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This report covers events and activities that occurred duringeer; Madonna Reyero, Custodian; and Gretchen Van Doren,

the calendar year 1995. Records Specialist. Kurt Anderson is Site Director. Current
instrumentation includes a 204&CD imaging camera, a

1. PERSONNEL 256 IR array, and a double-imaging spectrograph with 1-10
A resolution.

The faculty of the Astronomy Department includes Pro-

fessors Kurt S. Anderson, Reta F. Beebe, Jack O. Burningsftrqunt dteg\/elop;]me; t. a;ngbreseatrch aCtI\(/thIeS -gf dthe
(Dept. Head, Bernard J. McNamara, and William R. Web- aciiies at Apache Foin Servalory are aescribed in

ber: Assistant Professors Nicholas A. Devereux. Jon Adreater detail elsewhere in these Observatory Reports. In

Holtzman, Anatoly A. Klypin, Chris Loken, Mark S. Marley, brief, the 3.5 meter telescope has been fully operational for

and ReneWalterbos; and Emeritus Professors Herbert A OVEr @ year, and has been used for a diverse variety of im-
Beebe and Clyde W. Tombaugh. aging and spectroscopic investigations at optical and infrared

Adjunct members of the faculty include Jonathan Brink-Wavelengths. It is noteworthy that most of these observa-
man(Apache Point, Roger E. DavigScience & Technology tional programs, including several synoptic investigations,
Corp), Richard B. DunnNSO), Nebojsa DurigUNM), W. have been conducted remotely via INTERNET links. Work
Miller Goss (NRAO), Hunt Guitar (Science & Technology —continues on the development of new capabilities and instru-
Corp), Virginia Gulick (NASA, ARC), John J. Keady ments, and on the upgrading of existing systems. These ef-
(LANL), David Kuehn (Pittsburg State Uniy, Donald F. forts address improvements in the pointing, tracking, and
Neidig (NSO), Frazer N. Ower(NRAO), Richard A. Perley image quality of the telescope. The basic mechanical struc-
(NRAO), Richard R. RadicKNSO), George Simor(NSO, tures of the Sloan telescope were installed this summer; that
Sac Peak Raymond N. Smart{NSO), and John Stocke telescope might see first light late in 1996.

(Colorado. NMSUs 1.0 meter telescope is in place at Apache Point
The postdoctoral fellows are Tom Harrison, Micheal Led-and is undergoing alignment and testing. This is an f/6 RC
low, Jason Pinkney, and Alan Watson. instrument intended for imaging; it is presently equipped

Twenty graduate students are enrolled for the Fall 199%ith a CCD camera and filter system. The telescope is to be
semester. They are Mark Bliton, Matthew Carlson, Nancyoperated remotely and, eventually, will be programmed for
Chanover, Vanessa Galarza, Christopher Garasi, Marla Gehabotic operation. Current alignment efforts have concen-
Percy Gomez, Bruce Greenawalt, Salman Hameed, Charleésated on improving the pointing and tracking capabilities of
Hoopes, Nichole King, Andrey Kravtsov, Kevin Marvel, its alt-azimuth mounting. Instruments are placed at the Nay-
Neal Miller, Elizabeth Rizza, Amy Simon, Clay Smith, Mat- smith focus where compensation is provided for field rota-
thew Templeton, David Thilker, Charles Walter. tion. An offset guider and autoguiding system for this tele-

Observatory and departmental staff include Amy Cherryscope are under development. Kurt Anderson has been
homes, office manager; Lorraine Montes, accountant; Davigesponsible for the design and construction of this telescope.
Summers, observing specialist; Lyle Huber, programmer.  pavid Summers, who joined the Department of Astronomy

as an Observing Specialist this fall, will eventually assume

2. OBSERVATORIES/INSTRUMENTATION principal responsibilities for its operation and maintenance.
2.1 Apache Point Observatory

New Mexico State University is a member of the Astro-
physical Research ConsortiufARC) and operates the 2.2 Tortugas Mountain Planetary Observatory
Apache Point Observatory for the Consortium. Apache Point
is located at an elevation of 2800m in the Sacramento Moun- The 0.6m Tortugas Mountain Observatory is used to
tains of south-central New Mexico. Its principal instrumentmonitor the temporal changes in the Jovian cloud deck and
is the 3.5 meter ARC telescope. The 2.5 meter telescope @duatorial activity on Saturn. The data are collected with a
the Sloan Digital Sky Survey is presently under constructioflcCD camera, archived at the NMSU astronomy department
and an associated 0.6 meter monitoring telescope is now ognd made available to the Astronomical community through
erating at the site. Also, NMSU has installed a new 1.0 metethe NASA Planetary Data System Subnode. Images collected
imaging telescope at Apace Point. over the last 27 years are being used as a climatic data base
Apache Point Observatory has three Observing Specialist® interpret the Hubble Space TelescdptST), Galileo and
responsible for 3.5 meter operations; Eddie Bergeron, Kare@assini data. Although funding has been reduced, simulta-
Gloria, and Dan Long. Other observatory site staff are Jomeous observations are scheduled when the 3.5 meter tele-
Brinkmann, Instrument Scientist; Jon Davis, telescope Engiscope is used for infrared imaging of Jupiter. Murrell and
neer; Jim Fowler, Computer Systems Manager; BruceChanover are carrying out this program and archiving the
Gillespie, Site Manager; Mark Klaene, Observatory Engi-data.
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3. RESEARCH ACTIVITIES tra of evolving giant planets. This work will proceed in col-
laboration with the U. Arizona brown dwarf group led by W.
Hubbard. Such spectra can be directly compared to observa-

Chanover, Simon, Beebe and Murrell have continued gons of extrasolar giant planets, when they are found. Prepa-

multispeciral imaging program. The goals of this programrat|ons are underway to observe the occultatiomp$ag by

are to understand the extent to which vertical cloud develop‘-]uplter in March from the 3.5-meter telescope with the infra-

ment and the east-west winds vary with time. Chanover hared camera AMBER. This high time resolution instrument

collaborated with D. Kuehn, Pittsburg State Univ., in model_izglélrda?r:c;vsvpacgr:bservatlon of fine structure in Jupiter's

ing the vertical structure. Beebe has been Principal Investi- '

gator on Cycle 1, 2, 4, and 5 HST Wide Field Planetary i _
3.2 High Energy Astrophysics

Camera observing programs and the NMSU group partici*

pated in the Shoemaker-Levy 9 Campaign. Co- Investigators \jcNamara and Harrison continue to be funded under the
are direCtly involved in the NASA Galileo Mission and the COMPTON Gamma_Ray Observatd@GRQ Guest Inves-
NMSU group is charged with assisting in integrating the ”m'tigator program to provide ground-based follow-up to
ited h|gh resolution Galileo data with the HST, Voyager andgamma_ray burst@RBg detected by the COMPTEL instru-
Groundbased data. Beebe is a member of the Galileo Solighent on CGRO. Substantial changes in the localization and
State Imaging Team and will interact with the Near Infraredgissemination of GRB positions have been implemented
Mapping Spectrometer and Photo Polarimeter Radiometsfjithin the last year to increase the response time of the net-
teams. Beebe and Huber are functioning in a data node fQfork to COMPTEL GRBs. Two years ago, it took COMP-
the Small Bodies Node of the NASA Planetary Data Systemrg| about two hours to localize a GRB. This time is now
to archive the Shoemaker-Levy atmospheric data. down to 15 minutes, with further improvements expected.
Marley and Walter searched for the signature of seismicrhjs has led us to use alternative notification methods, in-
waves launched by the impact of fragment R of comefc|yding the use of alphanumeric pagers, to speed-up our re-
Shoemaker-Levy/9 into Jupiter. This project utilized sponse time. While no strong COMPTEL bursts have oc-
7.8 u m images taken after the impact from the IRTF in col- cyrred during the first 10 months of 1995, we have tested
laboration with Hunten, Sprague, and Wittebdtoniv. of  these advancements on BATSE bursts. We have imaged the
Arizong and other collaborators. No seismic waves werefie|ds of BATSE burststo V=17) within three hours of their
detected, but a very tight upper limit was placed on the im-ccurrence(our previous best effort had been=\16 in 7
pact energy that is comparable to those derived from othefioury. Given optimum conditions, response times on the
observations. A paper describing these results has been sufider of 15 to 20 minutes should be attainable.
mitted to the special SL/9 issue of Icarus. McNamara has also been funded under the CGRO Guest
Marley and Geha initiated a program to search for p-modgnyestigator program for continuing a long-term study of the
oscillations of Jupiter excited by the impacts. Hundreds of gw-Mass X-ray BinarLMXB) Sco X-1. A four year light
7.8 um Jupiter images were acquired in the week after the:yrye containing more than 17,000 measurements of the 7 to
impacts for this purpose. The quality of the dataset is ex415 keV X-ray flux of Sco X-1 is being readied for publica-
pected to permit improvement upon the existing observation. In addition, 100,000 optical photometric measurements
tional upper limits for these modes. obtained over two months are being combined with the
Marley concluded a substantial theoretical modeling ef-x.ray data to search for correlated behavior. A preliminary
fort to better understand the atmospheric thermal structure cgna|ysis shows that the optical and X-ray fluxes of Sco X-1
Uranus. This work has constrained energy sources in thgre anticorrelated.
stratosphere and placed the first lower limits on the interior Harrison has been funded under the CGRO Guest Inves-
heat flow of the planet. A major paper describing these retigator program to analyze the 7 to 15 keV lightcurves and
sults will appear in Icarus. Walter and Marley obtained neak| xes of GRBs. The 7 to 15 keV fluxes will be used to
infrared images of Uranus with the GRIM camera at Apachejetermine the spectra energy distributions of 100 GRBs.
Point. These images show evidence for a substantial soutthese data will provide important constraints on models that

polar haze. Early analysis suggests that this haze has brighiredict the energy spectra of GRBs.
ened significantly since geometric albedo observations made

in the late 1970’s. This data will be further reduced to yield
information on the vertical profile of the atmosphere.
Marley, Ganez, and PodolaKTel Aviv U.) completed Walterbos and BraufiNFRA) wrote a review paper for
work on an innovative Monte Carlo method for modeling thethe Minnesota Lectures on Extragalactic Neutral Hydrogen,
interiors of giant planets. They discovered qualitatively newin which they discuss recent results on the temperature of
interior models for Uranus and Neptune. In the new modelshydrogen gas in nearby spiral galaxies, the distribution of
the composition varies gradually throughout the outermostvarm and cold HI, and the possible relation with the warm
regions of the planet. Such composition gradients may play &nized medium. Greenawalt and Walterbos are continuing
substantial role in controlling the internal heat flow of thesetheir study of the diffuse ionized gas in nearby spiral galax-
objects. Further modeling is planned to evaluate this possies. Narrow-band images ind1and [Sll] of the galaxies
bility. M81 and M51 show that a similarly large fractid80 to
Marley initiated a program to calculate the emergent spec40%) of the total Hx luminosity in these galaxies is contrib-

3.1 Planetary Astronomy

3.3 Normal Galaxies
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uted by diffuse ionized gas as found for M31 by Walterbosshow broad wings on the Balmer lines, no forbidden nebular
and Braun. Together with Charles Hoopes, the Sculptolines and compact ionized gas nebulae surrounding them.
group galaxies were studied as well, with again similar re- Holtzman, assisted by Watson, continued to work prima-
sults. In all cases, thEsSll] signal is characteristically stron- rily with data from the Wide Field Planetary Camera 2 of the
ger in the diffuse medium than in the HIl regions, but it Hubble Space Telescope. The performance of WFPC2 and
appears that thgSIl)/He ratio in the diffuse gas is not the methods for data reduction were described by Holtzman and
same in all galaxies. Greenawalt and Walterbos also analyzembllaborators on the WFPC2 Instrument Definition Team in a
long-slit spectra of the diffuse gas, obtained with the ARCpaper published in the PASP in February. In addition, Holtz-
3.5-m and KPNO 4-m telescopes. The first detection of forman took the lead in establishing the photometric calibration
bidden oxygen lines in the truly diffuse medium was madefor WFPC2 based on on-orbit observations as well as ground
confirming the expected strength of tf@Il] lines, and the observations made at the Siding Springs Observatory during
weakness ofOlll]. April 1994. In collaboration with D. HuntefLowell), E.

Walterbos and Thilker completed a study of the ionizedShaya(Univ. of Maryland) and R. Light(IPAC), analysis of
gas in the spiral NGC4258. The anomalous arms were imthe cluster R136 in the Large Magellanic Cloud was per-
aged in[Sll] and Hx. The ratio of these two lines is in formed. It was found that even in this extremely dense clus-
agreement with shock ionization of the gas. The galaxy alster, the initial mass function down to around two solar
contains widespread diffuse ionized gas, especially in thenasses is remarkably normal. Initial results from a program
central region. It is not yet clear what the ionization mecha-to look for young globular clusters in several interacting and
nism for this gas is, or if it is related to the anomalous armscooling flow galaxies were presented at the January 1995

Walterbos, Bothun(University of Oregol, Schommer AAS meeting. These data show a population of young com-
(CTIO) and Smith (NASA/GSFQ have started a project pact star clusters in the interacting galaxy NGC 3597, but no
aimed at constraining the spectral type of the stars resporarge population of compact objects in either of the two cool-
sible for ionizing the diffuse interstellar medium in spiral ing flow galaxies which were observed. Further analysis is in
galaxies. Ultraviolet images from UIT are compared with progress to determine accurate sizes for the NGC 3597 ob-
deep exposures indlof the HIl regions and diffuse medium jects to determine whether they are comparable in compact-
for a sample of nearby spirals, to determine the ratio of Ly-ness to old globular clusters. Watson analyzed images of the
man continuum to UV and optical flux across galactic disksstarburst galaxy NGC 253; a remarkably bright dense stellar
This ratio is very different for stars of different spectral typescluster was discovered in this galaxy.
and provides an important constraint on ionization models of Holtzman characterized the variations in the PSF of the
the diffuse medium. WFPC2 using phase retrieval on in-focus images. This work

Thilker, Braun, and Walterbos developed a new method tenables fairly accurate model PSFs to be generated for any
detect expanding HI shells in the HI data cubes of nearbybservation. In conjunction with generalized stellar photom-
spirals. The method is fully computer-based, providing foretry software which simultaneously fits brightnesses of stars
the first time a repeatable, robust search method for findingh multiple exposures, this should provide a powerful tool for
these structures. The goal is to make a detailed comparisa@xtracting information from crowded field exposures.
of the properties of the expanding HI shells in a variety of The first tests of this technigue were made on observa-
galaxies and conditions, to better test evolutionary models dfions of a field in the Large Magellanic Cloud. Excellent
superbubbles created by supernovae and stellar winds in gahotometry was obtained showing a well-defined main se-
lactic disks. A crucial aspect of the project will be a study of guence down to an absolute V magnitude of around 8. These
the stellar populations inside the HI shells, to estimate agedata are being used to determine the initial mass function in
of the associations, and the integrated energy input into ththe field and to constrain star formation histories in the LMC.
ISM over the life time of the association. Together with An initial paper on the star formation history was submitted
Wang (Northwestern Universitythey are also studying the to the Astrophysical Journal by Gallaghetral, and addi-
correlation between the overall properties of HI holes andional work on the initial mass function is nearing comple-
soft X-ray emission in galactic disks. tion.

Walterbos and Greenawalt finished the first paper on a Holtzman continued his project to study the effects of dust
new method to model the FIR emission in galaxies. Then spiral galaxies, in collaboration with S. Courteau
results show that a non-negligible role for the ISRF contin-(NOAO). Data collection continued, with a concentration on
ues to be a likely option. Together with Hoopes they areincreasing the number of infrared observations. This was ac-
expanding their study to produce two-dimensional model im-complished with observing runs at KPNO and using the
ages, based on the observed HI and optical light distribution®SIRIS camera on the Lowell 72“. A paper describing the
in galaxies. The model images should prove instructive fordata reduction and surface brightness measurements is in
analysis of forthcoming ISO images. preparation.

Walterbos and King obtained long-slit spectra with the Devereux, Duric(Univ. of New MexicQ and Scowen
ARC 3.5-m telescope of a new sample of massive stars witArizona State Uniy. continue to obtaird« andH 8 images
high mass loss rates in M31. The objects were discoveredf large nearby spiral galaxies using the Case Western Bur-
from an Hx imaging survey published earlier by Walterbos rell Schmidt telescope at Kitt Peak National Observatory. So
and Braun. It is possible that at least some of the stars afar, He images have been obtained for the two early-type
related to Luminous Blue Variables. All objects studied so farspirals M31 & M81, and the two late-type spirals M33 &
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IC342. Additional time has been secured FbB imaging of Cox (NRAO) began a study of polar ring galaxies to con-
M33, M81 and IC342. The primary goal of the research,strain the age of the ring stars and thereby investigate ring
funded under the NASA Long Term Space Astrophysics Prostability. By using optical and near infrared colors in con-
gram, is to compare the dlimages with high resolution far junction with optical spectroscopy of ring HIl regions, they
infrared images, obtained with the Infrared Astronomicalhope to break the age-metallicity-reddening degeneracy.
Satellite (IRAS), in order to constrain the origin of the far Spectroscopy of these regions will be obtained in spring
infrared luminosity. A secondary goal is to measure the ex1996 with the ARC 3.5m telescope.

tinction to the ionized gas using the balmer decrement and

the thermal radio continuum. The correspondence betweed.4 Active Galaxies

the Ha and far infrared morphology is striking when the H Ledlow and F. OwerfNRAO) are completing optical ob-

« images are convolved to the same resolution as the IRAZ, 4tions of 170 non-cluster B2 and 3CR radio galaxies.
data. Additionally, the far infrared luminosity agrees quanti--l-hese data are being used for isophotal surface photometry
tativgly With, thfit expected from the O and B stars Wh?Ch,areto examine the relationships between the host galaxy prop-
required to lonize the hYdfo,ge’? gas. Thg new results Indlcatgrties, the radio source, and the external large-scale environ-
that the far infrared luminosity is as a reliable measure of th‘?nent. In particular, the bivariate luminosity functiofradio/
current high mass star formation rate as the Mminosity. ,ica) and the dependence of the FR I/l break on optical
New results for M81 were published this year and the M33, ninqsity will be verified for radio galaxies outside rich
data is expected to be published early in 1996. cluster cores.

Devereux, FordJohns Hopkinsand JacobyNOAQ) se- Ledlow, Owen, and W. KedlAlabama are analyzing near
cured time on the Hubble Space Telescope to obtain U\p (J,H,K) and optical (U,B) images of 6 low radio-
(1590A) and Ha images of the central 1 kpc. of M81 \_Nl”_1 luminosity BL Lac candidates. These objects show evidence
WFPC2. The images are expected to provide new insightt nossible non-thermal optical nuclear emission which may
into the origin and excitation of the nucleantspiral. Ahigh  pe related to a beamed component from an active nucleus.
angular resolution V band image will also be obtained withrps idea will be tested via multicolor high resolution imag-
the FOC to search for a multiple nuclei in M81. ing to sort out possible contributions from star formation,

Devereux and Hameed have compiled reliable IRAS faryst scattering, or to confirm the non-thermal nature of these
infrared fluxes for galaxies in thlearby Galaxies Catalog - sources. If confirmed, these objects will be the least lumi-
(NBG). The combined catalogs are used to construct far innoys BL Lacs discovered to date, and will make an important
frared luminosity functions for lenticular and spiral galaxies connection to FR I/BL-Lac unification models.
of different Hubble type. As a result of our efforts, the num- | gken and Burns, along with M. Norman & G. Bryan
ber of galaxies in the NBG catalog with reliable IRAS fluxes (NCsA), have begun an effort to numerically simulate the
has been increased by about 30% allowing the far infrare@nset of turbulence in an extragalactic jet. A sophisticated
luminosity functions to be extended to luminosities that arenydrodynamical code implemented on the massively-parallel
an order of magnitude lower than previously determinedConnection MachinéCM5) at NCSA has allowed them to
Both the catalog of IRAS fluxes and the far infrared lumi- carry out the highest-resolution simulation to date of the dis-
nosity functions are expected to be published early in 1996xption of an equilibrium jet. The entrainment properties of

Devereux is planning the New Mexico Extragalactio H  this jet and a series of similar ones run at lower resolution are
Imaging Survey(NExHIS) of 500 nearby galaxies. The sur- peing studied and compared in order to determine whether
vey is to be conducted using the recently commissioned Newhe turbulence has been adequately resolved. The results can
Mexico State University 1m telescope located at Apachenelp to test the hypothesis that an initially supersonic FRII
Point. The goal of the survey is to determine the first H jet may undergo a transition to a transonic FRI-type jet by
luminosity functions for spiral galaxies of different Hubble entraining ambient material.
type. Devereux & DaviegUniv. of Waleg and collaborators Loken, Owen, & J. Eilek(NNIMT) completed a set of
will be using the Infrared Space Observatory to obtain farsensitive, low-frequency radio observations of several FRI
infrared (160 and 200um) maps of nearby spiral galaxies. radio sources using the VLA. The data are being reduced and
The goal of the research is to measure the far infrared lumidetailed maps of the radio tails will be produced in order to

nosity and estimate the opacity of spiral galaxy disks. determine whether their morphologies and properties are
Watson, in collaboration with Co{Princeton University  consistent with them being turbulent, entraining flows.
Churchwell and Shepher@Jniversity of Wisconsiy and Anderson, as part of a large collaborative effort, as been

Hofner (Universita Koln) conducted a survey of ultracom- monitoring the temporal behavior of the broad-lined radio
pact HIl regions in the near infrared with the OSIRIS cameragalaxy 3C390.3. Images in Gunn g and r, plus low resolution
on Lowell Observatory's 72 inch telescope. They were ablg7) blue and red spectra, have been obtained at intervals of
to identify about a dozen candidates for more detailed studyoughly 10 days throughout the year. These observations
and are beginning this additional work by analyzing comprewere made using the double imaging spectrograph on the
hensive data on two ultracompact HIl regions with the aimARC 3.5 meter telescope at Apache Point Observatory. Al-
of identifying the location, spectral type, and evolutionarymost all observations were conducted remotely. The same
stage of the ionizing star, and placing these quantities in thenstrumentation and approach will now be used to monitor
context of models of the nebulae. the Seyfert 1 galaxy Markarian 335. The intention, in both
Watson, Gallagher, Spark&niversity of Wisconsinand  instances, is to use reverberation mapping techniques to un-
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derstand the spatial and kinematic geometry of the broadedshift range 0.2 z<0.4. They are using the ARC 3.5-m
emission line regions. A related program, based upon opticaklescope to obtain spectra for cluster galaxies and radio
imaging and spectroscopy of samples of Seyfert galaxies angburces within these clusters. These data will be combined
broad-lined radio galaxies, attempts to describe and unde{yith RASS X-ray images and optical colors to study cluster,
stand both the great similarities and large differences begalaxy, and radio source evolution by comparing these prop-
tween these two classes of AGN. erties to that for their existing statistical sample -of 300
Abell clusters at lower redshift. Results will also be com-
pared to numerical simulations of rich cluster evolution in
Burns, F. OwenNRAO), Ledlow, and W. VogesMPE) different cosmologies. Rizza, Ledlow, Burns, & Owen are
are continuing their correlation analysis of the X-ray andanalyzing ROSAT HRI observations of 3 of these distant
radio properties of a statistically complete sample of richAbell clusters.
Abell clusters(Ledlow & Owen, 199%. They are comparing Loken, Burns and Klypin began a detailed analysis of a
the X-ray morphologies and luminosities from the ROSAT high-resolution simulation of the development of large-scale
all-sky survey(RASS with the radio properties from the gyycture in @ CHDM universe. The simulation self-
20-cm VLA cluster survey. Ledlow & Burns have examined consistently evolved both dark matter and gas enabling

a subsa}mple of these clusters that appear .t(.) e Str(?%’ray luminosities(including both bremsstrahlung and line
correlation between X-ray peaks and the position of the radig

galaxies using images from tli@nstein& ROSAT archives. emiss_io_r) to be directl)_/ eva_luated. In adgition, the evol_ution
They also have made multi-fiber redshift measurements o?f individual clusters is being followed in order to estimate
galaxies in these clusters at Steward Observatory in collabdl'€r9€r rates, to assess the importance of mergers on the
ration with J. Hill. About 50% of these clusters have signifi- dévelopment of substructure, and to estimate the prevalence
cant velocity substructure and the subsample shows a po8f substructure at various epochs.
sible correlation between the X-ray and radio luminosities. Garasi, Loken and Burns completed a numerical study of
Bliton, Roettiger, & Burns are analyzing another subsampléhe evolution of rotating, cluster cooling flows. Spherically-
of Abell clusters with steep radio spectra observed by thesymmetric, steady-state cooling flows with varying mass
VLA & ROSAT. drop-out rates were perturbed by imposing rotation profiles
Gomez, Pinkney, Burns, & Owen completed a study ofof differing shape and strength. Thin, dense, cold disks were
ROSAT X-ray images of clusters that contain wide-angleshown to form on timescales inversely related to the mass
tailed (WAT) radio galaxies at the cluster centers. They foundgrop-out rate. Synthetic X-ray maps were generated for com-
that 90% of the clusters show some form of substructure a”Barison with ROSAT data while the spatial distribution and

none contain cluster cooling flows. They also found a highlyye gty of material that dropped from the flow were used to
significant correlation between the orientation of the WAT redict possible optical and infrared signatures of rotating

tails and the major axes of elongations in the central X-ra)P .
e . . . cooling flows.
emission. These properties are consistent with WAT clusters . . . .
Klypin, Borgani (Perugia, Italy, Holtzman and Primack

undergoing a merger with groups or subclusters. ) 4
Roettiger, Loken, & Burns finished their hybrid hydro/N- (UCSQ made analysis of formation of damped Lyman-alpha

Body numerical simulations of merging subclusters. Theysystems at high redshifts. It was determined that cosmologi-
conducted a parameter study of different initial colliding €@ models with a small fraction of mass in the form of
cluster masses and gas densities, and computed synthefigutrino are still marginally consistent with observations.
X-ray images that can be compared directly with ROSAT & The models became significantly more interesting with the
ASCA observations. In particular, they combined X-ray andpossible detection of a neutrino mass in an experiment per-
galaxy velocity data with numerical simulations to constrainformed at Los Alamos. Detailed discussion of different pos-
the details of a merger model for Abell 2256. sibilities is given by PrimackUCSQ), Holtzman, Klypin,
Burns, Ledlow, Voges, Loken, Klypin, & R. White and Caldwel(UCSB).
(GSFQ have constructed the first X-ray Luminosity Func-  Kiypin, Primack (UCSO, and Holtzman have presented

tion for poor clusters of galaxies. They selected a completeegylts of numerical simulations of models with a cosmologi-
volume-limited sample of 50 clusters with a surface density.,| <onstant. They have shown that the nonlinear power
enhancement of~50 andz=<0.03 for correlation with the

RASS. About 50% of the poor clusters were detected b
ROSAT. The resulting luminosity function matches well with

3.5 Galaxy Clustering and Cosmology

spectrum predicted by some of the models is at least twice
Xarger than the power spectra of galaxies in the CfA and

that for Abell clusters, suggesting that these groups are IO\I\?‘PM catalogs, which presents a serious problem for the

mass extensions of rich clusters. Ledlow, Loken, & BurnsmOdels' . )

completed redshift observations of all these groups princi- CamposiDurham, Englany Yepes(Madrid, Spain, Carl-

pally using slit-masks on the ARC 3.5-m telescope. They ar€0M. Klypin, Moles (Granada, Spajp and Joergensen

in the process of comparing the mass function of theséCopenhagen, Denmarkave estimated the angular correla-

groups with numerical simulations in an effort to constraintion function of faint field galaxies. CCD photometry of

Q. about 30,000 galaxies in R band has allowed them to detect
Ledlow, Burns, Loken, F. Owen, W. Voges & Klypin are the correlation function at 1 degree scale. Results show con-

continuing their program to study distant Abell clusters in thesistency with the much shallower APM catalog.
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4. EDUCATION “ROSAT Observations of 5 Poor Galaxy Clusters with

The Astronomy Center at Sunspot is a collaborative ven- Extended Radio Sources,” AJ, 110, 46
ture of the Department of Astronomy, Apache Point ObserHammel, H.B., R.F. Beebe, A.A. Simon, L.F. Hubet al.
vatory, the Sacramento Peak Solar Observatory, and the “HST Imaging of Atmospheric Phenomena Created by
United States Forest Service. This facility, to be located on the Impact of Comet Shoemaker-Levy 9.” Science, 267,
the solar observatory campus at Sunspot, N.M., will serve as 1288-1296
a visitor center for the growing complex of astronomical fa-Harrison, T. E.et al. 1995, “Preliminary Results from the
cilities in the Sacramento Mountains. Approximately half of Ground-based BATSE/COMPTEL/NMSU Rapid Re-
the 4000 square foot area of the main building will be de- sponse Network,” A&A, 297, 465
voted to instructional and interactive exhibits related to theHoltzman, J.A., Burrows, C. J., Hester, J. J., Trauger, J. T.,
astronomical instruments and research at Apache Point and Watson, A.M., & Worthey, G.S. 1995, “The Photometric
Sacramento Peak. Additional space includes a meeting room/ Performance and Calibration of WFPC2,” PASP , in press
auditorium area, office spaces, and other visitor facilities. AHoltzman, J.A., Hester, J.J., Casertano, S., Trauger, J.T.,
system of trails will join the Center facilities to those of the etal. 1995, “The Performance and Calibration of
observatories. WFPC2,” PASP, 107, 156

The Center is funded by a combination of grants from theHunter, D.A., Shaya, E.J., Holtzman, J.A., Light, R.M., &
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