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The Institute for Astronomy(IfA) is the astronomical telescope operated by the JAC on behalf of the United King-
research organization of the University of Haw@iiH). Its ~ dom, Canada, and the Netherlands; the 10.4 m Caltech Sub-
headquarters is located in Honolulu on the island of Oahumillimeter Observatory(CSO), operated by the California
near the University of Hawaii at Manoa, the main UH Institute of Technology for the National Science Foundation;
campus. The IfA is responsible for administering andthe Hawaii antenna of the Very Long Baseline Array
maintaining the infrastructure for Haleakala ObservatoriegVLBA ), operated by the National Radio Astronomy Obser-
on the island of Maui and for Mauna Kea Observatoriesvatory (NRAO); and the 10 m Keck | and Keck Il telescopes
(MKO) on the island of Hawaii. This report covers the of the W.M. Keck Observatory, which is operated by the
period from 1 October 1996 through 30 September 1997California Association for Research in Astronomy for the
and was compiled in October 1997. More information aboutuse of astronomers from the California Institute of Technol-
the IfA is available at the Institute’s World Wide Web site: ogy, the University of California system, and UH.

http://www.ifa.hawaii.edu. Construction continued on ¢h8 m Subaru and Gemini
Telescopes and on the Submillimeter Ar@MA).
1. STAFF This report covers in detail only the UH telescopes.

The scientific staff during this report period consisted of
Timothy M. C. Abbott, Joshua E. Barnes, Amy BargsiC-
MOS postdoctoral fellow Richard L. Baron, Ann M. Boes-

gaard, Peter M. Bryant, John Carpentéames Clerk Max- The report period was characterized by steady, productive
well Telescope Felloly Kenneth C. Chambers, Laird M. observing and stable operation. No new instruments were
Close, Antoinette Songaila Cowie, Lennox L. Cowie, Chris-commissioned on the 2.2 m telescope. This allowed us to
tophe Dumas, Harald Ebeling, Jochen Hi@b(visitor), Isa-  reduce the number of engineering nights to 20, making more
bella M. Gioia, J. Elon Graves, Thomas P. Greene, Olivier Rnights available for scientific research.

Hainaut (postdoctoral fellow; Donald N.B. Hall, James N.  The primary mirror of the 2.2 m telescope was aluminized
Heasley, J. Patrick Henry, George H. Herbig, John Hibbardn September 1997. It had been 3 yr since this mirror was
(Hubble Fellow, Klaus-Werner Hodapp, Joseph L. Hora, aluminized. Aluminizing had not been performed in the pre-
Esther M. Hu, David C. Jewitt, Robert D. Joseph, Nick Kai- vious years because of the heavy construction adjacent to the
ser, Naoto Kobayashivisitor), Lev Kofman, John Kor- 2.2 m dome, where the northern Gemini telescope is being
mendy, Barry J. LaBonte, Gerard A. Luppino, Alexander N.pyilt.

McClymont, Robert A. McLarerinterim Directoy, Karen J. During the report period, imaging with CCDs, which ac-
Meech, Roland Meier(NICMOS postdoctoral felloW  counted for 50% of the observing time and the bulk of the
Donald L. Mickey, Satoshi Miyazakivisitor), Guillaume  dark-moon observing time, remained the most common use
Molojij (visitor), Malcolm J. Northcott, Tobias C. Owen, of the telescope. A little under half of this was wide-field
Andrew J. Pickles, Narayan S. Raja, John T. Rayner, Pui Hilmaging using the Tektronix 20482048 CCD at the /10

W. Rhoads, A. Kathleen Robertson, Claude Roddier, Franfocus. Use of the new 81928192 mosaic CCD camera in-
¢ois J.H. Roddier, Katherine Rothiubble Fellow, David B.  creased markedly, with 38 nights scheduled in four separate
Sanders, Theodore Simon, Bradford Smithisitor), Alan  runs. Access to this camera was limited somewhat by heavy
Stockton, David J. Tholen, Alan T. Tokunaga, John L. Tonryysage of the camera on the CFHT—use on the 2.2 m tele-
R. Brent Tully, William D. VaccaParrent Fellow, Richard  scope would have been higher if it had been more available.

2.1 2.2 Meter and 0.6 Meter Telescopes

J. Wainscoat, and Gareth Wynn-Williams. The 81928192 camera has a field-of-view of 1% 19'. A
field-flattener is installed as the dewar window when it is
2. MAUNA KEA OBSERVATORIES used at the /10 focus of the 2.2 m telescope. High-resolution

The telescopes in operation during the report period wer€CD imaging at the f/31 focus accounted for about one quar-
the UH 2.2 m telescope and the UH 0.6 m telescope; the 3 rter of the CCD imaging, and the remainder of the CCD im-
NASA Infrared Telescope FacilitylRTF), operated by the aging used ultraviolet-sensitive CCDs. The Orbit
UH under a contract with NASA; the 3.6 m Canada-France2048x 2048 CCD was successfully used during the report
Hawaii TelescopdCFHT), operated by the Canada-France- period. This CCD has high quantum efficiency in the blue
Hawaii Telescope Corporation on behalf of the National Re-down to the atmospheric cutoff.
search Council of Canada, the Centre National de la Imaging with the 10241024 infrared cameréQUIRC)
Recherche Scientifique of France, and the University of Hawas performed for 26% of the observing time. The bulk of
waii; the 3.8 m United Kingdom Infrared Telescope these observations were performed at the /10 focus, where
(UKIRT), operated in Hawaii by the Joint Astronomy Centrethe camera has a 3.2 3.2 field-of-view. The large format
(JAC) based in Hilo on behalf of the Particle Physics andof this camera has made it an extremely powerful tool for
Astronomy Research Council of the United Kingdom; the 15infrared imaging. It is in particularly high demand for deep,
m James Clerk Maxwell TelescopdCMT), a submillimeter wide-area infrared imaging surveys of distant galaxies.
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QUIRC was also used at the f/31 focus, where nearfor the Science Reserve, in that the locations of approxi-
diffraction-limited imaging over a 80<60" field-of-view is  mately 60 sites of historic and cultural significanceostly
possible in good conditions with a suitable guide star for theock shrinesare accurately recorded. The map was produced
tip-tilt system. in computer-readable format.

The near-infrared spectrometer KSPEC was used for 8% At Hale Pohaku, there is a long-term construction camp
of the observing time. Low-resolution optical spectroscopyavailable to telescope projects that wish to have their work-
was performed for 10% of the observing time. The UH adap-ers reside on the mountain during work shifts. The camp saw
tive optics system was used for a 12 night run in November-eonsiderable use by Subaru and SMA during the first half of
December 1996, but the weather was very poor. The remairthe year, but this tapered off in the second half and the camp
ing 3% of the observing time was used by visitor was shut down in July.
instruments. The coudspectrograph was not used during the
report period.

Scheduling of the telescope focused on minimizing instru-3' HALEAK'A_‘LA OBSERVATORIES
ment changes. During the report period, the average length 1he administrative staff consisted of M. Maberry, D.
of time an instrument was installed on the telescope was 6.9 Gara, K. Rhoden, K. Kimura, K. Ventura, and J. Perreira,
nights. Problems with instruments most commonly occur af&nd the technical staff included A. Distasio, E. Olson, M.
ter a change, so by minimizing the number of changes, opWaterson, R. Zane, G. Nitta, J. Frey, C. Foreman, L. Hieda,
serving efficiency was improved. and K. Rehder.

QUIST—a 25 cm telescope mounted on top of the 1024
X 1024 camera and attached on the counterweight side &.1 Mees Solar Observatory
the 0.6 m telescope—was heavily used during the report pe-

riod. This telescope provides a field-of-view of 2029’ Mees Solar Observatory supports IfA solar scientists in

with pixels of 1.7. This telescope is normally used remotely data acquisition by running diverse observational programs

from Manoa. Observers normally execute their observation/ith its seven telescopes. The observatory regularly co-
by means of a script, and the telescope performs them robot?Pserves with the satellite¥ohkohand Solar and Helio-

cally; the observer checks progress periodically. QUIST wasSPheric ObservatorySOHQ and also participates in support
oversubscribed during the report period—its usage was limof special satellite and ground-based observatory campaigns.

ited primarily by availability of the 10241024 camera. One of the unique observational capabilities at Mees is the

QUIST was used mostly on the 0.6 m telescope during darRbility to pe_rform measuremgnt_s of the temporal evolution of
time. During bright time, the 10241024 camera was used Photospheric vector magnetic fields. _
on the 2.2 m telescope or CFHT. Work continued through The opservatory’s complement of instruments includes
the report period to further improve the remote operation. the Imaging Vector Magnetograph, Haleakala Stokes Pola-
Further progress was made in making documentation fofmeter, Mees CCD Imaging Spectrograph, Mees White
the telescopes available via the World Wide Web. The URLLIGt Telescope, K-Line Imager, Coronal Limb Imagers, and
for information relating to the 2.2 m and 0.6 m telescopes i S€cond K-line Imager.
http://lwww.ifa.hawaii.edu/88inch. The user manual, instru-
ment manuals, and a telescope newsletter are available at ttf82 LURE Observatory
URL. . . .
Scheduling periods for the telescopes were changed to 6 LURE is a satellite laser rangingSLR) observatory.

month semesters. The semesters were chosen to match theRE utilizes a high-powered pulsed laser to obtain distance
scheduling periods common to all the other Mauna Kea teleMeasurements to satellites in Earth orbit. LURE is funded by

scopes. The semesters are February—(igpdline Septem- e Space Geodesy and Altimetry Projects OfBEAPQ
ber 15 and August—Januarideadline March 15 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-
High-bandwidth fiber optics communications is now tioning System(GPS, as well as special missions on the
available from GTE Hawaiian Tel. Based on SONET OC-12physics of tethered satellite systems. LURE provides range
(622 Mbit s 1) technology, the system provides DS  data to NASA 7 days a week, and improvements to the com-
Mbit s™1) circuits between summit observatories and baseuter system and to the operational procedures will soon
facilities in Hilo and Waimea. Even higher capacity circuits allow LURE to operate on a 24 hr schedule. LURE continues
will be available when a new communications equipmento be a top data producer in the worldwide network of coop-
room is completed early in 1998. erating SLR observatories.
A new photogrammetric mapping of the inner portions of
the Magna Kea Science Res_erve was completed. It is basg% Haleakala Atmospheric Characterization Project
on aerial photography obtained in September 1996. The
mapping serves the dual purpose of documenting the current During 1996—97, Haleakala Observatories has been under
development and providing the basic topographical dat@ontract to Boeing’s Rocketdyne Technical Services Com-
needed for planning any future development. The map is alspany to conduct a research program known as the Haleakala
a key element of the Historic Preservation Management PlaAtmospheric CharacterizatiofHAC). This program ulti-

2.2 Infrastructure
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mately supports the U.S. Air Force Advanced Electro-4.2 The Gemini Near-Infrared Imager (NIRI)
Optical System(AEQOS) Telescope on Haleakala.

The instrument suite that supports these site measure-
ments includes a micrometeorological measurement syste

(MMS), a daytime/nighttime optical seeing monitor, a o . .
sound-powered radar system, and a small standard meteordeoPe eml_sswlty. It IS expected that 'thes.e dee|gn features,
logical system. IfA is acquiring data on the atmospheric see'EOgth'.ar with the quality of the observing site, will make the
: . : S Gemini North Telescope the best ground-based telescope for
ing and optical quality of this site. ) : .

observations in the thermal infrared.

NIRI will be the main infrared imaging instrument on
Gemini North. Its first task will be the commissioning of the
telescope and a characterization of its performance. Hodapp
is principal investigator for NIRI.

NIRI will provide three pixel scales for scientific obser-
4.1 Adaptive Optics vations. The finest0.02 arcsec pixél') has been chosen to

sample properly the expected image quality delivered by the

Over the last year we have both expanded our adaptivadaptive optics system; the middle oi®05 arcsec pixel*)
optics observation program, and worked on the developmens best matched to the image quality expected from tip-tilt
a more advanced system. corrected images on the best nights; and the widest field

The 13-actuator UH Adaptive OpticAO) system was (0.12 arcsec pixel') fills almost the whole unvignetted sci-
awarded observing time on the CFHT from 22 to 29 Octobeence field of the telescope. Produced by the Hughes Aircraft
1996 and from 11 to 17 July 1997, and on the UH 2.2 mSanta Barbara Research Cer®BRC under contract from
telescope from 26 November to 8 December 1996. An in-Gemini, the science detector will be a 10241024 Aladdin
creasing fraction of the telescope time was awarded to IfAarray with 27 um pixels. Besides basic imaging, NIRI will
staff members other than the AO team, and to astronomeysrovide the capability for grism spectroscopy at low to mod-
from other institutions. Results from these observations willerate spectral resolutioi800 and 2000 fod, H, andK, and
be found elsewhere in this report. The AO team focused itd500 forL), the capability to obtain coronographic imaging
efforts on two main programs: a study of the environment ofdata, and the capability for polarimetric observations using a
young stars by Closésee sec. ) and observations of solar Wollaston prism with 1 beam separation.
system objects by C. Roddier and F. Rodd®ze sec. B NIRI will be equipped with an internal on-instrument

A new 3 yr NSF grant was awarded to the UH team forwave-front sensofOIWFS) to keep differential flexure be-
the development of a 36-actuator AO system. A first versiortween the science channel and the OIWFS within acceptable
of this new system is scheduled to operate at the CFHT frontimits. Optical wave-front sensors perform well almost ev-

7 to 17 November 1997. In addition to providing higher erywhere in the sky, but an important class of scientific
compensation performance, the system will be equipped witprojects, studies of deeply embedded very young stars in
new actively quenched avalanche photodiodes from EG&Giearby molecular clouds, is not able to utilize such a system.
that will provide a factor of 2 improvement in photon detec- For this reason, and in light of recent advances in the noise
tion efficiency and allow the use of natural guide stars agperformance of near-infrared detector arrays, the NIRI OlI-
faint as mag 18. In the following years an infrared wave-WFS will be a HAWAII (HgCdTe Astronomical Wide Area
front sensor based on a Rockwell detector array will be builtinfrared Imager 1024 X 1024 HgCdTe array.

It will allow almost full sky coverage to be obtained in the  Throughout the report period, the NIRI design was de-
Galactic plane. A new type of stellar coronograph will alsotailed out, the optical design performance was analyzed, and
be implementedsee PASP, 109, 815 prototype cryogenic mechanisms were tested. NIRI success-

Since last year, Northcott and Graves worked on the confully passed the critical design review in May 1997 and is
struction of the new system, which required a number ohow in the fabrication phase.
important technical development&l) computer simulation
and design opt?mization of the new syste(@®) development 4.3 Camera and Spectrograph for Subaru
of more versatile control software able to operate with any
number of sensors or actuatof8) design, fabrication, and Tokunaga (principal investigator, Project Scientist N.
testing of new control electronics based on new F¢8marc  Kobayashi (Japan, and coinvestigators Hodapp, Rayner,
5) processors for control loop and communicatiof#y;fab-  Hora(IfA), Y. Kobayashi, T. Maihara, and T. Nagatipan
rication of a 36-actuator deformable mirr@raplacian Op- have started the construction of the Infrared Camera and
tics desigm; (5) in-house fabrication of lenslet arrays with a Spectrograph(IRCS), a facility instrument for the 8.2 m
computer-controlled milling machindg) in-house fabrica- Subaru telescope on Mauna Kea. It will be a high-resolution
tion of a new wave-front curvature sensor; difireconfigu-  spectrograph for 1-am (R = 20,000, and a powerful slit-
ration of the optical bench and transfer optics. In addition, aviewing camera. The camera section will have grisms for
possible extension of our current deformable mirror technollow to moderate spectral resolutigap to R = 2000. The
ogy to a large number of actuatof$00 to 1000 was ex- instrument will use 1024 1024 InSb array$the ALADDIN
plored via computer simulations to allow the correction ofarrays, one each for the camera and spectrograph sections.
telescope aberrations in space. Major components have been purchased or constructed, and

The 8 m Gemini North Telescope, now under construc-
n on Mauna Kea, is designed to achieve unprecedented
Image quality and is unique in its optimization for low tele-

4. INSTRUMENTATION
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testing of hardware is planned for December 1997. Thet.5 SpeX
planned completion date is January 1999, with the first test

observations to be made about three months later. Rayner is principal investigator for SpeX, a medium-
resolution 0.8—-5.5um spectrograph and imager being built

at the IfA for the NASA IRTF. The primary scientific driver

of the instrument is to provide maximum simultaneous
4.4 Optical Detector Development wavelength coverage at a spectral resolving power that is

well-matched to many planetary, stellar, and Galactic fea-

The optical detector group is leading aggressive program@/rés, and at resolving power that adequately separates sky
to develop CCD instruments and new CCD detectors opti€Mission lines and disperses sky continuum. This require-
mized for astronomical observations. ment has resulted in an instrument design that uses prism

One area of specialty is the construction of large ccpeross-dispersers to provide spectral resolutions of R
mosaic focal planes. The IfA has constructed one of the~1000-2000across 0.8-2.um gnd 2'0__5'5‘”“' ,
world’s largest CCD focal planes, a mosaic with 8182 Spe?( was funded .by the Nat|onal Suepce Foundation
8192 pixels. This camera was commissioned in 1995 an&NSF) in July 1994. First-light is expected in 1999. SpeX

was the first large mosaic to go into regular use. The CCIZWiII get first choice of an array from the NASA Planetary
mosaic is a close-packe@aps< 1 mm), 4 X 2 array of Astronomy InSb Detector Array Infrastructure Project

three-edge-buttable 20481096 Loral CCDs with 15 (PAIDALI). The PAIDAI Project is funding a foundry of 1024

um pixels. The camera was designed primarily for use at the>< 1024 detector arrays at Hughes SBRC. Work at SBRC

prime focus of the CFHT, where it offers an unprecedenteétarteOI n Octpber 1996 and 'S expecteql to last about 18
combination of wide field of view(0.47° X 0.47° or 0.22 months. All being well, SpeX will use a science-grade 1024

ded) with optimal sampling(0.21 arcsec pixel') of the X 1024 InSb arvay in the spectrograph and a 542512

. , " h InSb array in the infrared slit-viewer.
best Mauna Kea seeir@.5'). In addition, with the use of a SpeX ?; being designed in-house, but all optical, elec-
field-flattener, the camera can be used at the f/10 RC focus ?Fonic and cryo-mechanical parts ar’e being procuréd and
the UH 2.2 m telescope, where the image scale is 0.14 arcs ! . : .
pixel ! and the field of view is 0.318 0.31° (0.1 deg). Sbricated by outside vendors. Assembly and testing will be

During th ¢ period. th d extensi Idone at the IfA in Honolulu. In October 1997, the array
uring the report period, the camera was used extensIVely, yoller was undergoing testing, and delivery of the large
by UH astronomers for wide-field projects in weak gravita-

tional lensina. the studv of the faint aal luminosity f cryostat vacuum jacket is imminent. All major optical com-
lonal fensing, the study ot the faint gaiaxy Iuminosity Tunc- ,,,ants are scheduled to be delivered by the end of 1997,
tion in clusters, and the search for solar system comets, ag-

. . . : nd all major cryo-mechanical components by mid-1998.
teroids, and Kuiper Belt objects. The UH 8K mosaic camerar,. oiher IRTE/UH personnel working on SpeX include D.
has obtained impressive data so far.

On the CI:HTTI'oomey (project enginegr P. Onaka(electrical enginegr

05 kimages werle aczieved over the ;ntirﬁ mosaic ﬁ?lﬁv. Stahlbergermechanical enginegrT. Denault(Software
Wor IS currepty underway to upgrade t e CCDs wit enginee), and D. Watanabénstrument technician
higher-sensitivity thinned devices, and to build an 8KL2K

CCD mosaic camera for permanent use at the CFHT.

In addition, the optical detector group is developing new,
state-of-the-art CCDs. One example is a UH-led effort in—4'6 AEOS Spectrograph
volving six major observatories that are developing a 2K Mickey (PI) and coinvestigators Hodapp, Stockton, and
X 4K, three-edge buttable CCD with Massachusetts Institut¢ yppino began design work on a high-resolution optical/
of Technology Lincoln LaboratoryMITLL ). The goal of  SWIR spectrograph for the U.S. Air Force AEOS telescope
this program is to produce an extremely low-noise{5  on Haleakala. The 3.6 m AEOS telescope will be available a
electrong, high-speed, deep-depletion CCD with enhancedsignificant fraction of the time for astronomical observations.
near-infrared 700 nm to 1um) response and minimal inter- The UH spectrograph, funded by an Air Force contract, will
ference fringing. The first thinned devices from this projectmake use of large-format detectors to provide both high reso-
have been produced. They work as expected; hase has |ution and wide spectral coverage.
been achieved, and increased red quantum efficiency has The spectrograph will consist of two separate arms, one
been realized from the deep depletion technology. This workor “visible” wavelengths (0.5 to 1.0m) and another for
with MITLL is continuing. the range 1.0 to 2.um. Both will be cross-dispersed echelle

The optical detector group has been substantially augspectrographs that use “white pupil” layouts to control the
mented with the arrival of Tonry. He has pioneered the desize of the camera optics. Tentative plans call for slit widths
velopment of a new type of CCD—the Orthogonal Transferof 0.15 and resolving powers of 50,000 on both arms. The
CCD (OTCCD—that is capable of transferring charge in visible spectrograph will use a 4K 4K CCD mosaic cov-
two directions. With such a detector, one can accomplistering the full wavelength range in two settings. The SWIR
tip-tilt image-motion compensation “on chip” rather than arm is designed to use a 2K 2K HgCdTe array currently
with moveable optics as is usually done. The first of thesainder development. It will obtain full coverage of ther H
devices were developed by Tonry with MITLL. Further work band in a single grating setting, and tkeband in two set-
in this area, including the production of large devices, willtings. A dichroic will permit simultaneous use of both arms;
now be done at IfA through the UH-MITLL Consortium.  tip-tilt image stabilization will be provided using an active
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fold mirror and centroid measurement with a slit monitor Magorrian (Canadian Institute of Theoretical Astrophysics

camera. [CITA]), Richstone(Pl), and S. TremainéCITA). Papers
were completed on core fundamental plane parameter scaling
5. GALACTIC AND EXTRAGALACTIC STUDIES relations, the discovery of a double nucleus in NGC 4486B,

the detection of a supermassive black hole in NGC 3379, and

Gioia, Henry, and graduate student C. Mullis used theblack hole demographics

deepest region of thROSAT(X-ray astronomy satellijeAll-
Sky Survey, around the North Ecliptic PGINEP), to pro- Kormendy and K.C. Freema(Mt. Stromlo Observatony

duce an X-ray—selected sample of distant clusters. With thi%r t?oﬁrse?aenn<g)b?seprfl/zzrcc())r:réjlzr':i(onmsag?m)egr?lﬁafgirrﬂr;?_ den
sample, they will study the evolution of the cluster X-ray v h ,I o dius. hal locity di . d total qal
luminosity function. ThREROSATNEP sample is from a con- sity, halo core radius, nalo velocily dispersion, and total gal-

tiguous region, so they will also be able to characterize th@X)c/i Iumlgpsny.f TTese ; prowde COQStLa'mS on Olﬁr
three-dimensional large-scale structure of the universe b nderstanding of galaxy formation, and they suggest that

studying the cluster-cluster correlation function. So far theyN€re may be a significant population of undiscovered, essen-

have identified about 80% of the 465 X-ray sources in thei@ly €mpty DM halos that are like the halos of the dwarf

sample. There are 50 clusters of galaxies so far with redshif§Pheroidal galaxies Draco and UMi. _
extending beyond 0.8; there are 16 clusters with0.3 L. Cowie, A. Cowie, and Hu continued studies of galaxy

A recent discovery is a cluster at0.82 with a filamen-  €volution in the Hawaii Survey fields—a reference sample
tary optical structure. The cluster has a high velocity disperfo" Which deep optical and near-infrared multicolor imaging
sion. X-ray maps obtained with the High Resolution Imagerdata are available, with now near-complete, magnitude-
(HRI) onboardROSATshow the presence of hot gas in the I|m|t§d gln B, I, K) spectroscopic identifications from deep
same region as the optical filaments. This is reminiscent oftultiobject spectroscopy on the Keck telescope. Recent
the initial formation of protoclusters described as mattefVOrk has focused on completing spectroscopic identifica-
flowing along filaments: a process that may be occurring ifions of the 1.#z<2.8 sample galaxies using a combination
this distant cluster. Thédvanced Satellite for Cosmology ©f rest-frame ultraviolet absorption-line spectroscopy with
and Astrophysic§ASCA temperature is characteristic of hot LRIS on Keck I at blue wavelengths, together with infrared
low-redshift clusters. spectroscopy using the CGS4 spectrograph on UKIRT for

As recipient of a Humboldt Research Award from the rest-frame optical emission-line feqtures. In collaboration
Alexander von Humboldt Foundation, Kormendy visited thewith E. Egami (Max-Planck-Institut fu Extraterrestrische
observatory of the Ludwig Maximilians University, Munich, Physik these data have been used to study the evolution of
Germany, in July—October 1996 and July—August 1997. Théhe galaxy formation function with redshift.
purpose was to work with R. Bender on several papers on the Graduate student J. Huang, with L. Cowie, Hu, A. Cowie,
search for supermassive black hol@Hs) in galaxy nuclei. Wainscoat, and J. P. Gardn@iniv. of Durham), completed
A paper was completed on the discovery of & B*-M, a brightK-band survey designed to determine the local end
central dark object, probably a BH, in NGC 4486B, a dwarfof the galaxy luminosity function. Huang, Cowie, and Lup-
elliptical companion of M87. The detection is remarkafdle ~ Pino have also used the UH 8K mosaic CCD camera to per-
because NGC 4486B is the second galaxy known to have ®rm morphological classification on the bright multicolor
close double nucleus, suggesting that double nuclei and BH$, |, K) sample.
are connected, an@) because the above mass is an unprec- L. Cowie, Barger, graduate student N. Trenth@row at
edentedly large fractiofi7%) of the mass in stardHubble  Institute of Astronomy[loA], Cambridge, graduate student
Space Telescop@HST) STIS observations of NGC 4486B E. Fulton, Hu, and A. Cowie continued with deep wide-field
are scheduled to check the BH detection. Kormendy andnulticolor imaging of the Hubble Deep FieltHDF). A.
Bender also are analyzing CFHT SIS spectroscopy of M31€owie has constructed an active catalog of summary
these greatly strengthen the case for a central BH and agPectroscopic/imaging data on the Hawaii HDF observations
consistent with the predictions of Tremaine’s model of thefor interactive Web access at http://www.ifa.hawaii.edu/
double nucleus as an eccentric disk of stars orbiting in the- cowie/tts/tts.html.
potential of the BH. Sanders, L. Cowie, Joseph, Wynn-Williams, and Cham-

Kormendy, Bender, former graduate student A.S. Evanders, in collaboration with Y. TaniguchiPl) and Y. Sato
(now at the California Institute of Technologynd D. Rich-  (Tohoku Univ), K. Kawara(Tokyo Astronomical Observa-
stone(Univ. of Michigan) completed a paper on the discov- tory), H. Okuda(Institute of Space & Astronautical Science,
ery of a 2x10°-M, central dark object, again probably a Tokyo) and Y. Sofue(Institute of Astronomy, Univ. of To-
BH, in the normal E5 galaxy NGC 3377. kyo), T. Matsumoto and H. Matsuhaf&lagoya Univ), K.

Kormendy continued work orlSTphotometry and kine- Wakamatsu (Gifu Univ.), and F.X. Dsert (Institut
matic measurements of the central parts of early-type galaxd’Astrophysique Spatiajehave used thinfrared Space Ob-
ies, as part of a team including E. Ajhéitt Peak National —servatory(ISO) satellite to conduct a deepgm ISOCAM
Observatory{ KPNQ]), Bender, G. BowefNational Optical and 90—175um ISOPHOT survey of the Lockman Hole, a
Astronomy ObservatoriefNOAOQO]), A. Dressler(Carnegie region of very low Galactic H | column density that is suit-
Observatories S.M. FabelUniv. of California, Santa Cryz  able for deep mid- and far-infrared searches for higied-

C. Grillmair (Jet Propulsion LaboratofyPL]), K. Gebhardt dened galaxy populations. This is currently the deepest mid-
(Univ. of Michigan), R. Green and T.R. LaudKPNO), J.  and near-infrared survey of this type. Follow-up infrared,
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submillimeter, and millimeter investigations will be directed  Stockton, Canalizo, and Ridgway continued a program of
toward those sources with no near-infrared counterparts, argkarching for old stellar systems at 1.5 in the form of
those that are candidates for previously undetected highlgompanions to QSOs. A sieve procedure is used to identify
reddened galaxy populations. likely candidates. First, shoiX’ images are obtained with
Wynn-Williams, together with G.P. KnapfPrinceton, the IRTF, and fields having galaxies with 18&8'<19.5
M.P. RupenNRAO), M. Fich (Univ. of Waterlog, and D.A. ~ within a 30 radius of the QSO are identified. For these,
Harper(Yerkes Observatojy used the ISOCAM instrument J-band images are obtained, and fields with objects with
on ISO to study the infrared emission from a number of J-K~2 are noted. These fields are observed in a 0.9
elliptical galaxies. Observations at 4.5 and % of the first ~ «m filter in bright time on Keck, and a two-color plot is
of these, NGC 3998, show extended emission from the bulggonstructed and compared with models for stellar popula-
stars and strong point-source emission from the nucleus. TH&Ns of different ages. Finally, deép-band imaging is ob-
inner regions of NGC 3998 appear to contain a few thousantpined to look for consistency with the indicated age. For the
solar masses of warm~(200 K) dust, probably associated best candidates surviving this selection process, deep Keck
with the active galactic nucleU®\GN). spectroscopic observations are obtained to determine an age
Hu and R. McMahon(loA, Cambridge have been con- from diagnostic lines in the near-ultraviolet. About 160 fields
tinuing their studies of very high redshifzt4.5) galaxies have been examined so far, and several candidates have been
targeted inz>4 quasar fields by strong Lymandine emis-  identified, although spectroscopic confirmation has been
sion. This program is being extended to a sampleeft.5 hampered by weather. .
quasars that will be studied with de¢{STimaging in the Tonry, J.P. BlakesleeMIT), Ajhar, and A. Dressle(Car-
optical and infrared to identify high-redshift galaxies by their égie Observatorigsare completing a program of distance
colors. Supporting observations on these fields will be takel€terminations to nearby elliptical and SO galaxies using the
using telescopes on Mauna Kea. European collaborators gRéthod of surface brightness fluctuations formulated by
this program, S. D'OdoricdESO), Egami, A. Fontana and T(_)nry._ While the surface brlgh_tness of a ga_laxy is invariant
E. Giallongo(Rome Observatojy and S. Cristian{Padug, with distance, the rms fluctuations about this mean will de-
will use telescopes at ESO. pend on the number of unresolved stars sampled by each

Graduate student G. Canalizo and Stockton completed @€tector pixel, and will be inversely proportional to the dis-
project on close companions of three low-redshift QSOstance of the galaxy. This method is being applied to make an
One proved to be a star, but the companion of PG +AIB estimate of infall towards Virgo. At larger distances, Tonry,
turned out to be particularly interesting. Using a simple two-Aihar, Dressler, M. PostmaiSpace Telescope Science Insti-

component model, Canalizo and Stockton were able tdut€ [STScl), Lauer, and J. HoltzmatNew Mexico State

achieve a satisfactory fit to the spectrum with a combinatiof’NIV-) are using surface brightness fluctuations HST
of a 10 yr old population with one with an age of WFPC?2 far-red optical data to determine distances and pe-

~1.2x 10 yr. These observations have been followed UIOculiar ve_Iocities to_vvard thg local “Great Attractor.” This
ethod is also being applied by Tonry, graduate student J.

with additional Keck spectroscopy of QSO companions and" h d : v of Ari
host galaxies, with a particular focus on objects that lie in theensen, R. Thompson and M. Riefniv. of Ariz.), Lauer,

transition region between ultraluminous infrared galaxiesp ostman, and R. Weymari@arnegie Observatories
and the classical QSO population in the far-infrared two-
color plot. 6. STAR FORMATION AND INTERSTELLAR

In a related project, Stockton, Canalizo, and Close usetMATTER
the UH Adaptive Optics system on CFHT to image the QSO Tokunaga and S. Wada (Univ. of Electro-
PG 1700518 in theH band. The resulting image has a communicationscontinued their work on understanding the
FWHM of 0.25/, and the object on the N edge of the QSO isnature of quenched carbonaceous compd§M&C), a labo-
clearly seen to be a discrete companion with an arclike, preratory analog to the carbonaceous material in the interstellar
sumably tidal, tail. medium. As an amorphous material containing aromatic hy-

Stockton and S. Ridgwa§Oxford) continued their inves-  drocarbons, QCC provides an alternative to the polycyclic
tigations of various complete subsamples of 3C radio sourcegromatic hydrocarbotPAH) hypothesis as an explanation of
with z~1. They have begun to obtain WFPC2 images fromthe infrared emission features observed at 3.29, 6.2, 7.7, 8.6,
their Cycle 6 HST imaging program, which extends their and 11.3um. Tokunaga provided a review of the emission
recently publisheddSTCycle 4 quasar sample to higher red- features, including the 21 and 30m features, at a meeting
shifts. A detailed spectroscopic study of the environment obf the Infrared Telescope Satellite in Tokyo, Japan, during
the quasar 3C 212 has been completed. This quasar is dfovember 1996. The main conclusion is that these emission
special interest because of the complex apparent alignmebtinds can be roughly divided into three types, named A, B,
of features with the radio axis, both within and beyond theand C, following Geballe. Type A is the most common and is
radio lobes. One important result of the spectroscopic workypical of most H Il regions and planetary nebulae. Type B is
has been to show that a component just beyond the NW radibequently seen in late-type stars that are in the transition
lobe, which seemed to have a close morphological conneghase to becoming planetary nebulae. These objects typically
tion with the radio structure, is most likely instead a chancehave the 21 and 3@m emission features. Type C is very
foreground projection. The quasar itself appears to be in aare, and objects of this class show a unique set of emission
loose group rather than in a rich cluster. bands at 3.43 and 3.5Im.
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Herbig’s search for interstellarggin the 3200 A region, based on some 125 stars fitted to theoretical tracks, rises
in spectra of reddened OB stars obtained with the HIRESrom 1.5Mg to about 0.2M 4, with a slope very much like
spectrograph at Keck I, has so far shown no positive resultghat of the Scalo initial mass function. The optical cluster IC
Interstellar G," is expected to occur near 9500 A, and has348 radius is about 4.0or 0.37 pc. The total mass of opti-
indeed been reported by a French group, from Observatoireally detectable stars in this volume is 8, while the
Haute Provence and CFHT spectra. Herbig also has observedean space density is about 520 stars3pdhe amount of
a large number of reddened and unreddened OB stars in thiisterstellar material remaining within the cluster is small in
region, but heavy atmospheric,8 structure(even on dry comparison. Star formation in the Per OB2/IC 348 region
nights on Mauna Ke&amake the reductions difficult. cannot be characterized by one unique age; it appears that

In an effort to determine whether the carriers of the dif-stars have been forming in the region now occupied by the
fuse interstellar banddIBs) may be present in the material association for 10—-20 Myr.
evaporated from the nucleus of a comet when it nears the Close continued to probe the early stages of stellar and
Sun, Herbig and D. McNallyUniv. College Londoh ob-  planetary formation with the new technique of adaptive op-
served the spectrum of the B-type star HD 12895 as comdics. During the last year, Close has utilized the UH Adaptive
Hale-Bopp passed almost over it on 3 April 1997. The ob-Optics (UHAO) system at the CFHT to produce the first
servations were made with Keck HIRES at very low altitude,high-resolution polarimetry images with adaptive optics of
under difficult conditions, but good spectra were obtained. Ithe nebulae around young stars. These infrared imaging po-
was necessary also to observe with the same instrumentl@rimetry maps obtained 0.2esolutions and proved that
setup an adequate number of stars having strong DIBddubble’s Variable Nebula is produced by light from the cen-
Those spectra were obtained by Herbig on a subsequent rdral young Herbig Ae/Be star R Mofsee ApJ, vol. 48P
at HIRES. Close also imaged the accretion disk around the young star

It has been suggested that the DIBs might occur in emisHL Tau at the highest resolutions to dateJatH, andK'’
sion in a reflection nebula illuminated by a hot star. Herbigwith UHAO. These images showed how the outflow from a
obtained low-resolution spectra of two reflection nebulaegyoung star is perpendicular to the disk and clears away the
(NGC 1788 and NGC 206&t the 2.2 m telescope, but there dust above and below the disk. In addition, he obtained
was no indication that any of the stronger DIBs were presendiffraction-limited 0.1 images of the accretion disk around
in emission. This suggests that these DIBs are not producetie classical T Tauri binary UY Aur &, H, andK’. It was
by a scattering process. found that the dust particles in such circumbinary disks are

Herbig now completed his investigation of IC 348, anot larger than 0.um. It was also found that material from
small cluster that is part of the Per OB2 association. CCCrircumbinary disks seems to feed the inner, smaller, circum-
photometry was obtained iBVRI (at the 2.2 m for about  stellar disks. He also utilized UHAO at the UH 2.2 m with
260 stars in and around IC 348, and CFHT multiobject specM. Simon (State Univ. of New York at Stony Brookto
troscopy for about 80. A somewhat larger region was surproduce the largest AO image ever takéncontinuous arc-
veyed for stars having & in emission, and over 110 min?) with 0.25' resolutions of the Trapezium cluster in
emission-line stars brighter than about=R19 were discov- Orion. This large, high-resolution map showed the fraction
ered. Because &l emission could be detected to a limit near of binaries in Orion is the same as that in the solar neighbor-
W = 3 A, division into weak-line(WTTS) and classical T hood.

Tauris (CTTS was possible on purely spectroscopic Hodapp continued the project of deep imaging of Class 0
grounds. There is a steep rise in the number of emission-lineutflow sources ifK and the 2.12um 1) line filter. In IC

stars below WHa) = 10 A; the proportion of WTTS:CTTS 1396 W and B335, molecular hydrogen emission and con-
in the area surveyed is 59:5ROSATdetected about 58% of tinuum nebulosity associated with embedded Class 0 sources
the spectroscopic WTTS and about 65% of the CTTS, alwere found.

though these numbers are sensitive to the spectroscopic and Hodapp also continued to monitor the photometric evolu-
X-ray survey thresholds. The ages of about 100 stars, redibn of the deeply embedded outburst stEOS discov-

off the theoretical tracks of D’Antona & Mazzitelli, mostly ered in the Serpens molecular cloud in July 1995. Its bright-
scatter between about 0.5 and 12 Myr, but the emission-linaess is slowly declining, suggesting a light curve somewhere
stars, which are most likely to be members of IC 348, have &etween the fast declines of typical EXor and the slower
mean age of 1.3 Myr. Allowance for unresolved binariesdecline of typical FUor stars.

would increase this age somewhat, but there is a firm upper Carpenter has completed a molecular line and radio con-
limit at 2.95 Myr. There is no indication that the ages of thetinuum survey of ultracompact regions. The data will be used
emission-line stars depend uponM&): the IC 348 WTTS to determine the masses and densities of the dense cores
as a population are not systematically older than the CTTSwhere massive stars form. Molecular line and continuum
but there is a tendency for the WTTS to be concentratediata have also been obtained for a sample of cores in Orion
toward the center of IC 348, while the CTTS are moreto search for depletion of the molecules onto the grain sur-
widely distributed. There is a scattering of emissioa-stars  faces. These data will examine the ratio of the gas to dust
over the entire area surveyed. There are too many to be exolumn densities over a range of gas temperatures to deter-
plained as low-mass members of an earlier generation of stamine if there is a critical temperature at which molecules
formation in Per OB2. The expected number of foregroundoegin to freeze onto grains. He has also completed a near-
dMe stars is also too small. The mass frequency functioninfrared imaging and spectroscopic study of the MonR2 stel-
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lar cluster(see AJ, 114, 198 The MonR2 cluster is shown tional models, or to the extraordinary action of Li production
to constitute one of the richer dense stellar clusters in thenechanisms in the material that formed this star. They found

solar neighborhood. no convincing evidence that favors Li production. Stars 18,
21, and 46 have identical Ba abundances, which argues
7 STELLAR ASTRONOMY against Li production carrying an s-process signature. These

Boesgaard continued research on the abundances of trt]réree stars have indistinguishable calcium, chromium, iron,
light elements aimed both at a determination of the primor—and titanium, which argues against'superngva Li production.
dial (Big Bang production of Li and at an understanding of They_ co_n&deredz-process productlon OT Li and found no
internal stellar structure of solarlike stars. J. Kii&ySc), C. convineing obs_ervatlonal ewden_ce for this ffor_” the ;trengths
Deliyannis (Yale), and Boesgaard have determined themc the magnesium, Ca, and Fe Illnes. The_3|m|lar|t.y In age .Of
lithium (Li) abundance in the halo star BR23 3912((Fe/H] these cluster stars argues against cosmic-ray Li production
— — 1.5 to be a factor of 2—3 above the Li plateau found for that requires age differences of billions of years. At present,
the field halo stars. This remarkable difference could reflethe most likely explanation is differential Li depletion from a
either(1) less-than-average stellar Li depletion from a higher(PSSibly significantly higher primordial Li abundance.
primordial Li abundancéas predicted by the Yale rotational  StePhens, together with Boesgaard, Deliyannis, and King
stellar evolutionary modelswhich may have interesting im- 'stud'|ed the element bgrylllum in stars known to be def|C|ent
plications for Big Bang nucleosynthesis, @ the extraor- 1" L|..These qbservatlons were made at the CFHT in _the
dinary action of Galactic Li production mechanisni.is  Ultraviolet region near 3130 A of the Bell doublet in-
also possible that both processes have actetey used lithium-deficient F and G dwarfs. They also made revised Li

high-resolution, high signal-to-noise Keck HIRES spectra tg@Pundance estimates for the entire sample using updated,
determine the s-process element abundances arfiLitfei consistently calculated stellar parameters with previously
ratio in this star. These values serve as signatures for twBublished equivalent widths. Abundances derived from LTE
possible Li production scenarios: th8e transport mecha- analysgs of the Li and Be Ime-formmg_ regions confirmed the
nism in asymptotic giant brandAGB) stars and cosmic ray Suspicion that F star; .that deplete Li by factors of 10—200
interactions with the interstellar medium. The unremarkabl¢M@y also be Be-deficient. Photospheric Be concentrations
abundances of yttrium, zirconium, barium, Ianthanum,ranged from near meteoritic levels in G dwarfs to factors of

neodymium, and samarium that they derived argue againstJaO—loo below this assumed initial abundance in hotter stars.
significant contribution to this star's excess Li from AGB Moreover, significant Be deficiencies were found in stars that
production mechanisms carrying an s-process signaturé’.oPmate a 600-K-wide effective temperature window cen-
Since halo subgiants like BD23 3912 are expected to be tered on 6500 K. This Be abundance gap is reminiscent of
particularly good®Li preservers, their conservative upper the Li gap observed in open clusters. They also discovered
limit of SLi/’Li < 0.15 (compared to 0.25-0.30 expected 12 new stars that are like 110 Her: objects that exhibit a
from cosmic ray productionargues against cosmic ray depleted but detectedsurface concentration of both Li and
+ ISM interactions as the source of the excess Li, unless LBe. These provide a powerful means of differentiating be-
depletion from an even higher Li has occurred with prefer-tween the possible physical processes responsible for ob-
ential’Li depletion. Highly speculative red giant branch pro- served light-element abundance patterns. Indeed, their Be re-
duction scenarios also seem unlikely given the normal sosults, in conjunction with the newly calculated Li
dium and aluminum abundances they found and the normaibundances, led to the following conclusions regarding the
carbon and oxygen abundances found by others. The totalifjypothesized light-element depletion scenari@s: Mass
of Li data on halo subgiants argues against possible diffusiolpss cannot account for stars with severely deplé¢bed de-
scenarios, in which all such stars dredge up Li that diffusedected Li and moderate Be deficiencie®) The predicted
during the main-sequence lifetime. The high Li abundance i§imescales for surface depletion due to microscopic diffusion
consistent with that expected from Yale rotational modelsare too long for significant Li and Be deficiencies to develop
having lower-than-average initial angular momentum. in cool (Tex=<6200) stars; nevertheless, underabundances
In another approach to the determination of the primordiare observed in these staf8) Diffusion theory also predicts
Li abundance, Boesgaard, with Deliyannis, graduate studerd and Be depletion rates to be comparable, but it is evident
A. Stephens, and King, made observations of Li in turn-offthat Li and Be depletion proceed at different speeds.
stars in one of the oldest and most metal-poor globular clusModels of mixing induced by internal gravity waves cannot
ters, M92. They made Keck I/HIRES observations at Rexplain mild Be deficiencies in cool dwarfé) A key me-
=45,000(= 3 pixels of six stars near the turnoff; for three ridional circulation prediction regarding the efficiency and
of these stars they have a signal-to-noise ratio of(@&  severity of Li and Be dilution was shown to be falliblg)
pixel), while the other three are 20. They found that star 18 However, rotationally induced mixing, a turbulent blending
has a Li abundance that is about a factor of 2—3 larger thanf material beneath the surface convection zone due to the
that in stars 21 and 46. The Li abundance in star 18 is higlonset of instabilities from superficial angular momentum
compared to the halo field star plateau and is similar to thaloss, predicts both the observed light element depletion mor-
in the remarkable Li-rich halo star BE23 3912. They have phology as well as the existence of 110 Her analogs. These
attempted to determine whether the excess Li in star 18 isYale” mixing models provide, therefore, the most plau-
due to less-than-average Li depletion in this star from arsible explanation of those presented for the observed Li and
even higher initial abundance, as predicted by the Yale rotaBe abundances.
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In a related study, Boesgaard, with Deliyannis, StephensThe solar photospheric abundance is intermediate between
and D. LambertUniv. of Texas, studied boron in Li- and the two values. This intermediacy indicates that the Sun,
Be-deficient stars. The Goddard High Resolution Specwhose highly depleted photospheric Li abundance is in gross
trograph(GHRS was used with théiSTto observe the B1 conflict with standard stellar models, is not an isolated
region at 2497 A in nine F and G dwarfs of approximatelyanomaly in its Li abundance evolution. A similar conclusion
solar metallicity. The stars were selected because they havesreached via comparison afCen A and metal-rich Hyades
variety of Li and Be deficiencies. Most of the nine stars weredwarfs. The difference in the 16 Cyg components’ abun-
also newly observed at high spectral resolution and higllances suggests, though does not directly establish, a slow
signal-to-noise ratios at the Keck | telescope, the CFHT, andpossibly rotationally inducedmixing mechanism operating
the UH 2.2 m telescope at 3131 A for Bell and at 6708below the surface convection zone in these stars. Indeed, the
A for Lil. With spectrum synthesis they determined the Li abundance difference can be viewed as an analog to the Li
abundances of B in nine program stars and in five other stasbundance dispersion seen in cool stars of sinmillgs in
from the HST archive. The stellar parameters used were deopen and globular clusters, and in Galactic field halo stars. It
termined in a self-consistent way for the program stars ands possible, in principle, that the low Li abundances of the
the archive stars. Spectrum synthesis was also used to det@un and 16 Cyg B with respect to 16 Cyg A may be related
mine the Li and Be abundances or upper limits. Correctionso the presence of a planetary companion; extant Li abun-
to the B and Li abundances due to non-LTE effects weralances of 47 UMa, 51 Peg, and HD 114762 might further
applied. support such a connection between planets/disks, angular

The stars originate from the region on the zero-age maiimomentum evolution, and photospheric Li abundances. Be-
sequencdZAMS) of the Li (and Be dip. In spite of large cause of a variety of uncertainties, however, any conclusions
deficiencies in Li and Be, they found a striking uniformity in remain tenuous and speculative at this time.
the B abundances, i.e., there is no B dip. In all cases the Li The Be study was a joint project of King, Deliyannis, and
deficiency is greater than the Be deficiency. For the cooledBoesgaard. At the Cerro Tololo Inter-American Observatory
and most evolved star in the sampleHer A, the B abun- (CTIO) 4 m telescope, they obtained high-resolution, high-
dance is 0.5 dex lower than the mean for the other stars. ThiS/N spectra of the Be 11 3131 A region in the metal-rich solar
star also has the largest Be deficierimpore than a factor of analoga Cen A and its companioa Cen B. Be abundances
60) and the largest Li deficiendynore than a factor of 500  were derived relative to the Sun in a consistent fashion via
These data, together with other studies of the Li dip, arguspectrum synthesis. Fox Cen A, they found[Be/H]
strongly against diffusion and mass loss, and in favor of slow= + 0.20+ 0.15 where the error reflects random uncertainties
mixing as the cause of the Li and Be dip and the absence dft the 1o confidence level; systematic errors 6f0.1 dex
a B dip. are also possible. Analysis af Cen B is more uncertain

Six stars with Fe/H] from —0.75 to+0.15 have Be abun- since inadequacies in the line list, which was calibrated with
dances ranging from the maximum of the sample to a factosolar data, may manifest themselves in cool metal-rich
of 4 below the maximum, yet these stars have a B/Be rati@warfs. Their analysis suggesiBe/H] < +0.05, which is
that is constant to within=0.10 dex and that is close to the lower than the value of A, but not significantly so given the
predictions of Galactic cosmic-ray spallation of 10—15. Theuncertainties in the A determination alone. They also consid-
Be range for four stars with solar metallicity is still a factor ered uncertainties in the solar photospheric and meteoritic Be
of 2, and yet the B/Be ratio is constant to withir0.03 dex. abundances and concluded that it is likely that the former
These results imply that the Galactic cosmic-ray productiorvalue is depleted relative to the latter by 0.1-0.5 dex. Even a
of B and Be is not uniform relative to the production of slight real depletion in solar photospheric Be coupled with
elements such as Fe by stellar nucleosynthesis. the observed Li depletion of-2 dex would favor a slow

Boesgaard and colleagues also studied the abundances(pbssibly rotationally inducedmixing mechanism in addi-

Li and Be in solar twins and solar analogs, in particular thetion to standard model burning at the base of the convection
visual double stars 16 Cyg A and B ardCen A and B. zone. If the difference in the Be abundancesxaen A and
Research on Li in these two pairs by King, Deliyannis, D.B is real, it too would strongly suggest the action of addi-
Hiltgen (Univ. of Texas, Stephens, K. Cunhdational Ob-  tional nonstandard mixing mechanisms. They concluded that
servatory Brazjl, and Boesgaard showed that the two com-the light element abundances of the Sun an@en A (and
ponents in each pair have very different Li abundances. Theinther solar analogsare not grossly dissimilar. The idea that
observations are high resolutigR ~ 45,000-70,000and  standard models and the current solar photospheric Li and Be
very high S/N ¢ 1,000 spectroscopy of the Li | 6707 A re- abundance are discrepant because the Sun is a lone “odd-
gion in each component of the binary solar twins 16 Cyg Aball” is doubtful.

and B, the solar analog Cen A, andae Cen B. Spectra of 16 Simon, along with collaborators S.L. Cully and G.H.
Cyg were obtained with the UH 2.2 m, McDonald Observa-Fisher (Space Sciences Laboratory, Berkelemwnd S.L.

tory 2.1 m, and Keck telescopes, and were reduced indepehtawley (Michigan Statg completed their analysis of spectra
dently. Comparison of spectral synthesis with the 16 Cygf the flare star AD Leo, taken by tHextreme Ultraviolet
data and similarly obtained solar data, yielddd abun-  Explorer (EUVE) spacecraft during the March 1993 flare of
dances that show excellent concordance between the variottsis star. The EUV spectra are dominated by iron lines from
datasets. Despite differing ifg; by only 35—-40 K, the Li a hot coronal plasma. A novel version of the regularized
abundances of 16 Cyg A and B differ by a factor=#.5. inversion technique was developed to take account of infor-
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mation in the plasma emissivities as well as the S/N ratio oburface and wind magnetic structure of the pre—main-
the spectrum. The method was applied to AD Leo to derive &equence Ae star AB Aur, and on star-disk magnetic inter-
differential emission measure distribution for the flare andactions in the T Tauri variable SU Aur. The campaign was
for the quiescent corona of this star. The emission measureeset by unusually poor weather on Mauna Kea.
during the flare is strongly peaked at temperatures aboVe 10 Simon and S. WolfiNOAO/KPNO) measured rotational
K, and it declines to lower values during the decay phase o¥elocities for a large sample of field A and F stars, based on
the flare. The results of the spectral analysis are consistehigh signal-to-noise CCD spectra taken at the Cofedksl
with the tall loop model developed by the same authors in artelescope of the KPNO. A comparison was made with mean
earlier study, based on their analysis of the EUV light curvevelocities published for young stars in the Orian,Persei,
taken by theEUVE Deep Survey instrument during the same Pleiades, and Hyades clusters. The study shows that stars
flare in 1993. In May 1996, a moderate-size flare of AD Leomore massive than 18 experience little or no change in
was observed at X-ray wavelengths with thECAsatellite  rotation within the main-sequence band, while stars between
by the same investigators. A preliminary analysis of the SISL.6 and 1.3M show little decline in rotation on the main
light curve reveals a strong Fe/H deficiency in the coronakequence and at most a factor of 2 decrease as they evolve
spectrum during quiescenéthe so-called first ionization po- off the main sequence. They concluded that the overall de-
tential effec}, which vanishes during the flare as the Fe/Hcline in rotation speed along the main sequence among the A
ratio rises to very nearly the photospheric value. and early F-type stars is imposed during the pre—main-
Simon and W. LandsmafNASA Goddard and Hughes sequence phase of evolution, and that the pattern changes
STX) used the GHRS aboard thé¢ST to detect NV 1239 relatively little during the main-sequence evolution of
A emission in spectra of Altair and Cep. This is the first intermediate-mass stars. This suggests a very limited role for
time 1-3x10° K transition material has been observed in magnetic braking in the rotational histories of these stars.
the spectrum of any normal A star. They also reported the Heasley continued his work on photometric studies of Ga-
detection of Silll 1206 A and Lymamn- 1216 A emission lactic globular clusters. The main thrust of this work is to
in the GHRS spectrum of the middle A staf Eri, making  establish the chronology of the globular clusters located in
this star the hottest main-sequence A star known to have the vicinity of the Galactic center. This includes both clusters
chromosphere and a convection zone. Simon obtained ia the metal-rich thick disk population and several metal-
well-exposed 900-1200 A spectrum@fCep during the 19  poor clusters located within 2—3 kpc of the Galactic center.
November to 7 December 1996 flight of the space shuttlefhe primary observations for the program have been ob-
Columbiaas part of the ORFEUS-SPAS Il guest investigatortained with theHST, with supporting data obtained at the
program on STS-80. Emission lines of C 111 977 A and 1176CFHT, the UH 2.2 m telescope, and the Kitt Peak 0.9 m
A are present, as are those of O VI 1032 A and Si Ill 1206telescope. Collaborators in this work are K. JafBeston
A. Simon and J.-C. Bouret and C. Catalhaboratoire  Univ.), P. Demarque and R. ZinfYale), and G. Da Costa
d’Astrophysique de Toulouse, Francebserved the pre— (Mount Stromolo Observatoyy
main-sequence Ae star AB Aurigae with the GHRSH®T The metal-rich thick disk clusters being studied include
and detected emission at NV 1239 A. This observation proNGC 6624 and NGC 663@rom the HST) and M71(from
vides evidence for the presence of material at much highethe ground. Preliminary color-magnitude diagrams have
temperatures than 17,000 K, the hottest chromospheric tenfbeen obtained for all three of these clusters using subsets of
perature previously established from the ultraviolet lines ofthe available observations. From a direct comparison of their
CIV. The NV emission is modeled in terms of hot clumps color-magnitude diagrams, both NGC 6624 and NGC 6637
(~150,000 K that form as fast-streaming gas overtakes andappear to be identical in age within the uncertainties of the
collides with slow-moving gas in the wind of this star. data. The difference in color between the main-sequence
Simon and C. S. JefferfArmagh Observatory, Northern turnoff and lower giant branch suggests that M71 is some-
Ireland published their study of amternational Ultraviolet ~ what younger than the other two clusters. If this result holds,
Explorer (IUE) eclipse light curve of HD 185510= V1379 it suggests that the thick disk of metal-rich clusters formed
Aql), a double-lined binary containing a KO lllI/IV primary over an extended period of time, perhaps on the order of
of the RS CVn class and a hot, subluminous secondary staseveral billion years.
The light curve resolves the ingress and egress phases of the Heasley has also developed color-magnitude diagrams for
secondary eclipse. Also analyzed were a high-dispettlénh  the metal-poor globulars NGC 6293 and NGC 6333. Both of
spectrum in the vicinity of 1300 A and the Lymanprofile  these clusters are located near the Galactic center, but have
of the companion star. The spectroscopic analysis favors thaetallicities typical of the metal-poor clusters in the Galactic
identification of the secondary as a helium white dwarf,halo. New estimates of the metallicities of both clusters ob-
while the orbital solution points instead to a sdOB classifi-tained by Da Costa confirm the low metal abundances. The
cation. A fit to the spectral energy distributions of both starscolor-magnitude diagrams for these clusters have been com-
succeeds only if the primary is moderately deficient in metpared with a new ¥, V—1) color-magnitude diagram for
als. M92 derived from CFHT and UH 2.2 m observations. The
Simon took part in the Multi-Site Continuous Spectros-clusters appear to be identical in age to each other and to
copy (MUSICOS 1996 campaign at the CFHT in November M92. If the orbits of NGC 6293 and NGC 6333 are indeed
1996. Using Zeeman-Doppler tomography, the campaign foeonfined to the inner halo, this suggests this region of the
cused on variability in the wind of the O stgrPer, on the Galaxy formed at the same time as the outer halo. This result
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is in conflict with suggestions by Y. W. Lg¥onse) thatthe  program involves high-resolution imaging with the adaptive
oldest metal-poor stars near the Galactic center are older thamptics bonnette at CFHT to identify those binaries that are
halo clusters like M92. not optically evolved and are therefore possible common en-
In collaboration with A. SarajedifiNOAO), Heasley be- velope evolution remnants. Low-resolution spectroscopy of
gan an investigation of the outer halo globular NGC 5024 other candidates has been obtained at the Dominion Astro-
BVI observations of the cluster obtained with the Kitt Peakphysical Observatory. Results include the identification of a
0.9 m telescope are being used to develop color-magnitudeng-period eclipsing system that may help to define the
diagrams for stars extending out to the tidal radius of thdong-period limit of the common envelope phase.
cluster. With C. Haswell(Univ. of Sussex, UK and using the
Abbott continued his research into cataclysmic variableSPEC spectrograph on the UH 2.2 m telescope, Abbott is
and their progenitors with the report of observations taken a@btaining near-infrared spectroscopy of cataclysmic binaries
ESO of a ROSATdiscovered cataclysmic variable, RX and low-mass X-ray binaries to dissect the accretion geom-
J2353.0-3852. The optical spectrum shows strong, doubletry of these objects.
peaked Balmer emission, embedded in absorption troughs
from HB onward and similarly doubled He | and Fe Il emis- 8. SOLAR SYSTEM STUDIES

sion; He 1114686 is not seen. Optical light curves show a b mas worked with Owen on adaptive optics observa-
periodicity at 5246 s with its first three harmonics, and an+jong of solar system objectasteroids, satellites, giant plan-
other at 2282 s. These perlodlcmes were not present in furéts, rings and near-infrared spectroscopy of primitive solar
ther observations made in September 1994. A pointed obsefystem objects. He used telescopes worldwide that are
vgtlon in 1994 WlthROSATyleIded a spectrum consistent equipped with adaptive optics systems, including those at
with a dwarf nova with a low-mass transfer rdsee A&A, £SO, Mount Wilson, and Mauna Kea. He obtained some

318, _134- _ . very high resolution of the asteroids Vesta, Ceres, and Pallas
With J. PattersoriColumbia and others, Abbott studied \yith the aim to map the surface of these minor bodies
the recent outburst of the SU UMa star AL Com. The overallihrough selected narrowband filters that match the spectral
eruption light curve was striking, suggestive of two SUper-featyres of the minerals present in their regoliths. Dumas’s
outbursts in rapid succession. During the first week of erupyork on Vesta consists of measuring the abundances of the
tion, the light curve sported a period of 81:68.07 min.  giogenites and eucrites at the surface of Vesta to constrain
This signal declined quickly in amplitude, and was replacedne existing models of differentiation of this asteroid. The
by a stronger signal at 82.59.03 min. The latter bears all pympose of the adaptive optics observations of the large C-
the earmarks of a “common superhump,” a feature usually|ass asteroids like Ceres and Pallas is to search for the pres-
seen in SU UMa-type dwarf novae in superoutburst. Thisence of bound water on their surfaces and determine if there
superhump endured at least 40 days, with no secular periogte polar caps on Ceres.
change. Dumas was also involved in other programs using adap-
The quiescent light curves were reexamined to search fofye optics systems, including searching for satellites of as-
a stable photometric signal that might signify the true binaryteroids and monitoring the volcanic activity of the Jupiter-
period. They found a stable double-humped waveform with gacing hemisphere of lo during Io's eclipses. The resolution
fundamental period of 81.6025.0001 min—the shortest obtained on lo from the ground is at least comparable with
period yet seen among dwarf novae, and probably veryhe |o infrared images obtained with NIMS, the Near-
nearly the shortest period attainable by any binary star with frared Mappmg Spectrometer aboard tGalileo space-
hydrogen-rich secondary. In orbital period and quiescengraft.
light curve, as well as in the eruption light curve, the star is  Dumas’s interest is also oriented toward the surface com-
a virtual twin of WZ Sge. There are also large-amplitudeposition of the most primitive objects of the solar system. He
waves with a period in the range of 83—90 min; these “qui-obtained a collection of near-infrared spectra of dark aster-
escent superhumps” are rarely found in cataclysmic varioids, mainly P- and D-type asteroids, to search for the pres-
ables, and require an origin somewhat different from that oknce of organic compounds on their surfaces. He is also in-
the common superhumps characteristic of SU UMa stars igolved in projects to obtain infrared spectra of Kuiper Belt
eruption. We speculate that they arise from instability at theobjects and Centaurs using large telescopes.
2:1 orbital resonance in the accretion disk and that the sec- Graduate student J. Bauer completed work on a master’s
ondary has been whittled down t60.04 M, (see PASP, thesis project started at the State University of New York at
108, 748. Stony Brook in collaboration with J. Lissau@ASA Ames
Observations of the old nova HZ Puppis, also at ESOand M. Simon(Stony BrooR. The thesis involved the analy-
reveal it to be an intermediate polar whose light curve dissis of 1995 Saturn ring-plane-crossing data obtained at the
plays an exceptionally rich selection of photometric period-IRTF that yielded near-infrared photometry of the faint E
icities arising from spin and orbital variations and beatingand G rings and several small moons.
between these two. This system is a candidate for the new Meech continued her long-term program of comet obser-
class of diskless intermediate polars. vations. The objectives of this study af®) to search for
With F. Ringwald (Pennsylvania State Unijy.Abbott is  physical differences in the behavior of the dynamically new
engaged in a program to study composite spectrum binarieomets(those which are entering the solar system from the
as possible survivors of common envelope evolution. Thigort cloud for the first timpand the periodic comets, ari@)
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to interpret these differences, if any, in terms of their physi-cal (which is usually near 23 AUto better understand the
cal and chemical nature, and the evolutionary histories of thenset of activity in comets. This should address a major ob-
two groups of comets. Observations of approximately 50servational selection effect in the study of comet activity as a
comets over a range of heliocentric distances have been cofunction of distance from the Sun. As this will be done pri-
tinuing for several years and are nearing completion. Thenarily in the ecliptic and the images will go deep, it is likely
data will be compared to models of the level of activity that many new Kuiper Belt members will also be found.
(brightness and extent of copmas a function of distance to During four successful runs using the UH 2.2 m telescope
interpret the observations in terms of possible evolutionanand the CFHT, recovery data for 13 comets was obtained,
or aging processes, or as differences in primordial sourcand five were recoverg@lthough data analysis was continu-
regions. Highlights are as follows: ing). Hainaut finished the development and testing of a neu-

Observations of cometary comae at large heliocentric disral networking algorithm to make automated searches for
tances is now routine for the dynamically new comets, andaint moving objects in these large images, and this work is
this clearly indicates that there is a strong difference in théeing written up for publication.
brightness curves of the Oort comets compared to the peri- Comet 55P/Tempel-Tuttle, the parent of the Leonid me-
odic comets. The dynamically new comets and the shortteor stream, was recovered by Meech and her group using
period comets are believed to have formed in different rethe Keck telescope. This is the first physical data on the
gions, with the short-period comets forming at lower comet nucleus since the comet was discovered in 1865
temperatures. The differences in activity levels seen betweeonly other data being three astrometric data points obtained
the comet classes are almost certainly due to evolutionary an 1965. Observations from 10.8 to 3.5 AU showed no ac-
aging effectsHSTobservations of five Oort comet nuclei by tivity from the 1.8 km nucleus. An observing campaign has
Meech and Hainaut have yielded upper limits to the sizes obeen planned to characterize the comet before the 1998—-99
the nuclei that are small and comparable to the sizes of thmeteor showers, which may be significant.
known short-period nuclei. This has important implications Meech, Hainaut, and Bauer observed three comets that are
for the extreme activity levels in these comets as well as focandidates for future space missions. For premission plan-
models of the outer solar system that suggest the Oort cometng and a successful encounter, one needs to know the ro-
size distribution should be primordial, but the short-periodtation, the pole of rotation, the size, albedo, and characteris-
comets are probably collisional fragments from the Kuipertics of the dust environment around the comet. Observations
Belt. continued to obtain the rotational light curve of 3200 Pha-

An observing campaign to follow 2060 Chiron through its ethon. This is part of a long-term campaign to characterize
1996 perihelion was successful. Both the UH 2.2 m and the¢he nucleus of this object, the progenitor of the Geminid
KPNO 0.9 m telescopes were used. The goal was to geneteor stream, which is believed to be an extinct or dormant
nearly nightly observations of Chiron to look both at its comet nucleus, and may be the target of a future space mis-
long- and short-term brightness variations and coma extension. The current goals of the campaign are to observe the
and to be able to coordinate this with deep Faint Objectotational light curve, which has a period of 3.6 hr, at several
Camera(FOC) observations made withiST during spring different epochs in order to fit for a pole solution. The data is
1996. The set of observations is being used to interpret theurrently being analyzed. A large visible-infrared-radio cam-
structure of the bound dust coma seen in cycldSTobser- paign was planned for fall 1997 during Earth’'s close ap-
vations by Meech, M. Buie(Lowell), and M. Belton proach to Phaethon.

(KPNO). There is a straightforward relationship between the Observations of the Rosetta target, comet 49P/Wirtanen,
extent of this bound atmospheféne exopause the size of were made during August 1996 with the UH 2.2 m telescope.
the dust grains in the coma, and the size of Chiron’s nucleuénalysis of this data was completed, and they found a rota-
and its mass, and thElST observations imply a very low tion period near 7.6 hr with a minimum axis ratio of 1.7.
nucleus density for Chiron. Because of recent occultatio'With observations at 3 epochs they were able to watch the
measurements that give a good estimate of Chiron’s size, fatevelopment of the coma, and have inferred that activity
the first time it is possible to estimate the density of a comebegan between 3.5 and 4.5 AU from the Sun. A comparison
nucleus, which has fundamental implications for the condenwith HSTdata suggests that the albedo of the nucleus is very
sation processes in the early solar nebula. low, near 0.04.

In addition, Bauer and Meech, in collaboration with Bel-  Observations have been ongoing through the perihelion of
ton and others, are planning to begin development of a sB1P/Wild 2, the target of the NASA STARDUST mission,
phisticated bound atmosphere model. Monitoring the colomwhich will send a spacecraft within 150 km of the nucleus to
of the coma dust in an attempt to correlate this with the levetollect samples of the dust coma in aerogel for return to
of activity has continued through the spring of 1997, andEarth. Success of this mission will depend on careful mod-
several runs were devoted to getting the 1995-96 observaling of the dust environment in the inner coma. Observa-
tions calibrated on the same photometric system so that #ons obtained during this past year are being addeal 9 yr
grand light curve can be constructed to examine the longdatabase of observations. The analysis of the database has
term activity. shown that the nucleus has a radius of 2 km. Detailed dust

Meech and Hainaut continued their program of distantmodels are being developed in collaboration with R. New-
comet recovery using the UH 8K CCD mosaic camera. Théourn (JPL) to assess the probabilities of impact from
goal is to recover periodic comets much earlier than is typimillimeter-size dust near the nucleus.
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As part of the guaranteed observing time with the NIC-date, the Apollo asteroid 1997 QK1 was discovered by this
MOS instrument development team, Smith, Meier, andprogram on 27 August 1997. This object has a perihelion
Owen have been preparing numerous observing runs fafistance very close to 1 AU and ranks in the top 50 objects
NICMOS, the new infrared camera aboard tHST. The  that pass close to Earth’s orbit. It is also substantially larger
planetary program involves narrowband and wideband phogahout 0.5 km estimated diameténan many of the objects
tometry as well as low-resolution spectroscopy of varioushat pass closer.
satellites and planetary rings in our solar system. Additional The eccentricity of Charon’s orbit continued to be a sub-
targets are dust disks around selected main-sequence sta]gtt of study by Tholen. Attempts were made during the
First observations will be completed in mid-October 1997. : - : -

owen and Meier. in colll?aboration with Jewitt and reporting period to combine thélST data obtained by

' ) . .~ Tholen and Buie with those obtained by G. N@WPL) and
Tokunaga, also conducted an intense observing campaign § ; . . . .
wen, in hopes of improving the overall orbit solution. The

the infrared and submillimeter to search for rare isotopes an ) . ) . .
new molecules in comet Hale-Bopp during its peak activity.prInCIpaI difficulty is ensuring that the image scale and po-

Highlights of this program were the detection of deuteratec'tion angle calibrations are consistent between the two data

water and the discovery of DCN, the first deuterated specie¥€tS: Tholen has also been investigating with Buie the possi-

found in a comet that does not belong to the water groupPility of using theHST FOC images of Pluto to determine
The D/H in water suggests that comets cannot be the onifetter offsets between the center of light and the center of
source for Earth’s ocean, while the high D/H ratio in HCN body. Such information has a significant effect on the orbital
supports the pristine nature of comets. eccentricity solution. Work is progressing on both fronts.
C. Roddier and F. Roddier continued analysis of imagedJltimately, it is hoped that ground-based observations can be
of the Saturn ring system taken using the adaptive opticincluded in the orbit solution process.
system in August 1995, as Earth was crossing the ring plane. Tholen continues to participate in the Planetary Data Sys-
Evidence was found for nine additional clumps in the F ringtem Small Bodies Node. A significant effort in 1997 was
that escapeHST observations(IAU circular 6515. Evi-  directed toward helping the 2MASS infrared sky survey
dence was also found for particles on a tadpole orbit ahead fﬁroject identify asteroids in the scans. It is hoped that over
Enceladug|AU circular 6697. Images of Neptune and Pro- he |ifetime of the survey, several thousand asteroids will be
teus taken in 1995 were also analyZ@thnet Space Sci., 45, homogeneously observed &K wavelengths.

103D. Whiteley continued physical observations of near-Earth

They also participated in several other solar SyStemasteroids under the supervision of Tholen. In collaboration

projects that used the adaptive optics system: In coopera’uovr\llith 3. Bell (UH Planetary Geosciences filter wheel and a

with Owen, new images of Neptune were taken both in No- . . .
vember 1996 and July 1997. These images will help to keeHew set of infrared filters were procured to permit observa-

track of the stratospheric cloud activity and determine winglions of fainter near-Earth asteroids |.n the 0'8_,2'5
velocities at these altitudes. In cooperation with Owen andM Wavelength range at the IRTF. The first observations
Tholen, they obtained narrowband images of Pluto andVith this new system were made in late 1997.
Charon that show clear differences in the surface composi- Jewitt continued a highly successful program to discover
tion of these two objects. Narrowband images of Titan weredbjects in the Kuiper Belt beyond Neptune in collaboration
taken by graduate student B. Han as part of his Ph.D. theswith J. Luu (Harvard-Smithsonian Center for Astrophysics
research. and assisted by graduate students J. Chen and C. Trujillo.

Tholen pursued high-speed photometric observations of Jewitt also embarked on a systematic effort to observe
Galilean satellite mutual events, which occur near each Jazomet Hale-Bopp at submillimeter wavelengths at approxi-
vian equinox about six years apart. The latest series of eventaately weekly intervals while it remained far enough north
occurred in 1997. A principal goal of these observations is afg observe from Mauna Kea. The observational effort was
improved measurement of the secular acceleration of 10°ghared with recent IfA graduate M. Senéyow at Univ. of
orbit, which depends on_both the energy being dissipated bWIassachusetts, AmheJstH. Matthews (Joint Astronomy
lo’s volcanoes. anq the tidal qcceleratlon. The former WOL,JIdCentre, Hilo, and K. Berney.
cause lo to s.plral inward, while the latter does the opposite, H. Weaver(Johns Hopking T. Brooke(JPL), M. DiSanti,
because Jupiter rotates faster than lo revolves. . .

X . M. Mumma, G. Chin, and C. LissetNASA Goddard, and

Tholen and graduate student R. Whiteley continued tQI_ K 40 red ob i f th th

survey ecliptic regions at small solar elongations to look for okunaga and Lwen reported observations ot the methane

Aten asteroids with aphelia close to 1 AU. Such objects repgbundance in comet Hyakutake. Seven lines ofuttgfun-

resent a potential impact hazard, yet the probability of theid@mental of the methane at 3.8n were observed, and the
discovery by opposition search techniques is very small. Téhéthane abundance relative to water was found to be about
compensate for phase losses, a larger aperture tele@tape 1% with an uncertainty of a factor of 2. This abundance is
2.2 m) is being employed, and to compensate for the smalfonsistent with observations of the methane-to-water abun-
field of view normally provided by such a long-focal-length dance in dark molecular clouds. The rotational temperature
instrument, the 8K CCD mosaic camera was chosen as théerived from the line intensity ratios indicates that the rota-
detector. Approximately 13 dé@f sky have been imaged so tional temperature varied approximately inversely with he-
far. Although no Aten asteroids have been discovered tdiocentric distance.
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9. SOLAR PHYSICS (GOES spacecraft, she was able to quantitatively test
whether optical lines in solar flares are reliable proxies of
coronal emissions. Her study is unique in providing quanti-
LaBonte and K. ReardofOsservatorio Astronomico di tative values for the optical fluxes integrated over space and
Capodimontg developed a novel technique that uses thewavelength, and in its focus on flares of small total flux. She
YohkohSoft X-ray Telescopg€SXT) data, to measure coro- found that several temporal correlations exist between the
nal temperatures from the average energy of photons resptical and X-ray emissions. Despite the selection of the
ceived through single filters. Individual X-ray photons in the flares as hard X-ray emitters, the flux ratio of K and Balmer
keV energy range produce hundreds of photoelectrons in a and the temporal behavior demonstrate that the nonthermal
single pixel of a CCD array detector. The number of photo-beam is stopped in the transition region, producing flares that
electrons produced is a linear function of the photon energyshould be EUV bright.
allowing the measurement of spectral information with an
imaging detector system. ThhkohSXT uses a CCD in an
integrating mode and makes temperature estimates frof-4 Estimation of Coronal Magnetic Field Structure
multiband filter photometry. LaBonte and Reardon showed

. - Graduate student L. Jiao continued his thesis work on
how the SXT can be used in a new way to perform a limited . ; . :
.three-dimensional reconstruction of solar coronal magnetic

type of photon spectroscopy. By measuring the variance II1:l|eld$. Working with A. McClymont, R. CanfieldMontana

intensity through a single filter of an X-ray source on re- o ) C .
peated SXT images, the mean energy per detected photosntaté’ and Z. Mikic(Science Applications International Cor-

can be determined. This value is related to the underlyin oration, he found that analysis of active region AR7220/

coronal spectrum, and hence can be used to deduce the222 has revealed some remarkable features of the solar
plasma temperatu’re. They compared the results of the tem-oronal magnetic fielt_j: The region of bright X-ray Ioops Is
peratures derived using this new technique on a series ol:*ounded by separatrix surfaces and restricted to regions of
SXT images of a post-flare loop system with the tempera_short field lines. Surrounding areas conspicuously lacking in
tures derived using the standard flux-ratio method. The com§0ﬁ X-ray emission are connected by ang f'.eld Ilne_s to dis-

: . tant opposite polarity. The force-free field lines align well
parison demonstrated that the bright postflare loops really are. .
cooler than the surrounding material, as shown via the fluxy.vIth qbserved coronal Iopps and agree better than poten't|al
ratio method by Tsuneta and collaborators. Given the Iarg(fe'eld lines do. The footpoints of the brightest .se't of loops lie
dynamic range of the soft x-ray flux observed from the sun™ @ photospheric flux tube that has a very distinct sheath of
they were able to describe the requirements for a future in‘[eturn current. Furthermore, the bright loops appear to have

both ends rooted in quite strong magnetic fields. The separa-
strument that would take advantage of photon spectroscop¥r.ix surfaces do not seem to contribute to heating of the

, ) loops; the lengths of the field lines and field strength at the
9.2 Isolated Active Regions footpoints seem to be the most significant factors.

LaBonte, H. HudsoriSpace Physics Research Cehtat These findings stimulate the investigation of the physics
Sterling(Naval Research Laboratopand T. WatanabéNa- of loop heating in other active regions. They reconstructed
tional Astronomical Observatory of Japaworked on the the coronal magnetic field of AR6919 from a series of three
isolated active regions AR 7978/7981 from July and AugustMagnetograms that span the 15 November 1991 flare event.
1996. This region is very interesting because its appearanceey also compared coronal fields of AR6919 computed
on an otherwise blank Sun makes it a “test particle” for from two kinds of boundary conditions: one with the
understanding the nature of its activity and its effects on théPecified everywhere, the other with specified only over
global corona. Statistical study of the soft X-ray events is the?n€ polarity. They expanded their study of loop heating by
primary focus of this study. The flares of this region show nocomputing loop brightnesses based on heating fluxes depen-
indication of obeying a relaxation oscillator. During its sec-dent on the footpoint magnetic field strength, applying the
ond disk passage as AR7981, the decay of sunspots and mégronal loop scaling law to determine temperature and den-
netic complexity was accompanied by an increase in the flar&ity, and mapping those onto the computed field lines. They
rate and flare sizes. The effects of this region in energizingan then compute the X-ray flux and integrate along the line-

an entire hemisphere of the corona are dramatically seen f-Sight to obtain two-dimensional images. o
the SXT images for the July 1996 time period. Jiao continued his work on the numerical characteristics

of three-dimensional reconstruction of solar coronal mag-
netic fields based on Mees Stokes vector magnetic field data.
He found the ambiguity resolution of the magnetogram
Graduate student K. Blais successfully defended hesometimes plays an important role in leading to the stable
Ph.D. thesis, “A Search for Optical Proxies for High Energy state. The ambiguity correction method relies to some extent
Emissions from Solar Flares.” Combining optical observa-on comparing the measurements with the computed potential
tions of the strong Ca ll K line and H | Balmer lines taken  field or linear force-free field, which is not good in case the
at Mees Solar Observatory with hard X-ray burst data fromfluxes do not balance within the magnetogram field of view.
GRO/BATSE (Gamma-Ray Observatory/Burst and Tran-He is now testing on how to improve the stability of the
sient Source Experimenand soft X-ray light curves from method. When applying methods such as embedding a small
the Geostationary Operational Environmental Satellite field-of-view Mees Stokes vector magnetogram into a larger

9.1 Coronal Temperature Measurement

9.3 Multiwavelength Study of Solar Flares



128 ANNUAL REPORT

field-of-view Kitt Peak magnetogram to balance flux, some9.9 Magnetic Field Reconnection
spurious currents are introduced around the edges of the in-

tersection. A. McClymont and |. Craig(Waikatg continued their

study of the mechanisms of magnetic reconnection and en-

ergy release in flares. Most studies of magnetic reconnection
9.5 Polar Plumes have assumed a two-dimensional geometry. Gas swept into

the current sheet halts the collapse to the near-singularity

Mickey and J.-P. Wiser (Lockheed continued work on  required to effectively dissipate magnetic energy. The gas is

the analysis of the March 1996 polar plumes data. The prinsqueezed out of the current sheet along the separatrices at the
cipal question is the determination of the orientation of thelocal sound speed. Although this allows collapse to proceed
photospheric magnetic fields with respect to the overlyingat a slower padeit is not yet clear whether all the gas can
coronal structures. The vector magnetic field observationpe removed, particularly in a closed system. Therefore it is of
taken with the Imaging Vector MagnetograiM ) provide interest to examine how relaxing invariance along the third
the opportunity to follow the field orientations to the surfacedimension might allow escape of gas from the current sheet
level. and reconnection to proceed at an explosive rate. Uchida and
Sakurai have examined the possibility of reconnection rate
enhancement by the three-dimensional interchange instabil-
ity. Some three-dimensional analyses have assumed analytic

The IVM at Mees Solar Observatory is designed to meaforms of solution that preclude many outcomes. Another
sure the magnetic field vector over active-region-size areadiree-dimensional simulation assumes a strong magnetic
of the Sun. The first step in that process is the correction ofi€ld along the current sheet. McClymont and Craig are in-
the raw data for all known systematic effects introduced by/estigating ideal instabilities and other phenomena that
the instrument and Earth’'s atmosphere. LaBonte, Mickey[n'ght allow gas to escape more e_ffectlvely from the current
and K.D. Leka(Space Environment Laboratoritave com- ~Sheet and enhance the reconnection rate.
pleted the first functional model of theatmosphere/ ) ) )
instrumentsystem and measured the corrections for the deg?-10 Wave-front Sensing for Solar Adaptive Optics

radation introduced by each component of the model. Extended objects such as the Sun present a difficult prob-
Particularly important is the use of the second channel ofem for adaptive optics systems. Wave-front sensing must be
images, taken in the unpolarized continuum, to measure angkrformed on a low-contrast, partially resolved, evolving tar-
remove the effects of differential seeing and image motionget. Graduate student R. Kupke, working with F. Roddier,
The corrections are applied to standard observations, and rgy,died the properties of curvature sensing techniques for
ductions of the spurious polarization induced by atmosphergppncation to the solar case. She found that the technique
and instrument by up to a factor of 10 are found. works well and is robust against various noise sources.

9.6 Image Reconstruction for Stokes Polarimetry

9.11 Instrument for Stokes Spectropolarimetry Time
Series

LaBome’ Mickey, and Leka cpmpargd the Stokes spef:tra Kupke, working with Mickey, designed and constructed a
taken with the IVM and the High Altitude Observatory's @olarimeter section in the colideed telescope at Mees Ob-

9.7 Polarimeter Intercalibration

Advanced Stokes Polarimeter. These two instruments repr ervatory. This permits the Mees CCD Imaging Spec-
sent the state of the art in vector magnetography,

. ) . ) *?Ut h"’“’f?ograph to function as a spectropolarimeter for high time
radically different designs. After correction for known instru- cadence observations. Tests show the system to be quite

mental properties, preliminary data indi_cate a _bettgr matCIElean in its polarimetric properties, with a calibration matrix
than any of the previous magnetograph intercalibrations. Img,,; s highly diagonal dominant. Observations of fluxtube

proved methods for deriving the field parameters from the,qjations are the primary science goal for this instrument.
Stokes spectra are being tested to make the analysis more

model independent. 10. THEORETICAL STUDIES

10.1 Cosmological Theory

9.8 Ambient Acoustic Imagin
gng Kaiser explored the dependence of weak lensing phenom-

LaBonte collaborated with H.-K. Chang and D.-Y. Chou ena on the parameters of the background cosmology, with
(Tsing Hua Univ) in demonstrating a new method for obser- particular emphasis on measurement of the power-spectrum
vation of magnetic and other structures below the solar suref galaxy distortions. Using empirical predictions for the dis-
face. Analogous to our viewing of objects via ambient light, tortion power based on galaxy clustering observatigms-
structures inside the Sun can be observed with ambienhalized to cluster abundance or bulk-flgwthe predicted
sound. The ability to follow magnetic structure below the distortions for sources at~1-3 are only weakly dependent
surface is an important counterpart of the observation obn the cosmological background. However, the growth of the
structure above the surface and can help decide issues of flalistortion signal with source redshift in this range is quite
emergence and connectivity. Initial results show that fieldcosmology dependent; it is stronger in low-density models in
sunspots can be traced up to 30 Mm below the surface. general and iM\-dominated models in particular. This sug-
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gests that coupling weak lensing observations oftrary g%/A. They give simple analytic solutions describing
supercluster-scale mass fluctuations with crude redshift inthe resonance in the limiting casgé/A<1 and g?/A>1,
formation from broadband photometry may provide a way toand in the theory witlg?=3\, and withg?=\. From the
constrain the parameters of the cosmological world model. point of view of parametric resonance far, the theories
Kaiser and A. JafféCITA) studied the statistical proper- with g?=3\ and with g?=\ have the same structure, re-
ties of light rays propagating through a random sea of gravitypectively, as the theory ¢*, and the theory\/4N ($?)2
waves and CompaTEd them with the case for scalar metrléf an N-Component scalar f|e|¢I . They show that in some
perturbations from density inhomogeneities. For scalar flucof the conformally invariant theories such as the simplest
tuations the deflection angle grows as the square root of th@gdel L\ %, the resonance can be terminated by the back-

pgth lengthD in the manner of a random walk, gnd the rms o4 ction of produced particles long befdpg?) or (¢2) be-
displacement of a ray from the unperturbed trajectory growgome of the order¢?. They analyze the changes in the

3/2 . - . . -
as D™ For gravity waves, the situation is very different. ynoqn of reheating in this model that appear if the inflaton
The mean square deflection angle remains finite and is domza|§ hag a mase. In this case the conformal invariance is
nated by the effect of the metric fluctuations at the ends of ..\ o and the resonance may acquire the features of sto-
the ray, and the mean square displacement grows only as trc‘:ﬁasticity and intermittency even if the mass is very small, so
logarithm of the path length. In terms of power ipectra, the'thatm2/2¢>2< N4 ¢*. They give a classification of different
displacement for scalar perturbations &) o 1/k", while resonance regimes for various relations between the coupling

for gravity waves the trajectories of photons hakék) dth litude of th illating infl
« 1/k, which is a scale-invariant or “flicker-noise” process cons'tants,.masses, and the amplitu '€ o the oscillating infla-
’ " ton field ¢ in a general class of theoriesm?/2¢$2+ \/4 ¢*

Departures from rectilinear motion are suppressed, relative ] 9212 ¢22

the scalar case, by a factor ef(A\/D)%? where\ is the . .

- . . Kofman and collaborators show that during preheating af-
characteristic scale of the metric fluctuations dnds the ter inflation, parametric resonance rapidly amplifies qguantum
path length. This result casts doubt on the viability of some uon, p apidly amp q

luctuations of bosons. The fluctuations of scalar and vector

recent proposals for detecting or constraining the gravit ol duced at this st h ter than th
wave background by astronomical measuremésee ApJ, elds produced at this stage are much greater than they
vol. 484). would be in a state of thermal equilibrium. They show that in

the models with breaking symmetry this effect may lead to a

A. Babul (New York Univ) have developed analytic resuits copious prqduction of nonthe.rr.nal topological defects, with
for the probability of amplification from microlensing in the 21d €ven without phase transitions. They argue that the Har-

limit of low optical depth. An important result of these cal- €€ approximation to the fully nonlinear self-consistent dy-
culations is the caustic induced feature at amplificationd'@mics is not sufficient to investigate the formation of the
A~1/7. The results are presented in a pair of papers to ptopological defects. In the context of preheating when the
published inThe Astrophysical Journalvol. 489; the first scalar fields have large occupation numbers, it can be done in
deals with lensing by a single screen of point masses, whilf1® approximation of classical waves, which incorporates all
the second extends the analysis to a three-dimensional disttf?€ backreaction effects in an expanding universe. It allows

Kofman, Kaiser, M. H. Le€Queen’s Univ., Canadaand

bution of lenses. one to use the lattice simulation to model the self-consistent
Kofman, A. Linde(Stanford, and A. StarobinskyLan- dynamics. .
dau Institute for Theoretical Astrophysics, Mosdostudied Lev Kofman with D. Bond and D. PogsydQITA) stud-

reheating after inflation. This effect occurs due to particleled large-scale structure. They describe the physics behind
production by the oscillating inflaton field. In a paper pub_the formation of a network of filaments and membranes in a
lished in Physical Reviewvol. D56), they briefly describe hierarchical clustering scenario of structure formation. At a
the perturbative approach to reheating, and then concentra@dven snapshot in time, as the density threshold drops from
on effects beyond the perturbation theory. These are relatdtigh values, the regions that first emerge are clusters, then
to the stage of parametric resonance, which they cglfed ~ arms stretching from the clusters. The latter ultimately join
heating to form the predominantly filamentary network: the first pat-
Lev Kofman, together with graduate student P. Greendern to percolate is filamentary, and it is that that the eye
(UH Physics, Linde, and Starobinsky considered preheatingpicks out. The same sequence follows from large-scale non-

in the theory:\ ¢*+ 19242y where the classical oscillat- linear dynamics, with the filaments arising from “correlation
ing inflaton field ¢(t) decays into y-particles and bridges” between neighboring cluster-scale peak-patches
¢-particles. The parametric resonance that leads to partic[ﬁﬂat exist in the initial conditions. Thus the final state fila-
production in this conformally invariant theory is described ments exist in a fattened form in the initial conditions. They
by the Lameequation. It significantly differs from the reso- construct mean linear density fields subject to the constraints
nance in the theory with a quadratic potential. The structur@f having the measured linear density. It is found that the
of the resonance depends in a rather nontrivial way on thanisotropic shear tensor at the peak patches is primarily re-
parameteg?/\. They find an “unnatural selection” rule: the sponsible for the long-range filamentary structures, provided
most effective creation of particles occurs not for particlesthe clusters are not too far apars40h~* Mpc for Abell

that have the strongest coupling to the inflaton field, but forcluster$ and their shear tensors are not too misaligned. They
those that have the greatest characteristic exponethey  show that the mean density field constrained at multiple
construct the stability/instability chart in this theory for arbi- peaks is reduced to the simple superposition of(&malytio
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density field constrained at each single peak. This superpaiess of the velocity profile. Unequal-mass mergers in which
sition rule greatly oversimplifies the study of how the geom-the larger disk is incompletely disrupted produce distinc-
etry of the gaussian field is assembled, and shows where atidely skew line profiles. These results may be useful in in-
which moderate-densityof severalp) filaments and low- terpreting the growing body of line-profile measurements for
density(of a few p) membranes between them are forming. E and SO galaxies.

When applying this to the observed large-scale structure,
they interpret the stretched superclusters of gala(@essius- 11. LIBRARY

Pisces as the evolved primordial overdensity ridgessbon- The IfA Library’s catalogue databases became accessible
like filamentg between aligned clusters. The rich wall-like fom the IfA Web home page via STARweb. Also, the cir-
structures arouqd Coma.or Virgo clusters' are interpreted'a&|ation module of STAR, the library software application,
the membrane-rich webbing between the filaments stretchingas released for Institute-wide use. This makes information

from the clusters. A similar picture is expected for structuresyp, the circulation status of library materials available to IfA
at higher redshift, with corrections due to the rescaling of th§esearchers on their desktop computers.

length of the nonlinearity and change of the effective spec-
trum index of density fluctuations. PUBLICATIONS

The following articles and books were published during
calendar year 1996:

Barnes completed a major review article, “Dynamics of Ayres, T.R.; Simon; T.; Stauffer; J.R.; Stern; R.A.; Pye; J.P.;
Galaxy Interactions,” based on lectures presented at the Brown, A. 1996. Sleuthing the dynamBIST faint object
1996 SAAS-FEE Advanced Course, “Galaxies: Interactions spectrograph observations of solar-type dwarfs in young
and Induced Star Formation.” It includes new results on or- galactic clusters. ApJ, 473, 279-93
bit decay, dynamics of merging, remnant structure, and dyBarnes, J.E. 1996. Dynamical effects of mergers. In New
namics of both cool and hot interstellar gas. Together with Light on Galaxy Evolution. IAU Symposium 171,

10.2 Extragalactic Theory

companion articles by F. Schweiz@Zarnegie Institution of 191-98
Washington and R. Kennicutt(Univ. of Arizona), this re- Barnes, J.E. 1996. Memory in mergers major and minor. In
view will be published in early 1998 by Springer-Verlag. Formation of the Galactic Halo—Inside and Out. ASP

Barnes constructed self-consistent models of interacting Conf. Ser. 92, 415-23
galaxies with massive halos to show that tail length conBarnes, J.E.; Hernquist, L. 1996. Transformations of galax-
strains potential well depth but does not limit halo mass as ies. Il. Gasdynamics in merging disk galaxies. ApJ, 471,
such. Halo models with density profiles falling off as 115-42
« r~2 at large radii have logarithmically divergent massesBaron, R.L.; Owen, T.; Connerney, J.E.P.; Satoh, T.; Har-
but produce potential wells of finite depth. When galaxies rington, J. 1996. Solar wind control of Jupiter§ Huro-
incorporating such halos collide, well-developed tails result ras. Icarus, 120, 437-42
even when the dark mass is as much as 20 times the massB®énder, R.; Kormendy, J.; Dehnen, W. 1996. Improved evi-
the luminous component. This counters published claims, al- dence for a X10°My black hole in M32: Canada-
ready enshrined in at least one popular textbook, that long France-Hawaii Telescope spectroscopy with FWHM
tails imply halo masses of no more than 10 times the lumi- 0.47' resolution. ApJL, 464, L123-L126
nous mass. Block, D.L.; Elmegreen, B.G.; Wainscoat, R.J. 1996. The
Barnes studied mergers of spherical galaxies with power- first dark IR spirals: Discovery of dust spirals unassoci-
law central density profiles to determine the likely outcome ated with stars in the galaxy NGC 2841. Nature, 381,
of mergers between “cuspy” elliptical galaxies. Preliminary 674-76
results indicate that steep cusps are robust to merging; Boehm, T..et al. (21 co-authors, including T. Simpn1996.
bright ellipticals having shallow cusps are to be built by Azimuthal Structures in the Wind and Chromosphere of
mergers of faint ellipticals, which have steep cusps, then the Herbig Ae Star AB Aurigae. Results from the MUSI-
some additional dynamical mechanism is required to reduce COS 1992 Campaign. A&AS, 120, 431-50
the cusp slope. Boesgaard, A.M. 1996. Light element abundances in the
Graduate student E. Fulton and Barnes used a general halo. In Formation of the Galactic Halo—Inside and Out.
orbit-classification algorithm to study orbits in 2-D and 3-D  ASP Conf. Ser. 92, 327-36
potentials. The algorithm efficiently recognizes boxlet orbitsBond, J.R.; Kofman, L.; Pogosyan, D. 1996. How filaments
produced by resonant motions in two or three coordinates; it of galaxies are woven into the cosmic web. Nature, 380,
is faster, less complex, and more robust than other methods. 603—6
This work illustrates how boxlet population depends on theBower, R.G.; Hasinger, G.; Castander, F.J.; Aragon-
shape and core radius of a triaxial potential, and offers some Salamanca, A.; Ellis, R.S.; Gioia, I.M.; Henry, J.Bt al.
constraints on the shapes of self-consistent triaxial systems. 1996. The ROSAT North Ecliptic Pole Deep Survey.
Graduate student G. Bendo and Barnes studied line-of- MNRAS, 281, 59-70
sight velocity profiles in simulated merger remnants. FromBriel, U.G.; Henry, J.P. 1996. Search for X-ray filaments
models of both equal-mass and unequal-mass merger rem- between galaxy clusters. In Rontgenstrahlung from the
nants, they derived fairly accurate values tof and h,, Universe, International Conference on X-Ray Astronomy
which respectively parameterize the skewness and peaked- and Astrophysic§MPE Report 268 ed. H.U. Zimmer-
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mann, J.E. Trumper, H. YorkdéGarching, Germany: of a Flare on AD Leonis. In Astrophysics in the Extreme

Max-Planck-Instut fu extraterrestrische Physik Ultraviolet. IAU Colloquium 152, ed. S. Bowyer and R.
Briel, UG; Henry; JP. 1996. An X-ray temperature map of F. Malina(Dordrecht: Kluwey, 153-58

Abell 1795: A galaxy cluster in hydrostatic equilibrium. Davies, J.K.; Tholen, D.J.; Ballantyne, D.R. 1996. Infrared

ApJ, 472, 131-36 observations of distant asteroids. In Completing the In-
Brooke, T.Y.; Tokunaga, A.T.; Weaver, H.A.; Crovisier, J.;  ventory of the Solar System. ASP Conf. Ser. 107, 97-106

BockeleMorvan, D; Crisp, D. 1996. Detection of Acety- Downes, D.; Solomon, P.M.; Sanders, D.B.; Evans, A.S.

lene in the Infrared Spectrum of Comet Hyakutake. Na- 1996. Non-thermal mm-continuum emission from the ra-

ture, 383, 418-20 dio galaxy B2 0902343, and non-detection of CQl—
Byun, Y.-l.; Grillmair, C.J.; Faber, S.M.; Ajhar, E.A, 3). A&A, 313, 91-95

Dressler, A.; Kormendy, J.; Lauer, T.R.; Richstone, D.;Dumas, C.; Hainaut, O.R. 1996. First ground-based mapping

Tremaine, S. 1996. The centers of early-type galaxies of the asteroid Vesta. ESO Messenger, 84, 13—-16

with HST. Il. Empirical models and structural parameters.Duncan, D.K.; Primas, F.; Coble, K.A.; Rebull, L.M.; Boes-

AJ, 111, 1889-900 gaard, A.M.; Deliyannis, C.P.; Hobbs, L.M.; King, J.R;
Canfield, R.C.; Reardon, K.P.; Leka, K.D.; Shibata, K.; Ryan, S. 1996. Boron in the galactic halo and disk. In

Yokoyama, T.; Shimojo, M. 1996. &l surges and X-ray Science with the Hubble Space Telescope-Il, ed. P. Ben-

jets in AR 7260. ApJ, 464, 1016—-29 venuti, F.D. Macchetto, & E.J. SchreiéBaltimore, MD:
Cauzzi, G.; Canfield, R.C.; Fisher, G.H. 1996. A search for Space Telescope Science Instiju#61—65

asymmetric flows in young active regions. ApJ, 456,Duncan, D.K.; Primas, F.; Coble, K.A.; Rebull, L.M.; Boes-

850-60 gaard, A.M.; Deliyannis, C.P.; Hobbs, L.M.; King, J.R;
Cauzzi, G.; Falchi, A.; Falciani, R.; Smaldone, L.A. 1996. Ryan, S. 1996. The evolution of boron in the Galaxy. In

Coordinated observations of solar activity phenomena. Il. Cosmic Abundances. ASP Conf. Ser. 99, 179-83

The velocity field pattern in an elementary flare. A&A, Egami, E.; lwamuro, F.; Maihara, T.; Oya, S.; Cowie, L.L.

306, 625-37 1996. Hawaii 167 and QO0059-2735: Heavily dust-

Chambers, K.C.; Miley, G.K.; Van Breugel, W.J.M,; enshrouded young QSOs. AJ, 112, 73-80
Bremer, M.A.R.; Huang, J.-S.; Trentham, N.A. 1996. Evans, A.S.; Sanders, D.B.; Mazzarella, J.M.; Solomon,
Ultra-steep-spectrum radio sources. Il. Radio, infrared, P.M.; Downes, D.; Kramer, C.; Radford, S.J.E. 1996. A
optical, and HST imaging of high-redshift 4C objects. search for CO emission in high-redshift powerful radio
ApJS, 106, 247-79 galaxies. ApJ, 457, 658-70
Chambers, K.C.; Miley, G.K.; Van Breugel, W.J.M.; Huang, Fuller, G.A.; Ladd, E.F.; Hodapp, K.-W. 1996. Lynds 1527:
J.-S. 1996. Ultra-steep-spectrum radio sources. I. 4C ob- An embedded protobinary system in Taurus. ApJL, 463,
jects. ApJS, 106, 215-46 L97-L100
Close, L.M.; Roddier, F.; Roddier, C.; Northcott, M.; Fullton, L.K.; Carney, B.W.; Olszewski, E.W.; Zinn, R.; De-
Graves, J.E. 1996. Bubbles, disks, and planets: Science marque, P.; Da Costa, G.S.; Janes, K.A.; Heasley, J.N.
with the University of Hawaii AO system. OSA Technical  1996. The age of NGC 5927: Formation timescales of the
Digest Series, 13, 112-14 halo and thick disk. In Formation of the Galactic Halo—
Clowe, D.; Luppino, G.; Gioia, I. 1996. A Hubble diagram Inside and Out. ASP Conf. Ser., 92, 269-72
from X-ray selected clusters. In Clusters, Lensing, and th&ebhardt, K.; Richstone, D.; Ajhar, E.A.; Lauer, T.R.;
Future of the Universe. ASP Conf. Ser. 88, 160—63 Yong-lk Byun; Kormendy, J.; Dressler, A.; Faber, S.M;
Cohen, J.G.; Cowie, L.L.; Hogg, D.W.; Songaila, A.; Bland-  Grillmair, C.; Tremaine, S. 1996. The centers of early-
ford, R.; Hu, E.M.; Shopbell, P. 1996. Redshift clustering type galaxies with HST. Illl. Non-parametric recovery of
in the Hubble Deep Field. ApJL, 471, L5-L9 stellar luminosity distributions. AJ, 112, 105-13
Cohen, M.; Wainscoat, R.J.; Walker H.J.; Volk, K. 1996. Genova, R.; Bowyer, S.; Vennes, S.; Lieu, R.; Henry, J.P;
Optical spectroscopy of carbon stars discovered by IRAS. Beckman, J.E.; Gioia, I. 1996. An optical study of the
AJ, 111, 1333-37 field of EUVE J1027323: Discovery of a QSO and a
Collins, C.A.; Parkes, I.M.; Joseph, R.D. 1996. Limits on  hidden hot white dwarf. In Astrophysics in the Extreme
H-Alpha emission from young galaxies. MNRAS, 282, Ultraviolet. IAU Colloquium 152, 497-502
983-90 Gioia, .M. 1996. X-ray selected clusters of galaxies. In
Conti, P.S; Leitherer, C.; Vacca, W.D. 1996. HST ultraviolet Mapping, Measuring, and Modelling the Universe. ASP
spectroscopy of NGC 1741: A nearby template for distant Conf. Ser. 94, 209-14
energetic starbursts. ApJL, 461, L87-L90 Gioia, I.M.; Luppino, G.A.; Annis, J.; Hammer, F.; Lefevre,
Condon, J.J.; Helou, G.; Sanders, D.B.; Soifer, B.T. 1996. A 0. 1996. Arcs in X-ray selected clusters. In Examining
1.425 GHz atlas of the IRAS Bright Galaxy Sample, Part the Big Bang and Diffuse Background Radiations. I1AU
Il. ApJS, 103, 81-108 Symposium 168, 549-52
Cowie, L.L.; Songaila, A.; Hu, E.M.; Cohen, J.G. 1996. New Goldader, J.D.; Joseph, R.D.; Doyon, R.; Sanders, D.B.
insight on galaxy formation and evolution from Keck  1996. Spectroscopy of luminous infrared galaxies at 2 mi-
spectroscopy of the Hawaii deep fields. AJ, 112, 839-64 crons. lll. Analysis for galaxies with log(z/L,)=11.2.
Cully, S.L.; Fisher, G.H.; Hawley, S.L.; Simon, T. 1996. ApJ, 474, 104-20
Continued Analysis of EUVE and Optical Observations Goldader, J.D.; Joseph, R.D.; Sanders, D.B.; Doyon, R.
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1996. Near-infrared spectroscopy of starburst galaxies, Lya emission-line companion to the=4.69 quasar BR
AGN, and LINERs. In The Physics of Liners. ASP Conf.  1202-0725. ApJL, 459, L53-L55
Ser., 103, 181-86 Hudson, H.S.; Acton, L.W.; Alexander, D.; Freeland, S.L.;
Grayzeck, E.J., Jr.; AHearn, M.F.; Raugh, A.C.; Sykes, Lemen, J.R.; Harvey, K.L. 1996. Yohkoh/SXT soft X-ray
M.V.; Davis, D.R.; Tholen, D. 1996. Services of the observations of sudden mass loss from the solar corona.
Small Bodies Node of the Planetary Data System. Planet Solar Wind Eight. In Eighth International Solar Wind
Space Sci., 44, 47-54 Conference. AIP Conf. Proc. 382, 88-91
Greene, T.P.; Lada, C.J. 1996. Near-infrared spectra and th#dudson, H.S.; Acton, L.W.; Alexander, D.; Harvey, K.L;
evolutionary status of young stellar objects: Results of a Kahler, S.W.; Kurokawa, H.; Lemen, J.R. 1996. The solar

1.1-1.4um survey. AJ, 112, 2184-221 origins of two high-latitude interplanetary disturbances.
Hall, D.N.B. 1996. University of Hawaii Institute for As-  Solar Wind Eight. Eighth International Solar Wind Con-
tronomy. BAAS, 28, 12642 ference AIP Conf. Proc. 382, 84-87

Haller, J.; Rieke, M.J.; Rieke, G.H.; Tamblyn, P.; Close L.;Hudson, H.S.; Acton, L.W.; Freeland, S.L. 1996. A long-
Melia, F. 1996. Stellar kinematics and the black hole in duration solar flare with mass ejection and global conse-
the Galactic Center. ApJ, 456, 194—205 quences. ApJ, 470, 629-35 _

Hartigan, P.; Carpenter, J. M.; Dougados, C.; Skrutskie, mHudson, H.S.; Nitta, N. 1996. Yohkoh observations of flares
1996. Jet bow shocks and clumpy shells of H2 emission With superhot properties. In High Energy Solar Physics,

in the young stellar outflow Cepheus A. AJ, 111, AlIP Conf. Proc. 374, 285-93
1278-85 Jensen, J.B.; Luppino, G.A.; Tonry, J.L. 1996. Infrared sur-

face brightness fluctuations in Virgo Cluster elliptical gal-
axies. ApJ, 468, 519-31
ewitt, D.C. 1996. Debris from Comet P/Swift-Tuttle. AJ,
111, 1713-17
Jewitt, D.C. 1996. From comets to asteroids: When hairy
stars go bald. Earth, Moon & Planets, 72, 185-201
'‘Jewitt, D.; Luu, J. 1996. The Plutinos. In Completing the
Inventory of the Solar System. ASP Conf. Ser. 107,
255-58
Jewitt, D.; Luu, J.; Chen, J. 1996. The Mauna Kea—Cerro
Tololo (MKCT) Kuiper Belt and Centaur Survey. AJ,

Heasley, J.N.; Janes, K.; LaBonte, B.; Guenther, D.; Mickey,
D.; Demarque, 1996. The prospects for asteroseismolog
from ground-based sites. PASP, 108, 385-94

Henry, J.P.; Briel, U.G. 1996. An X-ray temperature map of
Abell 2142. ApJ, 472, 137-44

Herbig, G.H. 1996. IC 349: Barnard’s Merope nebula. AJ
111, 1241-51

Heyer, M.H.,et al. (including J.M. Carpenterl996. A mas-
sive cometary cloud associated with 1IC1805. ApJL, 464
L175-L178[Erratum 1996 ApJL, 469, L139

Heyer, M.H.; Carpenter, J.M.; Ladd, E.F. 1996. Giant mo- 112, 1225-38
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