and tem-
peratures, plate tectonics, improvement of the Global Posi-
tioning System(GP9, as well as special missions on the
physics of tethered satellite systems. LURE provides range

The MKO summit local area network FDDI was switched y5t3 to NASA 7 days a week, and improvements to the com-
to asynchronous transfer mo&TM). Grants received from o1 system and to the operational procedures will soon
NSF by both UH and Gemini will be used to upgrade thegjow LURE to operate on a 24 hr schedule.

Internet connection to DSC3 capacity.

Ground was broken for the Institute for Astronomy Hilo . o
Facility, which will be a state-of-the-art operations base for;l).rfs;_eéEOS-Haleakala Atmospheric - Characterization
the Institute’s activities on Mauna Kea and will also provide )
long-awaited expansion space for the Institute’s research, in- Haleakala Observatories is under contract to the Air Force
strumentation, teaching, and outreach programs. The 35,00Research Laboratories to conduct a research program known
square foo(3300 nf) split-level building, designed by Oda/ as the AEOS-Haleakala Atmospheric Characterization
McCarty, Ltd., of Hilo, will be situated on an 8.5 acf8.4  (AHAC). This program supports the U.S. Air Force Ad-
hectarg parcel at the north end of UH Hilo University Park. vanced Electro-Optical Syste(AEOS) Telescope on Hale-
The IfA Hilo Facility will have excellent shop and laboratory akala by providing comprehensive atmospheric characteriza-
space for both observatory operations support and for instruition and timely prediction of inclement weather conditions at
ment development, together with office space for astronothe observatory site. Data are taken nightly on the seeing and
mers, engineers, technicians, and administrative supporheteorological conditions. The instrument suite that supports
staff. The facility will be equipped with a high-bandwidth these site measurements includes a micrometeorological
fiber optics link to the telescopes on Mauna Kea for remotameasurement system, a daytime/nighttime optical seeing
observing. The building is expected to be ready for occumonitor, and a network of remote meteorological systems
pancy in spring 2000. linked by radio modems. The optical seeing monitor allows

3.2 Infrastructure and IfA Hilo Building
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the capture of image data at high frame rates to allow th&. INSTRUMENTATION
computation of seeing statistica d s time intervals. 5.1 Adaptive Optics
5.1.1 Instrumental Developments

4.4 MAGNUM Telescope Project Under the leadership of Graves, most of the effort of the
Adaptive Optics Group was put into rebuilding the 36-

The Multi-color Act?ve Galgctic NUclei Monitoring  5ctyator adaptive optigO) system “Hdkupa‘a” (Hawai-
(MAGNUM) telescope is a dedicate? m telescope to be 4 for “fixed star,” i.e., North Starto enable it to operate

used 'for studying the vgriati_on of light from active galactic o the 8 m Gemini Northern Telescope. It required redesign-
nuclei (AGNs). The project is a collaboration between the i the transfer optics of the AO system to accommodate the
University of Tokyo and the University of Hawaii. The main gemini f/16 beam. Unlike the /36 beams thatHdpa‘a had
scientific objective of MAGNUM is to measure distances of ,saq in the past, the Gemini f/16 focus does not allow the use
AGNs and quasars up o= 1. The telescope is in the final f 5 simple 1:1 transfer system. A more sophisticatett2
phase of construction, and delivery to Haleakala ObservatQzanser system with off-axis mirrors had to be designed. The
ries is expected by the end of 1999. The telescope is dexg system had to be entirely rebuilt to fit one of the Gemini
signed to be operated remotely and to conduct observationgye ports(the previous system could be mounted only on an
autonomously. The main scientific instrument is a two-5n_axis Cassegrain focusA new deformable mirror was
detector camera that can obtain images from 0.3 tu8¥  gesigned and built to compensate for the larger atmospheric
deviations produced by the larger telescope aperture. The
new deformable mirror is about the same thickness but has a
4.5 Faulkes Telescope larger 60 mm diameter pupil. The software also had to be
modified to support the new environment.

On 26 June 1999, the UH-IfA and the Faulkes Telescope The new H&upa‘'a system was installed on the Gemini
Corporation signed a Memorandum of Understanding to lotelescope in May 1999 with the help of Engineering Physi-
cate a 2 mtelescope at Haleakala Observatories. Thiscist D. O’Connor and graduate student D. Potter. At that time
professional-grade telescope will be the largest in the worldhere were still problems with controlling the telescope pri-
dedicated to astronomical education. Access to the telescopeary mirror figure that prevented the AO system from work-
in Hawaii will be available to public and private schools anding. Graves and Northcott quickly built a wave-front curva-
to the science programs of the UH system and other collegdsire sensor and used it to control the telescope primary
and universities. mirror. It allowed the Gemini telescope to produce satisfac-

The telescope’s construction will be financed by the Dilltory images for the first time. During the first weeks of June,
Faulkes Educational Trust of the United Kingdom and will they worked with the Gemini team to produce the compen-
be named in honor of Dr. Martin “Dill” Faulkes, the sated images that were released at the telescope dedication
founder of the trust. Plans call for having the instrumenton June 25. C. Roddier participated in the data processing. In
operational in 2001. The telescope will be housed in a stategparticular, she produced the image of BB03639 that ap-
of-the-art facility with an enclosure that will open like a peared in the September 1999 issuébf/sics TodayThese
clamshell and that will be capable of exposing the entirecarly results clearly demonstrated the potential of “curva-
telescope to the night sky. ture” AO systems a 8 m class telescopes.

The Faulkes Telescope will be the third in a series of 2m In addition to mounting Hkupa‘a on Gemini, Graves,
telescopes being constructed by Telescope Technologid¢orthcott, and O’Connor have paved the way for higher-
Limited in Birkenhead, Merseyside, in northwest England.order curvature AO systems. They are now starting the con-
The design heritage of these telescopes comes from that sfruction of an 85-actuator upgrade for kipa‘a. To shrink
the William Herschel telescope. The first of these instru-the system size, Northcott has redesigned the control elec-
ments will be the Liverpool Telescope, which is scheduled taronics using more modern components. Compact high-
become operational in the Canary Islands in October 2000voltage amplifiers have already been built and tested, and a

The initial instrument on the Faulkes Telescope will be anew computer interface and wave-front sensor electronics
state-of-the-art CCD camera. The IfA plans to add an infrahave been designed, but have not yet been tested. Northcott
red camera to the instrument complement shortly after thdas also spent time modeling the performance of the present
telescope is commissioned. This will allow for daytime ob-36-actuator Hkupa‘a and its 85-actuator upgrade on
servations by schools in Hawaii. The control system willGemini. Such simulations will facilitate the observational
allow observations to be made both interactively over theuse of the instrument.

Internet or by queued robotic operation. O’Connor has also been working on the conceptual design
The Faulkes Telescope Project will draw upon the greabf the IRTF AO system. He is currently building the deform-
public interest in astronomy to teach students what sciencable mirror and the lenslet array for this project. He has also
is. Astronomers in Hawaii and the United Kingdom plan toworked toward the production of smaller lenslet arrays. This
engage students in research projects that will be published itechnique will be perfected for the IRTF lenslets and then
the scientific literature. They will encourage joint projects inapplied to the 85-element Gemini upgrade. Work toward the
which students will collaborate over the Internet with their construction of a solar curvature AO system for Mees Solar
counterparts halfway around the world. Observatory is also in progress. This is in collaboration with
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the IfA Solar Group. Finally, the AO Group has participated sic functionality of the mechanisms. The control electronics
in the design study for the New Planetary Telescope, a powere completed, and the engineering software interface was
tential upgrade to the IRTF, and Northcott has continued tanostly operational. The first cold test with all the optics and
support the operation of the Haleakala site survey instrumerthe detectors installed was conducted in September 1999.
tation and has served on the Haleakala Science Committe&Vhile a number of minor problems remain to be fixed, the
instrument performed well overall. Acceptance testing is

5.1.2 Observations with Adaptive Optics planned to begin in January 2000.

C. Roddier continued to reduce Neptune data taken with
Hokupa‘a in July 1998 at the CFHT. Not only she was able>-3 Infrared Camera and Spectrograph (IRCS) for the
to detect Larissa, Galatea, and Despina, but she also preubaru Telescope

duced the first ground-based images of Neptune Adams ring Tokunaga(Pl), Project Scientist N. KobayaskiNational
arcs. The result is in good agreement with that of similarAstronomical Observatory of Japan, NAQJand co-
observations made with thdubble Space TelescoBIST)  investigators Hodapp and Rayner, and Y. Kobayashi, T.
at about the same time. Both results, which were publishefiaihara, and T. NagatdNAOJ) continued their work on the
in the same issue ddaturein August 1999, indicate that the construction of the IRCS, a facility instrument for the 8.2 m
ring arcs are near but not within the resonance with Galateasubaru Telescope at Mauna Kea. It will be a high-resolution
which calls into question Galatea’s sole role in confining thespectrograph for 1-&m (R = 20,000, and a powerful slit-
arcs. - viewing camera. The camera section will have grisms for
Since H&kupa‘a was no longer available for further obser- Jow to moderate spectral resolutignp to R= 2,000. The
vations on the CFHT, IfA astronomers used the CFHT userinstrument will use 1024x 1024 InSb arraysthe Aladdin
instrument PUEQ to carry out their ongoing programs. Theseyrrays, one each for the camera and spectrograph sections.
include observations of T Tauri stars and a NASA-sponsoredhe instrument was shipped to Hilo in March 1999, and final
search for faint companions around nearby st@rsRoddier  testing of the instrument was underway in October 1999.

and F. Roddigr and around stars in the Uma stream First light with the instrument on the Subaru Telescope is
(Tokunaga and PotterIn addition F. Roddier joined the expected by the end of 1999.

effort of W. Merline (Southwest Research Institute, Boulder,

Coloradg and other collaborators in a systematic search fols 4 Optical Detector Development

binary asteroids. This search led to the discovery of a com- i

panion to(45) Eugenia announced iNature (7 Oct. 1999. Tonry has pioneered the development a new type of CCD,
In collaboration with D. Charissoux, a student visiting "€ Orthogonal Transfer CCEDTCCD), which is capable of

from Ecole Normale Superieure in Paris, C. Roddier and iransferring charge in two directions. With such a detector

Roddier analyzed the photometric fluctuations of T Tau@n€ can accomplish tip-tilt image-motion compensation “on-

South in three colors), H, K). The color fluctuations were Chip” rather than with movable optics as is usually done.

found to be consistent with variable dust absorption in front”Tototype devices have been developed by Tonry with Mas-

of a classical T Tauri star. If this interpretation is correct,Sachusetts Institute of Technology Lincoln Laboratories

then the total absorptioA, is in the 20—30 mag range and (MITLL). In fall 1999, the first large devices (2K 4K)

the mass of T Tau South is of the order of /5, , a much shogld be delivered tp the I]‘A through the UH-MITLL Con-

higher value than previously thought. sortium, and two devices will be employed on the UH 2.2-m
telescope at the bent-Cassegrain focus as a “hitchhiker cam-

I . . era” available at all times for synoptic or other time-critical
5.1.3 Application of Adaptive Optics to Interferometr : : . :
PP P P y observations. It is also expected that these devices will be

F. Roddier is now interested in the application of adaptive geq at the European Southern ObservatEg0 New

optics to optical interferometry. With S. RidgwaNational  1echnology Telescope and Mt. Stromlo, both sites where
Optical Astronomy Observatories, NOA®e has analyzed high_speed image motion compensation pays big dividends.
the influence of the dilution factor on the performance of a

coherent array of telescopes when photon noise, detectqy s SpeX

noise, and background noise are pres@ee PASP, 111,

990, 1999. He also studied the application of curvature SpeX is a medium-resolution 0.8-5./Am cryogenic
adaptive optics to a telescope arr@ee Proc. of the Dana spectrograph being built at the IfA for the NASA IRTF. The
Conference, “Working on the Fringe,” to appear in PASP NSF is funding the instrument, and NASA Planetary is fund-

A proposal has been submitted to NSF to equip the I0TANG the detector arrays. The primary scientific purpose of the
interferometer with adaptive optics. instrument is to provide maximum simultaneous wavelength

coverage at a spectral resolving power that is well matched
to many planetary, stellar, and Galactic features, and that
adequately separates sky emission lines and disperses sky
Work on the Gemini Near-Infrared ImagéMIRI) is near-  continuum. This requirement has resulted in an instrument
ing completion. During the report period, most of the me-design that uses prism cross-dispersers and gratings to pro-
chanical fabrication work was done, and the alignment of thevide spectral resolving powers of R 1000—2000 simulta-
optics began. Two initial cold tests were conducted. Theyneously across 0.8—2.pm, 2.0-4.2um, or 2.4-5.5um.
demonstrated adequate cooling of the instrument and the b&ingle-order long-slit modes, and a low-resolution prism

5.2 The Gemini Near-Infrared Imager (NIRI)
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mode optimized for high-speetbccultation spectroscopy have described the processing of a set of images ofzthe
and solid-state features in small solar system bodies, are alse 0.42 supercluster MS0302 taken with the UH8K camera
included. SpeX will use an Aladdin 1024 1024 InSb array  at the CFHT. The result of the image processing is a pair of
in its spectrograph and an Aladdin 532512 InSb array in  seamless combined- and I-band images of the field, cata-
its infrared slit-viewer. SpeX is being designed and built byjogs of about 30,000 faint galaxies, and auxiliary data de-
IRTF/UH staff: Rayner(Pl), G. Ching (instrument techni-  scribing the noise properties and the instrumental point-
cian, A. Denault(software enginegr P. Onaka(electrical  spread functiofPSB. The analysis involves the following
enginee), W. Stahlbergefmechanical enginegD. Toomey  steps: image preparation; detection of stars and registration
(project engineer and D. Watanabénstrument technician o find the transformation from detector to sky coordinates;
Fabrication and assembly of the cryostat and array congqrrection for extinction and/or gain variations; modeling of
trollers is now complete, and all-up instrument tests usingyq PSF; generation of images with a circular PSF: image
the optically sensitive unhybridized array readouts are under\ivarping and averaging; modeling of the noise auto-

way. Alignment of the optics, including the SPectroscopy ¢ ejation function; and faint object detection, aperture pho-
modes, has proceeded very smoothly and is almost comple metry, and shape measurement

The science-grade detectors will be installed in December Kaiser, Wilson, Luppino, Kofman, Gioia, M. Metzger

1999. This will be followed by about three months of instru- .
ment characterization in the laboratory before shipping to théCaItecb, and Dahle have now reanalyzed the deep multi-
assband images of tlze= 0.42 supercluster MS0302 using

telescope. The SpeX graphical user interface is now fuII)P . . .
functional and is in regular use during instrument Iaborator>}he new improved shear estimator developed by Kaiser and

tests. Work continues on the IDL-based online spectral exgescnbed in the Theory sectiofdl) of this report. Their

traction software to produce fully calibrated spectra soon afanalysis combines optical photomgtry, X-ray images and
ter the observations are obtained. temperature data, and weak gravitational shear from the

First light at IRTF is expected in spring 2000, and the first™ 30,000 faint galaxies lying behind the supercluster to pro-
shared-risk observing programs are scheduled for June 2009/d€ & comparative study of the optical luminosity, hot X-ray
Information and quarterly progress reports about SpeX ar8Mitting gas, and total mass content. They find that the gravi-
available on the World Wide Web at http:// tational shear correlates strongly with that predicted from the
irtf.ifa.hawaii.edu/Facility/spex/spex.html. early-type galaxies if they trace the mass with a mass-to-light
ratio, M/Lg = 25Ch. This is a rather surprising result since
it is generally thought that early-type galaxies represent
strongly positively biased populations; these new results

The U.S. Air Force Advanced Electro-Optical Systemseem to contradict this and would suggest that the early-type
(AEOSY) is a 3.63 m aperture telescope now nearing complegalaxies are in fact fair tracers of the mass, a result that has
tion on Haleakala. Under contract to the Air Force, the IfA issignificant implications for estimates of the total matter den-
building a dual-arm visible and near-infrared spectrograph tity of the universe.
be installed in one of the AEOS coudeoms. Institute per- Tonry, J. Blakesleé¢Caltech, E. Ajhar (NOAO), and A.
sonnel responsible for this project are Mick@)), Stockton,  Dressler(Carnegi¢ are completing a program of distance
Hodapp, and Luppino. determination to nearby elliptical and SO galaxies using the

The spectrograph will utilize large-format array detectorsmethod of surface brightness fluctuations formulated by
to provide resolving power of at least 50,000 together withTonry. While the surface brightness of a galaxy is invariant
wide spectral coverage over the 0.5-2un wavelength ith distance, the rms fluctuation about this mean will de-
range. The “optical” arm will utilize a 4KX 4K CCD  pend on the number of unresolved stars sampled by each
mosaic. The infrared arm will utilize a 2k 2K HgCdTe  getector pixel, and will be inversely proportional to the dis-
array being developed at Rockwell Science Center. tance of the galaxy. This method is being applied to make an

All the system optics have been received or are on ordegstimate of the Hubble constant, infall toward Virgo, and
as of fall 1999. Mechanical assemblies have been designegqiions toward Centaurus and the “Great Attractor.” In col-
mechanical detailing and fabrication is underway. The IRIaboration with former UH student J. Jeng@ow at Gemini
detector electronics system design is largely complete anglorthern Telescope R. Thompson and M. RiekéJniv. of
fabrication is in process. The CCD camera is being aSArizona), T. Lauer (Kitt Peak, M. Postman(Space Tele-
gcope Science Institute, STgcand R. WeymaniCarnegie
rrbbservator)/, Tonry is usingHSTNICMOS observations of

5.6 AEOS Spectrograph

to begin in early 2000, as major subassemblies are co

pleted. fluctuations to probe large-scale flows to distances as great as
10,000 km 1.

6. GALACTIC AND EXTRAGALACTIC Tonry continues a campaign to exploit gravitational

ASTRONOMY lenses to learn about cosmology. With M. Frafieiden

Kaiser, Wilson, Luppino, and graduate student H. DahleObservatory and C. KochanekHarvard, he has written
have given a detailed description of their “pipeline” for the several papers on velocities and dispersions from Keck spec-
reduction of images taken with large mosaic CCD camera$roscopy of gravitational lenses. Tonry has begun studies of
like the UH8BK and the CFH12K. In a paper submitted to gravitational lenses with his “hitchhiker” camera on the UH
Publications of the Astronomical Society of the Pacifiey 2.2 m telescope to monitor variations in quasi-stellar object
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(QSO brightness that can be used to determine a time delaygnce of a supercluster composed of 20 clusters of galaxies,
and hence, distance to the lens. 15 of which are detected in the NEP region.

With the “High-Z Supernova Consortium{(B. Schmidt, Gioia also has an ongoing collaboration with M. Donahue
PI, Mt. Stromlg, Tonry has been using type la supernovae to(STSc) that involves the analysis ®1STimages for lensing
measure the geometry of the universe. In recent publicationdusters and distant clusters from tEinstein satellite Me-
the High-Z team has claimed that the expansion of the unidium Survey X-ray Sample. Spectroscopic measurements of
verse is actually accelerating, indicating the presence of the arcs redshifts and of the cluster galaxies are being ob-
cosmological constant. This result was attracted a lot of attained to determine the cluster velocity dispersion. These
tention, and was hailed b$cienceas the “Breakthrough of measurements will be used for the lensing theory that needs
the Year.” In 1999 the High-Z team has continued to testto be applied to thedST data. ASCA(X-ray satellit¢ and
and retest this result by obtaining high signal-to-noise specROSATHigh Resolution Image(HRI) observations are also
tra of high-redshift supernovae, examining the details of theiavailable. The X-ray data will provide the necessary ingredi-
light curves, and trying to verify this result at yet higher ents(temperature and structure of the hot)gasmeasure the
redshift. cluster mass, which will be compared with the mass deter-

Barger, Cowie, and Sanders continued their work on mapmined from the lensing.
ping the dusty galaxy populations with the Submillimeter Barnes and Sanders edited the proceedings of IAU Sym-
Common User Bolometer ArraySCUBA) to establish the posium 186 Galaxy Interactions at Low and High Redshift
galaxy counts at 85@m and to show thatota 2 mJy limit  The symposium brought together the expertise of observers,
these accounted for approximately 30% of the background atumerical simulators, and theoreticians to review new
these wavelengths. Barger and Cowie, in collaboration witlground- and space-based observations of interacting galaxies
E. Richards(Arizona Statg¢ showed using 20-cm-selected and to relate these observations to theoretical models. The
samples that most of the 850m sources are very faint in volume contains 35 major reviews, 25 contributed papers,
the optical withl magnitudes fainter than 25. They used and nearly 100 poster contributions.
combined radio and submillimeter data to argue that most of Sanders, in collaboration with D.-C. KinfAcademia
these sources lie in tte= 1-3 range. At these redshifts the Sinica, Institute of Astronomy and Astrophysics, Taiwan
star formation in the obscured submillimeter population ex-and S. Veilleux(Univ. of Maryland, published their com-
ceeds that seen in the optical by almost an order of magnplete sample of long-slit opticaNh = 3750—8000 A spec-
tude. tra of 108/118 ultraluminous infrared galaxi€@dLIGs) in

Songaila, Hu, and Cowie, with R. McMahdstitute of  thelRAS1 Jy survey. These new data were obtained with the
Astronomy[loA], Univ. of Cambridgg made the first mea- Gold Cam Spectrograph on the Kitt Peak 2.1 m telescope.
surement of the Gunn-Peterson effect in a quasar at redshifthese observations show clearly for the first time that the
> 5. They found that the intergalactic gas was much mordraction of ULIGs with Seyfert Type 1 and Type 2 spectra
ionized than expected at this redshift, which makes a case fancrease with increasing infrared luminosity, reaching values
a higher level of ionizing sources or for a lower baryon den-of 26% and 23%, respectively, for ULIGs with;
sity than is usually assumed. > 10235, Hy = 75 km st Mpc . The fraction of

Hu, McMahon, and Cowie continued their search for LINERs (low-ionization nuclear emission regigneemains
> 5 Lymanw« emitters. They reported the discovery of alarge and relatively constant at35%.
very luminous galaxy at = 5.74. Using narrowband-filter Sanders, in collaboration with Veilleux and Kim, pub-
searches, they are now beginning to turn up substantidished their latest results from a near-infrared search for hid-
samples of such objects. Similar studies of fields lensed bgen broad-line regionBLRs) in ULIGs. These data, when
massive cluster galaxies have now yielded the first groundeombined with previous near-infrared observations, gave a
based detection of a= 6.5 galaxy in the area of the cluster database of 64/118 ULIGs from the 1 Jy sample from which
A370. to test for the presence of bona fide hidden QSOs. Nearly all

Cowie, with Wilson, Barger, and Songaila, has been usingf the optically classified Seyfert 2s show evidence for a
the Hawaii redshift survey to map the universal star forma-hidden BLR at near-infrared wavelengths. In contrast, none
tion seen at ultraviolet wavelengths. The results show thadf the 41 optically classified LINERs andiHgalaxies in the
the rise in the star formation rate for objects seen in thesesample show any obvious signs of an energetically important
wavelengths is much shallower than was previously assumeaktive galactic nucleuUAGN). These results are shown to be
rising as (1+ z)7 over thez = 0-1 range. consistent with recent mid-infrared spectroscopic surveys

Gioia, Henry, and graduate student C. Mullis are using thecarried out with thénfrared Space Observato§ySO) if it is
deepest region of thROSAT(X-ray satellitg¢ All-Sky Sur-  assumed that the LINERs are powered primarily by star for-
vey, the so-called North Ecliptic PoI®NEP), to produce an mation rather than a hidden AGN.

X-ray-selected sample of distant clusters. Summer 1999 Sanders, in collaboration with A. EvariStony Brook,
marked the end of the identification program that used th&im, J. MazzarellgInfrared Processing and Analysis Center,
MKO telescopes for the last 9 years. The completely identi{PAC), and N. Scoville(Caltech published new NICMOS
fied sample will allow them to study the evolution properties(J, H, K) images and millimeter-wave GO— 0) interfer-

of X-ray clusters and to characterize the three-dimensionadmetry observations from the Owens Valley Radio Observa-
large-scale structure of the universe by studying the clustettory of the powerful radio galaxy PKS1348.2 (4C12.50.
cluster correlation function. A recent discovery is the pres-These new data provide support for the idea that the radio
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activity in powerful radio galaxies is triggered by the mergercal for interpreting the observed-frame optical colors of pu-
of gas-rich galaxies. The bulk of the radio power, the neartative high-redshift ULIGs. The measured SEDs drop from
infrared luminosity, and 3 mm continuum emission comesthe optical to the ultraviolet for all three galaxies, but the
from the pointlike northwestern nucleus, consistent with itsmagnitude of the drop varies greatly, from a factor-63 to
being the site of a buried infrared-excess, radio-loud quasaa factor of~100 betweern = 3000 A to\ = 1400 A. In
Sanders, in collaboration with Evans, R. C{tRAC), S.  the former case, such ULIGs seen at high redshift would be
Radford (NRAO), J. Surace(Caltech, P. Solomon(Stony  sufficiently blue that they would not easily be distinguished
Brook), D. Downes (Institut de Radio Astronomie Milli- from normal field galaxies. In the latter case, such ULIGs
metrique, IRAM, and C. KrameKKoln, Germany, has ob- would appear to be extremely red or even missing in current
tained upper limits on the molecular gas masses of IRASIeep optical surveys including the Hubble Deep Field. For
09104+4109 z = 0.4), IRAS 153073252 z = 0.9), and these latter objects, the implication is that submillimeter sur-
the optically selected, infrared luminous QSO PG 16386  Vveys may be the only means of properly identifying the ma-
(z = 1.3). Near-infrared spectroscopy of the thRASgal-  jority of ULIGs at high redshift.
axies, covering the restframe wavelength range 0.4xinl Sanders, in collaboration with Y. Taniguchi and Y.
show that thdRASgalaxies have Seyfert II-like optical/near- Ohyama (Tohoku Univ), used the published ratioR;_;
infrared emission-line spectra. The CO and near-infrared ob= °CO/*CO in both the(i — j) = (1— 0) and(2— 1) rota-
servations of thdRAS galaxies indicate that their extreme tional transitions to determine the excitation properties of the
infrared luminosities are most likely to be dominated by re-molecular gas in a large sample of luminous infrared galax-
processed AGN light. ies. The anomalously large observed ratiosRyf ; and
Sanders and Surace published a near-infrared imaging1-o in those systems with the largest infrared luminosities
study of a complete sample of 12 “warm’f{s/fs,>0.2) a_nd the most qdvanced merger morp_hologles suggests that
ULIGs. High-resolution tip/tit{FWHM ~0.3'~0.5) images  €ither the'*CO is underabundant relative t6CO, or more
were obtained with the UH 2.2 m telescopetat1.6 xm) likely, that excitation effects, principally due to the large
andK’ (2.1 um). Each ULIG was found to have increasing Iinewidths associated_ with galactic superwinds, are respon-
contributions at long wavelengths by a very compact sourceSile for the observations. _
which was identified as an AGN. Fully half of the ULIGs _ Sanders, in collaboration with I. Mirabel, O. Laurent, M.

were found to have nuclei with dereddened near-infrared luSauvage, M. Tagger, L. Vigroux, P. Gallais, C. Cesarsky

minosities comparable to those of QSOs. All of the ULIGs (SAP, Saclay, V. CharmandarigObservatoire de Pajisand
were observed to have a significant population of circumP- Block (Univ. of Witwatersrand, South Afrigareported
nuclear star-forming “knots” that are also seen at opticalOPServations in the mid-infrared made withO and at sub-
wavelengths: however, the total bolometric luminosity of Millimeter wavelengths obtained with the SCUBA camera at
the JCMT. The dust emission from the nuclear regions of

Centaurus A reveals a bisymmetric structure with a diameter
Sanders and Surace submitted a paper summarizir 5’ (5 kpo centered on the AGN. This structure is remark-

data from high spatial resolution fip/tilt imagd§WHM oly gimila: to thhat of z.al barredo sfpiral gaI?xy V‘;ith_ t::e ?ar
~ 0.3-0.8) of 18 “cool” ( fo/fe, < 0.2) ULIGS atB, |, Ying in a plane that is tilted-18° from the line of sight o

H, K’ obtained with the UH 2.2 m telescope. This is a com-Cen A.d . q Its q field submill
plimentary sample to théRAS “warm” ULIGs. All the Sanders reviewed recent results from deep-field submilli-

“cool” ULIGs were found to be advanced mergers; ex- meter observation@primarily at 850.m) _using the SCUBA

tended tidal featuregtails, loops, shells, etg.as well as camera on tr:]eld‘]p'\lfl-r for th? proceedéngs of th% &OiPAR
clustered star formation, were observed in all systems. Th@Y/MPOSIUM Neld in Nagoya, Japan, and compared the Known
observed structures suggested a common progenitor geo bservational properties of SCUBA sources with more local

etry for most of the ULIGs—a plunging disk collision where LIGs.

the disks are highly inclined with respect to each other. TheGreS;[ngzgztr;?gsl d ;?fhgc?gr?clfggi :\nGol\flz V\?osrkgig O|fn F-erirr:e-
underlying host galaxies havid-band luminosities in the P 9

range ~1-2.5 L*, very similar to the host galaxies of bgrg a:astle titled U!tralumlnous Gglames:.Monsters or Ba-
“ " : ¥ " bies?” All of the available observational evidence was gath-
warm” ULIGs. The nuclear regions of the “cool” ULIGs

. o ered together for a small but complete set of the nearest
have morphologies and colors characteristic of a recent burﬁl_IGS In response to the main topics proposed for the de-

of star formation mixed with hot dust. Based on their optical/

near-infrared colors, most of the star-forming knots appear t

have very young ages< 10 Myr). These star-forming knots

are insufficiently luminous to provide more than typically

10—-20% of the total bolometric luminosity of the system.
Sanders, with N. TrentharioA, Cambridge and Kor-

mendy, published ultraviolet images & 2300 A, 1400 A

of three “cool” ULIGs obtained with the Faint Object Cam- 7. STAR FORMATION AND INTERSTELLAR

era(FOC) onboardHST. These data provide the first look at MATTER

the shape of the spectral energy distributiSi&D) of ULIGs As reported last year, Herbig and D. McNallyniversity

at wavelengths shortward 6f3000 A. These data are criti- College Londoh attempted to determine whether the mo-

these knots appears to be only a modest fraction of the tot
bolometric luminosity of the ULIG.

bate, it was found thal) ULIGs are indeed a key stage in
%he transformation of merging gas-rich spirals into ellipticals,
(2) ULIGs are plausibly the precursors of QSOs, a3
ULIGs do appear to be local templates of the high luminosity
tail of major gas-rich mergers at redshifts 1—4.
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lecular carrier of the diffuse interstellar ba(@IB) spectrum These observations are being extended to a number of other
is present in the outflow from the nucleus of a comet.young clusters.
Cometary nuclei are generally regarded as frozen samples of Herbig has essentially concluded his attempt to detect in-
interstellar cloud material, and it is in such clouds that theterstellar Gg (“buckminsterfullerene’) with HIRES. The
DIB spectrum is formed. To this end, they observed themost sensitive band is observed in the laboratory at about
spectrum of HD 1289%B8, V = 8.2) on 3 April 1997 as 3280 A , but the wavelength expected under interstellar con-
Comet Hale-Bopp passed in front of the star, at a minimunditions ranges from about 3240 to 3306 A. Despite this un-
separation of 31from the comet's nucleus. The spectro- certainty, a reasonable upper limit on the strength of any
grams were obtained with the HIRES spectrograph at Keck interstellar absorption in that interval has been established in
under difficult circumstances with respect to air mass andhe heavily reddened star Cyg OB2/8A. It leads to the con-
twilight, but clearly show that none of the strong DIBs be- clusion thatneutral Cgy cannot be a significant reservoir of
tween 4700 and 6620 A appeared in absorption in the comanterstellar carbon in comparison to the amount of C tied up
at a level 3 order of magnitude below that expected fromin CO, CH", C,, and the diffuse band carriers. The,C
analogy to interstellar OH and HCN. It was concluded that ifsituation remains to be clarified. There are additional strong
the DIB carriers were present in the nucleus at all, either theg, features known in the satellite ultraviolet, but given the
were not carried into Hale-Bopp’s coma by the evaporatingpresent lack of adequate laboratory information at those
volatiles, or were modified or destroyed by the solar radiawavelengths, a search for those bands is not very promising.
tion field while in transittMNRAS, 304, 951, 1999 While working on the interstellar § program, Herbig

In 1996 Herbig publishedAJ, 111, 124] a description of observed the well-known nearby O-type subdwarf-BZ8°
the peculiar reflection nebula IC 349, only "3fom the 4211. He assumed it could be used as a hot, relatively line-
bright star 23 Tauri. The semi-stellar nucleus of this fan-free standard. He found that tligtella) optical spectrum at
shaped nebulosity was interpreted as an interstellar interlopéihe HIRES resolution of 45,000 was not so simple as had
in the Pleiades, and the nebulosity as dust driven off thdeen previously believed. In the near ultraviolet there are a
nucleus as it dissolves in the radiation field of 23 Tau. High-number of very narrow absorption lines, mainly ofxQ that
resolution WFPC2 images of IC 349 have recently been obare so sharp as to provide an upper limitwosin i of about
tained withHST at the request of Herbig and Simon. They 4 km s 1. A number of emission lines of @, Ov, and Nv
show a fantastic amount of fine detail in IC 349 that wasare also present, as well as conspicuous emission cores in the
undetected even on the best 2.2 m telescope /10 framestronger lines of H and He (PASP 111, 1144, 1999
Analysis of this new material has just begun. Herbig has obtained with HIRES a series of excellent

There was reason to suspect that the IC 349 nucleus wapectrograms of the FUors FU Ori, V1057 Cyg, V1515 Cyqg,
part of an outlying fragment of the Taurus-Auriga dark V1735 Cyg, and BBW 76 that cover the region shortward of
clouds, through which the Pleiades cluster is now passing. lbout 4300 A. These show a host of interesting features.
so, it raised the possibility that such clouds might containThey also strengthen the proposal that line-doubling in
similar very small condensations, as had been suspected BJors is due to central emission cores, not to rotational split-
others largely on radio astronomical grounds. One way tding by a Keplerian disk. V1057 Cyg has by now returned
detect such structure would be by changes in the interstellaalmost to the minimum brightness that preceded the 1970
spectrum of a star moving rapidly with respect to a fore-outburst, so it is possible to study at high resolution the spec-
ground cloud. Such opportunities are rare, but one is protroscopic features that were seen so imperfectly on the single
vided by the 09.5 V star AE Aur, moving at about 27 AU pre-1970 low-dispersion spectrogram. Even at minimum
yr~ ! behind the nebulosity IC 405. The only early high- light, massive mass outflow is present at the Balmer lines. It
resolution observation of the atomic and molecular interstelappears that the FUors stand out in this respect from run-of-
lar spectrum of AE Aur was by W. S. Adams in the 1940s,the-mill T Tauri stars.
but he reported only line velocities, not strengths. Radial Herbig also has under study HIRES spectrograms of the
velocities of the same lines on the 1998 HIRES spectrograrprototype EXor, EX Lupi, obtained by Boesgaard and gradu-
showed no change over the more than 50 yr interval. Thate student A. Stephens during a minor outburst in 1998. The
HIRES equivalent widths will be useful when the observa-spectrum shows a hot continuum superposed upon that of the
tion is repeated sometime in the futuf@ASP, 111, 809, MO dwarf seen at minimum light, and in that respect re-
1999. sembles ultraviolet-excess T Tauri stars like DR Tau. EX

Herbig and graduate student S. Dahm are working orLupi displays many narrow emission lines, mostly of the
BVRIandJHK photometry of the young cluster IC 5146 and ionized metals, at the radial velocity of the M dwarf, but also
the adjacent clustering around the Ae/Be stariBIB° 3471, broad shortward-displaced emission components at the
supplemented by MOS spectroscopy from CFHT. Some 6@almer lines that may be part of the hot continuum spectrum.
Ha emission stars, as well as two Herbig-Haro objects, havélso present are “inverse P Cyg” absorption components of
been found in and around the cluster. The cluster is embed-ell displaced+320 km s*. Such structure has been ob-
ded in a large emission/reflection nebula, which causes thgerved in other T Tauri stars and is usually ascribed to infall.
background and the extinction to vary over the field, but Tokunaga and S. Wad&Univ. of Electro-communi-
good color-color and color-magnitude diagrams have beepations continued their work on understanding the nature of
constructed, from which age spread and the distinction beguenched carbonaceous compo$@C), a laboratory ana-
tween classical and weak-line T Tauri stars can be extractedbgue to the carbonaceous material in the interstellar me-
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dium. As an amorphous material containing aromatic hydrostarted analyzing near-infrared VLT/ISAAC observations of

carbons, QCC provides an alternative to the polycyclicthe circumstellar environment of young stars in southern

aromatic hydrocarbo(PAH) hypothesis as an explanation of star-forming regions. ComplementaSTWFPC2 R- and

the infrared emission features observed at 3.29, 6.2, 7.7, 8.6band observations of some of these sources were obtained

and 11.3um. Laboratory experiments show that QCC alsoin August—September 1999 as part of an ongd#RJ Cycle

has a 220 nm absorption feature that is similar to that seen i8 snapshot program. The main collaborators on H®&T

the interstellar medium. Carbonaceous onionlike structuresnapshot survey are K. Stapelfel@, JPL) and D. Padgett

are found in QCC, and these may be the source of the 220PAC/SSQ.

nm feature. Magnier, who joined the faculty in September 1999, con-
Graduate student M. Cushing, Tokunaga, and N. Kobatinues to study a sample of “transitional” YSOs, in collabo-

yashi (NAOJ) have obtained 1.4-2.%m spectra of very ration with R. WatergUniv. of Amsterdany, M. van den

faint low-mass objects in the Oph dark cloud using the Ancker (Center for Astrophysigsand N. McCrady(Berke-

Near-Infrared Camera on Keck I. Spectra of these objecty). The objects they are studying have flRAS spectra

show that 50% of the sources have evidence of water absorM\lith optically visible central stars. These objects are close to

tion. The other sources appear to be featureless highly redbe transition between the embedded and exposed stages of

dened sources typical of Type | sources. By estimating spe@Volution and will be used to explore the end of accretion

tral types and effective temperatures, they find that three otnd the dispersion of the circumstellar material. The first

the sources appear to be substellar and an additional folg@per on their optical and near-infrared surveyRAScan-

sources are on the stellar/substellar boundary. didates, in which they identified 28 strong and 22 moderate
Kobayashi and Tokunaga report the discovery of youn%transitional YSOs, has been accepted. They continue to ana-

stellar objectSYSOS at the edge of the optical disk of the 1yZ€ & large amount of spectroscopic observations of the best

Galaxy. These apparent YSOs are found in Cloud 2 of th@f these YSOs. _ _

list by S. Digelet al. This molecular cloud is located at an ~ Sanders and J. Carpent@altech) published their CQ

estimated distance of 15-19 kpc, and it is one of the most> 0) Study of the Galactic giant molecular cloGMC)
distant from the Galactic Center. The overall distribution of W51. Both **CO and **CO data were obtained with the

ionized gas, IRAS sources, molecular clouds, and near-QUARRY receiver array on the Five College Radio As-

infrared sources suggests that an early B-type star found nefPnomy Observatory 14 m m|II|meEer-v.vave telescope. Maps

Cloud 2 has triggered the formation of YSOs in Cloud 2. Were made using a fully sampled5@rid covering a 1.4°
Brandner joined the IfA star formation and adaptive op-X 1-4° region surrounding the W51 Hregion complex.

tics groups in July 1999. He is working on high spatial reso-1nese data permit the spatial and kinematic separation of

lution studies of circumstellar disks using ground-based€Veral spectral features observed along the line of sight to
adaptive optics systems and thtST. The first project, a W51(')6 and  establish - the presence of a massive (1.2
study of the Galactic starburst region NGC 3603 that in-~ 1_ M@) and large A/ X Ab = 83 pc.>< 114, po
volved observations witliSTWFPC2 and the Infrared Im- 9ravitationally bound GMC. The W51 GMC is not simply a
ager and Array Camera at the Very Large TelesofieT) superposition of unrelated distinct velocity components

of ESO, was completed in September 1999. The main Col§pread out along an inner spiral arm as has been sometimes
laborators on the project are E. Grelginiv. of Washing-  ProPosed in the past. The W51 GMC is among the upper 1%

tor), B. Brandl(Cornel), and Y.-H. ChuUniv. of lllinois at of molecular clouds in the Galactic disk by size and the

Urbana-ChampaignThe deep infrared observations of NGC uppe_rt 5__100? by ma;ss;_ hovx_/teve_r , the thehragzecﬂlugn
3603 with the VLT revealed that low-mass stars with massegens' Y IS not unusual given [ts size, an € mearvel-

down to 0.1M can form in the presence of high-mass starsiMe density is comparable to that in nearby GMCs. It ap-

with masses up to 1281 . The emission-line imaging with pears that much of the massive star formation activity in this
o- -

HSTWFPC2 led to the discovery of ionized nebulae of simi-region has resulted from a collision between the W51 GMC

; . " »and a massive (1.X 10°M) highly elongated molecular
lar morphology and physical properties as the “proplyds — 1
(protoplanetary dissin Orion. cloud atV = 68 km s - along the southern edge of the W51

In September 1999, Brandner, in collaboration withGMC'
Brandl and E. Gaido&Jet Propulsion Laboratory, JPLlused
the new adaptive optics system at the Paloban telescope 8. STELLAR ASTRONOMY
to search for substellar companions to nearby young solar Boesgaard and a team of collaborators determined the
analogues. In addition, they obtained, for the first time, spaabundance of Be in stars with an array of metal abundances
tially resolvedK-band spectra of the two components of thein order to enhance our understanding of the chemical evo-
077 Herbig Ae/Be binary MWC 1080, as well as adaptive lution of the Galaxy, cosmic-ray theory, and cosmology. Ob-
optics imaging data in several infrared emission lines. The&ervations of the Be resonance lines were made at the Keck
new data complement data previously obtained with the UHelescope with the HIRES spectrometer. From a sample that
13- and 36-element curvature sensing adaptive optics sy#acludes 22 halo dwarfs and 5 disk stéirscluding the Suh
tems. The study of MWC 1080 is carried out in collaborationthey found linear relations between Be and Fe and between
with L. Close(ESO), Tokunaga, and the IfA Adaptive Optics Be and O. They concluded that Be and Fe increase at the
Group. same rate during the course of the evolution of the Galaxy.
Graduate student S. Sheppard, Brandner, and Tokunaddne Be in the Galaxy increases more rapidly than O by a
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factor of 8. Traditional models in which energetic cosmicwith the Keck | telescope and HIRES spectrograph. Ten of
rays interact with ambient CNO nuclei in the interstellar me-the stars have apogalactica, a proxy for stellar birthplace,
dium to produce Be are consistent with these new findingswhich stretch between 25 and 90 kpc; however, these “outer
as long as certain chemical evolution effetdsich as mass halo” stars exhibit strikingly uniform abundances. The aver-
outflow from the halp are taken into account. Models that age, = Fe-normalized  abundance§Mg/Fe])=+0.23
predict a linear relationship between Be and O, such as those 0.09, ([Si/Feg]) = +0.24 = 0.10, ([Ca/Fg) =
producing Be in the vicinity of Type Il supernovae, are less+ 0.22 * 0.07, ([Ti/Fe])= +0.20 = 0.08, ([Cr/Fe])
consistent with their result. There is some evidence for an= 0.02 = 0.07, ([Ni/Fe]) = -0.09 = 0.07, and
intrinsic spread in Be at a givelFe/H] or [O/H]. No evi- ([Ba/Fg) =+ 0.01*+0.12—exhibit little intrinsic scatter;
dence of a primordial plateau level of Be down to log moreover, the evolution of individual ratidas a function of
N(Be/H) = — 13.5is found in from these data. [Fe/H]) is generally consistent with the predictions of galac-
Working with J. Crawford and C. SnedefiUniv. of tic chemical evolution models dominated by the ejecta of
Texasg, J. King (STSc), and C. Deliyannigindiana, Boes-  core-collapse supernovae. Orlyy/Fe])=—0.13+0.21 ex-
gaard studied the resonance lines of neutral silver appearirgbits a dispersion larger than observational uncertainties,
at 3280, 3382 A in the near-ultraviolet spectral region. Thewhich suggests a different nucleosynthesis site for this ele-
lines have been identified on Keck | HIRES spectra of fourment. It has been conjectured that stars on high-energy
halo stars with metallicities—1.3=[Fe/H]=—2.2. This orbits—either those that penetrate the remote halo or ones
work represents the first detection in metal-poor stars of awith extreme retrograde velocities—were once associated
element in the atomic number rangesdZ<55. The mean with a cannibalized satellite galaxy. Such stars, as shown
relative silver abundance i§ Ag/Fe])=+0.2, with little  here, are indistinguishable from metal-poor dwarfs of the
star-to-star variation. Silver abundance upper limits in threénner Galactic halo. The uniformity of the abundances, re-
other metal-poor stars are consistent with this mean valuayardless of kinematic properties, suggests that physically,
The modest overabundance of silver is similar to the overspatially, and temporally distinct star-forming regions within
abundances in this metallicity range exhibited by other(or neaj the growing Milky Way experienced grossly simi-
neutron-capture elements whose primary nucleosyntheslar chemical evolution histories.
origin is ther-processsuch as europium and dysprosium Stephens and Deliyannis analyzed high-resolution, high
In collaboration with E. BrugamyefUniv. of Texag, signal-to-noise ratio observations of thellresonance dou-
Sneden, King, and Deliyannis, Boesgaard worked on newblet in a pair of Hg-Mn stars. No record of a lithium detec-
determinations of copper abundances for a sample of sevdion has been found for this type of chemically peculiar star.
metal-poor (3.1=[Fe/H]=-1.6) field stars, using two The Be abundances in atmospheres of the two program stars
previously little-used Cu resonance lines in the near ultra- (HR 6158 and HR 891)5are among the highest known.
violet. These lines are easily detected on Keck | HIRESWhile the concentration of Be is several thousand times
spectra that were originally obtained to study berylliumlarger than cosmi€A(Be);~ 1.27] in both stars, lithium(Li)
abundances in the target stars. In previous studies, coppirdetected in neither HR 6158 nor HR 8915. The calculated
abundance ratios have been derived for a large group of rel& o upper limits place the maximum Li enhancements at 50
tively metal-poor field stars using higher excitation Gimes  times and 80 times cosmjé(Li); ~ 3.23] for HR 6158 and
at5105 A and 5782 A. A large, and possibly linear, decreasélR 8915, respectively, or=100 times smaller than the Be
in [Cu/Fg with declining[Fe/H] has been suggested. How- overabundances. These Li upper limits, which argue against
ever, the visible wavelength transitions are usually too weala “nucleosynthesis” origin for the Be surfeit, provide yet
to be detected in stars having less than-2 dex overall another means of constraining the physical pro¢esgro-
metallicity. Copper abundances for these very metal-poocessesresponsible for the Hg-Mn phenomenon in some A
stars must be determined from intrinsically stronger linesstars.
and their current work represents the first time the near- Simon participated in monitoring the short-term spectro-
ultraviolet transitions have been analyzed in their spectrascopic variability in the pre—main-sequence Herbig Ae star
Isotopic and hyperfine splitting were taken into account inAB Aurigae during the Multi-Site Continuous Spectroscopy
the analysis, and theCu/F¢ ratios in our stars were very (MUSICOS 1996 campaign. The analysis is focused mainly
low, as expected. However, for stars in the samplei/Fg  on the He D3 line, on the H line, and on a set of photo-
was found always to be- —1, with little or no trend with  spheric lines. The star was monitored irregularly for more
[Fe/H]. than 200 hr. The high level of variability of spectral lines in
Graduate student A. Stephens continued his thesis réAB Aur was confirmed. The photospheric lines have a pro-
search on the chemical composition of halo stars on extrem@le differing significantly from a classical rotational profile.
orbits. As part of this research, he completed a fine spectroFhe dominant features of this abnormal photospheric profile
scopic analysis of 11 metal-poor —@.15<[Fe/H] are a blue component, in absorption, whose velocity is
< —1.00) dwarf stars on orbits that penetrate the outermosnodulated with a 34 hr period, and a red component, stable
regions of the Galactic halo. Abundances for a select groum velocity but of variable intensity, with a possible period-
of light metals(Na, Mg, Si, Ca, and 7] Fe-peak nuclides icity near 43 hr. The He D3 line exhibits two well-defined
(Cr, Fe, and N)j, and neutron-capture elemer{ and B3 components: a blue component, always in emission with a
were calculated using line strengths measured from highvelocity modulated with a 45 hr period, and a red component
resolution, high signal-to-noise ratio echelle spectra acquiredf variable intensity, alternatively in emission and in absorp-
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tion, occurring at a fixed velocity, with a variable intensity more massive stars will allow us to distinguish between the
possibly modulated with a 45 hr period. ThexHine, show-  two scenarios.
ing a P Cygni profile, also exhibits pseudo-periodic varia- Simon and Ayres have studied the A7 V starCephei,
tions of its blue absorption component, but its variability which lies in a region of the Hertzsprung-Russell diagram
appears more complicated than that of the other lines studiathat is generally thought to be devoid of solarlike magnetic
here. The study proposed mechanisms to explain the behasctivity. The far-ultraviolet spectrum of this star was ob-
ior of the photometric and HeD3 lines. served with the Berkeley spectrograph during the 1896
With G. Duch@e and J. Bouvier(Observatoire de biting and Retrievable Far and Extreme Ultraviolet
Grenoble, Simon reported on a near-infrared adaptive opticsSpectrometer-Shuttle Pallet Satelli@RFEUS-SPAS )
survey of a sample of 66 low-mass members of the pre-mission. They detected emission lines ofuSi Cui, and
main-sequence stellar cluster IC 348. They found 12 binanp v, in the 900-1200 A interval, spanning formation tem-
systems in the separation rangé 68', excluding 3 probable peratures of 2x 10°~3 x 10° K. The normalized strengths
background  projected companions. In the rangeof these linesR, = f, /f,,, are within a factor of 2 of solar
logP = 5.0-7.9 days, the binary fraction in IC 348 is 19 ya|ues. Lines of two @i multiplets in theORFEUSspec-
+ 5%, similar to the values corresponding to G- andiym yield an electron density estimate, ~ 10°4%3 at a
M-dwarfs in the solar neighborhood population. Further-temperature of~6 x 10* K. The corresponding electron
more, the distribution of orbital periods of IC 348 binaries in yressurep = n, T ~ 10442:°3 s similar to that of the
this range is consistent with that of field binaries. They conyerage Sun, but several times smaller than previous esti-

cluded that there is no binary excess in IC 348. Substellag,5tes made for other late-type G—K stars. At higher tem-
companions are found to be rare, or even missing, as COMkeratures, the normalized flux ratio for coronal soft X-rays is
panions of low-mass stars in the separation range surveyedg times less forr Cep than it is for the Sun. This greatly

Also, the mass ratio distribution is not peakedjat 1inIC  oq,ceq X-ray brightness suggests that the outer atmosphere

348, and it is unlikely that an observational bias can accounts Cep differs strikingly from that of the average Sun
for that. They did not find any evidence for an evolution of being more akin to a low-density “coronal hole.” '

the binary frequency with age within the age spread of the Simon was part of a team that obtained an 88 kilosecond

cluster of_about 10 Myr. Comparing_ the b"?ary frequency inROSATHRI exposure of the intermediate-age open cluster
IC 348 with that of other star-forming regionSFRs and IC 4756 with the purpose of detecting stars in the high-

young open clusters, they concluded that there is no s;igniﬁl-urninOSity tail (logLy = 107 ergs S ) of its X-ray lumi-
cant temporal evolution of the binary fraction between afewnosity distribution |i|<owever only 1 cluster memb@{SS
million years after the formation process and the zero—agcioj) out of the '60 memlr;ers inside the central high-
main sequenc€&ZAMS) and field populations. They did find 9

a trend for the binary fraction to be inversely correlated Withsensmwty region of the HRI field of viewFOV) was de-

stellar density, with dense clusters having a binary fractiorLe_Cted' This star_ :as Ispectral type A8, ;u_ggestmg a _close
similar to that of field dwarfs and loose associations exhib2"a"y system with a low-mass X-ray emitting companion.

iting an excess of binaries. Two scenarios can be suggestércpey compared the distribution of upper limits for F- and

to explain these differences: either all SFRs, clusters anYPe dwarfs in IC 4756 with the X-ray distribution func-

associations alike, initially host a large number of binariesions of the similarly aged Hyades and Praesepe clusters. The

which is subsequently reduced only in dense clusters on tesults of this statistical analysis are inconc!usive for G-type
timescale of less than 1 Myr due to numerous gravitationaPtars but suggest that at least F-type stars in IC 4756 are not

encounters, or specific initial conditions in the parental mo-2S X-ray luminous as their Hyades counterparts, thus indicat-
lecular clouds impact on the fragmentation process leadin§d intrinsic differences between the two clusters. Finally,
to intrinsically different binary fractions from one SFR to the OUf data indicate a deficit of very active binaries with respect
other. to both Hyades and Praesepe, and older open clusters.
Simon collaborated with Duche, Bouvier, and Eiskel A helium white dwarf(HeWD) with a nondegenerate
to conduct high-angular resolution observing surveys in sevcompanion was reported by Landsmanal. (1997, ApJ,
eral young clusteréwith ages ranging from 2 to 700 Myto 481, L93, who used ultraviolet spectroscopy to identify the
determine the binary fraction and other binary properties iHow-mass white dwarf companion of the yellow giant S1040
various environments. The observed clusters differ from eacif) the open cluster M67. Landsman and Simon reanalyzed
other in their density and/or stellar content; so far, they havéhe International Ultraviolet Explorer spectra of known
focused on pre—main-sequence solar-type staith M EUV-quiet white dwarf companions of field late-type stars,
< 1.5M). Dense clusters all show low binary fractions, and usedHipparcosparallaxes to identify possible HeWDs.
similar to the main-sequence value within statistical errorsThe white dwarf companion of the star 39 G665 IlI-1V) is
On the other hand, a large binary excess is well known in th@ certain HeWD, and the system is a near twin of S1040 in
nearby loose star-forming regions. Although this may reveaM67. Four other star¢56 Per, HR 3643, HD 160538, and
the influence of some initial conditions, it may well be due toHD 165141 are identified as having possible HeWD com-
dynamical evolution of these young clusters, with a muchpanions. They considered the feasibility of a empirical deter-
larger number of binaries being disrupted in denser environmination of the mass-radius relation and envelope mass of
ments. Observations of even younger clusters as well ahese HeWDs.
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9. SOLAR SYSTEM STUDIES Tholen continued to participate in the Small Bodies Node

of the Planetary Data System. Together with the Planetary

Science Institute in Tucson, he represents the asteroid sub-
Owen continued the analysis Gfalileo Probe Mass Spec- node, which collects and prepares asteroid data for archiving.

trometer data in collaboration with H. Niemar(iNASA

Goddard Space Flight Center, GSF®. Mahaffy (GSFQ, 9.4 Comets

S. Atreya(Univ. of Michigan, A. Bar-Nun(Tel Aviv), and Biver has been working on the observations at radio

I. De Pater(Berkeley. Careful calibration of the flight in- wavelengths of comets as well as carrying out all IfA obser-

strument by Mahaffy at GSFC has shown that the hea )
noble gases argon, krypton, and xenon are enriched by rh)(éanons at JCMT. In the fall of 1998, three comets, 21P,

same factor of 3= 1 exhibited by sulfur and carbon. No /1998 P1(Williams), and C/1998 USLINEAR), were de-

known solid material in the solar system exhibits this com-tected at CSO and JCMT. The chemical investigation of

position. An independent study of the attenuation of theco:cﬁlt 21F:T/1G|f;i1cr?bl?|ézslrgle3,cm1_aIg:\aﬁl-smu,l\tla?qeousv\?b-
probe radio signal by ammonia indicates that nitrogen is en>c'ViNg campaign a ' ' ' @ ancay, was

riched by the same factor. It appears that the only way té)resented at the Asteroids, Comets, MeterSM) 1999

. . - meeting. Two other “new” comets, C/1998 M&EINEAR)
account for this common enrichment is to postulate that th%1 d C/1998 TALINEAR), were investigated and detected at

icy planetesimals that carried these elements to Jupiter mu . - . i
have formed at temperatures of about 30 K or less. Thisj MT and CSO, respectively. In addition, a worldwide ob

i . ) . . serving campaign was set to follow the activity of the mod-
EL%\Q?;Z r;:r;l;nriﬁcs;l;%ticoonnstralnt on models for gigtd erately bright comet C/1999 Hd ee), which was followed

from May to October 1999 at CSO and JCMT, in parallel
with observations at the Swedish-ESO Submillimetre Tele-
9.2 Planetary Surfaces scope(SEST), the IRAM 30 m telescope, and Nancay. This

With Bar-Nun, Owen has been studying the origin of wa-Collaboration involves researchers from Caltech, Paris-
ter and atmospheres on the terrestrial planets. The source Wfeudon Observatory, and SE§Thile), as well as astrono-
the water found on Earth and the other inner planets remain®ers from IfA, JAC, and Johns Hopkins University making
an intriguing problem. Evidence available to date Suggestgbservations in the infrared at UKIRT and IRTF. The most
that the comets cannot be the sole source of that water bélriking results of these observations are the detection of an
cause the value of D/H in the three comets measured so far {f1€xpected high HNC/HCN ratio of about 12%, nearly as
about twice the value in seawater. Water adsorbed on graifygh as in comet Hale-Bopp, while C/1999 H1 has a 10 times
that became the rocks that formed the planets offers an idower CO/CHOH ratio. These results were given in Interna-
teresting additional source. A test of this hypothesis can b&onal Astronomical Union Circulars 7198, 7201, and 7203,
made by looking for evidence of that low D/H water in sub- &S well as at the ACM and Division for Planetary Sciences
surface rocks from Mars. Unlike Earth, Mars has experi-(DPS meetings.
enced very little mixing between the crust and the interior. In collaboration with observers from France, Sweden,
Studies of Martian meteorites have revealed that the lowesghile, and Hawaii, Biver is using SEST for long-term moni-
values of D/H in water trapped in minerals from these rockdoring of comet C/1995 OIHale-Bopp, now beyond Sat-
are close to the cometary value, not the terrestrial one. Thudn. He is also using CSO and JCMT to search for CO in
the surface of Mars may be frosted by cometary ice, wherea@istant comets, Centaurs, and Edgeworth-Kuiper Belt ob-
the interior may contain the primordial water from the innerJ€cts. He gave a talk on the correlation between CO outgas-

solar nebula. This test is another interesting goal for Mar$ing and visual magnitudes at the Second International
sample return. Workshop on Cometary Astronomy in August 1999.

Jewitt and H. Matthew$JAC) completed an analysis of
SCUBA submillimeter observations of the thermal emission
from solid matter in comet Hale-Bopp. They found a dust/

Tholen and graduate student R. Whiteley continued a progas ratio in Hale-Bopp much in excess of unity. The mea-
gram to search for near-Earth asteroids at small solar elorsured spectral index, 06 0.1, in the submillimeter range is
gations. The fourth discovery to result from this work wassimilar to the indices measured in the dust disks of young
that of 1999 OW3, which is an Apollo-type object with an stars. The comets themselves are products of accretion in the
estimated diameter of 4.2 km, making it the largest Apollo-Sun’s own preplanetary disk, so perhaps this similarity
type asteroid to be found so far this year. should not be surprising.

Tholen’s program of asteroid physical observations em- Meech has continued her program to search for observ-
phasized planet-crossing asteroids, including primarily nearable differences in the physical or chemical nature of the
Earth objects and Kuiper Belt objects. The observations operiodic cometgold) compared to the Oort cometsomets
the former group are being handled primarily by Whiteley aspassing through the inner solar system for the first Yitne
part of his thesis. Several of the Kuiper Belt observationsstudying their brightness as a function of heliocentric dis-
were made simultaneously with infrared observations in theance, r. The scientific objectives of this study dig to
J band at the UKIRT by J. DaviedAC) and his colleagues. search for physical differences in the behavior of the dy-
The resultingV — J colors show considerable diversity namically new cometfthose entering the solar system from
among the population. the Oort cloud for the first timeand the periodic comets, and

9.1 Planetary Atmospheres

9.3 Asteroids
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(2) to interpret these differences, if any, in terms of theirtoo large for KBOs to grow at the present time. Therefore,
physical, chemical nature and the evolutionary histories obrbits in the Kuiper Belt must have been excited since the
the two groups of comets. epoch of formation, perhaps by gravitational perturbations
Observations of approximately 50 comets over a range ofrom Earth-mass planetesimals that were scattered by Nep-
r are complete. The data will be compared to models of theune.
level of activity (brightness and extent of copnas a function As a by-product of the survey, three new scattered Kuiper
of distance to interpret the observations in terms of possibl8elt objects(SKBOg were discovered. One, 1999 CF119,
evolutionary or aging processes, or as differences in primorreaches the extraordinary aphelion distance of 200 AU. The
dial source regions. The analysis will involve using Finson-SKBOs are a set of objects that may have been scattered
Probstein dust dynamical models to ascertain the onset araitward by Neptune. While rare in the observational sample,
cessation of dust production, the grain properties, ejectiothe SKBOs may rival the classical and resonant Kuiper Belt
velocities, and particle size distributions. populations when account is made for the effects of obser-
Meech and graduate student J. Bauer have been targetingtional selection. The orbits of SKBOs are eccentric, so that
several comets that are candidates for future space missiorteese objects can be detected in magnitude-limited surveys
Several sets of observations have been conducted on 81&ly during a narrow window near perihelion.
Wild 2, the target of the STARDUST mission, which was  Jewitt completed a review of the Kuiper Belt fénnual
launched in February 1999. The observations are beinReviews of Earth and Planetary Scien@e®l another, with
added ¢ a 9 yrdatabase of observations. Models have beertuu, for the Protostars and Planets [VHe also wrote a
developed in collaboration with R. Newbu(dPL) to assess popular article about the outer solar system for the magazine
the dust hazard for the spacecraft when it flies through th@hysics Today
coma to collect dust samples, and a paper has been submit-
ted. Extensive data to study the rotational light curve has alsg g pjanetary Satellites
been obtained on comet Wilson-Harrington, the target of the

extended Deep Space 1 mission. Tholen is continuing the reduction and analysis of the
Galilean and Saturnian satellite mutual events that occurred
9.5 Outer Solar System Objects in 1997 and 1995, respectively. The events involving lo will

be used to make a more precise determination of the satel-

Centaurs are probably the transition objects between thfe's secular acceleration, which can be compared to the
Kuiper Belt objects and the short-period comets. The longamount expected from heat flow measurements. The Satur-
term work of Meech on distant comets and short-pef®®  njan satellite events will be used to improve their ephemeri-
comets has established that SP comets have undergone Sigs in support of the Cassini spacecraft mission.
nificant thermal evolution during their residence in the inner  Tholen and Whiteley repeated a search for distant satel-
solar system. By studying the Centaurs and comparing theffes of Uranus and Neptune in the summer of 1998. In ad-
to both the SP comets and the trans-neptunian objects, it Mayition to recovering the two satellites found in 1997 by Glad-
be possible to look at an earlier, a more pristine version ofnanet al, a third object sharing Uranus’s motion was found.
the SP comets. For his thesis, Bauer began a comprehensighservations made in subsequent months indicated hyper-
study of all the Centaur objects to fully characterize theirpolic motion relative to Uranus, however. Recovery of the
physical properties in the optical and near infrared and tgpject following solar conjunction definitively showed it to
make a sensitive search for activity in these objects. Dat@e 3 new Centaur-type asteroid with the smallest known ec-

have been obtained on several Centaur objects to look &entricity of the group, nearly in a 1:1 resonance with Ura-
their rotational light curves. Data were presented on 1997%s.

CU26 at the 1999 DPS meeting. It appears that the rotation
period of this object is relatively short—near 7.1 or 10.6 hr.
In a related project, in collaboration with O. Hainditery
Large Telescope, Chile Meech and Bauer have obtained Tholen was selected by NASA as the U.S. co-investigator
extensive data on the Kuiper Belt object 1996 TO66. Theyfor the AMICA instrument (Asteroid Multiband Imaging
have established a rotation period of 6.25 hr during thre€CAmerg on the JapanesUSES-Cspacecraft, the world’s
epochs of observation. A dramatic change in the rotationdlirst asteroid sample return mission. The spacecraft will be
light curve has been interpreted as evidence for possible oulaunched in July 2002, arrive at the aster¢i®302 1989
gassing or a coma on this object. ML in August 2003, remain there for several months, and
Jewitt worked with graduate student C. Trujillo and J.then return to Earth, with the sample return capsule parachut-
Luu (Univ. of Leiden on an expanded survey of the Kuiper ing into the Utah desert in June 2006.
Belt. They used a 12Kk 8K pixel CCD at the prime focus Meech is a co-investigator on the Discovery misdiep
of the CFHT to image the ecliptic to magnitude 24. ThisImpact This mission will be the first to characterize the in-
survey is aimed toward understanding the structural propeterior of a comet by sending a 0.5 ton impactor to excavate a
ties of the Kuiper Belt, especially the variation in the densitycrater on the surface. The investigators will watch the devel-
of objects with inclination. Initial results support an infer- opment of the crater, study the surface of the nucleus and the
ence from earlier Mauna Kea data, namely that the Kuipeejecta, and look for changes in the activity of the comet as
Belt is extraordinarily thick(half width at half-maximum induced by the impact. The mission will launch during Janu-
30° or more. The thick disk implies a velocity dispersion ary 2004 for an encounter on 4 July 2005. In preparation for

9.7 Spacecraft
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the mission, Meech is coordinating all ground-based observam. This will permit regular observation of Na D chromo-
ing support for the mission. The goals of the ground-basedpheric vector magnetograms and ldhromospheric struc-
observing are to fully characterize the nucleus of the cometure and dynamics in sequence with the regular photospheric
prior to encounter: its size, albedo, rotation state, and activitynagnetograms. The Mees CCD imaging spectrograph
level as a function of heliocentric distance. In addition there(MCCD) is undergoing a data system upgrade, with a result-
will be a large-scale multiwavelength Earth- and space-baseitg factor of 25 increase in recorded flux. Commonality with
observing program simultaneous with the encounter. Duringhe recently concluded IVM data system upgrade will make
January and March 1999, Meech and Bauer obtained data dhe pair of instruments easily operable in combination. The
the mission target, P/Tempel 1, to begin to analyze its rotaeptical train of the MCCD is also being upgraded for a wider
tion state. It appears that the comet may be in an excitefield of view, better slit imaging, and an adaptive optics
rotation state with a period at least 4 days in length. package for more uniform image quality throughout the ob-
serving day.
10. SOLAR PHYSICS

The IfA Solar Group had a year of growth, with new 10.3 Global Solar Corona
facu!ty, r‘?seamh fellows, and ;tudepts. The most recent and pesearch fellow Li has completed her study of the back-
detailed information on planning, instrumentation, opera-
tions, science, and outreach is on the Web at http:/
www.solar.ifa.hawaii.edu.

round solar corona during the time of activity minimum in

996. Using time series of coronal images, she was able to
separate the background corona from the short-term effects
N of active regions. Special attention was paid to the polar
10.1 A New Ground Facility: SOLAR-C coronal holes, where Li found a systematic variation of emis-

Our knowledge of the Sun’s corona has advanced enoSion with latitude; the edge of the polar hole is clearly darker
mously since space experiments lik®@hkoh SOHQ and than the center. Li was able to construct a model of coronal
TRACEbecame operational. The ability to routinely observedensity as a function of latitude and height that fits the ob-
the morphology of the corona against the diskg.,Yohkoh  Servations inside and outside the polar holes more accurately
and to observe the extended cordirathe optica) to many than previous global coronal models. She is continuing this
solar radii (e.g., Large Angle and Spectrometric Corona-Work with longer time series to understand the coronal struc-
graph Experiment, LASCO, 080HQ has expanded interest ture during the rise toward activity maximum.
in diverse coronal plasma problems ranging from how coro-
nal mass ejections are formed and accelerated to how phot30.4 Sunspot Oscillations
spheric magnetic fields drive the inverted coronal tempera- . - :
ture structure. The disappointment borne from the delicac Rese_ar(_:h feIIovy K_upke_ Is continuing her the_3|s work on
and intermittency of these space experiments has beenagn.etIC field osu_llaﬂ_ons In sunspots, The thesis paper, how
heightened by their successes and the lack of comparab ubmitted f_or publication, _used a_polanmeter _sef:uon on _the
developments in ground-based coronal observing capabil*ie?dcgﬁgv?ézzﬂz\éi goN%(\j/vllgﬁsper?\I!(taif)r?suw;d tl;]ngtﬁ;stpg\l/ael
ties. A new facility for ground observations offers an oppor- omplementary cha.racteristics Kupke is also directing the
tunity to extend measurements of the physical properties o(f tical desian of the MCCD 'ti rad
the corona: the Scatter-free Observatory for Limb Active Re-Op \cal design ot the optics tpgrade.
gions and CoronadSOLAR-C). Under the direction of
Kuhn, the Solar-C instrument is a 0.5 m off-axis corona-
graphic reflecting telescope now being built on Haleakala | aBonte has continued his collaboration with D.-Y. Chou
adjacent to the Mees Solar Observatory. This instrument wil[Tsing Hua Univ., Taiwan They are applying acoustic im-

(1) allow coronal observations that have not been realizedaging to the study of the structure of active regions.
even from spacg2) develop technology that can be used for

future satellite observations, ar(8) support several long- 11. THEORY

term coronal observing platforms that extend intermittent i ) )
Barnes spent fall 1998 on sabbatical at the University of

coronal space observations. X .
Tokyo, where he developed a hierarchidabody code for

the GRAPE(GRAVvity PipE) special-purposéN-body hard-
ware. By combining the favorabl®(NlogN) scaling of hi-

Max Millennium is a coordinated program of observa- erarchical algorithms with the pipelined arithmetic of the
tions and analysis of solar flares and activity through theGRAPE, this new code permits the efficient simulation of
present sunspot maximum. Special effort is underway focollisionless systems wittN > 10° particles. Barnes also
collaborative operation and science with tHéggh Energy  continued work on a SPKsmoothed particle hydrodynam-
Solar Spectroscopic ImagefHESS), a Small Explorer ics) code, implementing improved algorithms for neighbor
(SMEX) spacecraft scheduled for a mid-2000 launch. searching and time stepping. Although not as general as

Under the direction of Mickey, major instrument upgradesTREESPH, the “industry standard” SPH program, the new
at Mees are in progress in preparation [ EESSI The Imag-  code is competitive in terms of speed and more than an order
ing Vector MagnetograpllVM ) will receive a dual etalon of magnitude shorter. Further work to implement feedback-
tunable prefilter, enabling operation over the band 580 to 66@egulated star formation is under way.

10.5 Acoustic Imaging

10.2 Mees Solar Observatory at Max Millennium
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Barnes worked with graduate student E. Fulton on theesults that are biased if, as in any practical study, one at-
survival of power-law cusp profiles in mergers of sphericaltempts to apply a weight based on the signal-to-noise ratio.
galaxies. These studies showed that steep cusps are pre-The new analysis emphasizes the difference between the
served in equal-mass and unequal-mass mergers, implyingsponse of an individual object and the response of a popu-
that bright ellipticals(which have shallow cuspgan’t arise  lation of objects. This analysis allows for the first time the
from mergers of faint elliptical§which have steep cusps construction of an optimal weighting scheme for combining
Fulton and Barnes found that remnant shape is correlateghear estimates from galaxies of various shapes, luminosi-
with cusp slope; remnants with steep cusps are more likely t§€s, and sizes. One result of this is an objective figure of
be axisymmetric, while those with shallow cusps are morgnerit—an inverse shear variance per unit solid angle—that
triaxial. They also completed a paper describing a simple an@haracterizes the quality of image data for shear measure-
general method of orbit classification in triaxial potentials. ment and allows one to fine tune the measurement process to

Barnes worked with graduate student G. Bendo on thdive optimal performance. The new method was tested with
line-of-sight velocity profiles of simulated merger remnants.simulated image data. This analysis draws heavily on the
This work illustrates how a remnant’s line profiles can en-Properties of real instrumental point-spread functions. In ad-
code information on the mass ratio and encounter geomet,&}ition to the calibration issue, consideration was given to
its progenitors. Mergers with mass ratios of 3:1 produce remeorrection for anisotropy of the point-spread function and a
nants with kinematic features similar to those of SO galaxieshitherto ignored bias for low signal-to-noise measurements
while equal-mass mergers produce a kinematically divers&as identified and corrected for.
population of slowly rotating objects.

Barnes continued work with J. HibbattiRAO) and Th.
van der Hulst(Kapteyn on analyzing 21cm observations of pUBLICATIONS

NGC 4038/9. With a first paper describing the observations The following articles and books were published during
to be submitted shortly, they are now focusing on reproduceggiendar year 1998. The names of IfA authors arédfd-

ing the appearance and line-of-sight velocity field of thisface  More recent publications are listed at htp://
system withN-body models. www.ifa.hawaii.edu/publications/preprints/.

Barnes studied the formation of tidal dwarf “pseudo- Ayres, T. R.;Simon, T.; Stern, R. A.; Drake, S. A.; Wood,
galaxies™” by gravitational instability in tidal tails. A large B. E.: Brown, A. 1998. The Coronae of Moderate-Mass
ensemble of simulations was used to characterize the spatial Gjants in the Hertzsprung Gap and the Clump. ApJ, 496,
distribution, mass function, and mass—radius relation of such 42g8_48
tidal fragments. Formation of tidal dwarfs is primarily gov- Bajly, J.; Yu, K. C.;Rayner, J.; Zinnecker, H. 1998. Hubble
erned by stellar dynamics, while gas dynamics plays a sup- space Telescope Wide Field Planetary Camera 2 Obser-

porting role in highlighting newly collapsed systems. vations of the Young Bipolar ki Region S106. AJ, 116,
Barnes presented invited review talks on galaxy merging 1868-81

at the 9th Annual October Astrophysics Conference, “Aftergarger, A. J., et al. 1998. New Constraints on the Luminos-
the Dark Ages: When Galaxies Were Youftige Universe at ity Evolution of Spheroidal Galaxies in Distant Clusters.
2 < z < 5),” at the Tenerife Conference, “The Evolution ApJ, 501, 522-32
of Galaxies on Cosmological Timescales,” and at the XVthBarger, A. J.; Cowie, L. L.; Sanders, D. B.; Fulton, E.,
Institut d’Astrophysique Meeting, “Galaxy Dynamics: From et al. 1998. Submillimeter-Wavelength Detection of
the Early Universe to the Present.” Dusty Star-forming Galaxies at High Redshift. Nature,
Kaiser has developed the theory of weak gravitational 394, 248-51
lensing—the detection of dark matter via the miragelike disBarnes, J. E. 1998. Dynamics of Galaxy Interactions. In
tortion it produces in the images of faint distant galaxies. He Galaxies: Interactions and Induced Star Formation,
has reconsidered the problem of determination of the gravi- SAAS-FEE Advanced Course 26, ed. R. C. Kennicutt, F.
tational shear from galaxy shape measurements. This work Schweizer, & J. E. BarneSpringey, 275-394
was stimulated by failures to generalize earlier methods t®arnes, J. E.; Hernquist, L. 1998. Transformations of Gal-
properly account for the circularizing effect of the instrumen-  axies. Il. Gasdynamics in Merging Disk Galaxies: Adden-
tal point-spread function because a central element of the dum. ApJ, 495, 187-88
earlier analysis—the second moment of the point-spreagell, J.; Douglass, J. W.; Hodapp, K.-W.; Kobayashi, N.;
function—is physically poorly defined for real telescopes. At  Robertson, L.; Tokunaga, A. T.; Young, T. T. 1998.
the heart of the new approach is a “finite resolution shear Design of the cryogenic wheel mechanisms for IRCS and
operator” that, in the absence of noise at least, gives the NIRI. In Infrared Astronomical Instrumentation, ed. A.
response of an image to a weak shear applied before the M. Fowler. Proc. SPIE, 3354, 1103-10
instrumental image degradation. This operator allows a@ockelee-Morvan, D..et al, includingOwen, T.1998. Deu-
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