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This report covers astronomical research carried out during global study of the laterally varying resolution of the Ve-
the period July 1, 1996 — June 30, 1997. Astronomicahus gravity field using multi-taper spectral techniques. Her
studies at the Department of Terrestrial Magneti®iM) resolution analysis provides information critical to regional
of the Carnegie Institution of Washington include estimates of lithosphere thickness inferred from joint spectral
observational and theoretical fields of planet structure andnalysis of gravity and topography, in work being carried out
formation, the formation of stars and stellar evolution, thecollaboratively by Mark Simons(Caltech), Brad Hager
extragalactic distance scale, and the structure, dynamics, anilliT), and Solomon.

evolution of galaxies. An important class of landform on Venus, as well as on
other terrestrial planets, is the large volcdgeater than 100
1. PERSONNEL km in diamete). Such structures not only deform the lithos-

Staff Members: Sean C. SolomdBirecton, Conel M.  phere in a manner diagnostic of lithospheric thickness, but
O’D. Alexander, Alan P. Boss, John A. Graham, Vera C.their magmatic and tectonic histories provide important clues
Rubin, Franois Schweizer, George W. Wetherill to the processes of melt generation and magma transport in-

Postdoctoral Fellows: Harold Butner, John E. Chambersside the planet. McGovern and Solomon constructed finite
Kenneth M. Chick, Prudence N. Foster, Stacy S. McGaughglement models of the stress and displacement fields inside
Catherine L. Johnson, Stephen J. Kortenkamp, Patrick Jrowing volcanoes subject to lithospheric flexure for com-
McGovern, Bryan W. Miller, Elizabeth A. Myhill, Larry Nit-  parison to information on volcano evolution from radar im-
tler, Harri A. T. Vanhala ages, topography, and gravity. Because of the lack of water

Predoctoral Fellow: Lori K. Herold and sediments on Venus, large volcanoes are firmly attached

Computer and Support Staff: Michael J. Acierno, Mary (welded to the underlying lithosphere. The stress state in a
M. Coder, Janice S. Dunlap, Rosa Maria Esparza, Shaun growing, basally welded volcano is characterized by hori-

Hardy, Sandra A. Keiser, Jianhua Wang, Merri Wolf zontal principal compression, with a differential stress mag-
nitude that decreases with height in the edifice. To reorient
2. RESEARCH PROGRAMS the near-summit stress field to a state favorable to continued

magma ascent and volcano growth, either magma overpres-
2.1 The Solar System sure or basal loading by a broad source of buoydnogler-

The Magellan mission to Venus produced nearly com-plating or dynamic suppoitof a magnitude larger for thin-
plete global coverage of the planet's topography, gravityner underlying lithosphere, is required. Large volcanoes are
field, and radar backscatter characteristics. In the absence tferefore more likely to form on thick lithosphere.
seismic measurements, gravity and topography data provide Even on thick lithosphere, flexure due to the load of a
the strongest constraints on models for the thermal and tedarge volcano should produce a topographic depression or
tonic evolution of the planet. Although similar to Earth in moat, as is seen around large volcanoes on Earth and Mars.
many respectfradius, mass, solar distanc®enus does not Such moats are not generally seen, however, around large
display evidence for present or past Earth-like plate tectonvolcanoes on Venus. Instead, conical volcanic edifices are
ics, an observation that has important implications for cur-surrounded by a relatively flatter apron of lavas that have
rent and past heat loss from the planetary interior. Indirecflowed radially away from the volcano center. McGovern
information on spatial variations in heat flow can be obtainedand Solomon have suggested that flexural moats on Venus
from estimates of the thickness of the thermal boundary layefilled as they formed by radial lava flows. Under such a
(or lithospherg from gravity and topography data. Con- hypothesis, the total volume of erupted and intruded material
straints on temporal variations in heat flow come from com-in the volcano-moat system is about an order or magnitude
bining lithospheric thickness estimates with informationgreater than the volume of the edifice alone. With this cor-
from impact crater densities and local stratigraphic relationsection, the magmatic flux at large volcanoes on Venus over
seen in radar images. Catherine Johnson, Patrick McGoverthe last 500 My is comparable to the intraplate magmatic
and Sean Solomon have been pursuing several global arildix on Earth.
regional studies aimed at these broad questions. Observations of the topography and gravity field of the

Estimates of lithospheric thickness have been obtaineg@lanet Mars comparable in resolution and coverage to the
from topographic flexural signatures at a number of featuresformation obtained at Venus by Magellan is due to be pro-
on Venus. These estimates are being combined with inforduced by the Mars Global Surveyor spacecraft, inserted into
mation from impact crater densities and geological mappindvars orbit in September 1997. Once the spacecraft has com-
in an effort to distinguish between temporal and spatialpleted a series of aerobraking maneuvers to circularize its
variations in heat flow. The lithospheric thickness may alsdnitially highly elliptical orbit, a laser altimeter will deter-
be estimated from the harmonic analysis of gravity and toimine along-track elevations and X-band tracking will yield
pography, but such analyses are complicated by the varyingignificant improvements to the global gravity field. So-
spatial resolution of the gravity field. Johnson is performinglomon, Johnson, and McGovern will combine the topo-
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graphic and gravity information with procedures similar tothese two asteroid families. Kortenkamp and Dermott also

those used at Venus to infer lithospheric thickness, heat flownodeled the historic accretion rate of IDPs dating back 1.2

and their spatial and temporal variations on Mars. million years and found variations of a factor of 2—3 in the
George Wetherill studied the orbital evolution of asteroi-accretion rate of asteroidal dust from all sources. These

dal material originating in the 3:1 Jovian commensurabilityvariations display a 100,000 year periodicity and are anti-

resonance at 2.5 AU, using a hybrid symplectic-Bulirsch-correlated with the changing orbital eccentricity of the Earth.

Stoer integrator prepared by John Chambers, based on codEBey suggest that these variations may be used for indepen-

provided by H. Levison. All the planets except Pluto, anddent absolute chronology of ice cores and deep-sea sediment

258 test bodies were included for integration times up to 2(0res.

m.y. Three actual Earth impacts were found, and the orbits of

223 “surrogate” impacts, based on close encounters within ]

< 20 Earth radii. It was found that the orbital distribution of 2-2 Planetary System Formation

eccentricities covered almost all the allowed semimajor axis- Alan Boss pursued the possibility that a protoplanetary
eccentricity space for bodies grazing the Earth. When th‘aisk might be hot enough in its inner regiofisside 4 AU
effects of atmospheric ablation were considered, the distribu[-0 remain gravitationally stable, but cold enoug0 K) in

tion of a, e,andi were similar to those inferred from mete- 5 o ter regiongoutside 4 AU to undergo a sustained gravi-
oritic fireball observations. _ tational instability, even for a relatively low mass digtbout

The four terrestrial planets of our Solar System orbit they 14 Mo). Fully three dimensional models were used to
Sun enveloped in a tenuous cloud of dust known as the ZQspq,y that such intermediate mass disks could be gravitation-
diacal cloud. Poynting-Robertson light drag and solar windyy ynstable, leading to the formation of strong trailing spi-
drag acting on small dust particles in the zodiacal cloudz 3rms and eventually one or two Jupiter-mass clumps be-
cause their orbits to decay towards the Sun, removing thefyeen 5 AU and 10 AU. The instability appears to be robust
on time scales of 10t 1¢° years. Continuous replenishment enough to occur when either locally isothermal or locally
of the zodiacal cloud against the depleting action of drag is ggjabatic thermodynamics is assumed. The formation of gi-
task once thought to be performed almost exclusively byynt gaseous protoplanets in these models represents an alter-
comets. However, in 1983 the Infrared Astronomical Sately,ative to the leading mechanism for forming giant planets,
lite revealed circumsolar near-ecliptic bands of dust thatypich requires the prior formation of-a10M, ice and rock
originate in the asteroid belt and extend to inside the orbit ofe capable of accreting gas from the disk. Recent models
the Earth. These dust bands are now known to be related & giant planet interiors suggest that their ice and rock cores
the prominent asteroid families Eos, Themis and Koronismay be considerably smaller than had previously been
that is, to known collision products in the asteroid belt. INthought to be the case, strengthening the possibility that giant
fact, these three asteroid families remain the ayndant  pjanets form by the gravitational instability mechanism.
sources to be unambiguously linked to dust in the zodiacal Boss summarized cosmochemical constraints, astronomi-
cloud. Each year the Earth accretes about18’ kg of in- ¢4l observations, and theoretical models of the temperature
terplanetary dust particle8DPs) from the zodiacal cloud. jstribution in protoplanetary disks like the solar nebula for
Some of these IDPs are retrieved from the stratosphere anfle Annual Reviews of Earth and Planetary Science. Boss
form an important collection of extraterrestrial material. also wrote a popular-level book on the search for extrasolar
However, the origin of these collected IDPs, whether asterplanets and brown dwarf stars, to be published in 1998 by
oidal or cometary, is a matter of debate. Stephen Kortenjohn Wiley & Sons.
kamp has been working in collaboration with his former  john Chambers modeled the late stages of terrestrial
Ph.D. advisor Stanley DermotU. of Florida to model the  planet formation by 3h-body integration for up to 200 m.y.
way in which the Earth accretes dust particles from the zoof ~ 40 initially isolated, nearly coplanar planetary “em-
diacal cloud. bryos,” ranging from 0.02 Earth masses to 0.2 Earth masses.

Using direct numerical integration of the full equations of Altogether, 27 simulations were made and included calcula-
motion, Kortenkamp and Dermott modeled the orbital evo-tions with and without giant planets, and for systems initially
lution of dust particles from the Eos, Themis and Koronisconfined to the terrestrial planet region, as well as those in-
asteroid families as well as from all other non-family aster-cluding the asteroid belt as well. The orbital evolution is
oids and from the population of all known short period com-characterized by large amplitude secular oscillations result-
ets. These simulations include gravitational perturbationsng from perturbations between embryos. Larger objects tend
from the planets, radiation pressure, Poynting-Robertsoto have smallere andi consistently larger than those ob-
light drag and solar wind drag. They found that a large andserved on Earth and Venus. Further from the Sun, the accu-
perhaps dominant fraction of the accreted IDPs come fronmulation rate falls off rapidly, and objects in the “Mars”
the asteroid families Eos, Themis and Koronis, and thategion(1.5 < a < 2 AU) are usually scattered and accumu-
probably fewer than 25% of all accreted IDPs come fromlated by “Earth” or “Venus” or scattered outwards and
comets. They also found a seasonal variation in the distribuejected by resonances, before they can merge with one an-
tion of ascending nodes of the Themis and Koronis dusbther. As found earlier by Monte Carlo calculations, the as-
particle orbits near the Earth. They suggest that Earthteroid belt is efficiently cleared as objects are scattered by
orbiting instruments utilizing aero-gels could exploit theseresonances, resulting in ejection from the Solar System or
seasonal variations to collect and return intact samples afollision with the Sun, leaving at most one surviving object.
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In 2/3 of the simulations that include giant planets, the accuthe inner Solar System before the formation of Jupiter and
mulation is complete by foyears. Saturn.

Wetherill has proposed an alternative model for the evo- C. Alexander and J. Wang are also using trace element
lution of the asteroid belt, in which originally this region was and isotopic measurements, in conjunction with theoretical
populated by about 20 bodies the size of the smaller planetsyodels, to determine the extent to which evaporation played
i.e., Mercury or Mars. These bodies were removed as mutua role in the formation of chondrules, rims and matrix in
gravitational interactions perturbed them into giant planeprimitive meteorites. Chondrules, rims and matrix are the
resonances, resulting in their loss from the system. Using theajor components in these ancient meteorites which provide
samen-body code used in the above investigations, Wetherilglimpses of the early history of the Solar System. Chon-
made a further extensive study of the self-clearing of thedrules, at least, formed a few million years after the forma-
asteroid belt. The purpose of this was to determine how rotion of the Solar System as isolated molten droplets in the
bust this process is, and the extent to which it is affected bypolar Nebula. At the low pressures of the Solar Nebula and
conditions outside the range of outcomes found by preserihe high temperatures needed to form chondrules, many ele-
n-body simulations of terrestrial planet formation. It was Ments, including Fe and Si, would have been relatively vola-
found that complete asteroid belt clearing is found for aboutile. The degree of evaporation these elements experienced
half the evolutionary histories studied. These include cases iWill constrain conditions during this important epoc in the
which Earth and Venus are absent, Saturn is absent, differefolution of the Solar Nebula just prior to or during the
degrees of initial, or the initial asteroidal bodies, were adormation of the terrestrial planets.
small as 1.4 lunar mass. The only systems studied in which
the asteroid belt had failed to clear were those in which the-3 Stars and Star Formation

giant planets were absent. _ Prudence Foster and Boss continued their studies of shock
The conventional “core-mantle” accretion model for the \y4ye triggering of protostellar collapse, turning their focus
formation of Jupiter and Saturn requires t?etwee?' 30 g the question of the injection of shock wave matter into the
years for the gas giants to acquire their present massegg|lapsing protostar. This process is critical for explaining
George Wetherill has shown that by this time accretion in thgp,e presence of short-lived isotopes in solar system meteor-
inner Solar System is well under way, with perhaps a fewiies py the injection of freshly synthesized radioactivities
dozen lunar to martian sized bodies distributed between 0.8 ried by, e.g., a supernova shock front. Foster and Boss
and 3.0 AU. Models pertaining to the evolution of the i””erdeveloped two complementary techniques for following the
Solar System typically evolve these planetesimals for 5-1Gycations of shock wave matter, a Lagrangian tracers tech-
million years before introducing Jupiter and Saturn. How-pique, and a color equation, identical to the continuity equa-
ever, Alan Boss has investigated an alternative model for thgon. with these tools, Foster and Boss were able to show
formation of Jupiter and Saturn involving gravitational insta-that petween 10% and 20% of the shock wave matter inci-
bility of the gaseous solar nebula. Boss proposes that by thigent upon a target dense cloud core is injected into the col-
method the two gas giants may have formed in as little agapsing protostar. The models show that injection proceeds
~ 10 years. If this was the case then the evolution of smallks 5 result of Rayleigh-Taylor instabilities in the shock-
planetesimals in the inner Solar System may have proceed%mpressed cloud boundary.
while enveloped in the solar nebula and under the gravita- A.G.W. Cameror(Harvard-Smithsonian Center for Astro-
tional influence of Jupiter and Saturn. Stephen Kortenkam@hysi(;s, Harri Vanhala(DTM) and Peter Fiflich (Univer-
has been working with Wetherill to investigate just such asjty of Texa$ studied the proposed triggered origin of the
scenario in order to determine whether the early presence ®olar system. The idea of an interstellar shock wave trigger-
Jupiter and Saturn helps or hinders terrestrial planet formang the formation of the Solar system has been suggested to
tion. He has modified the SWIFT N-body symplectic inte- explain the anomalous abundances of short-lived radioactivi-
grator to account for nebular gas drag acting on small planties detected in primitive meteoritic material. As part of his
etesimals. (SWIFT was developed by Hal Levison of pPh.D. thesis from the University of Oulu, Finland, Harri
Southwest Research Inst. and Martin Duncan of Queen’s Uvanhala used a three-dimensional Smoothed Particle Hydro-
Kingston, Ontario. Kortenkamp is using SWIFT to model dynamics code to study the interaction of an interstellar
the orbital evolution of planetesimals ranging in size fromshock wave with a molecular cloud core. The calculations
0.5 km to 2000 km radius. In these simulations the tendencghow that a molecular cloud core can be triggered to collapse
for gas drag to keep these planetesimals on concentric cdy an interstellar shock wave with a velocity of 20—-45 km/s.
planar orbits is overcome by the strong gravitational perturThe result also depends on the evolutionary state of the pre-
bations of Jupiter and Saturn. Early results show that relativémpact core. Highly evolved cores can be triggered at lower
encounter velocities among the planetesimals are in theelocities than less evolved systems, and they can also with-
range from 100 m/s to 1 km/s. These encounter velocities arstand higher velocities without being torn apart, while less
above the surface escape velocities of all but the largest plaevolved cores may fragment during impact and create bina-
etesimals used in the simulations. Impacts at such high veies and multiple star systems.
locities would inhibit the growth of Earth-like bodies in the  Boss studied the collapse and fragmentation of
inner Solar System. These preliminary findings suggest thanagnetically-supported, three dimensional, dense cloud
it may be difficult to grow the terrestrial planets and thecores undergoing ambipolar diffusion. Initially prolate
largest asteroids unless 100 km to 1000 km bodies exist inlouds that would collapse and fragment in the absence of
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magnetic effects were given additional support through theslose. The reported faint blue extensions and plumes in more
inclusion of the magnetic pressure term2(8w). Central  distant analogs probably have a similar origin. A paper has
field strengths on the order of 150G were found to be been submitted to the Astrophysical Journal.
sufficient to lead to a quasi-stable cloud. These magnetically- The relatively recent discovery of presolar grains in
supported clouds were then allowed to contract through thgrimitive meteorites, some of which are large enough for
simulated effects of ambipolar diffusion, leading to rapid precise isotopic measurements on individual particles, pro-
collapse. Even with timescales for ambipolar diffusion asvides a novel means of probing both stellar and Galactic
long as 10 to 20 free fall times, fragmentation still occurred.evolution. C. Alexander, L. Nittler and J. Wang are develop-
The main effect of the magnetic support was merely to delayng @ new, highly automated technique, utilizing the Carn-
the onset of cloud collapse and fragmentation. egie ion microprobe, for making large scale surveys of vari-
In the process of testing numerical hydrodynamicsous types of presolar grain. These grains come from a large
schemes against the analytical solution for the Sod shocRumber of stellar sources. Large, unbiased surveys will pro-
tube problem, Elizabeth Myhill uncovered a finite- vide information on(1) the relative dust production rates of
differencing variation that considerably improved numericalvarious types of source?) the details of the nucleosynthesis
stability in the presence of shocks. Boss then tested thil}) these starg3) identify rare subtypes, and) the Galactic
variation in his 3D hydrodynamics codes, and found that théhemical evolution of some elements.
seemingly minor variation significantly improved the nu-
merical stability, allowing larger time steps to be taken. Bos&?-4 Dynamics and Evolution of Galaxies
thereupon_ recomputed all of _the magnetic cloud collapse Bryan Miller, Franois Schweizer, Bradley Whitmore
models with the improved version of the code, and was abl?STSc[), and Michael Fal(STSc) continued their efforts to
to compute the models to later times. study young star clusters in galaxy merger remnants. They
Kenneth Chick and Boss began research on the developgentified 499 cluster candidates HST WFPC2 images of
ment of a 'pOV\{e_rfuI. new .protost.ellar hydrodynamics codeye young merger remnant NGC 7252. BasedJBWV | col-
based on implicit time differencing rather than the com-q s “these cluster candidates can be divided into three groups:
monly used exp!|C|t time differences. The new code should(l) very young objects with ages less than 10 Myr associated
allow the evolution of, e.g.,.protost(?:-IIar disks to be calcu-ith the central gas disk2) approximately 700 Myr old
lated for unprecedented periods of time. _ clusters that were probably formed during the merger; and
John Graham has concluded his spectroscopic study of thg) the brightest of the old+ 15 Gyp clusters from the two
3 micron ice band absorption which is produced by ice-progenitor galaxies. These objects have effective radii simi-
covered dust grains around young, recently formed stars. Kar to those of typical globular clusters, yet the cluster lumi-
paper is in press. A comparison is made between the profilesosity function is a power law of slope~ — 1.8 down to the

produced around embedded young stellar objects like HRompleteness limit a¥=26. The specific cluster frequency
100 IR and the now visible FU Orionis star V346 Normae.for clusters with masses greater tharf 1, is currently

The ice band in V346 Nor has a weaker long wavelengths =0.5+0.1, but will — after the remnant has faded for
wing than in HH 100 IR. It matches well a profile observed — 15 Gyr — increase to about 2.5. This value lies in the
in Elias 13 that lies behind the Taurus dark cloud and leadgange ofS,, for field ellipticals. Therefore, after several Gyr

to the conclusion that the line of sight to V346 Nor passesNGC 7252 may begin to resemble field ellipticals even in its
through quiescent intracloud material rather than through thglobular-cluster population.

dense dust observed in cloud cores. Fine structure in the whitmore, Miller, Schweizer, and Fall analyzetST ob-
ice-band wing, due to €H stretch absorption to C#0H  servations of the globular-cluster systems in the two dynami-
absorption is observed in HH 100 IR. cally young elliptical galaxies NGC 3610 and NGC 1700. A
Graham has found evidence for shock-induced star formasearch for intermediate-age globulars formed during merger
tion in the NE radio lobe of the nearby radio galaxy Centau-or accretion events yielded a population of about 70 candi-
rus A (NGC 5128. A gas cloud, recently detected in H |, is dates in NGC 3610, but few or none in NGC 1700. In the
impacted by the adjacent radio jet to the extent that cloudormer galaxy, the clusters are 0.2 mag redde¥inl and
collapse is triggered and loose chains of blue supergiant stags7 mag brighter iV than typical old, metal-poor globulars.
are formed. Diffuse clouds and filaments of ionized gas hav@oth the color and magnitude differences are consistent with
been observed near the interface of tH | cloud and the an age of 4-2.5 Gyr for these clusters, in good agreement
radio jet. These show velocities which cover a range morevith age estimates of-4 Gyr for a past merger in NGC
than 550 km s'. Line intensities in their spectra are char- 3610 based on the galaxydBV colors. Therefore, NGC
acteristic of a shock-related origin with strofly 1] and 3610 may represent a crucial “missing link”” between young
[S I] relative to Hx. The[O llI]J/He line ratio indicates a merger remnants and old ellipticals. Further observations of
large range in excitation which is not correlated with veloc-this interesting elliptical are planned fetST Cycle 7.
ity. Distinct from this component is a group of 4 apparently  Miller and Fall used the luminosity functions and colors
normal H Il regions which are excited by embedded youngof the cluster candidates in NGC 7252 and NGC 3921 to
stars and whose velocities are very close to that of the H investigate the shape of the cluster mass function. All old
cloud. Star formation will continue for as long as the gasglobular cluster systems have a Gaussian-shaped luminosity
cloud remains close to the radio jet. The loose chains of bluéunction while young cluster systems have power-law lumi-
stars in the area are resolved only because NGC 5128 is swsity functions. Yet, for any spread in ages that reproduces
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the observed color distributions, simulated clusters drawn For 14 of these Virgo galaxies, types E/SO to Sc, Rubin,
from a lognormal mass function do not match the observedenney, and Young1997 have detected small, rapidly ro-
power-law luminosity functions. On the other hand, simula-tating circumnuclear gas disks, kinematically distinct from
tions using a power-law cluster mass function reproduce théhe outer disk. These disks extend about 3 or 4% of the outer
observations extremely well. This implies that the physicaldisk isophotal(Rys) radius, with a mass of about 4% of the
processes that form young star clusters are scale-free. mass interior to B, and a rotation velocity approximately
Miller, along with Whitmore, Harry Ferguson, Massimo equal that of the outer disk. We estimate that up to 50% of
Stiavelli and Jennifer Mack from STScl, and Jennifer Lotzbright disk galaxies in Virgo may contain such structures.
(JHU) are continuing analysis of data from a Hubble Space Rubin, postdoctoral fellow Bryan Miller, Kenney, Brad-
Telescope snapshot survey of dwarf ellipti¢dE) galaxies. ey Whitmore, STScl, and Hubble Fellow Laura Ferrarese
In a sample of 25 galaxies we find that nucleated dE’s havéCaltech are completing analysis of HST V and | images of
higher globular cluster specific frequenci&g than non- 7 Virgo galaxies, 5 of them chosen from the 14 galaxies with
nucleated dE’s. Also, the value 8, in the nucleated galax- Ccircumnuclear gas disks. For one of these, NGC 4&25,
ies is more like giant ellipticals than spirals or irregulars.HST nuclear spectra from the Faint Object Spectrograph
Finally, many of the “nuclei” are offset from the geometri- Were obtained and are being analyzed.
cal centers of the galaxies. These may be the most massive Stacy McGaugh devoted most of his effort to the interpre-
globular clusters that are still being dragged into the centerdation of the rotation curves of low surface brightness galax-
Therefore, we may be witnessing some process associaté®p. These data, obtained collaboratively with Erwin de Blok
with nucleus or bulge formation. and Thijs van der Hulst of the Kapteyn Astronomical Insti-
Schweizer and Patrick Seitzét). Michigan) continued ~ tute at the University of Groningen, show that low surface
their spectroscopic studies of merging galaxies and globuldfrightness galaxies have severe mass discrepancies. Unlike
clusters in them. The analysis of spectra of 8 candidatéh® case of high surface brightness galaxies where much of
young globular clusters in NGC 7252, reported on last year'Ehe inner rotation can at_least |n_pr|nC|pIe be attributed to the
was completed. Seven of these clusters show strong Balméfminous disk(the “maximum disk” hypothesis low sur-
absorption lines indicative of ages of about 200—600 Myr,face brightness galaxies show large mass discrepancies right
while the eighth — lying in a known H Il region — features rom the center. . _
emission lines and is likelys10 Myr old. The metallicities __ 1hiS Situation makes low surface brightness galaxies an
of the two bright clusters NGC 7252:W3 and W6 can beld'eal Iabqratpry for testing .theorl.es.of'galaxy format|on..
measured from spectra covering rest wavelength§'”ce their disks are d_ynamlcally |nS|gn|f|cant, the data di-
AN3515-5480 A and are approximately  solar rec_tly tra(_:e the p_otentlal of the putatlye dgrk matte_r halo.
(Z=1.0fé'g Zo). The line-of-sight velocity dispersion of This fact is now widely _recognlzed and is being epr0|ted_ by
the 8 clusters is 147 km™$, similar to that of the globular NUMErous groups working on the theory of galaxy formation.
clusters in NGC 5128 and indicative of a moderately massiv&"€ Important result is that the density distribution of halos
host galaxy. These spectroscopic results further support tHa€dicted by the popular cold dark matter mogtak “NFW
notion that the merger of two spirals in NGC 7252 triggered'@/0") IS clearly not consistent with the data.
the formation of a new subsystem of globular clusters of McGaugh has examined a wide variety of possible galaxy

roughly solar metallicity. Spectra were also obtained with thd®'Mation scenarios. No dark matter based theory correctly
Hiltner 2.4-m telescope of candidate globular clusters in th nticipates the observations. Indeed, severe fine-tuning prob-

merger remnant NGC 3921 and the elliptical galaxy NGCems_a_rise in any_dark matter dor_ninf_;lted scenario. Rather
1700. In the latter, the bright point source 20nbrth of the surprisingly, there is one theory which is not only consistent

nucleus is a galactic foreground star, as already suspectgﬂth the data, but which accurately predicted all of its essen-

from HST observations by Whitmoret al. (1997. tial aspects: the modified force law “MOND” hypothesized

Several years ago, Vera Rubin, in collaboration with Jef-by M. Milgrom as an alternative to dark matter. Exhaustive

frey Kenney(Yale University, completed an observing pro- review of the literature has uncovered no clear empirical evi-

gram to obtain spectra and measure rotation curves for aboﬁj?nce which contradicts the possibility that in fact MOND,

100 galaxies in the Virgo cluster. In the last few years, Rubinrather than dark matter, is the solution to the mass discrep-

and Kenney, along with colleagues Pere Pland¥a&bes, ancy problem.

Spain, Judith Young(Univ. Mass. Amherst and Rebecca

Koopmann, (Yale Ph.D. 199Y, have combined imaging,

long slit spectroscopy, and CO interferometry to study the2 5 The Extragalactic Distance Scale

highly disturbed Virgo galaxies, NGC 4438h), NGC 4435

(SBO), and NGC 4424Sa. John Graham continues his active participation in the
Rubin and student Andrew H. Waterman, MontgomeryHubble Space Telescope Key Project Team which is in-

Blair High School, have now prepared for publication a com-volved in the determination of the extragalactic distance

pilation of the data for these Virgo galaxies. Major axis ve-scale. W. FreedmafOCIW), R. Kennicutt(U.Ariz) and J.

locity data exist for 90 galaxies; 14 other galaxies have onlyMould (MSSO are the Pls in this effort. Graham was the

nuclear or no emission. Rotation curves are formed for 77ead investigator in the study of the Cepheid variable stars in

galaxies, and minor axi®r other off-nuclear velocitigsare  the barred spiral galaxy NGC 335%Messier 9% which is a

available for 46. member of the Leo | group of galaxies. A true distance
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modulus of 30.01+ 0.19 mag was derived corresponding to  of Presolar Materials, ed. E. Zinner, New York: AIP, in

a distance of 10.05- 0.88 Mpc. This work is now pub- press.

lished. de Blok, W.J.G., McGaugh, S.S., & van der Hulst, J.M.
Caleb Fassettsummer intern, Montgomery Blair High 1996, HI Observations of Low Surface Brightness Galax-

Schoo) and Graham obtained from the HST public archive jes: Probing Low Density Galaxies, MNRAS, 283, 18—

the available images for the adjacent Leo | galaxy NGC 3368 54,

(Messier 96 and searched for variable stars. 14 likely Cep-de Blok, W.J.G., & McGaugh, S.S. 1996, Does Low Surface

heid variables were discovered. 6 could be identified among Brightness Mean Low Density? ApJ, 469, L89—L92.

the 8 discovered in an earlier study of the same material bye Blok, W.J.G., & McGaugh, S.S., 1997, Dark Matter in

Tanvir et al. The new photometry agrees quite well with | 4\ Syrface Brightness Galaxies Dark Matter in Gal-

their published data, but our new preliminary distance of ,.ias and Cosmological Implicationeds. P. Saluci & M.

10.3* 1.0 Mpc is somewhat smaller than their value and is Persic, Conference Series Vol. 11&SP Publications:
in closer agreement with the distance to NGC 3351 men- o F}ancisc)o op. 39-46 ' '

tioned _earlle_r. . . . . . Dermott, S.F. ... Kortenkamp, Sé&t al. 1996, Sources of
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