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This report covers research done by Carnegie Observatoriesbital periods for all the detected spectroscopic binaries in
postdoctoral and scientific staff, and by visiting investigatorsthis sample with periods less than about 1500 days.
at Las Campanas Observatory, during the one year period Five of the blue metal-poor stars may be ultra-short pe-
from July 1, 1995 to June 30, 1996. riod (SX Phe variables and four more are possible velocity
variables of undetermined nature. Because the number of SX
Phe stars provides an independent way to estimate the size of
the blue straggler component of the BMP sample, each of the
Staff Members: SX Phe candidates was observed continuously over 2 to 3
A. Oemler, Jr.(Directon, H. Babcock(Director Emeri-  hour intervals on two or more nights in July 1996. Reduc-
tus), A. Dressler, W. Freedman, J. Kristian, P. McCarthy, E.tions of these data are still in progress, but for one star, CS
Persson, G. Preston, A. Sandage, L. Sedleector Emeri-  22066-043, a large velocity variation 635 km st in a

1. PERSONNEL

tus), S. Shectman, I. Thompson, R. Weymann period of ~55 minutes was noticed during the observations.
Staff Associates: Landolt (Louisiana State confirmed this period(private
A. McWilliam communication by performing UBV photometry of CD

22966-043 at CTIO in August 1996.

Persson, Krzeminski, Roth, and Murphy completed the
observations for a program of establishing new near-infrared
standard stars. All the data were collected at the Las Cam-

Las Campanas Research Staff:
M. Roth (Director, Las Campanas Observatpr?. Kn-
ezek, W. Krzeminski, W. Kunkel

Postdoctoral Fellows: panas 1m Swope Telescope and the 60-inch Palomar tele-
J. Dalcanton, M. Giavalisco, L. Lubin, J. Mulchaey, M. scope. The project has three parts. The first uses the grid of
Rauch, A. Zabludoff seventh magnitude standard@@iaset al. 1982 to establish a
Postdoctoral Associates: set of 12 new standards near eleventh magnitudte dthese
R. Phelps, C. Gallart, S. Landy, B. Rush, I. Smalil stars are all measured to accuracies better than 0.005 mag at

J,H, andK. The final result of the second project will be a
grid of 44 additional standards, tied to the first set, spread

Predoctoral Fellows:

R. Bernstein ) . .
o over the sky and suitable for use with the NICMOS infrared
Support Scientists: camera on the Hubble Space Telescope, as well as the up-
D. Murphy coming 2Mass all-sky infrared survey. These stars will be
Supporting Staff: measured to accuracies better than 0.01 mag. The third
Pasaden#&28 persong Las Campanaé37 persons project will establish accurate transformations that will relate

In January 1996, Leonard Searle stepped down afteine colors of very red stars to those of photometric systems
seven years as Director of the Observatories. He retired & US€ at other observatories. _ _
the end of June, 1996. In June, Jerome Kristian was killed in PNelps and Lad&J. Floridg continued their program to
a tragic accident, while flying an ultralight airplane. He wasinvestigate star formation within the Rosette Molecular

63 years old at the time of his death, and had been on th&loud (RMC). Initial results from a near-infrared survey us-
Staff of the Observatories since 1968. ing the Simultaneous Quad Infrared Imaging De\i8&IID)
on the recently decommissioned KPNO 1.3m telescope re-

veal the presence of seven young embedded clusters in the

2. RESEARCH PROGRAMS RMC. All seven clusters are associated with IRAS sources
and with molecular CO) clumps, although not all IRAS
sources or molecular clumps are associated with clusters.

Preston has continued his search for spectroscopic bingdowever, the majority of massivVECO clumps in the RMC
ries among 62 of the brighter blue metal-poor stars in arare not associated with embedded clusters, suggesting that
attempt to resolve the sample into blue straggler and uneonditions other than high mass, such as high density, are
evolved main sequence populations. Survey stars typicallpeeded for cluster formation. The spatial location of most of
were observed twice annually during the years 1992 througkhe clusters suggests that cluster formation may be triggered
1995. The original intent was to identify binaries by the useby the ionization fronts from the nearby HIl region associ-
of a x? statistic for each star. However, the data for manyated with NGC 2244. However, triggered star formation
stars respond to application of the Lafler-Kinmét965, probably cannot explain the presence of all of the clusters,
ApJS, 11, 21p period-search technique. Periodic velocity particularly the one farthest from the ionization front. It thus
variations, albeit with aliases produced by annual observingppears that more than one mechanism may be at work form-
sessions, have been detected for 24 stars. Observations fog clusters in this cloud. Follow-up observations of the
the entire sample obtained in 1996 will remove some, but noRMC embedded clusters have begun using the KPNO 4m
all, of the aliases. Additional observations separated by 3elescope and the IRIM infrared imager.
months will eliminate most of the remainder, thus producing Phelps, Lada, and HowéJ. Massachusettshave also

2.1 Stellar Astronomy
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begun a survey for dense gésa emission from thed2-1  the spectra at the telescope revedlBda large dispersion in
line of C9S towards the 7 RMC embedded clusters using thethe strengths of the heavy element lines of Sr Il and Ba Il at
Five College Radio Astronomy Observatory telescope. Pre4077 and 4554 A respectively, indicating a dispersion in
liminary analysis indicates that all 7 RMC clusters are assoheavy element to iron ratio, arf@d) one star with very strong
ciated with dense gas but the amount of dense gas varidgavy element lines, including the Eu Il line at 4129A, con-
among the clusters. Intriguingly, it appears that the denssistent with this star being r-process rich similar to CS
cores associated with clusters closer to NGC 2244 havg2892-052. If this second conclusion is confirmed in the de-
lower masses than cores associated with clusters further frotailed abundance analysis further spectra of this star will per-
the HIl region, suggesting a possible age gradient. mit an age estimate to be made via the Th chronometer, and
McWilliam, in collaboration with Preston, Snedgll.  will make a significant impact on the uncertainty of the Th-
Texag, Cowan(U. Oklahoma, Burris (U. Oklahoma and  chronometer age of the Galactic halo.
Armosky (U. Texas have completed the reduction, analysis, McWilliam, in collaboration with Castro and RictCo-
and intepretation of CTIO 4m echelle spectra of the r-proceshimbia), have analyzed low S/N, high resolution, spectra of
rich star CS 22892-052. This star, originally identified by the most metal rich Galactic bulge giant known, BW 1V-167;
PrestonBeers, Preston & Shectman 1992, AJ, 102, 2987 u« Leo, a well known bright super-metal-rich star, was also
extremely metal-poor, was subsequently discovered to banalyzed. The spectra were obtained by Filippenko and Spin-
rich in r-process elements in a spectroscopic survey of Pread (UC Berkeley with the 10m Keck Telescope and HIRES
ston’s star§McWilliam, Preston, Sneden & Searle 1995, AJ, spectrograph. This effort resulted in a paper: Castro, Rich,
109, 2757. McWilliam, Ho, Spinrad, Filippenko, & Bel(1996, AJ, 111,
The latest CTIO 4m echelle spectra resulted in two pa2439. The objective was to check the low bulge abundance
pers: Sneden, McWilliam, Preston, Cowan, Burris & Ar- scale of McWilliam & Rich(1994, ApJS, 91, 749, MR94
mosky 1996, ApJ, 467, 819, and Cowan, McWilliam, The abundance analysis, performed by three techniques, con-
Sneden & Burris 1996, ApJsubmitted. In Snedenetal.  firms the earlier results for these two stars by MR94, with
(1996 the results of the previous abundance analysis of thigFe/H]~ +0.45 in both cases. Since this analysis confirms
star were confirmed, but based on more lines from a largethe abundance results of MR94 for their most difficult to
sample of heavy elements: it is confirmed that CS 22892-052nalyze stars, the MR94 results are, in general, confirmed.
has a huge overabundance of the heavy elements made Blus the Galactic bulge is metal-normal, and not metal-rich
the r-process, identical to the solar system r-process abuis was the consensus before McWilliam & Rid994.
dance pattern. The large r-process overabundances in such anMcWilliam, Geisler(NOAO), and Smecker-Han@JC Ir-
extremely metal-poor staf(Fe/H]~—3) suggest that the vine) have continued to acquire echelle spectra for 58 Galac-
heavy elements in CS 22892-052 were made bsirggle tic bulge giant stars in Baade's Window, with the CTIO 4m
supernova event. telescope and ARGUS-echelle spectrograph. The spectral re-
In Cowan et al. (1996 the age of CS 22892-052 was solving power is 14,000 and the typical per pixel S/N is
determined from the abundance of the radioactive elemergbout 60, which is a factor of two improvement from 1995.
thorium (Th), ratioed to the almost pure r-process elementThe spectra are presently being reduced. The goal of this
Eu. The minimum age of the star was estimated by compariproject is to resolve the difference between the high metal-
son with the observed solar system Th/Eu ratio, which indidicity scale for bulge giants, as found by Geisler & Friel
cated a minimum age of ¥54 Gyr. A variety of chemical (1992, and the normal metallicity scale measured by
evolution models of the Galactic disk were investigated inMcWilliam & Rich (1994. The investigators also plan to
order to determine the r-process Th/Eu yield ratio from su-check the high magnesium and titanium abundances found
pernovae, consistent with the observed solar system ratithy McWilliam & Rich (1994). In addition to thea element
All the chemical evolution models indicate that the age ofabundances, th&u/Feg abundance ratio will be utilized as a
CS 22892-052 is 1¥4Gyr. diagnostic of the relative fractions of type Il and type la
McWilliam has acquired high resolution spectra of the supernova during the bulge chemical evolution, which can be
previously unstudied 43 red giants in the BPS survey ofused to indicate the bulge formation timescale. Temperatures
metal-poor stars, using the Las Campanas 2.5m du Pombr the program stars will be determined using infrared pho-
Telescope and Shectman echelle spectrograph. The spectoametry acquired by McWilliam with the Las Campanas 1m
are typically characterized by a S/N of15 per pixel at the Swope Telescope, and optical photometry from Geisler and
4077A Sr 1l line. The objectives of this project are twofold: Smecker-Hane(based on CTIO observations
(1) to identify metal-poor stars which are rich in r-process McWilliam and collaborators Smecker-HafldC Irvine),
elements, similar to the r-process rich star CS 22892-052\yse(Johns Hopking and IbataU. British Columbia have
with the goal of pursuing any such stars to measure ageacquired high resolutiofR~35,000), high S/N(70-100,
from the Th chronometer, an@) to measure the dispersion spectra of three stars in the Sagittarius dwarf galaxy using
in heavy element to iron abundance ratios among the metathe HIRES echelle spectrograph and Keck Telescope. The
poor stars, in order to learn about homogenization processegquisition of more spectra is planned for 1997, with the
in the early stages of Galactic chemical evolution. The lowemwbjective of 12 stars in total. The goal of this experiment is
than usual S/N for the spectra is more than sufficient to acto measure the chemical composition of a variety of stars in
complish these two goals. the Saggitarius dwarf galaxy. This dwarf, discovered by
The spectra have not yet been analyzed; however, plots dbata et al(1994), is currently being accreted by the Galaxy,
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and has been show(by Smecker-Hane 19950 contain  systems, as well as the masses of the component stars. Moni-
stars covering a range in metallicity-(L.7 to —0.5[Fe/H])  toring of other clusters, as well as the followup spectroscopy
and age {4 and~10 Gyp. The abundance ratio af ele- and photometry, will continue in the coming observing sea-
ments to iron, and Eu/Fe, will provide an important diagnos-sons.
tic of the relative frequency of type Il and type la supernova A long-term program of monitoring Supernova 1987A in
taking part in the chemical evolution of this galaxy. This is order to search for the pulsar remnant was continued in
possible as it is thought that type Il supernovae produce iror995-96 by Middleditch(Los Alamosg, Kristian, Kunkel,
a elementgO, Mg, Si, Ca, Tj and r-process elemenflike = and Fazio and EikenberryCfA). While there is no clear
Eu), whereas type la supernovae produce iron, but little elseevidence of any optical/near-infrared pulsar with a constant
The relative frequencies, combined with the age informatiorpulse profile and extremely predictable spin properties, there
of Smecker-Han€1995, will enable a direct measurement has been consistent evidence for a pattern of emission near
of the type la supernova timescale. The type la timescale antthe frequency of 467.5 Hz — a 2.14 ms pulsar candidate —
the type la/type Il model is widely accepted and used insince February 1992, when it was first detected in data taken
many numerical models of galactic chemical evolution; thusat the LCO 2.5m du Pont Telescope. Further 2.14 ms signals
a measurement of the type la timescale will be of great utilwhich displayed a consistent and predictable spin-down
ity. The additional goal is to measure the detailed chemica{~2-3x1071° Hz/s) were found over the several-year
composition of a dwarf spheroidal galaxy, which has nottimespan through February 1996 in data taken with a variety
previously been undertaken. of telescopes, data systems and detectors, at a number of
Krzeminski, in cooperation with Mazur and Sari@oper- ground- and space-based observatofiesluding LCO, and
nicus Astronomical Center, Warsagwand CatalarfUniv. of HST). There is also evidence in data, again taken by more
St. Andrews studied several precataclysmic binaries com-than one telescope and recording systems, for modulation of
posed of a white dwarf and red dwarf pair in a close binarythe 2.14-ms period with a-1,000 s period which compli-
orbit. The most important are two systems: BPM 71214 andtates the detection process. The characteristics of the 2.14
LFT 349 = RR Cae. For the former one the light modulation ms signature and its' 1,000 s modulation are consistent with
period of 4h 50m and an amplitude of 0.10 mag in the opticaprecession and spindown via gravitational radiation which
bands has been found; the latter one exhibits full eclipseare both caused by the same non-Maclaurin oblateness
repeating with a period of 7h 17m and light modulation of (~10 ) of a young neutron star. The implied luminosity of
only 1% indicating a low temperature for the white dwarf. the gravitational radiation exceeds that of the Crab Pulsar by
Landolt (Louisiana Statecontinued working, in collabo- an order of magnitude.
ration with Uomoto(Johns Hopking toward the very long- Thus, the 2.14 ms candidate pulsar, should it hold up, is
term goal of establishing faint broad-band photometric sean absolutely unique object, and provides the rosetta stone
guences in a band around the sky centered on the celestiahich helps explain the mysteries of SN1987A, including
equator. A Tek 2048 CCD was used at the 2.5m du Ponthe blue supergiant nature of the progenitor, the extreme
Telescope and a TI CCD was used at the 1m Swope Telenixing of the elements, the rings, and the weak-field nature
scope. The eventual product of this program will be a set obf the pulsar(which resulted from a coalescence of two
faint standard star sequences on the Johnson-Cousimghite dwarf cores of two merged, massive stafhe wd-wd
UBVRI photometric system. The areas undergoing the mognerger scenario also explains the overabundance of weak
intense observational scrutiny include selected Kapteyn Sdield ms pulsars found in the globular clusters.
lected Areas as well as fields identified as potential standard Two papers on this observing program headed by Mid-
star fields by M. Irwin in England. The latter fields contain dleditch are nearing completion. Other collaborators on the
potential red-blue stellar pairs. Much observing remains tdarge paper, based in large part on the LCO monitoring, in-
be accomplished. clude Lucinio(Caltech, and astronomers from UC Berkeley,
During marginal or non-photometric conditions, a photo-Galway, Ireland, and NASA/Goddard. The two other authors
metric monitoring program was pursued. Prime targets undesn the shorter paper are from the University of Tasmania,
such circumstances were the globular clusters M80 and NG@om whose 1m telescope observations were made which
7492, for the characteristics of their variable star populationgonfirmed the 2.14-ms candidagnd its~ 1,000 s modula-
seem little known. Calibrated CCD data obtained at the 1ntion period with the SNaunderthe pole. The HST results
Swope Telescope have for the first time photometrically fol-were included in this paper. The pulsar subsequently faded
lowed the hot hydrogen-poor variable star V348 Sgr from(after September ‘93out of reach of the University of Tas-
near minimum to near maximum brightness. A portion ofmania 1m telescope before it could be monitored by larger
these data were used in a study of the ultraviolet extinctiorielescopes like the 2.5m du Pont. This, partly, is the reason
curve for the circumstellar dust associated with V348 Sgmearly three more years have passed before the observations
(Drilling, et al, ApJ, 476,[Feb. 20, 1997, in pre$s (and authorswere all ready for publication.
Thompson and Kaluznf#Warsaw Univ. Obg.have begun Knezek is completing a project on star-forming regions in
a study of detached eclipsing binary stars in southern nearby metal-poor outer disk molecular cloud known as Maddale-
globular clusters. Extensive photometric monitoring of thena’s Cloud. She and her collaborators Adams, Ratcliff, and
cluster M4 has revealed three such systems, all located at tiWinfrey (U. Michigan have obtained/RIJHK photometry
cluster turnoff. Future detailed photometry and spectroscopiof 9 possible young stellar clusters selected by their IRAS
observations will be used to determine the distances to themission.
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Gieren(Universidad Catolica de Childas obtained high stars which were the first to form in the Galaxy. Until re-
resolution, low S/N Echelle spectra of Cepheid variables ircently the few studies made, searching for M-subdwarfs in
the LMC cluster NGC 1866. From these spectra, accurateoth globular clusters and the general field, suggested that, in
radial velocities of the variables were derived which serve tacontrast to the disk, the halo luminosity function increased
test for cluster membership and can also be used for Baadeapidly with decreasing luminosity, apparently making these
Wesselink distance determinations. He also obtained duringtars excellent missing-mass candidates. Unfortunately, re-
the same time interva(December 1995 - January 1996 cent work by Reid, Smail, Thompson, Yan, and Majewski
BVRI CCD images of NGC 1866 and five other, Cepheid-shows that the field-star analysis errs in that essentially all of
rich LMC clusters at the 1m Swope Telescope. Most of thethe low-luminosity stars are drawn from the Galactic disk,
images are now reduced using the DoPhot routine, and havgt the halo, while HST observations have cast doubt on the
yielded excellent optical light curves for about 10 Cepheidsglobular cluster studies.
in NGC 1866. These data will now be supplemented with  One means of surmounting these problems is to search for
near-infrared photometry of the Cepheids and with additionahearby halo subdwarfs, stars within 50 parsecs of the Sun.
radial velocities in order to derive distances and radii with anThese stars are outnumbered approximately 800 to 1 by stars
optical and near-infrared version of the Barnes-Evans techp, the galactic disk. However, halo stars have high velocities
nique. From this it is expected that the mean LMC distanceg|ative to the Sun, and can therefore be identified by search-
modulus can be determined with an accuracy of 0.05 mag Qhg for stars with high proper motions. Reid and Gizis
better, independent of an assumed distance to the Pleiadq@.anecb have been putting together proper motion cata-
This research is being carried out in collaboration with Ma‘logues using plates taken as part of the POSS | and POSS I

tias Gomez of the Universidad Catolica de Chile. surveys (a 45-year baseline in time Follow-up spectro-
_ scopic observations, with both the du Pont Telescope at Las
2.2 Galactic Structure Campanas and the Hale 200-inch at Palomar, allow the iden-

Phelps, along with Jane®oston U) and Friel (NSP j[ification of the Iate-typg M subdwarfs, which are charactgr-
continued a program to probe the formation and develop'—sed by strong absorptlon features due to calcium hydride
ment of the Galactic disk using old open clusters. Since theif"d magnesium hydride. These stars can then be used to
ages span the age of the galactic disk, these clusters are thidy the luminosity function. As yet, the analysis is not
ideal test particles for studying the evolution of the Milky COmplete. However, the preliminary results suggest that, as
Way Galaxy. Work has continued to improve photometricWith the disk, the halo luminosity function flattens substan-
data for the old clusters. Phelps has used KPNO and Carially close to the hydrogen-burning limit, and that these stars
egie Institution telescopes to observe several of the olde&® also inadequate to the task of supplying missing mass.
and faintest of the old clusters, and has completed an inves- Majewski, Reid, Thompson, and University of Virginia
tigation of the oldest of the open clusters, Be 17, and th@raduate student Michael Siegel have continued their re-
unstudied open cluster, Be 66. A new survey of candidatsearch into the classical starcount problem with a systematic
old open clusters has been initiated as has a new program 8/rvey of more than a dozen Kapteyn Selected Areas using
obtain near-infrared photometry of a subset of the known oldhe 1m Swope Telescope at Las Campanas. Observations
open clusters. Willamette College undergraduate studertow includeB,V,R and | band CCD frames of 2 square
Marc Kassis has also been involved in this research througlegrees in each Kapteyn field with better than 5% photomet-
the Research Experiences for UndergradudRBU) pro- ric accuracy tov=21.5. Additional deep\{<22) starcount
gram. His work on one cluster, 092-SC18, has recently beeflata are being generated by Majewski and Virginia under-
published. This cluster is of interest because previous estBraduate student Jamie Ostheimer in collaboration with
mates of its age ranged from 5 to 8 Gyr, putting it in the Sandage. The latter data come from sky-limited Mayall 4m
sample of only a dozen or so of the oldest clusters in théhotographic plate scanned on the Virginia PDS microden-
Galactic disk. sitometer. Majewski, Reid, Thompson, Yan and Smail have

Reid (Caltech, together with Smail, Thompson, Yan also recently analyzed de&fR|imaging data from the Keck
(ESO, and Majewski(Virginia) have been studying the lu- 10m telescopéo R~25.5) as well as the Hubble Deep Field
minosity function of faint disk and halo stars. Over the last(to two magnitudes faintgr They show that the contribution
decade, considerable observational attention has been d- the faint starcounts from halo subdwarfs is limited to
voted to determining the frequency of low-luminosity R—1<1.0, with redder stars being contributed from the Ga-
M-dwarfs in the Galactic disk population — stars which havelactic disk and Intermediate Population(IPIl). They con-
long been dark-matter candidates. In particular, if the masslude that the previously found large upturn in the halo lu-
function continues to rise as one reaches the hydrogerminosity function for MV) >10 is an artifact of
burning limit (0.085 solar massgsthe implication is that contamination of disk and IPIl stars for the intrinsically
considerable mass may be hidden as ‘brown dwarfs’ or planfainter stars.
etoids. The results, however, point to a mass function that is Kunkel and Majewski have been searching for giant stars
flat at the lowest masses, implying that there are insufficiencorrelated to the HI Magellanic Stream. The presence or lack
stars(or brown dwarf$ to make a significant contribution to of a stellar stream would delineate between tidal and ram
any of the missing mass problems. pressure stripping models for the Magellanic Stream.

Less attention has been given to the corresponding stars in Majewski and Cudworth(Yerkes Obs. have continued
the Galactic halo, the spheroidal distribution of metal-poortheir program to derive absolute proper motions with respect
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to galaxies for a sample of distant-Q0 kpg halo globular tion density is strongly dependent on Galactic latitude and

clusters and dwarf spheroidals using the Baade and Sandatfee particular quadrant of the meridional plane, consistent

collections of photographic plates. In the past year, in colwith the solar neighborhood being displaced from the posi-

laboration with Ph.D. student Andrea Schweitzelr Wis-  tion of the Galactic center. The CM diagrams for each of the

consin, they have derived proper motions for the SculptorSelected Areas, and their analysis, are being prepared for
(Schweitzeret al. 1995 and Ursa Minor(Schweitzer, Cud- publication.

worth & Majewski, in preparationdwarf spheroidals. They Third-epoch photographic plates to determine proper mo-

are now beginning work on the Draco dwarf spheroidal galtions have been taken by Majewski with the Palomar 200-

axy and the globular cluster Pal 15. inch, the Las Campanas 2.5m du Pont Telescope, and the

Majewski has just begun a program on the 2.5m du PonKitt Peak 4m reflector. These will be combined with the first
Telescope at Las Campanas to repeat photographic obsengpoch plates taken by Seares at Mount Wilson in 1910 to
tions of the mid-declinatior(-15 to +15 degreg Kapteyn 1912 with the 60-inch telescope, and by Sandage in the
Selected Areas. The goal is to match the original plates takeh970’s at Palomar and Kitt Peak. The proper motion data
by Seares, Kapteyn and van Rhijn at the turn of the centurvill be discussed by Majewski and his students, who joined
on the Mt. Wilson 60-inch telescope, for proper motions ofthis phase of the halo mapping project during the report year.
exquisite 0.1 arcsec/centupyprecision to V~19, tied to The most striking feature of the CM diagrams of the Se-
the extragalactic absolute reference frame. The 55 Selectdected Areas is the, by now, well known sharp wall in the
Areas with|b|>20 degrees will allow an assessment of thecolor distribution aB—V=0.36. Only a very few field hori-
halo two point correlation function in phase space as a mearmontal branch stars are bluer than this well determined color
to search for and map large scale streaming motions in thkmit. The presence of the wall in color was discovered first
halo. in the early Basel surveys in the 1970’s and has been seen in

During the report year, Sandage returned to the Mounall subsequent studies such as those by Weistrop, Gilmore &
Wilson Halo Mapping project discussed elsewhét®83, Weise, Majewski & Reid among others, and in the CMD of
“Kinematics, Dynamics, & Structure of the Milky Way,” SA 45, previously publishedl980, ApJS, 44, 219
ed. W. L. H. Shuter; Astrophysics & Science Library, Vol. ~ The B—V color-limit of 0.36 for the halo field stars is
100, Reidel, p. 316 begun in the mid 1970’s but delayed identical with the bluest globular cluster stars at the termina-
when the Carnegie operation of the 100-inch Mount Wilsortion point of the main sequence. This is the proof that most
Hooker reflector ceased in 1985. Four of the goals of thef the halo stars are as old as the old halo globular clusters.
work are(1) determine the age of halo stars in situ at variousThis fact, together with the recent discovery of the highly
heights above the Galactic plar@) provide corrections to luminous, young, globular clusters in galaxies of the Amor-
them,, magnitudes to the limit of the Mount Wilson Catalog phous classcf. the Carnegie Atlasdentify the environment
of 139 Selected AreasSeares, Kapteyn, & van Rhujn, 1930, in which globular clusters first form. A well studied case is
Carnegie Publications 4D2or selected areas 28, 29, 45, 55, that of the two super-luminous, massive, star clusters in
57, 82, 94, 106, and 107, all but one of which are in theNGC 1569 atMg= —14 (Arp & Sandage 1980 These ob-
meridional planel(=0 andl =180) of the Galaxy(3) deter-  jects are, beyond doubt, young, massive, globular clusters,
mine the density gradient and flattening of the halo in thisformed only recently in a star-burst galaxy where the rate of
plane, and(4) determine the ratio of halo main sequencestar formation out of the molecular clouds is abnormally high
stars to old disk stars in the solar neighorhood. at the present epoch.

To these ends, photoelectric photometry on a With this evidence for the initial formation of young mas-
UBV(RI)yw photometric system, completed in 1974-1980sive globular clusters, seen now in NGC 1659, NGC 625,
with the Hooker Telescope, has been prepared for publicaNGC 1705, NGC 253, NGC 1275, and M82 among the
tion. The Searest al. m,; magnitudes all require corrections Amorphous, or near Amorphous, galaxies listed in the RSA
beginning at aboutn,,=15. The truePogson-scajemagni-  and the Carnegie Atlas, and with the evidence that the halo
tudes are fainter than the Seares magnitudes, reaching a cdield stars and the halo globular clusters are among the oldest
rection as large as 1.5 mag at Seaetsl. catalog magni- stars in the Galaxy that are nearly coeval, and with the evi-
tudes of 18.5the correct B magnitude at this level is)3@  dence from Eggen, Lynden-Bell & Sandad®62, ApJ 136,
some cases. 748, ELS that the Galaxy formed by collapse, and further

Photographic plates taken BV, andR with the Palomar that star formation for the hard central cluster takes place
200-inch telescope and the Kitt Peak 4m reflector in thewith 1% efficiency with an accompanying envelope of co-
1970’s have been measured for each of the af@easept for eval but loosely bound individual stard.arson, many
SA 106, producing a completelurchmusterungof stars  placesg such as seen directly in the h agdPersi star cluster
within the 15< 15 arc minute fields of the 200-inch material, and the 30 Dor region of the LMC, it seems clear how the

reaching close to the effective plate limit &=22, cali- halo and the present globular cluster system in the Galaxy
brated via the photoelectric sequences using a Racindermed. As in NGC 1705, the high UV flux from the OB
Pickering wedge magnitude extender. stars in the young globular clusters eventually either sweeps

The color-magnitude diagrams clearly show the disk Kthe halo clean of the unused gas, and/or the remaining gas
and M star population beginning ¥t=17, whose population falls to the plane by a dissipative collapse that builds the
density is independent of the Galactic latitude. The haloyounger disk over timéstill going on in the Galaxy?
component is also present, startingvat 12 whose popula- The picture, then, is one of a collapsing ELS envelope
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containing “noises” that are the individual density fluctua-  Miller (DTM/STScl) was involved in two projects to use
tions that will become globular clusters within that envelopeoptical and near-infrared colors of galaxies to determine their
(1990, JRASC, 84, 70There is, of course, a distribution of mean ages and metallicities. Miller, McGau¢bTM), and
the density-contrast spectrum. This contrast between thknezek used the 1m Swope Telescope to measSt&
hard-collapsed objects that become the globular clusters antlagnitudes of low surface brightness galaxies. Also, Miller,
the smoother surrounding stars initially associated with eaclCote (ESO, and Skillman(U. Minnesota used the 2.5m du
cluster, gives the halo field stars whose distribution is latePont and 1m Swope telescopes to obtdiBVI and JHK
smoothed out by random motions. The data supporting thignages of dwarf galaxies in the Sculptor Group.
picture arg(1) the near constancy of the age of the halo field Freedman, in collaboration with Sak&lPL), Madore
stars given by the ultra-sharp color wallgt-V=0.36 from  (JPAC/Caltech, Lauer(NOAO), and Baum(U. Washington
the CMDs of the halo Selected Ared®) the near constant have extended the use of themagnitude of the tip of the
(to within 10% of the Galactic agencient age of the globu- first-ascent red giant brandARGB) as a distance indicator
lar clusters,(3) the evidence of the environoment in which to nearby galaxies beyond 10 Mpc. The TRGB represents the
globular clusters form(by violent collapsg as seen in the core helium flash stage for low mass stars; observationally it
present-day super-star clusters in most Amorphous galaxigs detected by measuring a discontinuity in the observed lu-
such as NGC 1569, NGC 1705, and NGC 628) the  mjnosity function. Using thd band, the TRGB method is
n-body simulations of the way galaxies with density fluctua-yery insensitive to metallicity and age differences in the stel-
tions in the protogalactic mass fragment into individual units|g, population. Studies by Lee, Freedman and Madb883,
that are the proto-globular clusters within the overall coIIaps-ApJ’ 417, 553 and Sakai, Madore and Freedmétn9e,
ing envelope of the protogalaxZurek, Quin, & Salmon  apj 461, 713 have applied the TRGB method to a total
1988, ApJ, 330, 519 and (5) the models of Larson where sample of 12 galaxies and find that the TRGB distances
the halo stars are those formed in the individual envelopes Oigree well with the distances to these galaxies using Ceph-
the individual subunits, finally spread by random motionsgigs or RR Lyrae stars. These studies conclude that the
into a smoother distribution that is now the halo. method is comparable in accuracy to the Cepheid period-
In this picture the initial halo was not built up by “merg- |minosity relation(to a level of= 0.1 mag. In addition, it
ers” of satellite gala>§ies from the outside, “falling into equi- -5 pe applied to resolved galaxies with a range of morpho-
librium™ (Searle & Zinn 1978, ApJ, 225, 357ut rather by |55icq types. Moreover, it requires much less telescope time
an accumulation of fragments already in the overall collapsihan do variable stars. In the most recent application of this
ing envelope of the Protogalaxy. Otherwise the presenfocnnique, HST WFPC2 data for the giant elliptical galaxy
globular cluster system could not be understood. For smkm%GC 3379, a member of the Leo | group, were analyzed,
satellites to fall into the Galaxy by dynamic frictida pro-  yeqiting in a distance of 114 0.8 Mpc(Sakaiet al. 1997,
cess that clearly operates today, based on the recent eviden&ﬁ‘]’ in presk Calculating the relative distances between the

from t'r,1e Ma_gellap!c stream and the few “e>.<ternal frag- Leo I group and Virgo and Coma clusters using several sec-
ments” now |de.nt_|f_|e()| requires already the existence of a ondary distance indicators, a value ldf=69+9 km s .
massive hal@b initio. Mpc L is obtained

, Recent results from the HST on the morphologies of dis-
2.3 Galaxies tant galaxies have been difficult to interpret, largely because

Mulchaey, Zabludoff and ColbettUCLA) are studying a Very distant galaxies are being observed in the rest-frame
unique and well-defined sample of isolated elliptical galax-ultraviolet(where the morphological properties of local gal-
ies. The sample includes all elliptical galaxies in the RC3axies are poorly understopdUsing multicolor UBV and
catalog that do not lie within a projected radius &f * Mpc ~ |-band CCD images of nearby galaxies observed with the du
or +2000 km s* from any other galaxy. Deep optical and Pont Telescope, Freedman and collaborators Abraham, Ellis,
near-infrared images and long-slit spectroscdplpng the —and Lahau(Institute of Astronomy, Cambridgeand Madore
major and minor ax@shave been obtained for all the objects (IPAC) have developed a technigue to allow the morphologi-
in this sample. These data are being used to test the hypothal properties of local galaxies to be compared directly to
esis that these isolated ellipticals are the remnants of those of distant objects. A template galaxy spectrum is fit
merged group of galaxies. individually to each pixel of a local galaxy image, effectively

Zaritsky and HarrigUCO/Lick), Thompson, and Collier, mapping the variation in the galaxy’s spectral energy distri-
and Hodge(U. Washingtoh obtained and are analyzing the bution across the face of the object. This information is used
first section of a digitalUBVI photometric survey of the to account for cosmological bandshifting effects when simu-
Magellanic Clouds. In their first observing run for the sur-lating the appearanc@s seen by HSTof distant counter-
vey, they obtained a four filter survey of an area of 1.5 by 2.Qparts to local galaxies. A comparison between the predicted
degrees from which they are developing their data reductioand observed far-UV morphologies of a sample of spiral gal-
algorithms. So far they have obtained color-magnitude diaaxies, imaged with the Ultraviolet Imaging Telescope, shows
grams with several hundred thousand stars and studied thexcellent agreement. The results from the artificial redshift-
distribution of dust in the surveyed region using over 1000ing procedure have been used to calibrate an objective gal-
OB stars. The survey is a three year project and will be madaxy classification system, based on measurements of central
available to the community. Other collaborators are beginconcentration and asymmetry. This classification system is
ning to use the data to address other issues. being used to determine the fraction of morphologically nor-
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mal galaxies that are likely to appear irregular or peculiar inyoung objects with optical observations. The IR observations
the Hubble Deep Field solely as the result of bandshiftingcircumvent this problem and place useful constraints on
effects. burst evolution models which are only weakly constrained
Dalcanton, in collaboration with Spergé®rinceton and by optical observations. Young red supergiants can compli-
Summers(Columbig, has developed an extremely effective cate the interpretation of even the IR data, but appear to be
first-order model for disk formation which explains the pho- confined to the same region as the optical starburst. Outside
tometric properties and dynamics of both normal and LSBthis region, old stars were clearly detected. Though a pre-
galaxy disks. The model also provides the means of predictexisting stellar component does exist, its total mass does not
ing the joint distribution of disk surface brightness and scaleappear to vastly exceed that of the stars being formed in the
length, which in turn can be used to predict the effect ofcurrent burst. Thus these galaxies do appear to be in a rela-
surface brightness selection effects upon the luminosity functively early stage of their evolution.
tion. The effects turn out to be large indeed, with the actual Sandage, in collaboration with Carls@@itrus College,
number density of.* galaxies being more than a factor of Kristian, SahaSTSc), and LabhardtBase), continued the
two higher than what is measured in local surveys. The modstudy of brightest stars in nearby galaxies as possible dis-
els also explain the Tully-Fisher relationship for both normaltance indicators. Photometry of the brightest stars in IC
and LSB galaxies, as well as the systematic change in rota¢182, parent galaxy to the prototypical type la supernova
tion curve shapes with surface brightness. 1937C, was publishetl 996, AJ, 111, 1872 comparing the
Dalcanton has measured redshifts for a complete sampleero points of the apparent magnitude scale to a limit af V
of LSBs selected in the first large area CCD survey for22 made from Palomar 200-inch plates, with the internal
LSBs. The well determined selection criteria have allowedcalibration done with the Hubble Space Telescope. The mag-
her to completely quantify the detection efficiency of thenitude scale from three sets of studies agree to better than 0.1
survey, and thus to measure the absolute number density afag over the relevant magnitude range.
this previously unconstrained population. The galaxies in the In a parallel study with Carlson and Kristian, CCD frames
survey are at distances comparable to those probed by largeere taken for data on brightest stars in NGC 253, 247, 300,
galaxy catalogs, and have intrinsic scale lengths 0fl313, 7793, and IC 5152 obtained in two photometric ob-
1.5-4 hy kpc, also comparable to normal galaxies. Sheserving runs at Las Campanas with the 2.5m du Pont Tele-
used the redshifts and the selection efficiency to calculate thecope. Many Cepheid candidates were found in NGC 1313
number density in LSBs with 23.,<25Vmag/arcsecand  and IC 5152 during the extended observing interval of 40
found ./ =0.02' 333 galaxies /§,Mpc®. Comparing the days, encompassing two adjecent dark moon runs.
LSB number density to the number density of normal galax- Sandag&1996, AJ, 111, 1; 111, 3&ompleted two stud-
ies with either similar scale lengths or similar luminosities,ies of the luminosity functions of galaxies of various spiral
the number density of LSBs with  morphlogical types and van den Bergh luminosity classes to
23< up<25Vmag/arcsetis comparable to or greater than assess the dispersion Mg when the classes are severely
the number density of normal galaxies. The measured LSBestricted by type and class. Following the earlier method of
number density agrees well with the theoretical predictiond.emaitre(1927, 1931, MNRAS, 91, 483Robertson(1928,
of Dalcanton et al(1996. The redshift-space distribution of Phil. Mag. 5, 845, and Hubble and Humaso{i1931, ApJ,
the LSBs suggests that the trend for low surface brightnesg4, 43, each of whom used a calibrated mean absolute mag-
galaxies to have low small-scale correlation amplitudes connitude of galaxies to define a distance scale, the data for RSA
tinues to the low surface brightnesses covered in this survegalaxies were binned into the tighter class and luminosity
Calzetti (STSc), Heckman(Johns Hopkinsand Meurer subsamples to show that discrete luminosity functions do
(Johns Hopking are attempting to understand the role of exist for each type and class, as originally discovered by van
large-scale gas outflows in the evolution of starburst galaxden Bergh. The luminosity functions were then calibrated in
ies. Starbursts are highly inhomogeneous systems with conabsolute units using the modern data for galaxies with known
plex dynamical interactions with the surrounding interstellarCepheid distances.
medium; the evolution of bursts of star formation cannot be Correcting for the evident observational selection bias us-
adequately understood without using both spatial and spedag the method of Spaenhauer diagrai®andage 1994, ApJ,
tral information. The program just started at Las Campanad30, 1, 13; Federspiebt al. 1994, ApJ, 430, 20gives a
Observatory will provide a full two-dimensional spatial de- Hubble constanH,=56+5 km s ! Mpc™ 1. If the analysis
scription of the physical state of the starburst for a sample ohad been made neglecting this correction for observational
galaxies. Medium-high(R~6500) resolution spectra cen- selection bias, an incorrect Hubble constant of=B2km s
tered at the wavelength of theaHemission have been ob- ~! Mpc™! would have been obtained. To makiy=85 as
tained at 10 different position angles for each galaxy, in or-advocated by proponents of the short distance scale would
der to investigate spatial variations of the velocity, density require that the present mean absolute magnitude zero point,
pressure, and ionization of the gas. based on the local calibrators, be in error by 0.91 mag. This
Together with Telles, McGaugtibTM) used the IR cam- is a 5 sigma difference, showing that the short distance scale
era on the LCO 1m Swope Telescope to search for old stellas impossible if the Cepheid distances to the local calibrators
populations in starburst dwarf galaxies. The extreme formaare correct.
tion activity of these galaxies masks the dim red light of Kristian was lead Pl on an HST program to assess the
older stars, making it difficult to test whether these are trulycosmological content of objects in three HST fields at high
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Galactic latitude. These fields are not the same as the ddV absorption line studies with HST of background quasars
called Hubble Deep Field survey by Williamst al. for  projected behind the HI disk to study the state of the gas in
which so many analyses have already appeared. The Kristidhe outermost regions of the HI disk.
et al. deep fields are associated with the mJy radio source Knezek is involved in a project to study the interstellar
identification program in collaboration with Windho(@tri- media in the outer regions of elliptical galaxies, as well as
zona State the intergalactic media in clusters and groups of galaxies
Morphological classifications of the very many galaxieswith Bregman(U. Michigan. They use background quasars
in the three HST fields to a limiting magnitude of as continuum light sources and search the UV with HST for
F555W~30 had been completed by Sandage at the time ofbsorption lines. The first HST spectra have just been ob-
Kristian’s fatal accident. Analysis of the statistics had beertained.
begun by Kristian. What can be said concerning the results is Knezek is working with Wroten (U. Michigan),
that the percentage of non-normal galaxies betweehawrence, and Cruz-Gonzalg@niversidad Nacional Au-
F558W=22 andF555W= 28 is much higher than at brighter tonoma de Mexicpto study the optical and NIR properties
magnitudes, such as in the POSS survey and/or the Shaple§t 9as-rich low surface brightness galaxies. They will deter-
Ames sample where less than 5% of the spirals are classed B8ne the underlying star formation history of these poorly
“abnormal.” Conglomerantg(i.e. condensations in a com- understood systems.
mon envelopgare frequent, consistent with the galaxy for-
mation picture discussed earlier in this report. Normal spirals .
are relatively rare(less than 20% Normal-appearing red 2.4 Clusters of Galaxies

ellipticals are present in significant numb&g5%). In all Mulchaey, in collaboration with DavigU. Alabama,
respects these results are similar to the data being eXte”SiVENXushotzky (NASA/GSFQ and Burstein (Arizona Statg
reported by many astronomers for the Hubble Deep Fielg,ave used ROSAT data to search for the presence of X-ray
(Williams et al. 1996. emitting diffuse gas in poor groups of galaxies. A diffuse
Giavalisco, Livio, Bohlin, and Macchett¢STSc) and  component was found in 25 of the 48 groups studied. X-ray
Steche(GSFQ have investigated the morphology of the dis- |yminosity does not correlate well with the optical richness,
tant galaxies observed witiSTand compared them to that pjye juminosity, or the velocity dispersion of the group. In
of their local counterparts observed at UV wavelengths witheontrast, there is a strong correlation with the percentage of
the Ultraviolet Imaging Telescope. Because of the COSMOgarly type(E and SO galaxies. All of the groups with an
logical redshift, distant galaxies are observed at wavelengthsytended intra-group medium have high percentages of
that are typically much bluer than those at which local gal-early-type galaxies and over half of these systems appear to
axies are known. Due to a rather pronounced dependence ghntain no spirals at all. Furthermore, all the X-ray detected
galaxy morphology on wavelength, assessing the degree @f;stems contain at least one elliptical with a blue luminosity
evolution in distant galaxies by comparing them to theof Lz ~ 5 x 10'° L, or greater. There are several possible
present-day counterparts must be done with great care. Th&planations for the correlation between spiral fraction and
paper based on this woK®996, AJ, 112, 36Psuggests that the presence of diffuse hot gas including the idea that the
there is not secure evidence of morphological evolution inspiral-rich groups represent superpositions of galaxies, that
the brighter galaxies thaSThas observed at about half of they contain a relatively cool intra-group medium, or that the
the life of the Universe. formation and evolution of spiral-rich groups is fundamen-
Giavalisco, Koratkar and CalzettBTSc) have studied tally different than that of elliptical-rich groups.
the transport of Lymane radiation in star-forming galaxies The X-ray observations are also being used to estimate
from the IUE andHST archive. They found that Lymaa-  the total masses of these systems. There is a large range in
emission in these sources is systematically obscured, even ine derived gas masses, but in general the mass in the X-ray
galaxies with very little metal content, and cannot be used asmitting gas is comparable to or less than the mass in the
a tracer of the star-formation activity. The resilt996, ApJ, galaxies. Despite the large range in gas mass, there is a very
466, 831 show that the attenuation of the Lymanis not  narrow range in total group mass, with most of the groups
only due to dust extinction, but also to geometrical effectshaving a mass of 2 X 10** M, out to the radius for which
caused by resonant scatter by neutral hydrogen atoms thxtray emission is detected by ROSAT. The ratio of observed
deplete the observable flux along the line of sight. luminous massi.e. galaxiest hot ga$ to total inferred mass
Knezek is working with Liu(U. Arizona), as well as in poor groups is rather low= 5-30%9, implying these sys-
Worthey (U. Michigan), to accurately determine the SED of tems are dominated by dark matter.
spiral galaxies in the nearby universe. A volume limited Mulchaey and collaborators have also analyzed new RO-
sample of galaxies has been selected and integrated spec8AT PSPC observations of the NGC 2300 group. Spatial
and broadband photometry are being obtained for all. analysis of this data reveals that the diffuse X-ray gas can be
Knezek, SchulmafNRAO), Bregman(U. Michigan) and  traced to at least 25 (0.33 Mpc, B = 50 km s Mpc
Cox (U. Virginia) are studying the ionizing intergalactic ra- ~'). The surface brightness of the gas is well fit with an
diation field using the galaxies NGC1300 and NGC4303isothermal King model with a core radius of 28, (56.5
These galaxies have HI disks which extend well beyond th€ 158 kpc) and aB of 0.410°3%2.. The temperature of the
optical disk. Spectra of HII regions to determine abundancegas, as determined from fitting a Raymond-Smith plasma
within the galaxies are being combined with HI maps andmodel to the spectral data, is 01*587(1)513 keV. There is no
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evidence for a tempertaure or abundance gradient in this Dressler and Oemler, in collaboration with Ellis and
group. Barger (Cambridge, Couch(UNSW, Australia, Smail and
Mulchaey and Zabludoff are combining optical broad- SharplegDurham), and Butcher and Poggiar(tNetherlands
band images with fiber spectroscopy taken at the LCO 2.5nfoundation for Research in Astronojnipave been using
du Pont Telescope to study the optical properties of pooCOSMIC at the 200-inch Hale Telescope at Palomar, and
groups of galaxies known to contain a hot intra-group me-EMMI on the ESO NTT telescope to obtain spectra of faint
dium. The purpose of this study is to determine the groupgyalaxies in clusters at z 0.5. These data are essential for
membership and luminosity function to fainter magnitudesinterpreting studies of morphology of distant cluster galax-
than any previous study of poor groups. The optical data wilies, done with Hubble Space TelescoptST) images ob-
be combined with the ROSAT PSPC data to determine théained by the team; the spectra allow for identification of
baryonic fraction of these systems. cluster members and measuring the recent history of star
Lubin, Postman, Gunn, Oke, Schneider, and Hoessel hafermation in galaxies with unusual or disturbed forms.
completed the Palomar Distant Cluster Survey, which pro- With these new data, which include approximately 250
duced the largest, statistically complete sample of distantew cluster members in the HST fields and approximately
clusters with estimated redshifts between 0.2 and 1.2. Cart000 spectra of galaxies in adjacent fields — the target of
didate clusters of galaxies have been obijectively identifiedngoing study with HST — the team has found tfBtdis-
from the resulting galaxy catalog through a matched filterturbed morphologies with starburst or post-starburst spectra
technique which uses both positional and photometric datare usually disk galaxies, and th@ clean samples of clus-
simultaneously. The resultant sample contains 79 clusterter member elliptical galaxies have a very small scatter in
and is complete ta~0.6. The average Palomar cluster has a(U—V),, indicative of a tight synchronicity of formation
surface density profile af "14r=0.1%h"Mpc) and a core ages, and/or early formatiom;>2 for most of the stars. A
radius of 0.06 *Mpc. There is some evidence that the slopemorphology-density relation is found for these younger clus-
of the surface density profilsteepenswith increasing red- ter galaxies, similar to that found by Dressi&i980, ApJ,
shift. At present, it is difficult to constrain existing cosmo- 236, 35) for a sample of present-epoch clusters. Two strik-
logical models; however, flat CDM models predict detect-ing differences are the large population of late-type galaxies,
able profile evolution, while open models do not. Clear colorspirals and irregulars, which are responsible for the Butcher-
evolution is observed in the Palomar clusters with regards t@emler effect, and the complementary deficit of SO galaxies,
the red, early-type population and the Butcher-Oemler effectsuggesting that SO galaxies, unlike the ellipticals, are a late
In clusters az~0.5, the ridge line of early-type galaxies in product of environmental evolution.
the color-magnitude diagram has shifted bluewards com- Dalcanton has used the smoothed optical background to
pared to the “no-evolution” prediction. Bz~ 0.8 there are identify very high redshift clusters. At large redshifts, a clus-
no cluster galaxies as red as present-day ellipticals. In addter or group may be too distant for the galaxies within the
tion, the fraction of blue galaxies is strongly correlated withcluster to be detected individually in a short exposure. How-
the estimated cluster redshift. The measured blue fractionsver, the light from these “undetected” galaxies still modu-
are consistent with those found previously. lates the surface brightness of the background sky. Dalcanton
Lubin, PostmanSTSc), Gunn(Princetor, Oke (DAO), has shown that distant clusters can appear as 1®' sized
Schneider(Penn. State and Hoessel(U. Wisconsin have fluctuations in the surface brightness of the extragalactic
begun an extensive observational program on the best distabackground light(EBL). The fluctuations have central sur-
cluster candidates in the Palomar Distant Cluster Survey anf&ce brightnesses between roughly 26 and 28 mag/drtisec
the Gunn, Hoessel & Ok&1986 sample. They are currently V) for clusters between=1 andz=2, and are brighter than
analyzing HST observations on 7 of the most distant clusterthe random fluctuations produced by field galaxies. While
atz~0.7—-1.1. Coordinated spectroscopic, optical and infra-such low surface brightnesses are difficult to achieve with
red observations of all of these clusters are being carried outirect high-resolution imaging, they are easily reached in
at the 10m Keck Telescope and the Kitt Peak 4m telescopehort exposures through smoothing the sky in very flat drift-
Lubin and Bahcall(Princeton have examined the mass- scanned CCD images.
to-light ratio as a function of scale from single galaxies to Dalcanton, in collaboration with ZaritskfUC Santa
groups and clusters of galaxies. TMY/Lg increases with Cruz and Luppino(Hawaii), has begun a program to do
radius up to~100—200h~kpc, the largest extent of indi- spectroscopic follow-up of candidaze=1 clusters of galax-
vidual galaxies and the size of small groups. They find thates using the Keck Telescope. The candidates were identified
ellipticals may have mass-to-light ratios which ard times in an early EBL survey for low surface brightness galaxies,
larger than spirals when extended to these large scaleas well as in a much largél50 square degre€&BL survey
Groups and clusters of galaxies with radii larger thancarried out at the LCO 1m Swope. The clusters have proven
~200h~Ykpc have approximately constant mass-to-light ra-to be at redshifts between 0.4 and 1, as predicted. In an
tios betweern~100 and 40BM, /L . They suggest the pos- extensive program to obtain photometric information on dis-
sibility that no significant excess of dark matter exists intant clusters, they have obtained very deep photometry for
these systems; their mass may be accounted for by the mass30 of the clusters itv, | andK’, using the LCO 2.5m du
of the member galaxieoth their luminous and dark matter Pont, the Palomar 60-inch, and the Lick 3.5m.
components, including their large hal@nd the mass of the Zabludoff, Smail, CoucflUNSW, Australia, and Edge
baryonic intracluster gas. (loA, Cambridge are studying a complete X-ray selected
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sample of 25 rich clusters in the intermediate redshift region, Rush, McCarthy, Persson and Athre{ldCRA, India
0.07<z=0.14, combining deep, multi-color photometry and have carried out a detailed study of one of the MRC radio
high signal-to-noise, multi-object spectroscopy to obtain agalaxies, 0406-244 at=2.44. Rustet al. combine HST im-
detailed view of the cluster galaxy populations and clusteages in two colors with ground-based g, r, i, J, H, K and Ly
dynamics. The first stage of this project uses the wide-fieldipha images to examine the alignment effect in this source.
imaging capabilities of the LCO 1m Swope Telescope toThey find that it is difficult to produce the requisite optical
image 2<2 degree regions iB andR centered on-25rich  depth for Thompson scattering based models for the align-
clusters. The imaging observations of the first 15 of thesgnent effect, although dust scattering models are energeti-
clusters were undertaken in two runs totalling 17 nights dur¢qly viable. A paper presenting these results has been sub-
ing 1996. The typical image quality was 1.3 arcsec FWHM yitted to the ApJ.

and the observ_ations reachedr Simits _of B=22.5 and McCarthy, Baum(STSc) and Spinrad(UC Berkeley
R=21.5. These images are currently being reduced and ang, e analyzed long-slit spectra of more than 40 3CR radio

lyzed to allow the team to start on the spectroscopic stage cgalaxies to extract the velocity fields in the extranuclear

thbe_ p:olect tm 1997h' Th'tsh W'sl,l guseAt:_? t400—f|br_e thFhm_UIt" Fmission—line regions. Velocity fields with amplitudes of 800
object spectrograph on the 3.9m AAT 10 acquire Nigh SIgNA_ 4 544 iy 51 gre increasingly common at high redshifts.
to noise spectra of 1000 galaxies within the infall radius of - . .

There is little evidence for rotation although many systems

each cluster. Their hope is to complete the imaging of theShOW aoparently oraanized motions on scale of 10's of knc
final 10 clusters in their sample in 1997. P y org pe.

When compared with studies of both local clusters andb‘ paper presenting the data will appear in the October i_ssue
HST observations of more distant systems, this complet8f the ApJ supplement. McCarthy and Baum are preparing a

sample will provide a continous view of the evolution of paper with a comparison of the high and low redshift galaxy

galaxies in high-density environments, allowing one to trackSamPpIes. . _ ,

the changes which have transformed the active Butcher- McCarthy and Miley(Leiden, NU with Baum, Sparks,

Oemler populations of these regions as seez>s0.2 into  Biretta, Macchetto, de Koff, and GolombeTSc) have

the passive inhabitants seen today. In addition, the survey Rbtained HST images of many of tlze-0.5 3CR radio gal-

matched to the selection function of the 250,000 galaxy 2dm@xies in the snap-shot mode as part of a snap-shot survey of

Galaxy Redshift Survey, to permit the study of galaxy popu-the entire 3CR catalog. A paper with the-0.5 sample is in

lations as a function of environment — from the low-densityPress in the ApJ supplements. De Koff et@@ame as aboye

field to the most massive collapsed structures in the univers&ave published the intermediate redshift sample in the July

Finally, the catalogue is sufficiently large that the statistics ofissue of the ApJ supplement and Baetral. have submitted

cluster mergers, as identified from the detailed kinematic an@ paper on the low redshifz€0.1) sample.

X-ray imaging information, can be used to test the infall rate Fosbury(ESO, McCarthy, EisenhardtJPL) and Werhle

and hence the value dé1. (IPAC) have begun a program to observe a sample of 3CR
radio galaxies and quasars with the long-wavelength pho-

2.5 Quasars, Active Galaxies, and Intergalactic Matter tometers on I1SO. The first set of observations were taken in

June of 1996. Di Serego Alighieri and Cimat#ircetri, Italy)

with McCarthy and Fosbury have begun a program of optical

imaging polarization observations of intermediate and high

. ; ojedshift radio galaxies from the MRC/1Jy survey. Four
sources in the MRC/1Jy radio source survey. More than 96 }ﬁights of data were obtained on the ESO 3.6m and 2.1m

f th identified to=R5 or K=19. Th in- :
of the sources are identified or e remain telescopes in February of 1996.

ing sources are primarily confused sources or occulted by
foreground stars. A paper presenting all 553 of the radig McCarthy and Lawrenc€IPL) have assembled a compos-

galaxy identifications, positions and photometry will appear’te radio ga'laxy speptrum by combining spectrq of dqzens of
in the November 1996 issue of the Astrophysical Journarad'o galaxies obtained over several years at Lick, Kitt Peak,

Supplement. Kapahi has submitted papers on the r(,idi_galor.n_ar gnd Cerro Tolglo. Thirty two e.mission features are
source properties and the 110 quasar and BL Lac identificddentified in the composite spectrum which covers rest-frame
tions. Redshifts for 90% of the quasars and 75% of the radid/avelengths ranging from 800 to 5500A. A publication with
galaxies have been obtained using facilities at the Angldh€se results is in press in the AJ.

Australian Observatory, Las Campanas and Cerro Tololo. N collaboration with Morris and GrefDAO), Weymann
McCarthy, van Breugel (IGPP, Kapahi and Athreya Feports that the results of a 4-year monitoring campaign of
(NCRA, India are preparing a paper discussing the spectrosthe prototypical Seyfert galaxy NGC4151 were carried out.
copy of the radio galaxies; Kapahi, Hunsteg®AT), and  The data were obtained using the Hubble Space Telescope
Baker (MRAO, UK) are preparing a paper on the quasarHigh Resolution Spectrograph as part of the HRS GTO pro-
spectroscopy. Athreya, Kapahi, McCarthy and van Breugegram. The data consisted of high20 km s*) resolution
have a paper in press in the MNRAS showing that the corespectra centered on the C IV and Mg Il emission lines,
of distant radio galaxies have steep radio spectra. This resuupplemented by lower resolution Faint Object Spectrograph
can be understood as the result of relativistic motion of madata. The goal was to study the variations in the absorption
terial in the core shifting a strongly peaked spectrum to censuperimposed upon these emission lines, which has been
timeter wavelengths. known to exist for some time and which had been studied

McCarthy and Persson, together with Kapahi, Athreya
and Subrahmany&CRA, India and van BreugellGPP,
Livermore have completed the optical identification of
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previously at lower resolution and signal-to-noise from thebility that an intra-group medium in spiral-rich groups of
IUE satellite. galaxies can be detected through absorption in QSO spectra.
These high resolution data show that the profile is veryFor the expected temperature, density, and metal abundance
complex and requires at least 7 different components tof the intra-group medium, various high ionization lines
model the observed profile. Previous studies emphasized trehould be detectable. In particular, atT2 x 10° K, O VI,
variability of the absorption and, while variations in the Ne VIII, Mg X and Si XII lines will be seen. Strong Lyman
strength of the absorption are observed, what is rather reseries lines are also expected. A collisionally-ionized gas at
markable is that over the period covered by the dabmut 4  these temperatures will not produce much C IV and N V
years there is no detectabldynamicalchange in the com- absorption, requiring a multi-phase medium to produce spec-
ponents. Quantitatively, it is possible to set very stringentra which show all of the above ions. In addition, some lines
limits on any secular accleration that occurred over these 4f sight will likely pass only through the intra-group gas,
years. These limits, in turn, may be interpreted in terms oforoducing pure** Ig ** ]“high ionization”rq absorption
models involving clouds exposed to radiative acceleratiorsystems(i.e. O VI lines without associated C IV and N V
following ballistic trajectories, or alternatively to clouds, lines). Recent HST and Keck observations have revealed the
constrained by drag forces, nearly co-moving with a wind. Inpresence of absorption lines with some of the properties pre-
either case, one infers characteristic distances for the cloudlcted for the intra-group medium in spiral-rich groups.
which are much larger than the scale of the broad emission Oemler and a large team of collaborators at Yale Univer-
line region, which conventional wisdom has identified as thesity, Indiana University, Universidad de los And@derida,
site of the absorption. From HRS archival data, the Si IIVenezualaand CIDA (Venezualahave begun a program to
ground state and fine structure lines were also observed, amdirvey the equatorial sky in order to produce a well-defined
in principal the ratio of these two lines can set independensample of 187 QSO’s. It is hoped that this QSO sample
constraints on the physical conditions and locations of thawill, in turn, yield a well-defined, statistically complete
clouds, but the signal-to-noise of this archival data was nosample of dozens of gravitationally lensed QSO'’s to use for
adequate to do this reliably. various cosmological studies. To perform the survey, a CCD
As a member of the HST Quasar Absorption Line Keycamera has been designed and built at Yale and Indiana
Project team, Weymann extended and improved previoushich contains a mosaic of 16 Loral 2048 CCD’s. This cam-
versions of a maximum likelihood estimation formalism to era will be mounted in the CIDA 1m Schmidt Telescope and
derive the behavior of the density of Lymanabsorption as used in drift scan mode to produce multi-color direct imag-
a function of redshift and equivalent width. The most recening or objective prism spectra covering about 200 square
result, which still does not include data from most of thedegrees per night. An online data system constructs an object
highest redshift QSOs for which the Key Project Team hasatalog and performs preliminary reduction of the data. An
acquired data, are broadly consistent with their previous reeffline data pipeline has been built to search the data set for
sults. In particular, the results indicate that over the redshiftzarious classes of astronomical objects, including QSO’s,
range from about O to 1.0 the rate of increase in the Lymarand to detect QSO’s which show signs of multiple images.
a line density is very gentle — substantially more gradualFirst observations with this system are expected in late 1996.
than that found in the redshift range accessible to ground- Campusano(Universidad de Chile Newman, Clowes
based observations. At redshifts above about 1 the rate @ind Graham(Univ. of Central Lancashije successfully
evolution appears to steepen, though the data are not adtarted the spectroscopic observations for a new quasar sur-
equate to indicate whether this increase is smooth andey over 140 degof sky using the multi-object fiber spec-
gradual or abrupt. Future modeling and observations will bérograph on the 2.5m du Pont Telescope at Las Campanas.
needed to determine whether this behavior is consistent witfithe survey is in two areas: a program area of 100%deg
a single general origin for the Lymam clouds or whether centered at1950 10"40™, 05°00, and a control area of 40
two quite different mechanisms are involved. A preliminary dedf centered at 1M4™, —27°30 about 33° away from the
account of this work was presented by Janreizal. at the  other. The aims of their survey ar@) to determine the full
Boksenberg Fest on Cosmology, Cambridge, England, Julgxtent, membership and statistical significance of the large
1996. (~200h~1 Mpc) quasar group discovered by Clowes &
Mulchaey, in collaboration with Regan and Kundu. Campusan@199)) in the center of the program are@;) to
Maryland have recently completed a large near-IR imagingmeasure the density contrast of the quasar grdiiip; to
survey of Seyfert and normal spirals. K-band images wereearch for sub-clustering in the group and test the hypothesis
obtained for 55 galaxies using the LCO 2.5m, the Palomathat all small-scale €£10h~! Mpc) quasar clustering is at-
1.5m and the Kitt Peak 2.1m. These images are being used tobutable to large groupsijv) to analyse the clustering of
search for the presence of bars or oval distortions whiclgquasars in general in the survdy) to identify and charac-
could facilitate the transfer of mass from galactic scales tderise any other large quasar groups using the minimal-
the nucleus. The near-IR images reveal bars in many galaxiespanning tree method of Grahaghal. (1995. The full sur-
classified as unbarred based on optical images. However,\&y should produce a homogeneous sample of nearly 1500
small fraction of the normal and active galaxies show noquasars.
evidence for bars even in the near-infrared. Survey candidates were selected by ultraviolet excess
Mulchaey, MushotzkfNASA/GSFQ, Burstein(Arizona  from UK Schmidt Telescope plates digitised on the Super-
Statg and Davis(U. Alabama have investigated the possi- COSMOS machine. During the 3 nights of their first spec-
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troscopic run at Las Campanas, they surveyed about 18 dety15%. This result is based on a variety of methods, includ-
2, which led to the discovery of 143 new quasars with red-ing a Cepheid calibration of the Tully-Fisher relation, type la
shifts in the 0.2- 2.7 interval, and to the recovery of the 43supernovae, a calibration of distant clusters tied to Fornax,
previously-known quasars in the area satisfying the selectioand direct Cepheid distances outt020 Mpc.

criteria. Preliminary analysis suggests that the sample is Dressler, in collaboration with Tonry and Blakeslee
complete to an apparent magnitule-19.7. Forty-two nar-  (MIT), Ajhar (NOAO), and Luppino(U. Hawaii continues
row emission-line galaxies were also revealed in this firsto obtain very deegseveral hourdirect images of E and SO

run. galaxies in the Local Supercluster and beyond, out to dis-
tances corresponding to recession velocities-dD00 km s
2.6 Cosmology and Large Scale Structure ~1 with the Tek 2 CCD at the du Pont Telescope. These

Persson, MadoréPAC), Murphy, Freedman, Roth, and data are used in analysis of “surface brightness fluctuations

Krzeminski continued three observational programs aimed BF)’_ a_tec_hnlque perfected_ by Tonry, that uses Fhe_ PO'?'
removing systematic uncertainties in the zero-point of the’On distribution of.surfage brightness In patchgs limited in
extragalactic distance scale. The first program involves neart?¢ by atmospheric seeing, to determlqe the distance to an
infrared (JHK) measurements of 90 Cepheids at 15 phase§2/y-type galaxy to-5%, a substantial improvement over

in the Large Magellanic Cloud. This database, when comMethods like D—o (or Tully-Fisher for late types The

plete, will minimize uncertainties due to reddening and me-data, all of which has yet to be analyzed, have nonetheless
tallicity for Cepheids, and will be a primary stepping-stoney'elded interesting results, mcludlng_ a conflr_matlon of the
out to Cepheids in galaxies to be observed with HSTf‘fTarkabl_y large and coherent peculiar velocity1500 km
NICMOS. The second program involves H-band observaS ) Of elliptical galaxies in the Centaurus cluggr found
tions of Cepheids in two external galaxies; the observation&rst by Lynden-Bellet al. (1988, ApJ, 326, 19 A map of
of 1C1613 and of NGC300 are nearly complete, with aboutynprecedented accuracy ha; been made of pecullar _velocmes
six phase points per Cepheid, and 11 Cepheids per galax{f! the LocaIlSupercIuster, with the substqntlal amplitude of
The third program will secure the distances to all galactic~ 300 km s = found for the Local Group’s infall toward the
open clusters that contain Cepheids. Main-sequence fitting ofirgo Cluster. _ o
the infrared color-magnitude diagrams to those of the Pleia- e téam has derived and adopted a calibration for the
des main sequence is the goal; the observations are comple®BF techniquéTonryet al, 1996 ApJ, in pregsincluding a

As part of the Hubble Space Telescope Key Project on thé&eliable correction for the age of the stellar population, which
Extragalactic Distance Scale, Freedman, in collaboratiofs Mmeasurable as a relationship between the absolute magni-
with Phelps (OCIW), Madore (IPAC/Caltech, Kennicutt, tude of the characteristic fluctuation and the galdXyl)
Turner, Bresolin, Harding(U. Arizona), Mould, Gibson color. The very accurate relative distance measurements for
(MSSSQ, Graham(DTM), Stetson(DAO), Hughes(RGO), galaxies and groups extending far out into the Hubble expan-
Silbermann, Saka{JPL), Ferrarese, FordJHU), Hoessel, sion field have been tied to various local calibrators, includ-
Han (U. Wisconsin, Huchra, Macri(Harvard/CfA), Illing- ing the Cepheid results from HST by Freedman and collabo-
worth, Kelson(UCSQ have now discovered Cepheids in 11 rators, in order to derive the Hubble constant. The data favor,
spiral galaxies, completing over half of the observations andvith a high degree of confidence, the “short distance scale,”
data reduction required for the Key Project. The overall aimand give a Hubble constaht, ~ 80 km s+ Mpc™™.
of the Key Project is to determine a value of the Hubble Sandage continued as Pl of a group consisting of Saha
constant with a totalrandom + systematig error of less  (STSc), Tammann and LabhardBase), and Panagia and
than 10%. These galaxies include M81, M101, M100, NGCMacchetto(STSc) that are working to determine Cepheid
925, NGC 3351, NGC 4414, NGC 4725, NGC 3621, NGcdistances to parent galaxies that have produced prototypical
7331, NGC 1365, and N4548. Recently, a sample of over 5type la supernovaéSNe 13. The Hubble diagrantapparent
Cepheids has been discovered in the Fornax cluster galaxjagnitude at maximum vs. log redshifor such SNe Igas
NGC 1365. From apparent V and | period-luminosity rela-a class called “Branch normal,” 1993, AJ, 106, 2388
tions, a reddening-corrected distance of 18.9.19 Mpc is  Very tight. The dispersion is less than 0.3 magBirand in
determined. Their results to date yield a value ¢f # 73 V. Hence, such supernovae are the best standard candles
+ 6 (statistical + 8 (systematitkm s'! Mpc™. The sys- known. Calibration of their mean absolute magnitude at
tematic error takes into account a number of factors includmaximum calibrates their Hubble diagrams, which can then
ing: the present uncertainty in the zero point of the Cepheide read at redshifts well beyond all local velocity anomalies,
period-luminosity relation of-5% (or equivalently the un- and further can be tied directly to the kinematic frame of the
certainty in the distance to the LMCthe potential uncer- cosmic microwave background. This group considers this
tainty due to metallicity, also in the Cepheid period- method to the Hubble constant to be the most powerful avail-
luminosity relation at a level of-5%, an uncertainty which able because it cuts to the core of the distance scale problem,
allows for the possibility that the locally measureg ¢lt to  circumventing all uncertain steps in tying local galaxies and
say, 10,000 km/sec may not be the global value gfdfi  clusters to the cosmic velocity frame.
+7%, plus an allowance for a scale error in the photometry During the report year, Cepheids were found and mea-
that could affect all of the results af 3%. Their current sured in NGC 4639, parent galaxy to the Branch normal SN
adopted value for flis 73 = 10 km s Mpc™1. At the  1990N(1996, ApJ, 460, L1B The true distance modulus of
present time, the total uncertainties amount to abouNGC 4639 based on its Cepheids, corrected for internal ab-
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sorption, is (n—M),=32.02-0.20, giving the calibration is at rest relative to the CMB expanding cosmic frathe
of the peak absolute magnitudes for SN 1990N aghat no random or streaming motions exist for the Coma
Mg(max = —19.42+0.23, and My(maxX=-19.33 cluste), defines the cosmic kinematic velocity frame. They
+ 0.23. Combining these data with the five other SNe la thahave found that this is not corretdpJ, 464, L5). It was
have been calibrated previously in the project gives the meaalso noted that the similar error has been made by many
values of <Mg(max)>=—19.47+0.07, and other authorgeg. Tanvir,et al. 1995, Nature, 377, 27; Whit-
<My(maxX>=— 19.48-0.07. Combining these mean more et al. 1995, 454, L730leading each to an incorrect
magnitudes with the Hubble diagrams for well observedarge value forH, .
Branch normal SNe la iB andV (1993, ApJ, 415, llread at In a similar way, the announced intermediate value of
remote redshifts, givesl,(B)=56+4 km s ! Mpc %, and H,=70, based on the Cepheid distance to NGC 1365
Ho(V)=58+4 km s ! Mpc™! using no second-parameter (Freedmanet al. 1996, Baltimore conference repprhas
corrections for decay rate or other effects suggested by thieeen considered in the critique. As with M100 and NGC
critics of the method. Consideration of such second-orded639 in Virgo, the precept by the Key Project group is that
corrections that depend on Hubble type of the parent galaxy\\GC 1365 defines the distance to NGC 1316, parent to the
color of the SNe la, and/or light curve shape shows that suctwo Branch normal SNe la 1980N and 1981D, thereby cali-
“corrections” can increasdd, by not more than 8%. Pro- brating them. This precept gives a SNe la mean calibration
posals for HST time in cycles 7-9 that include SNe la that arghat is considerably fainter than that from the six calibrations
not quite Branch normal are designed to assess directly, viat M ,,,= — 19.5 just described, and further requires that the
Cepheid calibrations, the reality of various second-parametanean has the large spread of 0.8 mag, contrary to the proof
corrections suggested the critics of these results. via the Hubble diagram of a much smaller dispersion of
In view of the near perfect agreement of the determinatiorM 5, for normal SNe la. Because of this, Sandage, Tam-
of Hy=57 via the supernovae route with that through cali-mann, & Saha consider that the result of the NGC 1365
bration of the Hubble type and van den Bergh luminosityCepheid experiment, interpreted to giMg=70 by the Key
class luminosity functions givingdy=56 (AJ, 111,1, 1§ Project group, is not proved.
and the disagreement with those results that espouse the A similar analysis was made of the precepts used by
short, or the intermediate distance scalee. Hy>70),  Whitmore et al.(1995, ApJ, 454, L7Bfor, (1) the cosmic
Sandage, Tammann, and Saha have studied the causes of #edocity of the Virgo cluster, tied to Coma as if it has no
differences. random or streaming motions, arfd) the absolute magni-
The large Cepheid distance to NGC 463D =26+ 3 tude of the turnover of the globular cluster luminosity func-
Mpc) is a factor of 1.5 larger thaD=17+2 Mpc to the tion for the globular cluster system in the Virgo elliptical
spiral NGC 4321(M100), also determined from Cepheids NGC 4486. Sandage & Tamman(tn996, ApJ, 464, L51
(Freedmanet al. 1994, Nature, 371, 757 Both galaxies showed that the value dfl;=78 obtained by Whitmore
have, at various times, been said to be members of the Virget al. could be reduced tbl,=62 as arupperlimit when an
cluster. In view of the large difference in their distances,alternate calibration ¥, of the globular cluster luminos-
each, or even taken together, cannot define the distance ity function is used, based on revised RR Lyrae star absolute
the Virgo cluster core, but rather prove that the spirals surmagnitudes that are required from the Oosterhoff-Arp-
rounding the more compact elliptical galaxy cluster corePreston period-metallicity relation, and using the Jerjen/
form an extended halo about that core with a much largelfammann cosmic velocity for the Virgo cluster core.
back-to-front ratio than has been heretofore assumed. Giavalisco, together with SteidelCaltech, Pettini
Sandage, Tammann, and Saha conclude that the premi®GO), Dickinson (STSc) and AdelbergerCaltech, have
used by Freedmaat al. (1994 to deriveH,=80 from the discovered the most distant population of normal galaxies
M100 data is not supported by the NGC 4639 result. ever observed, placed at redshifts 3, corresponding to an
The second problem with interpretation of the M100 data,gpoch when the universe was oniy15% of its present age.
giving the Key Project team its short distance scale, concernshese galaxies are very young and are actively forming the
the correct value of the cosmic expansion velocity of thebulk of their stars, at a rate about 10 times faster than what is
Virgo cluster core. Sandage & TammafiB96, ApJ, 464, currently observed in the disks of spiral galaxies. Searched
L51) claim, following Jerjen and Tamman(1993, A&A  without success for more than a decade, young galaxies are
276, 1, that the Virgo redshift, tied directly to the micro- expected to provide the much needed empirical information
wave frame, is 1187 km's rather than 1404 km's used to understand how galaxies started to form in the universe.
by Freedmaret al. Taking the Tully-Fisher distance to the The authors were successful in identifying them thanks to a
Virgo core asm—M =31.6, based on 50 spira{Eederspiel new photometric technique designed to detect distant galax-
& Tammann 1996, submittedand the aformentioned Virgo ies from their Lyman-continuum discontinuity and Lyman-
redshift of 1187 km s? gives a total correction as a factor of « forest absorption. The spectroscopic confirmation of these
1.5 by which Hy,=80+17 must be decreased, giving faint sources was carried out using the 10m Keck Telescope.
Ho=55+ 17 from the M100 Cepheid experimefiireedman The results of this research have been published in the As-
et al. 1999 alone. trophysical Journa{1996, ApJ, 462, L1x
Sandage and Tammann then examined the precept also Giavalisco, Steide{Caltech and Macchett@STSc) have
adopted by the Key Project group that tying the distancecarried out a morphological study of star-forming but other-
scale to the Coma cluster and assuming that the Coma clusteise normal galaxies at redshifis>3 using theHST with
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the Wide-Field Planetary Camera 2. These are the most di§here is clear evidence for weaker clustering among bluer
tant normal galaxies ever observed and they are providingjalaxies or those with emission lines. All of the data from
for the first time, direct empirical data on the epochs andhe survey has been made available to other investigators via
mechanisms of galaxy formation. ThtSTimages show that the internet.
these systems are characterized by a very compact and rela-
tiyely re_gular morphology. From the. analysis of the Iight2_7 Instrumentation
distribution, the authors could determine that a large fraction
of the stars that are being formed in these young galaxies, As briefly noted in last year's report, a wide field all-
~50%, are concentrated in their innermost regions, whoséefracting reimaging camera was designed for use at the Las
size is only a few kiloparsec. The authors concli@96, Campanas 2.5m du Pont Telescope. This instrument has now
ApJ, in pressthat it is very likely that they have identified been fabricated and its first trial was carried out during Sep-
the progenitors of the present-day bright spiral and ellipticatember 1996. The performance appears to be consistent with
galaxies at an epoch when they were assembling the stars e design goals.
their central regions, i.e. their bulges and cores. A 6 element wide-field collimator produces a collimated
Giavalisco has been among the astronomers who carriggea@m with a 70 mm diameter pupil over a 25 arcmin diam-
out the Hubble Deep Field images. In this experiméetsT  €ter f_|eld A 6 element camera plus field fIatt_ener reimages
has been looking at the same field for 10 consecutive day4fis field onto a Tektronix 20482048 CCD with 0.78 arc-
obtaining the deepest optical image ever in the history of€C Pixels. The instrument is usable over the pass b_a.nd. from
astronomy. The images were taken in 4 different filters sg@oout 3750A to about 9000A. The optical design minimizes
that color information was available. The vast majority of thedistortion so that the instrument can be used in drift scan
galaxies in the HDF are so faint that no spectroscopic infor/node. The optical design is by Dr. Harland W. Epps, Lick
mation can be obtained, even with the largest telescopes. F&Pservatory, collimator fabrication by Mr. Gerard Par-
these objects the multi-band images obtained in the HDF wil€ihlan, camera fabrication by Tucson Optical Research Cor-
be the only information available about their spectral energyPOration, broad-band AR coatings by QSP Inc., Anaheim,
distribution for decades to come, offering a unique glimpsec@lifornia and mechanical design by Mr. J. Alan Schier.
of the faintest and most distant galaxies in the Universe. A 1he initial uses involved a search for high redshift QSOs
description of the Hubble Deep Field experiment appears iff! candidate fields for the proposed southern Hubble Deep
the 1996 October issue of the Astronomical Journal. Field survey, using the slitless grism mode, and a study of
Giavalisco, with SteidefCaltech, Dickinson(STSc) and ~ the Ha emission from the Magellanic stream and témis-
Adelberger(Caltech have measured the redshifts of distantSion from edge-on early-type galaxigsoth in collaboration
galaxy candidates in theubble Deep Fieldising the Keck  With Dr. Stuart Vogel, University of Marylandusing the
Telescope. They were able to confirm that the optical coloiPMVersity of Maryland Fabry-Perot interferometer. _
of these sources was indeed typical of very distant galaxies Further modifications will allow the introduction of a slit

observed during an intense phase of star formation. The adask wheel for wide-field multi-object low dispersion spec-

thors have confirmed1996, ApJ, 112, 352that the color troscopy, and possibly the capability of drift scanning in dec-

photometry adopted in the HDF experiments is very sensil-mat'on'

tive to isolate young and distant galaxies.

Shectman, Oemler, and Landy, working with collabora-pyBLICATIONS
tors Kirshner(Harvard, Lin (Torontg, Tucker (AIP), and  Aparicio, A., Gallart, C., Chiosi, C., & Bertelli, G. 1996,
Schechter(MIT) have completed a first analysis of the re-  Model Color-Magnitude Diagrams fdiST Observations
sults from the Las Campanas redshift survey. Redshifts have of Local Group Dwarf Galaxies, ApJL, 469, L97
been obtained for 26,000 galaxies distributed in six<188  Athreya, R., Kapahi, V.McCarthy, P., & van Breugel, W.
deg strips, three in the North galactic hemisphere and three |n press, Steep Spectrum Cores of Distant Radio Galaxies,
in the South. The average radial velocity is 30,000 km.s MNRAS
The luminosity function exhibits a small but evidently sig- Bahcall, J. N. et al, including Weymann, R. J. 1996, The
nificant deviation from a Schechter function. The faint end Hubble Space Telescop@uasar Absorption Line Key
slope is characterized by a value for the parameter alpha Project. VII. Absorption systems at,g4<1.3, ApJS,
~1. The luminosity density leads to an estimate for the criti- 457, 19
cal (closurg mass-to-light ratio of~1500. The incidence of Bahcall, N. A.,Lubin, L. M. , & Dorman, V. L. 1995, Where
emission lines is very strongly dependent on luminosity. is the Dark Matter?, ApJ, 447, L81
Conspicuous features in the galaxy distribution are evident éBarger, A. J., Aragon-Salamanca, A., Ellis, R. S., Couch, W.
scales up to 50 or perhaps 100 Mpc, but on larger scales J., Smail, I., & Sharples, R. M. 1996, The Life-cycle of
the distribution is much more homogeneous. The correlation star formation in distant clusters, MNRAS, 279, 1
function approaches zero at a scale of about 40 Mpc, anBernstein, R. A., Freedman, W. L, & Madore, B. F. 1996,
fluctuates within the range-0.02 out to scales of several Progress Report on the Las Campanddubble Space
hundred Mpc. The three-dimensional power spectrum clearly TelescopdExtragalactic Background Light Prograi®000
changes slope, and probably turns over, at a wavelength of - 8000 Angstromg in Unveiling the Cosmic Infrared
100 Mpc. An analysis of the two-dimensional power spec- Backgrounded. E. Dwek(American Institute of Physics,
trum shows some evidence for enhanced power at this scale. New York), p. 333
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