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high stellar latitudes, where it is decelerated in high'CioIek, G. E.(1996. “Magnetic Fields, Interstellar Dust,
temperature accretion shocks. Some of his main findings |j\; Radiation. and Star Formation.” ifihe Role of Dust
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cated that this model might successfully account for the Br Cores,” Ap. J, 468 749
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tion with C.-Y. Hwang & S. BowyerUC Berkeley, have Zahnle, K., Mac Low, M.-M., Lodders, K., and Fegley, B.,
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tion with J. Toomre and N. Brummel(U. Colorado/
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vection. Our interests in the propagation and reflection of
The focus of my research is the physics of matter angnhd waves in atmospheres has substantially increased over
radiation under extreme conditions. CompaCt ObjeCtS such Qﬁe past year, as the relevance of these processes for the
white dwarfs, neutron stars, and black holes provide an a%dynamics of the outer atmospheres of active giant stars
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- rosner and coflaborators conauct bo eoretical ang AT observations to study the X-ray properties of coeval
observational research in solar and stellar astrophysics, Moy

. . ) fars in the Pleiades open cluster. An outgrowth of this latter
general plasma astrophysics, and fluid dynamics. In the ar

of (astrophysicalfluid dynamics and magnetohydrodynam—e@pe of work has been the development of methods for char-

. h tinued tudi £ th | instabilities | acterizing low-resolution X-ray spectiged by A. Collura
IS, we have continued our studies of thermal Instabilities | Palermd, in collaboration with G. Micela and S. Sciortino

gfllgxytcll_us_'lt_er hﬁ\los anq[. coo(ljlng T:O\évs: tthus,.form(:rgradfui]t’ipalermql F.R. HarndefNASA], and R. RosndiChicagd).
SflfJ etn f.t ag Ias continue C(t)' af'olrjl :.ng mta tS E yo d inally, in the more general cosmological context, W. Klem-
effects of turbulence in magnetic Tield fine stretching, an perer[Harvard, D. Schramm, X. Luo, and R. Rosner have

\k/]vhlencer:n modlglntg elecltron thermal co_nducftlon, ('jn Ctl_UStGi)rstudied the possible role of coherently stimulated recombina-
alos, showing that very large suppression ot conduction by, , generating structure at the time of recombination.
such magnetic fields is highly unlikely. In collaboration with

S.K. Chakrabarti, S. Vainshtein and R. Rosner have consid-

ered the possible role of massive black holes in generating

"primordial* galactic magnetic fields. Substantial attention PUBLICATIONS

has been focused on the evolution of magnetic fields in th&ashyap, V., Rosner, R., Schramm, D., & Truran, J. 1994,
more general context of turbulent fluid flows; thus, F. Catta- ApJ (Letters, 431, L87-L90

neo, E. Kim, L. Tao and collaborato(gcluding D. Hughes Chakrabarti, S.K., Rosner, R., & Vainshtein, S.I. 1994, Na-
and M. Proctor have looked at the processes leading to ture, 368, 434-6

"saturation" in magnetic dynamo flows; and former gradu- Lou, Y.Q., & Rosner, R. 1994, ApJ, 424, 429-35

ate student E. Kim is pursuing numerical and analytical studKashyap, V., Rosner, R., Harnden, Jr., F.R., Maggio, A.,
ies of turbulent magnetic diffusion in partially ionized fluids.  Micela, G., & Sciortino, S. 1994, ApJ, 431, 402-15

We have also carried out combined theoretical and modelinRosner, R., Musielak, Z.E., Cattaneo, F., Moore, R.L., &
studies of the evolution of solar surface magnetic fields; thus, Suess, S.T. 1995, Adllettery, 442, L25-8

L. Tao, Y. Du, R. Rosner, and F. Cattaneo have studied th&lemperer, W., Luo, X., Rosner, R., & Schramm, D.N.
emergence of fractal structures in surface distributions of 1995, Proc. Natl. Acad. Sci. USA, 92, 6166-70
magnetic fields immersed in turbulent conducting fluids. WeSchramm, D.N., Rosner, R., Luo, X.,& Klemperer, W. 1995,
have also re-focused our attention on the problem of mixing Proc. Natl. Acad. Sci. USA, 92, 6171-4

at shear boundaries; for example, A. Malagoli has continuedao, L., Du, Y., Rosner, R., & Cattaneo, F. 1995, ApJ, 443,
an ambitious effort to construct a multi-dimensional Go- 434-43
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Collura, A., Micela, G., Sciortino, S., Harnden, F.R., Jr., & burning shell(charged particle reactions can only occur in

Rosner, R. 1995, ApJ, 446, 108-14 the hotter regions near the base of the envelape thereby
Berger, M.A., & Rosner, R. 1995, Geophys. Astrophys.to moderate the temperature gradient across the envelope.
Fluid Dyn., in press Such studies are critical to our ultimate understanding of the
Musielak, Z.E., Rosner, R., Gail, P., & Ulmschneider, P.nature of the outbursts of classical novae - including our
1995, ApJ, in press understanding of the early evolution of the visual light
Micela, G., Sciortino, S., Kashyap, V., Harnden, F.R., Jr., &curves, which is immediately relevant to the use of bright
Rosner, R. 1995, ApJ Suppl., in press novae as distance indicators to nearby galaxies.
Cattaneo, F., Kim, E., Tao, L., & Proctor, M.R.E. 1995,
PRL, in press 1.6 Peter O. Vandervoort
Toomre, J., Cattaneo, F., & Brummell, N.H. 1995, Science,

Vandervoort continues to investigate the oscillations and

in press . .
Cattaneo, F., Hughes, D.W., & Kim, E. 1995, Nature, sub-f[he stability of stellar sy;tems. The formulatlon of the work
mitted is based on a Lagrangian representation of small perturba-

tions. The present effort concentrates on the development of
numerical N-body codes for the representation of Lagrangian
perturbations in stellar systems. These codes do not perform
N-body calculations in the conventional sense. They make
Truran, Ami Glasner, and Eli Livne have completed ause of numerical N-body methods in order to provide a nu-
preliminary investigation of the influence of convection on merical realization of the analytic theory of small perturba-
thermonuclear ignition of hydrogen burning in accretedtions in a linear approximation. Codes for the representation
shells on white dwarfs, using two dimensional simulations.of radial oscillations of a spherical stellar system have been
The earliest stages of the runaway were calculated using aritten and thoroughly tested and studied. For the sake of
1D hydrodynamic code developed by Glasner and Truraconomy and speed, an explicit calculation of the Eulerian
(1996. When the temperature at the base of the accretegerturbation of the acceleration of each body is replaced with
envelope reached $X and the total rate of nuclear energy a representation as a superposition of orthonormal polynomi-
generation was approximately °10, (e.g the runaway was als. With as few as 100 to 1000 bodies, the code accurately
fully developed, the 1D flow was mapped onto a 2D grid reproduces analytic results for the fundamental mode of ra-
and the simulation continued in two dimensions, using thedial oscillation in a homogeneous sphere of stars and in a
code VULCAN developed by Livné1993; see also Glasner polytropic sphere of index n= 1. As represented in the
and Livne 1995 The 2D grid consisted of 90 radial zones N-body calculation, these systems suffer parametric reso-
and 220 equal lateral zones, occupying an angle of 0.1 ‘pihance and chaotic behavior; these attributes of the N-body
radians, and included both the entire accreted hydrogen layealculation can be controlled with a suitable choice of initial
and the upper 15 zones of the underlying carbon-oxygegonditions and with the inclusion of a sufficiently largeut
core. At the onset of the stage of evolution studied with thenot unreasonabjenumber of bodies in the calculation. Fu-
2D code, the envelope was already convectively unstabldure work will deal with higher modes of radial oscillation
Within a very short time( approximately 10 secongsthe  and with nonradial modes in spheres and with perturbations
numerical noise acted to seed an intense convective flow iifh more general three-dimensional configurations.
the envelope, without the introduction of any artificial per-
turbations. The initial convective cells were found to be al-2. HISTORY
mqst cwculag and of a size comparablg to the pressure scaEl Noel M. Swerdlow
height (~10" cm), while the convective velocities were
close to the values predicted by the mixing length theory - From late April until the beginning of August of 1995 |
several times 10cm/sec. After a relatively short transition was a Visiting Fellow at All Souls College, Oxford. My
period of order 40 seconds, the flow reached a quasi-steaqyincipal research there was working on a book on as-
state, where convection was fully developed. The buildup ofronomy in the Renaissance concentrating on the principal
convective cells at the base of the envelope induced sheéigures of Regiomontanus, Copernicus, Tycho, Kepler, and
flow at the core-envelope interface, which is Kelvin- Galileo(although what | have written on Galileo is so exten-
Helmholtz unstable, and mixing between the outer layers ofive that it will probably be a separate bgouring the
the core and the burning zone ensued. By the end of theperiod in Oxford | was both writing and doing research in the
simulation, covering approximately 240 seconds of the evoBodleian. Also while at All Souls, | gave two lectures at the
lution of the runaway, the hydrogen envelope had been ‘eneollege, and at Cambridge, London, and the Warburg Insti-
riched’ to about 30 percent by mass in carbon and oxygetute on various subjects from Babylonian astronomy to New-
from the underlying core. Such a level of enrichment is enton. My book on Babylonian planetary theory has been ac-
tirely consistent with observations of the compositions of thecepted for publication by Princeton University Press. A
ejected shells of classical novéavio and Truran 1995and  detailed description of its contents was given in my last re-
with our theoretical understanding of the thermonuclear outport, and | am currently revising and expanding the original
bursts of novae. The outward mixing of the short lived manuscript. | have written the introduction, mostly on the
positron-unstable isotopes® O, F’, and B8 also served history of scholarship on Babylonian astronomy and celestial
to redistribute the nuclear energy output from the nucleadivination, for a collection of papers | am editing, called

Malagoli, A., Bodo, G., & Rosner, R. 1995, ApJ, in press

1.5 James W. Truran
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Ancient Astronomy and Celestial Divination, presented at 3.2 Roger Hildebrand
conference held at the Dibner Institute for the History of

Science and Technology at MIT in May of 1994. | have aISO(KAO) has shifted the focus of Hildebrand’s research group

contributed a shorter version of the study of Babylonian . : .
. . . from airborne to ground-based observations and to instru-
planetary theory to the collection, specifically, on the deriva-

. ment studies for future observations on SOFIA, the next air-
tion of parameters from records of the dates of phenomen

which is the central subject of the book. Based upon m?jorne observatory. The last observations on the Kadih

. . ) . guest observers M. Morris, J. Davidson, and M. Werner
longer manuscript on Galileo, | have written a fairly long

. o provided strong incentives for future polarimetry on SOFIA.
general survey called Galileos Contribution to Astronomy ; .
) . . . Observations of the Sickle, a thermal feature near the center
and Conflict with the Church that will appear in a volume of the Galaxy. showed the strongest and most uniform polar-
called The Cambridge Companion to Galiléanless they Yy 9 P

tell me it is too long, in which case they can forgeb.it! ization yet observed anywhere in dust emission. Moreover
' o the inferred direction of the magnetic field is exactly or-

thogonal to that in the adjacent non-thermal arcs. This is the

The grounding of the Kuiper Airborne Observatory

PUBLICATIONS _ most striking example among several anti-correlation’s in
Astronomy in the Renaissance. Astronomy before the Telefied direction within 25 pc of the Galactic nucleus. In col-
scope. British Museum Press. laboration with J. Davidson, M. Dragovan, G. Novak, and S.

Galileo’s Contribution to Astronomy and Conflict with the pjatt, Hildebrand is working on the design of a polarimeter
Church. The Cambridge Companion to Galileo. Cam+or SOFIA. Tentative specifications include: Three pass-
bridge University Press. . bands at 50, 100, and 200 microheam diameters 5,” 10",

The Derivation of the Parameters of Babylonian Planetaryyg 20 arcsel; 1000 pixels on the sky; background limited
Theory with Time as the Principal Independent Variable.getectors. Shortly after the last KAO flight the group began

Introduction to Ancient astronomy and Celestial Divination. 350 micron polarimetry at the Caltech Submillimeter Obser-
Both of these are in Ancient Astronomy and Celestialyatory. The first observations with the new submillimeter
Divination. Dibner Institute Studies in the History of Sci- instrument, Hertz, produced the most extensive map of po-
ence and Technologypublished by The University of |arization yet obtained at any submillimeter wavelength. The
Chicago Pregs The volume is currently being reviewed jnstrument and the resulten Orion) have been described in
by the Press. _ ~_a paper listed below. Other activities of the group include

The Babylonian Theory of the Planets. Princeton Universitynear-infrared polarimetry at the Apache Point Observatory
Press. Accepted and currently being revised and exang participation in far-infrared polarimetry on ISQ\.

panded. Goodman, PL Jessie Dotson’s thesis will appear in ApJ in
December 1996. David Schleuning will complete his thesis
3. EXPERIMENTATION in 1996. Darren Dowell will complete his thesis in the spring

of 1997. John Vaillancourt has joined the group as a begin-
ning graduate student.

John Carlstrom has joined the faculty and continues his
research with Caltech graduate students Laura Grego arfUBLICATIONS
Nils Halverson, and with research associate William Holza-Hildebrand, R. H., & Dragovan, M. “The Shapes and Align-
pfel. Following is a list of current project$l) Mapping the ment Properties of Interstellar Dust Grains,” ApJ. 450,
Sunyaev-Zeldovich effect in distant galaxy clusters. Centi- 663 (1995.
meter wavelength maps of the Sunyaev-Zeldovich effect irHildebrand, R. H. “Problems in Far-Infrared Polarimetry,”
distant galaxy clusters have been made by the Owens Valley in Polarimetry of the Interstellar Mediumeds. W. G.
Millimeter Array and the BIMA array at Hat Creek, retrofit- Roberge & D. C. B. Whittet, ASP Conference Series, vol.
ted with cm-wavelength receivers. The summer of '96 is the 97. San Francisco. p 254 - 268996.
third season of observing. Over a dozen clusters have bedbotson, J. L. “Polarization of the Far-Infrared Emission of
mapped to date, some with a signal-to-noise20. (2) The M17,” ApJd, In press 1996.
Very Compact Array(VCA). The VCA is in the design Schleuning, D. A., Dowell, C. D., Hildebrand, R. H., & Platt.
phase. It will consist of an interferometric array of 13 cm-  S. R. Hertz, A Submillimeter Polarimeter. PASP, in press
wavelength feedhorns, which will map anisotropy in the 1996.
Cosmlc,Mlcrowave Background_ Radlatl_on on angular sc_ale%_3 Edward Kibblewhite
from 20’ to 1 degree. The experiment will make observations
from the South Pole(3) Submillimeter Interferometry. The The work of the Kibblewhite research group focuses on
Caltech Submillimeter ObservatofCSO and the James developing new techniques to achieve diffraction-limited im-
Clerk Maxwell Telescop€JCMT), both submillimeter wave- aging in fully-filled apertures and distributed arrays of tele-
length telescopes atop Mauna Kea, have been successfubgopes. The full resolution of ground-based telescopes will
linked together to fan a 2 dish interferometer with arcsec- be achieved at near infrared wavelengths using a laser beam
ond resolution. At this resolution it is possible to resolveto generate an artificial star in the sodium layer of the earths
protoplanetary disks, yielding clues to star formati@h.Po-  atmosphere. This star will enable the instantaneous wave-
larimetry interferometric imaging of protostars and starfront of the atmosphere to be measured and these data used
forming regions. to correct for the atmospheric distortion using adaptive op-

3.1 John E. Carlstrom



74 ANNUAL REPORT

tics and post processing of the images. Faint objects can Wexsen, D. J.,et al. “A Balloon-Borne Millimeter-Wave
studied with a resolution of 0.05 arcsecond usi ng the ARC Telescope for Cosmic Microwave Background Anisot-
telescope. The system will allow fundamentally new obser- ropy Measurements,” Accepted, AgSubmitted Decem-
vations of objects from planets to distant galaxies. Baselines ber 1995

of hundreds of meters are needed to study the environme@heng, E. S.et al. “MSAM 1-94: Repeated Measurement
and surfaces of stars or the core of active nuclei. Distributed of Medium-Scale Anisotropy in the Cosmic Microwave
arrays of telescopes can provide such resolutions using syn- Background Radiation,” ApJ 456:L7(1996

thesis techniques developed in radio astronomy. Such array®witt, M. S., et al. “Frequency Selective Bolometers,” Ac-
pose formidable technical and system engineering problems cepted Applied Optic§Submitted December 1995
requiring the development of stable telescopes, precision d&ennett, C. L.,et al. “Cosmic Temperature Fluctuations
lay lines and correlators stable to nanometers over the short from Two Years of COBE DMR Observations,” ApJ
observation periods. A 5- or 6-telescope array is being 436:423(1994)

planned using 0.6-meter telescopes operating in the near in-

frared. The Kibblewhite group currently consists of graduate3.5 Richard H. Miller

students Mark Chun, Fang Shi, and Michael Smutko, re-

search associates Walter Wild and James Larkin, and com- _Dynam|cs_of GaIaX|_es IS e.l beau“ﬂ." problem in Compu-
i, tational Physics. Beautiful objectgalaxies and star clusters
puter programmer Vijuna Scor.

are studied by means of a beautiful formaligdamiltonian
mechanics We conduct numerical experiments on self-
3.4 Stephan S. Meyer consistent, self-gravitating systems by means of fully three-

Measurements of the properties of the Cosmic Microwaved'menS'onah_ body computer programs. Relaxation effects

Background RadiatioiCMBR) are aimed at bettering our are suppressed by using 100,000 to a million particles. The

understanding of the nature and evolution of the early uniPrograms have proven extremely ve_rsat|le. They Sefve as a
verse. Our group was part of the COBE satellite missionIaboratory for studies on the dynamics of galaxies, clusters
which first detected large angular scale-10 degrees of galaxies, star cl_usters, and so on. Important discoveries
anisotropy in the CMBR with the DMR experiment and have come from this work. These include, among otligrs

made a precision measurement of the spectrum from 30 t at galaxll.fsdo;czl)ll?ft]e;tnh norma_ltl ?10(1:13]5_ \l;wtg surpbr||smgly
400 GHz with the FIRAS experiment. At the same time, we,219€ ampiitude atthe gravitation ody problem

completed and flew a balloon-borne instrument, the Far In chaotic,(3) that barlike forms are dynamically preferred

aReq Suvey FIRS which then confimed the CoBE 18PN 101G selconsistent stlar syseme vl e
anisotropy detection with a cross-correlation of the two data table, (4) that the nucleus of a galaxy orbits around the

sets. We are currently completing observations at angula? ,
scales of 0.5 degrees with the Medium Scale Anisotrop . ) )
MeasurementMSAM). Observations at these smaller scalesPear slightly off-center or to have a velocity that differs from
are sensitive to the dynamics and evolution of matter at th%:;trrzsctt'g;tsh?hgtalz(lzebylatizsac: kg;g S‘?ec's af:?lftggt;téoggrmal
time of early structure formation. A new gondola, TopHat is : P galaxi '

being currently being constructed. It will fly from Antarctica gﬁgesofozhgsggﬁ'& n'nulzi?;j:t divsvgél\(/elrgfjluiietsh: sgggx;gg
on a Long Duration BallooLDB) with a 1 meter telescope y

placed on top of the balloon where the observing environ-nebwa(MSl) b.y the Hubble Space Telesgope, and a stydy
ment is near ideal. A key element of this research is theWhether certain globular clustgrs can withstand the.tldal
development and characterization of a new kind of bolom—Stresses they end_ure as the orb|§ within the Galaxy. This last
eter system. Using a bolometric element with finite resis—aIIOWS us to elucidate _the physical processes at work that
tance metal structures as part of a traditional interferenc&24S€ 2 cluster to be disrupted.
filter, a device with controlled reflection, transmission, and

absorption properties may be built — thus the name FrefL OBSERVATION
quency Selective BolometdFSB). The advantages of the 4.1 Kyle M. Cudworth

device over traditional bolometric systems is improved sen- cud hh inued hi . d oh
sitivity and extremely small size in a multi-spectral radiom- udworth has continued his proper motion and photomet-

eter useful in the wavelength range from 50 microns to 2ric studies of star clusters using plates from the Yerkes 40-
mm. We are part of a new satellite project MicrowavemCh refractor and a variety of other telescopes, scanned on
Anisotropy Probe MAP) which will observe the entire sky the I_DDanc/{;;rodengt(z/r\T/]:Iter ? MADRA(EI)cated at the U?ll'
with 0.3 degree resolution. It is planned to launch in 2000"e"SIty O isconsip lle the primary long- term empha-

and will operate in the Sun-Earth L2 libration point in a nearSis of this program IS globular clusters., some work on open
optimal environment clusters has continued, as well as studies of dwarf spheroidal

galaxies. Cudworth is continuing his collaboration with S.
Majewski(Virginia) and others in a program to obtain proper
PUBLICATIONS motions for distant globulars and dwarf spheroidals. In addi-
Inman, C. A., etal. “Statistical Comparison of the tion to deriving membership for stars in these systémany
MSAM-92 and MSAM-94 Results,” Ap.J(Submitted of which are very spargeve are deriving tangential veloci-
January 1996 ties using galaxies and QSOs to set the zero-point of the
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proper motions, thus allowing derivation of the orbits of the  Motion of the Ursa Minor Dwarf Spheroidal Galaxy,”
distant satellites and better constraining estimates of the BAAS, 28, 835, 1996

mass of the Milky Way. Most old and new plates for this

program are in hand, with some additional new plates obz 2 pouglas K. Duncan

tained at Las Campanas, and Kitt Peak in the past year. Our

study of Pal 5 has been completed and a paper is in prepa- Dun(_:an is the_American Astron_omical Society Nati_onal
ration, while some progress has been made on the studies Bflucation Coordinator and the Director of the Ameritech
Pal 13, Pal 15, and Arp 2. A. Schweitz&Nisconsin com- Space News Center at Adler Planetarium. Recent research
p|eted her thesis research Working with Cudworth and rej.ﬂClUdeS a detailed investigation of bery”ium and boron
ceived her Ph.D. from UW. This work included proper mo- abundances in stars of different metallicities, aimed to test
tion studies to derive membership and absolute propet,_he mechanisms respo_nsible fqr the formation o_f these two
motions of the dwarf spheroidal galaxies Sculptor and Ursdight elements and their evolution along the entire galactic
Minor. Their study of Scl was published during the reporthistory (with F. Primas, L.M. Rebull, A.M. Boesgaard, C.P.
year. The proper motion shows that Scl is definitely not asPeliyannis, L.M. Hobbs, J.R. King, S. Ryan, and J. Thor-
sociated with the Magellanic stream, but could be associateBurn); determination of the B11/B10 isotopic ratigvith
with a stream including Fornax. Their study of UMi is es- L-M. Rebull, S. Johansson, J. Thorburn, D. Schramm, and B.
sentially complete and a journal paper is in preparation. Irfield9; the NLTE effects on boron abundancesith D.
addition to membership probabilities for stars over a large<iselman and J. Thorbuinand work continues on the evo-
area of UMi, they have derived an absolute proper motion ofution of rotation rates of late-type stafwith L.M. Rebul).

the system with unprecedented precision, yielding a total Ga-

lactocentric space velocity of 209/- 20 km/s. Ursa Minor 4.3 Doyal A. Harper, Jr.

is moving along the Magellanic Stream in the same sense as Harper and his research group use Infrared and submill-

the Large Magellanic Cloud. Re¢Benn spent the summer . .
N . o ._meter techniques to study processes related to the formation
at Yerkes Observatory continuing his research deriving dis- . .
tances to globular clusters by comparing proper motion an nd evqutu_Jn of star;, planetary systems, and gala>_<|es.
arper continues as Director of the Center for Astrophysical

radial velocity dls_perS|ons. In the course qf the Ursa MmorResearch in Antarctic@®CARA), a National Science Founda-
study a systematic error was found infecting measurementts

made with the PDS microdensitometer at MADRAF which 2" Science anq Technology anter. CA.'RAS mission 1S o
: study the evolution of structure in the universe by exploiting
has been used for nearly all of the Yerkes astrometric pro;

) ; ; -the unique observing conditions for infrared and submillime-
gram’s work in the past 15 years. The size of the systemati )

; O er astronomy on the Antarctic Polar Plateau. CARA re-
error is so small, however, that we could only find it in the

. 4 . searchers have established an observatory at the South Pole
unusually excellent plate material of the UMi project. Our nd are installing a series of telescopes which will stud
checks of other measurements show that it has probably a?— 9 P y

ways been present, but that it has been overwhelmed by rarr_1|II|meter—waveIength radiation from the cosmic microwave

dom errors in all of our published cluster studies. Cudworth ackground radiation, infrared emission from distant galax-

. . . - ies, and infrared and submillimeter emission from interstellar
devoted considerable time to removing the systematic error . . . . X
matter in Galactic and extragalactic star-forming regions.

from the UMi measurements and developing a strategy foni_ . X
o he Center also pursues a vigorous program of educational
correcting it in future work. . N
outreach and technology transfer aimed at maximizing the
benefits of its research for the nation’s human and techno-
PUBLICATIONS logical infrastructure.
Schweitzer, A. E., Cudworth, K. M., Majewski, S. R., &
Suntzeff, N. B. “The Absolute Proper Motion and a 4.4 Lewis M. Hobbs

Membership Survey of the Sculptor Dwarf Spheroidal i ) i
Galaxy,” AJ, 110, 2747, 1995 Since July 1, 1995, and with a variety of colleagues, |

Schweitzer. A. E. & Cudworth. K. M. “Ursa Minor Dwarf have carried out studiedl) of the light elements lithium,
Spheroidal Galaxy Proper Motion Survey- Cleaning upP€ryllium, and boron in the early Galaxy ang) of the Ga-
the Color-Magpnitude Diagram,” BAAS, 27, 1297, 1995 lactic interstellar medium. These investigations relied prima-

Finlay, J., Noriega-Crespo, A., Friel, E. D., & Cudworth, K. rily upon high-resolution spectra obtained in the ultraviolet,
M. “Galactic Orbits and the Survival of Old Open Clus- optical, and/or the radio wavelength regions. Some high-
ters.” BAAS. 27. 1437 1995 lights of the work are the following.

Schweitzer, A. E. & Cudworth, K. M. “Proper Motions of
Dwarf Spheroidal Galaxies,” in ASP Conf. Ser. $he  4.4.1 Li, Be, and B in the Early Galaxy
Formation of the Galactic Halq eds. H. Morrison & A. With D. Duncan, L. Rebull, F. Prima&ll Univ. of Chi-
Sarajedini, p. 532, 1996 cago, and others, we carried out a pioneering study of the
Rees, R. F. “Astrometric Distances to Globular Clusters:evolution of the abundance of boron in the early Galaxy.
New Results,” in ASP Conf. Ser. 9Zhe Formation of New spectra of eight halo stars with - 3:0[Fe/H] < - 0.3
the Galactic Halo eds. H. Morrison & A. Sarajedini, p. were recorded in the region of the 2497 A lines of B |, using
289, 1996 the HST/GHRS. The principal result is that the variation of
Schweitzer, A. E. & Cudworth, K. M. “The Absolute Proper B/H with Fe/H over this wide range in Fe/H is fit well by a
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straight line of slope unity. For the same set of ten stars, &ery high C I1l/O | (or Si /O 1) ratio found in it. The
similar result is found for Be/H vs. Fe/H, when previously apparently circumstellar “clouds” seen toward Eta Tau
published data for Be are utilized. These results suggest thahow a remarkably high C II*/C Il ratio, perhaps owing to

B and Be are produced by cosmic-ray spallation reactions abptical pumping of the gas by the star. With D. Welgniv.
energetic C, N, and O nuclei onto protons and alpha particlesf Chicagg and D. Morton(Herzberg Inst. of Astrophysits

in the interstellar medium, rather than vice versa, as hagve measured Ca Il absorption lines arising in 417 individual
previously been thought. With J. Thorbufniv. of Chi- interstellar clouds seen toward 44 stars. The new spectra ob-
cago, we performed a careful study of the abundances ofained at Kitt Peak and the AAT/UHRF were characterized
beryllium in six halo stars with - 2.& [Fe/H] < - 0.9. New by high resolution and high S/N ratios. As a group, the Ca ll
spectra were obtained at Kitt Peak in the region of the 313@omponent line widths exceed those of corresponding Na |
A lines of Be Il, and detailed spectrum syntheses were usedomponents, suggesting that Ca Il occupies a somewhat
in this crowded spectral region to infer the varidige/H] larger volume, characterized by a higher temperature and/or
fractions. The principal results are that a fairly strong, uni-turbulent velocity, than Na | does. Ca Il absorption can arise
dentified line blended with the weaker Be Il line may spuri-in cold, relatively dense gas, where Ca is heavily depleted
ously raise thg Be/H] values deduced especially for cooler, and Ca Il is the dominant ionization state, and also in
more metal-rich stars; that abundances derived only fromvarmer gas of lower density, where Ca is less depleted and
approximate estimates of the equivalent widths of the Be IICa Il is the dominant ionization state. With Trapero, M.
lines can be substantially in error; and that the otherwiseSemperdboth Univ. of Chicagp and J. BeckmaflAC), we
nearly identical stars HD 94028 and HD194598 show Befurther investigated the properties of a large, massive mo-
abundances which differ by a factor of about 2. With D.lecular cloud located only about 120 pc from the Sun, which
Lubowich (Hofstra Univ) and B. TurnefNRAO), we com-  was previously studied by Trapero. New observations of CO
pleted a pioneering search for lithium and boron in the interemission from two molecular cores located within the H |
stellar medium near the Galactic Cent&C). The method cloud were obtained with the 12m telescope at Kitt Peak.
adopted was to look for absorption toward the GC in theThese two cloudlets show diameters of about 1 pc, molecular
ground-state hyperfine-structure lings=1to 2) of Lil and  densities of about 100 cri, and masses of about 1 solar
B | at 804 and 732 Mhz respectively, using the 43m tele-mass; they are not virialized but probably are confined by
scope at Green Bank. No absorption was detected abowuarbulent pressure.

moderately sensitive limits, at either line. The principal con-

clusions are that the GC has had neither an extended pe”%BLICATIONS

of AGN activity, nor a very large cosmic-ray flux, nor a large Welty, D. E., Hobbs, L. M., Lauroesch, J. T., Morton, D. C.,

gamma-ray flux, any of which could have produced dete_ct- & York, D. G. “Interstellar Lead,” ApJ, 449, 1135
able Li and/or B in the GC, and that the gaseous deuterium (1995

prewogsly dgtected the.re by_a similar method probably Ongl_Lubowich, D. A, Turner, B. E.. & Hobbs, L. M. “A Search
nated in the infall of primordial matter.

for Enhanced Lithium and Boron Towards the Galactic
Center,” Mem. Soc. Astr. Italiana, 66, 463995

4.4.2 Interstellar Matter Duncan, D. K., Primas, F., Boesgaard, A. M, Deliyannis, C.
With D. York, D. Welty, J. Lauroesckall Univ. of Chi- P., Hobbs, L. M., King, J., Ryan, S., & Rebull, L. M.
cago, and D. Morton(Herzberg Inst. of Astrophysigswe “The Evolution of Boron in the Galaxy,” Univ. of Mary-

reported the second known detection of the very heavy ele- land meeting on Astrophysical Abundandd999

ment leadZ=82) in the interstellar gas. Very weak absorp- Rebull, L. M., Duncan, D. K., Boesgaard, A. M., Deliyannis,
tion was seen at the 1433 A line of Pb Il in the spectrum of C. P., Hobbs, L. M., King, J., & Ryan, S. “Boron Abun-
1 Sco, using the HST/GHRS. If the theoretical transition dance of BD -13 3442,” Univ. of Maryland meeting on
probability adopted for this transition is correct, the depletion Astrophysical Abundanced 995

of lead from the gas is stronger than is expected from the low rapero, J., Sempere, M. J., Beckman, J. E., & Hobbs, L. M.
condensation temperature of lead. Selected additional obser- “Molecular Cloudlets Embedded in a DiffasH | Cloud
vations of interstellar lead could illuminate the formation and ~ within 120 pc of the Sun,” ApJ, 457, 73996

evolution of interstellar grains. With D. York, D. Welty, J. Thorburn, J. A, & L. M. Hobbs, L. M. “Beryllium Abun-
Trapero, J. Lauroesckall Univ. of Chicagg, L. Spitzer dances in Six Halo Stars,” AJ, 111, 2108996

(Princeton U), and D. Morton(Herzberg Inst. of Astrophys- Welty, D. E., Morton, D. C., & Hobbs, L. M. “A High-
ics), we carried out a detailed study of interstellar clouds Resolution Survey of Interstellar Ca Il Absorption,”
seen toward 23 Ori and Tau CMa at radial velocities of about ApJS, 106, 5331996

-100 km/s, and also of two apparently circumstellarTrapero, J., Welty, D. E., Hobbs, L. M., Lauroesch, J. T.,
“clouds” seen toward Eta Tau at about -149 and -42 km/s. Morton, D. C., Spitzer, L., & York, D. G. “High-Velocity
New HST/GHRS observations of numerous UV absorption Gas in GHRS Spectra of Three OB Stars,” ApJ, 468, Xxxx
lines indicated that these clouds in front of 23 Ori and Tau (Sept. 1, 1996

CMa consist of warm, ionized gas which is not yet in a5 Stephen M. Kent

steady-state equilibrium, and which is now cooling after hav-

ing been previously shocked, presumably in a Type Il super- Stephen Kent continues as computing coordinator for the
nova explosion. An immediate signature of this gas is theSloan Digital Sky Survey and has overall responsibility for
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data acquisition and data processing software for that project. axy Redshifts from Broadband Photometry,” AJ 110,
His research interests are in galactic structure, structure and 2655, 1995
dynamics of galaxies and galaxy clusters, and large-scal®l.T. Ruiz & M.Y. Takamiya. “Spectroscopic Follow-Up of

photometric surveys. Large Proper Motion Stars in ESO Areas 207, 439, and
440,” AJ 109, 2817, 1995
4.6 Richard G. Kron M.Y. Takamiya, & R.G. Kron. “Structural Parameters of

Field Galaxies with HST and ARC 3.5m,” BAAS Vol 27,

Kron worked to develop the operations plan for the Sloan No. 4, p. 1361, 1995
Digital Sky Survey, which will include observations at
Apaqhe Point Ob'servatory anq running the data—reductlo'gh7 Takeshi Oka
pipelines at Fermilab. He continues as Head of the Experi-
mental Astrophysics Group at Fermilab. While the Sloan The Oka research group observed the Jupiter-SL9 colli-
Digital Sky Survey will target galaxies that are typically at sion using UKIRT(United Kingdom Infrared Telescopat
redshifts less than 0.2, Kron has maintained programs targeldauna Kea, Hawaii to observe infrared spectra df Hnd
ing galaxies at much higher redshifts. The deep redshift surether simple molecules in the Jovian ionosphere and to study
vey that Kron, D. Koo(UC Santa Crug, and their collabo- the chemical effect of the impacts. There was a concern that
rators have been undertaking at Kitt Peak Nationalthe effect of the impacts would be miniscule and no major
Observatory for several years was completed, and the papehange would occur to the spectra, but a humongous varia-
containing the catalog was accepted for publication. Moretion of the spectral pattern after impacts was seen, indicating
over, Kron continues to be associated with the DEEP projeatvide ranging violent chemical effects. Collaboration contin-
(based at UC Santa Crumvhich is targeting faint galaxies ues with Walter Wild and Lancelot Kao in studying Jovian
with the Keck 10-m telescope and with the WFPC2 camerglanets in the near-infrared, using GRIM Il at APO. More
on the Hubble Space Telescope. Kron, with graduate stuwecently, they are studying the possibility of building an in-
dents M. Takamiya and B. Holden, have been undertakingrared camera to be mounted at the 41-in reflector at Yerkes
observations with the ARC 3.5-m telescope at Apache PoinDbservatory to study Jovian planets and star formation re-
Observatory with the GRIM near-infrared instrument and thegions.
Double Imaging Spectrograph. Takamiya's thesis program
relates to'lm.agln.g ga.IaX|es with compact struptures anqL8 Patrick Palmer
strong emission lines in the K band to constrain the star-
formation rate at z~ 0.4 for this type of galaxy. Holden, Work continued on several projects: molecules in the in-
with R. Nichol, is studying samples of distant clusters ofterstellar medium, radar astrometry of asteroids, and
galaxies defined by optical and X-ray properties. Holden iscometary problems. Most of these projects have involved
also involved in an international collaboration conducting andata obtained with the Very Large Array.
X-ray-selected survey for clusters of galaxies which will
double the current high- redshift sample. This survey useg g 1 |nterstellar Medium

sophisticated source detection and identification techniques ) . .
to ensure a high rate of completeness and minimize contami- We (with D. Mehringer and W. M. Gogshave continued

nation from other sources of X-ray emission. Takamiya had'' StUdieS_Of the Galactic center region. One aspect is espe-
developed a metric of the fraction of the light in a galaxy cially puzzling: the presence of 6 cm,80 masers. At the

image that arises from young stellar populations, specificall&'me of our first _observatlonS of the Galactic centgr g|ant HIl
region Sgr B2, it was one of the three known objects in the

the modulation at high spatial frequencies from OB associa- 4 .
tions. She has tested the metric on a nearby sample wit]] alax_y W'th asgomatedje:o MAsers. However,.Sgr B2 had
independent estimates of the current star- formation rate, a ye distinct regions of maser activity. A theoretlcgl explana-
is working on applying the method to deep HST images. tion f'or' the HCO masers.had b_een offered Wh.'Ch seeme(_j
promising, partly because it required rather special geometri-
cal conditions, as might be expected for a rare phenomenon.
PUBLICATIONS We carefully re-observed Sgr B2, and discovered four more
A.R. Sandage, R.G. Kron, & M.S. Longair. “The Deep Uni- regions of maser activity, and because we determined the
verse,” eds. B. Binggeli and R. Buser, Saas-Fee Ad-ositions of all of the masers very accurately, we showed
vanced Course 23, Lecture Notes 199&pringer- that the explanation offered could not explain at least the

Verlag), p 233, 1995 majority of the masers there. Next, we tried to improve the
R.G. Kron. “Digital Optical Sky Surveys,” PASP 107, 766, sample size. We carried out a very sensitive search for ma-
1995 sers in 22 additional Galactic star forming regions — and

R. Guzman, D.C. Koo, S.M. Faber, G.D. lllingworth, M. found none! Either the lifetime of the J8O masers is very
Takamiya, R.G. Kron, and M.A. Bershady. “On the Na- short, or they can only exist in a narrow range of physical
ture of Faint Compact Narrow Emission-Line Galaxies: conditions. It is strange that nine would exist in one region
The Half-Light Radius - Velocity Width Diagram,” ApJ while only two others are found in the rest of the Galaxy. We
460, L5, 1996 are pursuing this problem. Very recently, we searched for the

A.J. Connally, I. Csabai, A.S. Szalay, D.C. Koo, R.G. Kron, analogous KHCO masers at 2 cm. Data from these observa-
and J.A. Munn. “Slicing Through Multicolor Space: Gal- tions will be processed this summer.
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4.8.2 Near earth asteroids PUBLICATIONS
Mehringer, D. M., Palmer, P., & Goss, W. M. “6 cm Form-

Sorl]\lse%neeagp tﬁstﬁ]r;frs ?gilgnr;e;?sttlgg é(t)restrne%n;tl)e;(?gur;?é aldehyde Absorption Toward the Sagittarius B Star Form-
) jorp g y ing Complex” Ap. J. Suppl, 97, 497, 1995.

ositional measurements so that future orbits can be pre- |
gictle:j with highuaccuracy. Many arljeudetecte:ble only Wh%ﬁvlehrlnger, D. M., Goss, W. M". & Palmer, P.‘ “Search for_6
cm Formaldehyde Masers in 22 Galactic Star-Forming

near the Earth, so data is obtained for only a short arc of the Regions” 1995 Ap.J., 452 304, 1995.

orbit. Radar astronomy provides very accurate line-of sigh .
information, but the Io)c/;ar'iion of an a)s/teroid in the planegobetro’ S.' J.,.C_hoate, D., Cormier, R. A,, Franck,.C. R'.’ Frye,
' R., Giorgini, J., Howard, D., Jurgens, R. F., Littlefair, R.,

the sky is usually determined optical astrometmyhich .
much less as accurate for moving objects than it is for stars, Mitchell, D. L., Rqse, R., Rosema, K. D, Slade, M. A,
. Strobert, D. R., Winkler, R., Yeomans, D. K., Hudson, R.
for example) Last June, wéwith S. Ostro, S. Hudson, I. de .
Pater and L. Snydg¢began an experiment to see if we could S, Palmer P., Zaitsev, A., Koyama, Y., & Nakamura, A
“Asteroid 1991 JX: The 1995 Goldstone Radar Experi-

use the positional accuracy of the VLA to determine the Y o
plane of the sky positions of radar-illuminated asteroids. The 1m9e9n5t, (DPS meeting: October, 19pFabstract only
goal was to reduce the error ellipsoid for the asteroid’s in- '

stantaneous position to a size smaller than the asteroid itseﬁ)almer' P., Wootten, A., Butler, B., Bockekdorvan, D.,
" Crovieier, J., Depois, D., & Yeomans, D. K. “Comet Hy-

We observed 1991 JX on three dates. Only one was entirely o : L .

successfulone more day will be usable after some software akutake: First Secure Detectllon of Ammonia in a Comet

corrections are madleThe preliminary result is that our error E’:EA)S 1?)2)6 927. (AAS meeting: June, 1996(abstract

bars for the plane of the sky position are0.02 arcseconds, Y), ' .

about a factor of 50 smaller than the error in optical deter—snyder' L. E., Mehringer, D. M., de Pater, I., Palmer, P., &
A’Hearn, M. “BIMA Array Observations of Comet Hy-

D e e oo g HUKG"BAAS 28 528, (4AS mectg: Jue, 199Gab
y 9 P ging stract only 1996

which permits resolution of 10’'s of meters for near earth
asteroids in situations with adequate signal - to - npise. 4.9 Donald G. York

York continues his work on interstellar and intergalactic
4.8.3 Comets gas, and the relationships between the two fields. Colleagues

. . n this work include senior research associates Priscilla
Much of the progress in cometary science has been ma

from studies of the rare bright comets. In March, 1996 risch and Daniel Welty; graduate students Lancelot Kao,

comet Hyakutake approached with 0.11 AU of the Earth an hris Mallour!s, Connie Rockosi, Scott _Seversor), a_nd Daniel
X . . . anden Berk; and undergraduate Damian Bruni. Jim Fowler
was a spectacular sight. Since its discovery at the end o

Januar ; X . . heceived his Ph.D. in June 1996; Varsha Kulkarni has com-
y, this object has dominated our research efforts wit ) . . .

. : . . . pleted her dissertation research and will receive her Ph.D. at
planning, carrying out observations, and analysis. These i he end of 1996

volved observations at the VLA and with the Berkeley - '

lllinois - Maryland array(with L. Snyder and |. de Pater )

and other observations at the VLA, the NRAO 43 meter4-9-1 Projects

telescope in Green Bank West Virginia, and the NRAO 12- Priscilla Frisch continues her study of nearby interstellar
meter telescope on Kitt Ped&with A. Wootten, B. Butler, D. medium and the cloud surrounding the solar system. Welty
Bocklee-Morvan, D. Depois, and D. K. Yeomandhe only  [with Frisch, Hobbs, Lauroesch, Trapero, and Ydhi-
result ready to report at present is for a stud\Wéi;. While  cagg, FedermanToledo, Morton (Herzberg Ins), Blades
NH; is believed to contain a significant fraction of tNein (STSc), and Fitzpatrick, Jenkins, and Spitzé®rinceton]
comets , its direct detection has been elusive. Most of théaas continued to use a combination of high-resolution optical
abundance estimates were indirect ones made from opticapectra and HST/GHRS echelle spectra to study the proper-
NH, lines (assuming thalNH; is the only parent oNH,). ties of individual interstellar clouds in various environments
These fell in the range 0.2% — 0.5¢e€lative to water. A (local ISM, Galactic disk and halo, LMC and SMC, QSO
single radio observation dfiH; in comet IRAS-Araki- Al-  absorption-line systemsA high-resolution(0.3-1.2 km s
cock in 1983 suggested an abundarcd0%; analysis ofn ~1) survey of interstellar Ca I[Welty, Morton, & Hobbs

situ results from the Giotto probe to comet Halley in 1986 1996 revealed complex component structure in many cases,
yielded results in the range 1% — 2%. However, the previ-similar to that found in a previous survey of Na |I. Compari-
ous radio measurement had poor signal to noise and possitden of Na | and Ca Il line widths, however, suggests that the
instrumental problems; and, the analysis of the Giotto mas€a Il is more widely distributed, even for corresponding
spectrometer results does not provide a direct measuremecdmponents at the same velocity. The interplay between the
of NH3, but relies on a chemical model to sort out the frac-strong effects of Ca ionization balance and Ca depletion, for
tional contribution ofNH; in this mass range. We made an different types of neutral gas, can explain the similarities
unambiguous detection of twbiH; lines in comet Hy- between the line profiles seen for Ca Il and for various domi-
akutake on the night of March 24/25. These lines yielded anant first ions of less depleted elements. Comparisons of new
ratio of 0.3%, very much in line with the optical determina- high-resolution spectra of Ca |, Ca Il, & | are enabling
tion in a number of comets. individual component estimates for both relative electron
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densities and the abundances of other neutral and singly iotde has obtained most of his dissertation dataltiband im-
ized species to be determined from lower resolution GHRSges of local mergers and interacting galaxfesm Apache
echelle spectra, for a number of lines of sight. The relativelyPoint ObservatorfAPO). Current work is focused in data
low density derived from an analysis of#tlC | fine-structure reduction and simulation of the appearance at high redshift
excitation equilibrium for the two main low-velocity compo- as seen by HST and various ground-based systems. This
nents toward 23 Ori suggests that the surprisingly strong Chvork should enable an evaluation of incompleteness effects
lines there are due to the same non-thermal process that h@g counts of mergers in assessing their relative importance at
produced the observed CHFederman, Welty, & Cardelli different redshifts. He is collaborating with Takeshi Oka and
1997. New GHRS echelle spectra of 23 Ori,CMa, and  Walter Wild in studying Jovian planets in the near-infrared,
£ Ori have yielded accurate electron densities, temperaturedsing GRIM I at APO. More recently, they are studying the
and cloud thicknesses for the high-velocity ionized gas inPossibility of building an infrared camera to be mounted at
those lines of sight, confirming that the gas is not in colli-the 41-in reflector at Yerkes Observatory to study Jovian
sional ionization equilibriunfas concluded by Trapert al.  Planets and star formation regions.

1996. Observations of C II, C lll, N Il, N lll, Si ll, Si lll, Al

I, AL lll, S 11, S 1, S 1V, Fe ll, and Fe Il (combining data PUBLICATIONS

from IMAPS and GHR$ will yield detailed information on  Welty, D.E., Hobbs, L.M., Lauroesch, J.T., Morton, D.C., &
grain survival in the shocked high-velocity gas towdr®ri York, D.G. 1995, ApJ, 449, L135, Interstellar Lead

and 23 Ori. GHRS echelle and G160M spectra of the SMQ_auroesch, J.T., Truran, J.W., Welty, D.E., & York, D.G.
star Sk 108 indicate that the relative gas-phase abundances 0f1996, PASP, 108, 641, QSO Absorption-Line Systems
Zn ll, Crll, Fe 1, Si ll, Mn I, and Ni Il are similar to those and Early Chemical Evolution

found in Galactic halo clouds and in some intermediate veTrapero, J., Welty, D.E., Hobbs, L.M., Lauroesch, J.T., Mor-
locity clouds toward the LMC SN 1987A. Most of the inter-  ton, D.C., Spitzer, L., & York, D.G. 1996, ApJ, 468, 290,
mediate velocity and LMC components toward SN 1987A, High-Velocity Gas in GHRS Spectra of Three OB Stars
however, show relative abundances more similar to thos&/elty, D.E., Morton, D.C., & Hobbs, L.M. 1996, ApJS, 106,
seen for warm clouds in the Galactic disk. Comparisons of 533, A High-Resolution Survey of Interstellar Ca Il Ab-
the relative abundances found in various Galactic environ- sorption

ments with those in the lower metallicity LMC and SMC Federman, S.R., Welty, D.E., & Cardelli, J.A. 1997, ApJ,
should aid in the interpretation of the relative abundances submitted, The Amount of CH Produced during CH
observed in QSO absorption-line systefhauroeschet al. Synthesis in Interstellar Clouds

1996. Scott Severson continues his work in the Near Infra-Kulkarni, V.P., Huang, K-L., Green, R.F., Bechtold, J.,
red Experimental Astrophysics Grougbetter known as Welty, D.E., & York, D.G. 1996, MNRAS, 279, 197,
NIR.) He has been involved with the design, completion, Pruning the Lymare Forest of Q1333170

delivery and scientific use of two near infrared instrumentsKhare, P., Srianand, R., York, D.G., Green, R., Welty, D.E.,
GRIM 1, and GRIM II. Dan Vanden Berk is continuing to ~ Huang, K-L., & Bechtold, J. 1997, MNRAS, in press,
focus on the clustering properties of QSO absorption line Lyman Alpha Forest towards B2 122317

systems and their relation to galaxies. His thesis observations

of low-redshift absorbers at the galactic poles, observed witi.9.2 Sloan Digital Sky Survey

HST, are nearly complete, and the analysis of the data is York continues as Director of the Sloan Digital Sky Sur-
underway. The distribution of the absorbers is being comyey (SDSS project, the goal of which is to create a three-
pared to that of the galaxies in the same relatively narrovdimensional map of one million galaxies in the North Galac-
cones to see how the clustering properties of the two popuic Cap. The project involves instrumenting a 2.5-m
lations are related. Dan is leading the ongoing compilation otelescope with a CCD camef80 CCDs, 50 mm in linear

a large, continually-updated catalog of QSO absorbers drawgimension, arranged to produce 5-color drift scans of the
from the literature, which is being analyzed for the signaturesky) and two fiber-fed spectrographs. The spectrographs ob-
of clustering. Using this catalog, absorber clustering onain about 600 spectra simultaneously for a sample of galax-
scales up to 100 Mpc/icomoving has been detected at high jes and QSOs selected from the multi-color drift scans. The
redshift (Quashnock, Vanden Berk, & York 1996, ApJL, in major hardware and software components were completed in
pres$. On smaller scales, the clustering of absorbers in thea 996, and the survey is expected to last about five years,
catalog has been shown to be quite similar to that of low-after a year of commissioning activities. Work has continued
redshift galaxies. In addition, the evolution of the absorbetthis year on the mechanical telescope parts, which were as-
clustering — which has implications for structure formationsembled at Apache Point Observat¢®PO) near Sunspot,
and cosmology — has begun to be studied. Strong evidend¢.M. in September 1995. Polishing has been finished on the
has been uncovered that a large fraction of QSOs searchgdimary and secondary mirrors, which have been aluminized
for absorption lines are gravitationally lensed by mass assaand delivered to APO. The distortion corrector for the three-
ciated with the absorberd/anden Berk, Quashnock, York, degree field of the telescope, to which the CCD dewars at-
& Yanny 1996, ApJ 469, 78 These results will help in tach, is complete, and the other field corrector common to
understanding how well absorbers can be used as unbiasedth instruments is nearing completion. The instruments are
tracers of matter in the universe. Lancelot Kao is studyingn final assembly, and their delivery and installation at APO
the importance of galaxy mergers as a function of redshiftis expected during late 1996 through early 1997. The project



80 ANNUAL REPORT

will acquire over 20 terabytes of data. The data acquisitiorchairman of the ARC sub-Board for the SDSS, York is di-
hardware and software, and the data reduction software, arector, Jeffrey PiefUSNO) is project manager, James Gunn
the prime responsibility of Fermi National Accelerator Labo- (PU) is the project scientist, Richard KrdC/FNAL) is the
ratory (FNAL). Science software from specialists will be in- survey director, and Stephen KefdC/FNAL) is the com-
tegrated into the pipeline. The data will be processed anguter coordinator. The telescope, optics, and infrastructure
archived at FNAL. The data acquisition system is alreadyare being developed by the UW engineering group, under
being delivered to APO. The computer hardware for thePatrick Waddell. The spectrographs are being built at Johns
pipeline processing has been procured. A number of generddopkins University under the supervision of Alan Uomoto,
tions of the processing software have been completed, arehd the camera is being built at Princeton University under
the final version is to be completed after several months othe supervision of James Gunn. For more on the Apache
observing with the entire system. The project is being carriedPoint Observatory, please see the accompanying report of the
out by the Astrophysical Research Consortium, whose memAstrophysical Research Consortium.

bers are the University of ChicagdJC), the Institute for

Advanced Study(IAS), Johns Hopkins UniversityJHU),

New Mexico State UniversittNMSU), Princeton University 5. WEBSITES

(PU), University of Washington(UW), and Washington Updates on selected projects can be found on the World-
State University(WSU). Participants in the Sloan Digital wide Web: UC Astronomy & Astrophysics:http:/

Sky Survey include all of these institutioriexcept NMSU  astro.uchicago.eduBloan Digital Sky Surveyhttp://www-

and WSU, plus FNAL, a group of astronomers in Japan, thesdss.fnal.gov.8000/ Yerkes Observatory:  http://
Japanese Participation GrogpPQ, and the United States astro.uchicago.edu/Yerkes.htApache Point Observatory:
Naval Observatory(USNO). John PeoplegFNAL) is the  http://www.apo.nmsu.edu/



