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This report covers research activities in the Department oThe SCAAMP facility now consists of an SGI Origin 2000
Astronomy and the High Energy Astrophysics group for thesystem with two 32 processor supermodules plus 4 develop-
period September 1997 through August 1998 inclusive. = mental processors with a total shared memory of 16.5 Gi-

gabytes and a peak collective speed of about 25 Gigaflops. A
1. INTRODUCTION Computer Automated Virtual Environmerior CAVE) is

The Astronomy Faculty at Indiana University consisted ofalso available for visualization of scientific results.
Professors: Haldan N. Cohn, Richard H. Durisen, R. Kent SpectraBot, a new 1.25-m telescope at a site 16 miles
Honeycutt(Chain, Phyllis M. Lugger, and Stuart L. Mufson; north of campus, was completed in the spring of 1998 under
Assistant Professors: Constantine P. Deliyannis and Michadhe general direction of Honeycutt. The facility is to be used
J. Pierce; and Professors Emeriti: Martin S. Burkhead, Frankor unattended synoptic imaging and spectroscopy, in order
K. Edmondson, and Hollis R. Johnson. Other department0 sample long-time-scale phenomena whose study is im-
members included Postdoctoral Fellows: Gordon Drukierpractical using conventional telescope scheduling. In the
Jeanette L. Miller, and Jeffrey W. Robertson; Visiting Re-summer of 1998, SpectraBot was used for photometry of
search Scholar: Tae S. Yoon; and Research Associate: Theataclysmic variable stars during the evaluation and commis-
mas Y. Steiman-Cameron. Brice R. Adams, William R.sioning of the telescope. It was concluded that the optics
Kopp, Richard LeBeau, and George W. Turner were memmust be re-figured, and they have been recently removed for
bers of the technical staff; Cathy N. Chamberlin and Brenddhat work. Parks and Honeycutt998 described the novel
S. Records were the office staff. Graduate Students in theirror supports for SpectraBot, and Honeycutt, Robertson, &
Department during the year were: Robert C. BerringtonPier (1998 discussed the echelle spectrograph for the new
Todd C. Hillwig, Thomas D. Hunt, John Jurcevic, Robert telescope. This spectrograph was originally installed on the
Link, Steven J. Margheim, Annie C. Mejia, John Pescott,WIYN telescope using a fiber-feed head designed for that
Brian J. Rebel, Adam W. Rengstorf, Shawn D. Slavin, Aaronpurpose. This fiber-feed head is now devoted to DensePak,

J.B. Steinhauer, and Robin M. Tripoli. an integral field spectroscopy unit on WIYN described by
The High Energy Astrophysics group at Indiana Univer-Barden, Sawyer, & Honeycu(il998.
sity is an interdepartmentalAstronomy and Physigsre- The High Energy Astrophysics group has continued its

search group with faculty: R.M. Hein®Physics, S.L. Muf-  participation in the MACRQ(Monopole, Astrophysics, and
son (Astronomy), J. Musser(Physicg; Senior Scientist: C. Cosmic Ray Observatoyyexperiment in the underground
Bower; Postdoctoral Fellows: R. Hatcher and J.L. Miller; Gran Sasso Laboratory in Italy. This experiment is a joint
Graduate Students: A. Bhattacharyya and A. Hawthorne. Mitalian-American collaboration designed to search for GUT
Gebhard and G.W. Turner were staff members; C.N. Chammonopoles and other fractionally charged superstring par-
berlin, B.S. Records, and J. Williams provided secretariaticles, and astrophysical sources of muons and high energy
support. neutrinos. In addition, MACRO continues its search for the

The Bachelor of Science Degree in Astronomy and Astro-neutrino signal from Type Il supernovae in our Galaxy and
physics was received by Katharine H. Brewer, Marcus Awill alert observatories around the world if one is detected.
Christie, and Anthony W. Foster. The Doctor of PhilosophyFurther, MACRO is investigating the composition of cosmic
Degree in Astronomy was received by Thomas D. Hunt.  rays in the range of £6-10'® eV/nucleon. The full detector

(10,000 nf sp) is now complete. It is expected that the de-

2. RESEARCH tector will operate until the year 2000.

The balloon flight program of the High Energy Astro-
physics group is currently involved with the HEA(High

Through an interdisciplinary collaboration involving 15 Energy Animatter Telescopeexperiment. The first HEAT
co-investigators from seven departments with cost-sharinfight took place in May 1994 from Ft. Sumner, NM. The
by various administrative units, Indiana University obtainedsecond flight took place in August 1995 from Lynn Lake,
a grant from the NSF Academic Research Infrastructure ProAlberta. These flights measured the cosmic ray positron
gram of the Computer and Information Science and Engispectrum in the range 5-50 GeV using a superconducting
neering Directorate to acquire and maintain an advancethagnet spectrometer, along with TRD detectors, a calorim-
multiple-processor computer and visualization facility. Theeter and time-of-flight detectors. In 1999, a redesigned ex-
collaboration is called Scientific Applications on Arrays of periment will be flown from Ft. Sumner to measure the abun-
Multiple Processor§SCAAMP). The SCAAMP Co-l.’s in- dance of low energy cosmic ray antiprotons.
clude four members of the Department of Astronomy faculty The High Energy Astrophysics group is nhow involved in
(Cohn, Durisen, Lugger, and Piejcepresenting three dis- an effort to expand the experimental reach of neutrino oscil-
tinct research projectéstar and galaxy cluster modeling, lation parameter space to include the region that best ac-
constraints on cosmological parameters from gravitationatounts for the peculiar atmospheric neutrino results obtained
lenses, and gravitational instabilities in protostellar disks by the SuperK experiment in Japan. This experiment, called

2.1 Instrumentation and Facilities
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MINQOS, will study muon neutrinos that have been directedmodel inner-edge regions long enough to span a plausible
to northern Minnesota from Fermilab. The experiment will ring system lifetime. For some parameter ranges, excellent
explore the neutrino mass region below 1 eV. This experiagreement is obtained with the older, slower code, but with
ment is approved and construction is expected to begin imbout 100 times fewer computations per time step. Recent

1999. MINOS will turn on in late 2002. calculations that go ten times further than the published ones
exhibit qualitatively new behaviors. Comparisons with the
2.2 Solar System observed ring features increasingly constrain uncertain input

physics. Future work with the new code will include more
realistic treatments of ring opacity, kinematic viscosity, and
ejecta distribution functions for meteoroid impacts.

Durisen, B.K. PickettNASA-Ames, and G.R. Stewart
(U. Coloradg have begun a collaboration to study whether
gravitational instabilities could have facilitated the formation
of the Earth’s Moon. Such instabilities are likely to occur in 23 Stars
the circumterrestrial debris belt produced around the proto--

Earth by a giant impact. Hydrodynamic simulations of giant Durisen, Pickett, and J.N. Imamur&. Oregon com-
impacts do not follow the material ejected into Earth orbitpleted linear analyzes of rotating polytropic equilibrium ob-
long enough to resolve the fate of the debris. Work byjects which correspond to the first and second equilibrium
Durisen and Pickett on protostellar gas digkse Section 2.3 cores expected during protostellar collapse. For a range of
below) shows that gravitational instabilities can transport an-plausible fluid stategsuch as adiabatic gases dominated by
gular momentum plus some mass outward. In the circumtemolecular or atomic hydrogérand plausible rotation laws
restrial debris belt, this may assist in placing enough materiale.g., collapse from a uniformly rotating, uniform density
beyond the Roche limit to make the Moon. A. Cameroncloud), the linear and nonlinear results for dynamic two and
(Harvard U) has supplied Stewart with the endstate datathree-armed Kelvin mode instabilities are in remarkable
from his most recent giant impact simulations. Pickett andquantitative agreement. It is known from nonlinear calcula-
Durisen are now developing techniques to construct fluidions that the spiral character of the two-armed modes leads
equilibrium models which match their mass and angular moto outward transport of angular momentum through gravita-
mentum distributions. With such initial conditions for their tional torques. As an extension of the published linear work,
3D hydrodynamics code, Durisen and Pickett hope to deterthe group is using the linear eigenfunctions to predict the
mine under what conditions the debris belt might becomeeffects of the gravitational torques. This could be important
unstable and what the consequences might be. If preliminarfor understanding how collapse of the “firsmolecular hy-
tests are promising, more realistic treatments of the debridrogen core is initiated under some conditions and may also
belt equation of stateEOS will be pursued. illucidate the nature of nonaxisymmetric states possible in

Chondrules, which are millimeter-sized inclusions foundrotating compressible fluids.
in many meteorites, were flash heated by energetic events of This same group, in conjunction with M. Bat€am-
unknown origin during the planetesimal building phase ofbridge U), A. Burkert(Max Planck Institute for Astronomy
Solar Nebula evolution. Laboratory studies by other re-A. Brandtl(MPE), and M.F. SterziKESO), has embarked on
searchers show that the thicknesses of the fine-graineal comprehensive multi-code study of one particular Kelvin-
mantles around chondrules in chondritic meteorites are pramode-unstable polytrope. State-of-the-art grid-based and
portional to the chondrule core radii. Durisen, Turner, andSPH hydrodynamic codes are being used at the highest prac-
G.E. Morfill (Max Planck Institute for Extraterrestrial Phys- tical resolution to determine the effects of different assump-
ics [MPE]) evaluated formation scenarios for chondritic me-tions about shock dissipation and heating on the outcome of
teorites based on constraints set by the mantle-thickness sythe instability. The purpose is two-fold: to learn more about
tematics, under the assumption that the fine-grained rims athe physics of a fundamental astrophysical instability and to
accretionary. A natural way to account for the trend is tolearn more about the limitations of various numerical
have chondrules deplete the available dust over a localizeschemes when treating dynamic stability problems.
volume in the time between chondrule formation and parent Pickett, Durisen, Link, and collaborators P. Cassen
body formation. This favors local chondrule formation (NASA-Ames and D. Woolum(Cal Tech are continuing
mechanisms, such as nebular shocks and lightening, wittheir research on gravitational instabilities in massive,
subsequent confinement to a limited volume of the Solarotationally-supported disks around stars using both an ap-
Nebula, rather than other popular scenarios which requireroximate analytic treatment and 3D hydrodynamic simula-
formation of chondrules near the Sun followed by transportions. The disk vertical structure and the star/disk boundary
over large distances to the parent body formation region. are fully resolved in the simulations. It is now possible for

Durisen is completing work on a faster numerical algo-them to create numerical star/disk models with a particular
rithm to simulate ballistic transport in planetary rings. Bal- targeted ToomreQ stability parameter distribution and to
listic transport is the net transport of mass and angular moevolve the system under a variety of assumptions about heat-
mentum due to exchanges of ejecta from hypervelocitying, cooling, and the equation of state. One particular star/
meteoroid impacts onto ring particles. Earlier papers by higlisk model withQ =~ 1.5 has been used as a starting condi-
group have shown that this mechanism can explain the prdion for 3D hydrodynamic stability studies. The disk is small
duction and maintenance of features seen near the innefwith an outer radius smaller than Mercury’s orbital semima-
edges of Saturn’s A and B Rings, including the edges themjor axis) and massivédisk mass about 40 to 50% of the total
selves. However, simulations published to date do not followsystem mass- 0.5My) and, withQ ~ 1.5, has realistic
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temperatures. The recent discovery of massive substelldotal system mass based on a protostellar cloud mass spec-
companions orbiting close£ A.U.) to solar-type stars has trum and then constraining the sum of the component
increased interest in the stability of such small, massive promasses, selected from another spectrum, to be equal to the
tostellar disks. selected cloud mass. The binary fractions and the mass ratio

Several 3D simulations have already been completed usdistributions for the decay products as a function of stellar
ing different assumptions about thermal equilibrium in themass group look promisingly realistic. Together with Pickett,
disk. These calculations demonstrate that the nonlinear béhey are presently exploring this further in the hopes of de-
havior of instabilities depends critically on thermal physicsfining realistic choices for the mass spectra in the two-step
and energetics. With assumptions equivalent to rapid energgrocess.
loss through cooling, the disks fragment into dense arclets X-ray selected wTTS(weak-line T Tauri Stapsshow
with substantial transport of mass and angular momentuntoronal emission which is several orders of magnitude
With shock heating and no cooling, on the other hand, thegreater than that of the Sun. Some of these objects are highly
instabilities are weak; the disk heats after only modest revariable and exhibit X-ray outbursts which resemble solar
structuring, and the instabilities die out. Future plans includdlares, but of much larger scale. Simultaneous multi-
the introduction of more realistic physics, including the mo-wavelength observations are critical for determining the lo-
lecular to atomic phase transition of hydrogen and opticallycation and mechanism producing the flares. Durisen and
thick radiative cooling. Indiana’s SGI Origin 2000 will be Hillwig in collaboration with R. Neuhaser and B. Stelzer
used to study these systems at higher resolution over longéMPE) recently completed a five night run on the WIYN
times and with this additional physics. The long-term goalstelescope where MOS Hydra was used to monitor the H
are to probe the conditions, if any, under which disks will spectral region of several known wTTS and flare stars during
fragment, and to characterize the long-term effects of gravitimes when ROSAT was performing pointed observations of
tational instabilities. To view some animations of results toX-ray emission. On one night there was also some overlap
date and for links to related Web sites, visit http:// with radio observations. A preliminary look suggests that
www.astro.indiana.edu/scaamp/projects/. several flares were detected in both the MOS Hydra and

Durisen and Sterzik are continuing their systematic studyROSAT data. A full analysis of the data will be made during
of the decay of nonhierarchical few-body systems. The prithe coming year.
mary application of this work is to the young stellar few-  Honeycutt, Hillwig, and Steinhauer, along with J.W. Rob-
body systems which form through the collapse and fragmenertson(now at Arkansas Teghcontinued to work on cata-
tation of interstellar clouds. This research is motivated inclysmic variable star$CV's) and related topics. The long-
part by the observation that many X-ray selected T Taurierm photometric monitoring program of the automated
stars are quite far from known SFR’s. One possibility is that0.41-cm telescopéRoboScopg at Indiana University was
these are “runaway” T Tauri staréRATTS) ejected dy- sustained, and several kinds of interesting and unexpected
namically with large speeds £ 5 km/9 from decaying photometric behaviors revealed by RoboScope were studied
few-body systems of young stars. Durisen and Sterzik havépectroscopically. Examples include spectroscopic studies at
now producedN-body simulations which follow the com- the WIYN Observatory for PG1066667 (Hillwig, Robert-
plete decay of cold spherical systems where the effects of 80N, & Honeycutt 1998 V794 Agl (Honeycutt & Robertson
realistic initial mass functiolMF) are included. Initial con- 1998, PG1114-187, X Ser, V630 Cas, and others. Other
ditions are constrained according to known properties of moCV work included studies of high-state/low-state photomet-
lecular cloud cores and to available results of hydrodynamidic behavior in V Sge(Robertson & Honeycutt 1997 a
collapses. Dynamical biasing causes preferential ejection dhegative search for collimated jets in bright CVisiillwig,
the lowest mass stars included in the IMF. So the vast maLivio, & Honeycutt 1998, recovery of several historical no-
jority of true RATTS are likely to be very low-mass stars or V@€ using WIYN spectroscopy and imagifgobertson &
brown dwarfs. Nevertheless, the heavier remndntestly ~ Honeycutt 1998 multi-wavelength studies of short-
binaries and stable triplesand the heavy stars that are outburst-cycle SU UMa systemSzkodyet al. 1997, and
ejected as singles can have substantial mean spe@dtsn/s ~ collaborative studies of SX LM{Wagneret al. 1998 and
which add stochastically to the random motions of their pablazars(Sillanpazet al. 1997, Dietrichet al. 1998. Also, the
rental clouds, enhancing the diffusion rate out of SFR’'sbest(and perhaps onjyexample of a historical nova that
Sterzik and Durisen are currently extending their calculation§oW has dwarf nova outbursts, Nova Her 1960/446 Her,
to include systematic velocities and elongation or flatteningvas discovered and studigdoneycuttet al. 1998
of the initial fragment systems. With P. Krougd. Heidel- One of the underpinnings of the limit cycle theory for
berg and B. Elemergree(TJ Watson Research Centehey dwarf nova(DN) outbursts(OB’s) is the dependence of the
will consider how few-body decay might differ in a clustered outburst behavior oM, the mass transfer rate from the red
star formation environment and how the dynamics of clusdwarf. Several observational tests of filedependence have
tered star formation might be affected by fractal distributionsbeen made using long-term CV photometry. First, do old
of the initial positions and velocities of the stars. novae and nova-likeeNL's) ever have outbursts, and if so

In the course of constructing few-body systems with real-do the OB’s occur when the system is faint? Yes, OB’s are
istic mass distributions, Durisen and Sterzik found that asometimes preseriHoneycutt, Robertson, & Turner 1998
two-step selection of stellar masses seemed to match the olbhey resemble the OB’s of DN's in width and spacing, but
served IMF rather easily. The two steps involve picking athe amplitudes are only about 0.7 mag. The occurrence of
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these “stunted” OB’s is not correlated with system bright- at least 100 times smaller than the Be overabundances. These
ness. Second, do VY Scl stars have DN OB'’s during high-novel observations of a hitherto unobserved nuclidargue
state/low-state transitions? The tentative answer igijlea-  against a nuclear origin for the Be overabundance since that
eycuttet al. 1998, but more and better data are needed to bevould create an observable Li abundance as well and b
sure. Third, are Z Cam stars brighter at standstill than duringrovide yet another means of constraining the internal stellar
outbursting intervals? By fitting splines to outbursting inter-physical procesgor processesresponsible for the Hg-Mn
vals in both RoboScope and AAVSO data for five Z Camphenomenon in hot, A stars.
stars, we findwith the exception of SY Cncahat the stand- A. BoesgaardU. Hawaii), J. King (STSc), Deliyannis,
stills in Z Cam’s are as bright or brighter in V than the meanand S. Vogt(UC Santa Crugstudied the evolution of oxy-
brightness during outbursting intervalddoneycutt et al.  gen (the third most abundant element after hydrogen and
1998. The situation with the “stunted” OB'’s in the old helium) in our Galaxy. The determination of the abundance
novae and NL's is complicated and yet to be resolved withof oxygen(O) is important in our understanding of mass-
regard to outburst mechanism. If we assume that thesgpectrum of previous generations of stars, the evolution of
“stunted” OB’s are mass transfer events, then the overalthe Galaxy, stellar evolution, and the age-metallicity relation.
conclusion from these studies is that long-term CV photom-O was measured in 24 unevolved stars with Keck | HIRES
etry supports the limit cycle theory. observations of the OH lines in the ultraviolet spectral region
Steiman-Cameron continued his study of the role of gravi-at a resolution of 45,000 & 3 pixel9 and typical S/N~
tational instabilities in controlling the early evolution of the 60-110 per pixel. Very special care was taken in determining
Solar Nebula. This work is examining in detail how gravita- the stellar parameters in a consistent way, using two different
tional instabilities manifest themselves in protostellar diskgplausible temperature scales. The O abundance from OH
and how spiral density waves, produced by these instabiliwas computed by spectrum synthesis techniques for all 24
ties, affect the disk’s physical and thermal structure. Thestars plus the Sun, for which a Keck spectrum of the daytime
goals of the research are to understand how the interactiorsky was used. In addition, O abundances from@hl triplet
between gravitational, rotational, and other forces determinavere determined with the same stellar parameters and the
the time-dependent configuration of the Solar Nebula and tpublished equivalent widths of the tleré | lines from six
analyze the mechanisms by which spiral density waves in theources. The comparison of data analyzed with the same,
nebula lose energy and redistribute angular momentum.  consistently-determined parameter sets show generally ex-
Currently, Steiman-Cameron, Cassen, and G. Laughlicellent agreement in the O abundances; differences in the
(UC Berkeley are involved in a systematic study of the origin of the modelgnot the parametersnay result in abun-
properties of excited low-order spiral density waves, includ-dance differences of 0.07 to 0.11 dex. It was shown that the
ing their propagation and dissipation, and an examination o® abundances from OH drO | are reliable and independent.
the coupling between low and high-order modes. These reAveraging the two has the great benefit of neutralizing un-
sults will lay the groundwork for a study of dissipation by certainties in the parameters since OHi & | strengths de-
high-order modes and an analysis of mode saturation of lowpend onT.¢; and logg in opposite directions.
order modes mediated by high-order mode dissipation. This For these cool, unevolved stars, it was found that O is
work will provide critical information required to solve the enhanced relative to Fe with a completely linear relation be-
set of equations governing the evolution of gravitationallytween[O/H] and[Fe/H] over three orders of magnitude, with
unstable disks. very little scatter. Taking the errors into account, the follow-
The chemically peculiar stars which inhabit the uppering relation is found{O/H] = 0.66( = 0.02[Fe/H] + 0.05
main sequence exhibit very extreme enhancements and defi-+ 0.04). The O abundances from 76 disk stars of Edvard-
ciencies of several, seemingly unrelated elementsssonet al.(1993 have a measured slope of 0.@@entical to
Radiatively-driven diffusion is, most likely, the primary our halo dwarf stagsand fit this relationship smoothly. The
cause of these anomalies, although other mechanisms maglation betweerfO/Fe] and [Fe/H] is robustly linear and
also be important, such as mass loss and various kinds shows no sign of a break at metallicities between -1.0 and
mixing. Only by examining as many elements as possible2.0, as has been discussed by others. At low metallicities,
will a cohesive theory explaining these abundance odditiefFe/H] < -3.0,[O/Fg] > +1.0. This fit is[O/Fe] = -0.35
materialize. To this end, A. Stepheft$. Hawaii) and Deliy- ( = 0.03[Fe/H] + 0.03( = 0.05. The enrichment of O is
annis studied high resolutiofiR =~ 62,5000~ 2.5 pixel9 probably still from massive stars and Type Il supernovae;
low noise(S/N ~ 120 per pixel spectra of the region con- however, the absence of a break[iD/Fe| vs [Fe/H] runs
taining the Li | 6708 resonance doublet, taken at the Univereounter to traditional galactic evolution models, and the in-
sity of Hawaii 2.2-m telescope and Coude spectrograph, oferplay of supernovae of Type Il and Type la in the produc-
two Hg-Mn stargHR 6158 & HR 891% whose atmospheres tion of O and Fe should be re-examined. It appears that ei-
contain an inordinate amount of berylliutBe). While the  ther Fe or O can be used as a chronometer.
LTE concentration of Be is several thousand times larger Using the same Keck | HIRES spectra just described,
than cosmic(A(Be) ~ 1.27) in both stars, lithium(Li) is Boesgaard, Deliyannis, King, S. RyaAAO, RGO), Vogt,
detected in neither HR 6158 nor HR 8915 at the 3 sigmand T. BeergMichigan Stat¢ studied the evolution of be-
(99%) confidence level. The calculated upper limits place theyllium (Be) in the Galaxy to enhance our understanding of
maximum Li enhancements at 50 and 80 times cosmithe chemical evolution of the Galaxy, cosmic ray theory, and
(A(Li) =~ 3.23 for HR 6158 and HR 8915, respectively, or cosmology. The Be abundances were foupfi@nm the mea-



128 ANNUAL REPORT

sured equivalent width of the relatively unblended Be Il line of slow mixing, both Li and Be are depleted simultaneously,
at 3131 Angstroms with an analysis that included 11 wealat a rate that depends on how the mixing is done. For ex-
atomic and molecular lines near that wavelength gniidosn ~ ample, in the models with wave-driven mixing, mixing is
spectrum synthesis which included newly-derived enhancedonfined fairly close to the surface, so Li goes down much
O (relative to Fg, as discussed above, in the synthesis calfaster than Be. In the models with rotationally-induced mix-
culations. The two methods are in excellent agreement. Thimg, the mixing is more extensive, so Li goes down more
following straight-line fits were found: logf8e/H) = 0.96  slowly compared to Be, though though still faster than Be. It
( = 0.04[Fe/H] - 10.59( = 0.03), and logNBe/H) = 1.45 was pointed out that the star 110 Her might be especially
( = 0.09[O/H] - 10.69( = 0.04). While it would seem that important. This star is depleted in Be by a factor of 5-10 and,
Fe and Be increase at the same rate, Be increases faster thaat its still contains detected Li, which is in turn depleted by
does O. Traditional models, where energetic cosmic rays ina factor of 100-200. Such a depletion pattern requires spe-
teract with ambient CNO nuclei in the interstellar medium tocific circumstances; this star could very well be the smoking
produce Be, are consistent with this finding, as long as cergun of the responsible mechanism. If 110 Her is representa-
tain chemical evolution effects&such as mass outflow from tive, then both mass loss and diffusion are argued against,
the halg are taken into account. However, models predictingand slow mixing is strongly favored.
a linear relationship between Be and O, such as those pro- Following up the original suggestion of Deliyannis and
ducing Be in the vicinity of Type Il supernovae, are lessPinsonneault, a survey was undertaken to study Li and Be
consistent with this result. There is still no evidence of aabundances in solar-type stars, to ascertain how common the
primordial Be plateau down to logBe/H) = -13.5. 110 Her phenomenon might be. Deliyannis, together with
Once again using the Keck | HIRES spectra describedoesgaard, A. Stepheri§). Hawaii), King, Vogt, and M.
above, J. CrawfordU. Texas, C. SnedenU. Texas, King, Keane(CTIO) reported first results of this survey based on
Boesgaard, and Deliyannis studied the evolution of silvelLi data from the University of Hawaii 2.2-m telescope
(Ag) in the Galaxy. The resonance lines of neutral Ag neart+Coude(R ~ 80,000 and Keck | 10-m telescope HIRES
3280 and 3382 Angstroms were identified in halo stars witHR ~ 45,000; S/N~ 800-1500 per pix¢) and Be data from
metallicities -1.3= [Fe/H] = -2.3. This represents the first the Canada-France-Hawaii 3.6-m telescepésecko (R ~
detection in metal-poor stars of an element in the atomid20,000 and Keck |+ HIRES. 110 Her is not unique. The
number range 4 Z < 55. The mean relative silver abun- program stars with both Li and Be detected shgw.iaand
dancegAg/Fel is ~+0.2, with little star-to-star variation. Sil- Be depletion are closely correlated andsiirface Li dimin-
ver abundance upper limits in other metal-poor stars are corishes more rapidly than does surface Be. The remaining stars
sistent with this mean value. The modest overabundance ofith upper limits are consistent with this trend. These results
silver is similar to the overabundances in this metallicity suggest that simultaneous Li and Be depletion is a normal
range exhibited by other neutron-capture elements whosgrocess that F stars and early G stars undergo. The Li-Be
primary nucleosynthesis origin is the r-procésach as eu- trend argues strongly against the mass loss and diffusion
ropium and dysprosiuim mechanisms and strongly supports slow mixing as the cause
Standard stellar evolution predicts that late F stars shouldf the light element deficiencies. Moreover, models with
have essentially retained their initial surface Li abundanceotationally-induced mixing are in better agreement with the
because their convection zones are too shallow to destroy itata than models with wave-driven mixing. The conclusions
at their base. Yet observations reveal Li depletions, somealso support the idea that rotationally-driven mixing has de-
times quite severéhe “Li gap”). Several physical mecha- pleted the Li abundances of halo dwarfs from a higher pri-
nisms, which are not usually included in stellar evolutionmordial Li abundance, with implications for testing models
calculations, have been proposed to account for the Li deplesf BBN. Work is ongoing with the remainder of the survey.
tions. These mechanisms include mass loss, microscopic dif- The Goddard High Resolution Spectrograph on HST has
fusion, and various types of slow mixing driven by either been used to observe the bor(®) | region at 2497 Ang-
waves or rotation. Identifying which of thesgi# any) might  stroms in a subset of the stars discussed above that are se-
really be at work not only is of vital interest to advancing our verely depleted in Li and/or Be. Boron is sturdier than either
knowledge of stellar interiors but also may have serious imLi or Be, and thus provides complementary information.
plications in other contexts, such as in evaluating the big8oesgaard, Deliyannis, King, and D. Lambéd. Texas
bang Li abundance, and its implications for testing models ofound a nearly constant B abundance in F and G stars. This
big bang nucleosynthes{8BN) and cosmology. Deliyannis argues against diffusion and is consistent with the above ar-
and M. PinsonneaultOhio Staté followed up on a sugges- guments against mass loss and in favor of slow mixing. Fur-
tion they made earlier and brought attention to Be observathermore, constraints are placed on the effectiveness of mix-
tions in late F stars, proposing that such observations armg in layers below the Be preservation region. Six stars with
crucial for discriminating between scenarios. Be survives tdFe/H] from -0.75 to +0.15 have Be abundances ranging
about twice the depth that Li survives. It was argued thatfrom the maximum of the sample to a factor of 4 below the
while all proposed mechanisms can produce a Li gap, eactmaximum, yet these stars have a B/Be ratio that is constant
leaves a different Be signature. In the case of mass loss, aib within = 0.10 dex and that is close to the predictions of
the Li must be depleted before any measurable Be gets d&alactic cosmic ray spallation of 10-15. The Be range for
pleted. In the case of diffusioffor the cool side of the Li four stars with solar metallicity is still a factor of 2, and yet
gap, Li and Be depletion occurs at similar rates. In the casehe B/Be ratio is constant to within: -0.03 dex. These re-
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sults imply that the Galactic cosmic ray production of B andprofile. The quality of the fit substantially exceeds that of
Be is not uniform relative to the production of elements suchstandard multi-mass King models. The Fokker-Planck model

as Fe by stellar nucleosynthesis. fits suggest that significant tidal mass loss has occurred in the
outer regions of NGC 6397. Murphy, Cohn, Lugger, and
2.4 Star Clusters Drukier have developed a refined set of 20-mass-group

Fokker-Planck models to fit the most current data sets for

U )Lgogr?t?nrﬂg doramp;rlcj)g;{a(f\rt’ossg\g?h:r\]/(\jll\B(NV\/téll\ggcr:%IgBéuttéegtu d M15, including HST Faint Object Camera star counts from
' ySosin & King and the outer velocity dispersion profile deter-

the global dynamics of globular clusters. The Hydra multi-

object spectrograph is used to obtain high-accuracy stellam'%edlz_romCWLYN OZSEN&“O”S' ted Its f bench
velocities over a radial range extending from the inner arc- rukier, -ohn, and Lugger reported resuts from a bench-

minute to the tidal radius. Drukiest al. (1998 report a new mark anisotropic Fokker-Planck simulation of an isolated

determination of the outer velocity dispersion profile of M15. globular clusteDrukier et al. 1998 Their code follows the

They observe a striking flattening and possible upturn in th(§tellar orb?tal angular momeqtum distributiop, as well as the
outer halo ¢ > 7'). This finding provides evidence for tidal stellar orbital energy distribution, thus allowing the develop-

heating of the cluster halo by the galactic tidal field and isent of velocity-space anisotropy. An investigation of long-
consistent with recent simulations of tidal mass loss by gal€'™M. Post-collapse evolution indicates that strong anisotropy

lactic satellites. Over 300 velocities have been obtained fofl€V€loPs in the outer halos of isolated clusters and that this
M92 and 120 velocities have been obtained for M56. Thd©€sults in much faster halo expansion than is seen in more
analysis of the M92 data is complete and indicates that th@PProximate isotropic simulations. There is a strong accel-
outer velocity dispersion profile behavior is similar to that in €ration of the halo expansion at the time of the first core

M15. The next target for this program is M13, and a |argecollapse, indicating a close connection between the evolution
3-color Washington photometry mosaic of this cluster haof the core and outer halo. Frequent stellar encounters in the

been obtained in order to select candidate members in tHi€NSe core rapidly boost stars to large orbital apocenter dis-
halo for Hydra spectroscopy. tances on highly elongated orbits. These orbits provide an

Lugger and Cohn continued their participation in a col-€fficient energy and mass transport conduit between the in-

laboration with J. GrindlayHarvard, C. Bailyn (Yale), and ~ N€r and outer regions.

A. Cool (San Francisco Statéo search for cataclysmic vari- _ Deliyannis participated in a study led by W. van Altena
ables(CV'’s) and other X-ray binaries in globular clusters (Yale U,), involving 26 authors, to determine the distance to
using HST and AXAF. HST WFPC2 and NICMOS images the Hyades cluster using the Fine Guidance Se(fs6S 3

of collapsed-core globular clusters are used to identify canOf the Hubble Space Telescope. Trigonometric parallax ob-
didate CV's based on photometric measures of hydrogen-lingervations of seven Hyades members in six fields of view
emission. Results from this program in the past year includeVere analyzed along with their proper motions to determine
(1) analysis of HST WFPC2 photometry of the central regionthe distance to the cluster. Knowledge of the convergent
of the nearby collapsed-core globular cluster NGC 6397, rePoint and mean proper motion of the Hyades is critical to the
sulting in the discovery of a fourth CV and three members ofderivation of the distance to the center of the cluster. De-
a new class of non-flickering UV-excess st4&ool et al.  pending on the choice of the proper-motion system, the de-
1998, (2) analysis of HST FOS spectroscopy of two CV's in fived cluster center distance varies by 9%. Adopting a
NGC 6397, supporting the conclusion that all four of therefernce distance of 46.1 pc or m-M3.32, which is derived
CV's discovered in NGC 6397 are magnetic systeid- from the ground-based parallaxes in the General Catalogue
mondset al. 1998, and(3) analysis of HST FOS spectros- of Trigonometric Parallaxe$1995 edition, the FK5/PPM
copy of a non-flickering UV-excess star in NGC 6397, indi- Proper-motion system yields a distance 4% larger, while the
cating that the star is a 0.28 ; helium white dwarf with a  Hanson system yields a distance 2% smaller. The HST FGS
possible binary companiofEdmondset al. 1998. parallaxes reported in this study yield either a 14% or 5%

Cohn, Lugger, Slavin, and Grindlay have continued thdarger distance, depending on the choice of the proper-
analysis of their WFPC2 UBV imaging of the centers of themotion system. Orbital parallax¢Eorreset al) yield an av-
collapsed-core clusters NGC 6284 and NGC 6293. Centrallgrage distance 4% larger than the reference distance. The
concentrated blue straggler populations are detected in bottriation in the distance derived from the HST data illus-
clusters. The typical blue staggler mass, estimated from th#ates the importance of the proper-motion system and the
spatial distribution of these stars relative to that of giants, igndividual proper motions to the derivation of the distance to
about twice the turnoff mass, i.e., about Mk, . Artificial ~ the Hyades center; therefore, a full utilization of the HST
star experiments are underway to assess completeness drdS parallaxes awaits the establishment of an accurate and
photometric accuracy. consistent proper-motion system.

Cohn and Lugger continued their participation in a col- Deliyannis continues programs to study lithium Li in
laboration with 1. King & C. Sosin(UC Berkeley, Cool, globular cluster dwarfs, with the purpose of evaluating both
Bailyn, and Grindlay to study the distribution of stars in the stellar interior and Galactic processes that may have affected
central region of NGC 6397. Cohn and Lugger have develthe Li abundances contained in the surfaces of these stars,
oped 20-group Fokker-Planck models for this cluster thatnd therefore estimates for the primordial big bang abun-
reasonably reproduce the behavior of the observed maskance. In collaboration with Boesgaard, Stephens, and King,
functions, surface density profile, and velocity dispersionresults in M92 have been published, and observations in
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M13 and M71 have been obtained and are being analyze®IYN. To date, data have been obtained for about 100 gal-
All of the data for these clusters were taken with the Keck laxies within each of the Coma, Perseus, and Abell 2199
10-m telescope. As was the case in M92, preliminary indiclusters. The rms scatter in the FP is found to be only about
cations in M13 are that there exist otherwise apparently ident0% in distance. This is about a factor of two smaller than
tical stars that have Li content differing by at least a factor ofthat found in most previous investigations and implies that
2-3. Together with J. Thorburf¥erkes Obg, M. Rich (Co-  much of the scatter in the FP was due to observational un-
lumbia U), E. Rubinstein(Yale U,), and J. Orocz(Penn certainties in the velocity dispersions. At larger distan@es
State, data were taken at the CTIO 4-m telescope with the~ 0.1), data have been acquired for about 50-80 galaxies in
Argus multi-object spectrograph in echelle mode for abouteach of three clustergAbell 98, 2065, 267D Cumulative

40 stars in NGC 6397. Analysis is ongoing and will include exposures of 10-14 hours were obtained to reach a signal-to-
other southern clusters in the future. Like the previous clusnoise comparable to that obtained in the nearby clusters.
ters, NGC 6397 also shows a scatter in Li at the sdg¥e.  Analysis of these data is currently underway, but the rms
Furthermore, stars past the turnoff agree remarkably wellcatter in the FP of these higher redshift clusters also appears
with field halo stars in that both sets of starseatablishaLi g pe only about 10% in distance.

plateau near the turnoff,) lexperience subgiant Li dilution Integral-field spectroscopy of nearby elliptical galaxies
by about a factor of 10-20 nediy; = 5400 K, g establish  has also been obtained at WIYN using “DensePak.”
a diluted plateau fronTe; = 5300 to 5000 K, and)dexpe-  pensePak consists of a 7x14 array of closely-packed fibers
rience sudden and severe Li depletion with giant branch evoynich are 3 arcsec in diameter and sample a:3045" re-
lution past 5000 K, which is probably relateditositu giant gion on the sky. By spatial resampling, the velocity disper-

branch mixing. sions of nearby galaxies can be measured over comparable
spatial scales as more distant systems and thereby avoid any
2.5 Interstellar Medium systematic errors which might arise from the use of a fixed-

sized slit/fiber. To date, data have been acquired for about 30

Hollenbach (NASA-Ames are continuing a study of the members of Coma Cluster and 20 members in each of the
i ) , 9 y .~ Virgo and Fornax clusters. Analysis of this data set is cur-
physical properties of the Galaxy's interstellar medium

(ISM) through analyzes of data obtained with the Cosmicrently in progress. One unexpected result has been the dis-

Backoround ExporeCORE satele. T efort comones. cover? 2 SO7TCA, el ssaning wit e coes of
detailed theoretical models of the interstellar mediugiV) P ' 9

of the Milky Way Galaxy with the satellite data to develop a ,?st f_:,hrcr)]vvthagglflcanit, nar\1/d| n itso;?el dca\?v?l? gra? artlc,t dr:azwa-
global model for many of the important physical character- ons 1ro € Laussian veloctly nelas ch characterizes

istics of the ISM(e.qg., thermal pressure of the diffuse ISM, ';_he larger scatlesbln thess lgaIaX|es. Ir|1terte_st|rgly, tTesg dexla—
heating/cooling rates, volume filling factgrsThe emphasis lons appear to be much less prevalent in lower iuminosity

here is on the cold neutral, warm neutral, and warm ionize&ys_;e_ms'th high . lative dist duced vi
components of the ISM. Intensities and line ratios in several ying the hign-precision refative distances produced via

atomic fine-structure transitions and CO rotational transition§hIS technique to the nearest clusters will enable these _results
observed by COBE'’s Far Infrared Absolute Spectrophotom:[0 be, placed upon ambsolute scaland hence enable a high-
eter (FIRAS) along with measures of the far infrared con- precision measurement of the H.ubble Constant. Pierce _and
tinuum radiation from COBE'’s Diffuse Infrared Background coI_Iaborators have recently o_bta_uned d_eep, |-t_>and HST im-
Experiment(DIRBE) will constrain the model. Currently, the aging of a nucleated dwgrf ellipticatlE) in th? Virgo Clus-
researchers are concentrated on determining the volurdg"- The tip of the red giant brandfTRGB) is a standard
emissivity of [C II] (158 um) and [N II] (205 um) as a candle_ln the I-band, prov!ded thEﬁe/H],< -0.7. Th|_s is
function of position within the Milky Way. A side product of essentially a modern version of Baade’s now classic result

this work has been the development of a model for the thred®” M31. Multi-color surface photometriJ,B,V,R,)) from

dimensional geometry of the spiral structure of the GalaxyW'YN is used to constraifiFe/H] using the calibration pro-

A paper dealing with this topic is near submission. vided by the Galactic globular clusters. The HST déita
full-orbit exposures easily reaches the TRGB, and maxi-

mum likelihood fits to the luminosity function yield a dis-
tance of 15.Z 1.5 Mpc. This distance agrees well with re-
Pierce has continued investigating the fundamental planeent HST Key Project results using Cepheids but is
of elliptical galaxiedFP) as a means for measuring distancescompletely independent. Ultimately, the TRGB method
to clusters of galaxies. The primary goal is to extend theshould provide the most precise distance to the cores of the
“local” measures of distance out to-z 0.1 and measure the Virgo and Fornax clusters given that the dE’s are more
Hubble ConstantH,) over these scales. The multiplex ad- strongly concentrated than are the spirals. Efforts are cur-
vantage offered by the multi-fiber spectrograph at WIYNrently underway to obtain similar data for additional dE’s in
(Hydra) allows data to be obtained for up to 60 galaxies at @hese clusters.
time. The spectroscopic data have a signal-to-noise ratio of Jurcevic completed his dissertation research, under the di-
about 50 and a velocity resolution of 50 km/sec, enablingection of Pierce, on Long-Period VariablékPV’s) in
velocity dispersions to be measured to a precision of 10 kmhearby galaxies. These stars are significantly more luminous
sec. New I-band surface photometry has been acquired usiramd more common that Cepheids and also follow a period-

Steiman-Cameron, M. WolfirdU. Maryland, and D.

2.6 Galaxies and Cosmology
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luminosity relation at near-infrared wavelengths. The goal ofscopic data sets for galaxy clusters that have been noted to
the study was to compare the distances which result frothave complex structure in X-ray or previous optical studies.
LPV’s with those of Cepheids for late-type galaxies whichThese data are being used to test the results oNtbedy
span a broad range in luminosity and metal abundance inluster simulations. Deep R-band image mosaics have been
order to test for any systematic effects which might signifi-obtained for A2256, A399, and A401. The Hydra Multi-
cantly affect either technique. The survey was based upo@bject Spectrograph has been used to obtain velocities for
imaging data acquired over several years using WIYN andpproximately 320 galaxies in A2256. A71, A104, Al154,
the KPNO 2-m telescope. The survey was restricted to @nd A2271 have also been observed.
galaxies in the M81 grougNGC 2366, 2403, 3031and S. Ryan(R. Greenwich O. and Deliyannis continued
M101 (NGC 5457, but periods were found for well over 100 their study of Li depletion in halo stars cooler than the Spite
newly discovered LPV’s. These data were combined withti plateau. Understanding whether or not the plateau itself is
photometry of known LPV's in the Galaxy, LMC, and M33 depleted(from a higher primordial big bang valueequires
(NGC 598. The distances to these galaxies derived fromthat we first understand how these cooler stars are depleted
LPV's agrees with those of Cepheids to within the observa{see also sections 2.3 Stars and 2.4 Star Clusters ai#fve
tional uncertainties. This in turn implies that the period-Stars were observed with the CTIO 4-m, AAT 3.6-m, and
luminosity relation of LPV's is a promising new tool for Keck110-m telescopes. These metal-poor stars are generally
measuring extragalactic distances and is comparable to Cepooler than the Spite plateau, where Li destructiom
heids in precision. dwarfg and dilution (in subgiant$ is expected. Iron abun-
Link and Pierce have completed the initial phase of theidances were also measured from the spectra. The dwarfs
investigation into the use of gravitational lens systems withShow steep depletion of Li by about 0.27 dex per 100 K over
multiple giant arcs as a means of determining cosmologicai€ interval 5000 K< T < 5500 K. Even stars at 5700 K
parameters. The recent purchase of a 68-processor SGI Ofitow systematically lower abundances than hotter plateau
gin 2000 machine by the SCAAMP collaboration has en-Stars Depletion is slightly greater than p_red|cted by a_subset
abled extensive testing of the methodology using simulate@f 16.5 Gyr Yale “standard” (nondiffusive, nonrotating,
lens systems constructed from galaxy images in the HubblBONMagnetic, no—mass—losaodels at 5400 K, by perhaps
Deep Field. The method works by exploiting the fact thatO-3 dex, butis in reasonable agreement with those models at
sources over a considerable range of redshift can be imagetf00 K. A more quantitative comparison requires that age
by the same potential. This allows the effects of the Iensind"”d metallicity effects be considered. Despite the shallower

mass distribution and the cosmology to be separated, and tff¥°P€ Of the observations over this temperature range, deple-

parameters used to simulate the data can be recovered. TH@n becomes a much steeper function of temperature cooler

only input data required are an image of the system at Hsthan this, as judge_d by the_ nondetection of Li in stars cooler
resolution and the redshifts for about 4 arcs. Monte-Carld"an 4800 K, consistent with the models. Other models may
simulations have been completed which imply that redshif@So e ac;ceptable. The subg!ants confgrm to dllutlop pat-
errors are the dominant source of uncertainty in the metholf™MS Previously revealed for this class, with the exception of
and suggest tha® can be measured to within about 10% twq stars cooler than 5000 K for which other mechanisms are
using this approach. Although the method has yet to be a&gelleved responsible.
plied to a real gravitational lens system, it shows strong . ,
promise for constraining cosmological parameters, provided-/ High Energy Astrophysics
that a sufficient number of arc redshifts can be determined Mufson, Miller, and A. HabigBoston U) have continued
(about 4 or % and sufficient care is taken in modeling the their studies of the arrival directions of muons observed by
details of the lensing potential. MACRO. Presently they have analyzed all the muons col-
Musser, Mufson, Honeycutt, and Rengstorff, in collabora-lected from the turn-on of MACRO in February 1989
tion with researchers at Yale U., are involved with thethrough June 1998. They have made an all-sky survey to
QUEST project. A major goal of this project is to collect a search for point sources of astrophysical muons. The search
sample of gravitationally lensed quasars between one anfdr muons from point sources is essentially a search for ex-
two orders of magnitude larger than the present worldotic processes. This survey used the entire muon sample
sample and to do this with uniform and carefully controlledthrough 1995approximately 45 million muonsin addition,
experimental efficiencies. With this sample of gravitationala search was performed for muon excesses modulated by the
lenses, they plan to make a sensitive search for Einstein'srbital period of the X-ray source Cygnus X3. Further, a
Cosmological Constant. search was made for bursting activity from the sources Cyg-
As part of his Ph.D. dissertation, under the supervision ohus X3, Hercules X1, Mrk421, and 3C273. No sources were
Lugger and Cohn, Berrington continued an investigation ofound in any of these searches.The MACRO data are also
the dynamical evolution of galaxy clusters. High-resolution,being searched for astrophysical point sources of high energy
N-body simulations have been carried out on the Indianaeutrinos using all-sky survey technigues. These neutrinos
University SGI Origin 2000 system. The focus of this work are detected as upgoing muons that result from neutrino in-
is the simulation of the mergers of poor clusters of galaxiegeractions in the rock below MACRO.
that are believed to result in the development of rich clusters. The MACRO muon data have been searched for a deficit
Berrington, Lugger, and Cohn also continued a program t@f muons in the direction of the Moon. The detection of the
use the WIYN telescope to obtain photometric and spectro~Moon shadow” is important for the verification of the ac-
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curacy of MACRO's absolute pointing and the determination Temperature Scales of Red Giant Stars,”Asymptotic
of its angular resolution. With a sample of 31 million muons,  Giant Branch Stars: Proc. IAU Symposium, 18 press.
the Moon shadow was detected a significance level ot4.1 Barden, S.C., Sawyer, D.G., Boneycutt, R.K., 1998, “In-
the angular resolution is 0.9 degrees. tegral Field Spectroscopy on the WIYN Telescope Using
The MACRO muon is being anayzed for the “sidereal a Fiber Array,” in SPIE Conf. on Optical Astronomical
anisotropy” that would result from the Solar System motion  |nstrumentation Vol. 3355, p. 892.
through a sea of extragalactic cosmic rays, an effect firsgpoesgaard, A.M.Peliyannis, C.P, King, J.R., Ryan, S.G.,
predicted by Compton and Getting. Preliminary results sug- vogt, S.S., & Beers, T.C., 1998, “Beryllium Abundances
gest a sidereal anisotropy is present with an amplitude of  Halo Stars from Keck/HIRES Observations,” AJ, sub-
approximately 0.1, although the direction of the anisotropy is  itted.
uncertain. If the direction is not toward the solar apex, therBoesgaard, AM., King, J.RDeliyannis, C.P, & Vogt,
alternative explanations for the effect must be developed. S.S., 1998, “Oxygen in Unevolved Metal-Poor Stars from
The balloon_flight program of the _High Energy Astro- Keck HIRES Observations,” AJ, in press.
physics group is currently involved with the HEA(High Boesgaard, A.M.Deliyannis, C.P, Stephens, A., & King
Energy Antimatter Telescopexperiment. This experiment o b o o L
was designed to analyze the cosmic ray positron spectrum in ‘Ig/ISZ 'I} 998,OﬁPSr|tmor(,j’|aAl Eltr:g;n 'ZEng Observations in
the range 5-50 GeV. The first HEAT flight took place in May B lém:a\ M alr's, P ’C P ’St -h A & Lam-
1994 from Ft. Sumner, NM. Data analysis is currently un- oesgaard, A.M.De |;‘/‘ann|s, -, SIEPNEens, A., -am
derway. The second flight occurred in the summer of 1995 bert, D.L., 1998’,, Boron in Lithium- and Beryllium-
from Canada. Future flights in this series are planned to mea- Deficient F Stars, ) ApJ,_ 492, 727.
sure the abundance of low energy cosmic ray antiprotons. Boesgaard, A.M.Dellyanms., C'_P'_ Stephens, A",& Lam-
Steiman-Cameron and J.N. Imamuta Oregon contin- t.)e.rt, D.L., 1998, f‘Boron in Lithium- apd Beryllium- De-
ued their study of accretion-driven stellar X-ray sources. ficient F Stars,” inThe Tenth Cambridge Workshop on
During the past year, they have concentrated on examining €00l Stars, Stellar Systems, and the Seu. R.A.
the temporal characteristics of the class of accreting mag- Donahue & J.A. Bookbinder, ASPCS, in press.
netic white dwarfs known as Polafalso referred to as AM Boesgaard, A.M.Deliyannis, C.P, Stephens, A., & King,
Herculis sourceswhich are known to experience eclipses by J.R., 1998, “Primordial Lithium: Keck Observations in
their main sequence companions. Their goal is to better un- M92 Turn-Off Stars,” inThe Tenth Cambridge Workshop
derstand the general problem of plasma flows in strongly ©on Cool Stars, Stellar Systems, and the ,Sed. R.A.
magnetic environments and to determine the physical and Donahue & J.A. Bookbinder, ASPCS, in press.
geometrical characteristics of the Polars. The investigator€ool, A.M., Grindlay, J.E.Cohn, H.N., Lugger, P.M., &
are surveying the eclipsing Polars, using the facilities of the Bailyn, C.D. 1998, “Cataclysmic Variables and a New
Rossi X-Ray Timing Explore(RXTE) and the Cerro Tololo Class of Faint UV Stars in the Globular Cluster NGC
InterAmerican ObservatoryCTIO). Papers discussing two 6397,” ApJL, in press.
systems, UZ Fornacis and V2301 Ophiucus, have been pulésrawford, J.L., Sneden, C., King, J.R., Boesgaard, A.M., &
lished or accepted for publication during the period of this Deliyannis, C.P, 1998, “Detection of Silver in Metal-
report. Additional data on the sources WW Hor, EP Dra, and Poor Stars,” AJ, in press.
HU Agr have been obtained. This work has allowed the in-Dietrich, M. plus 58 authors, 1998, “Steps Toward Determi-
vestigators to determine an wide array of physical informa- nation of the Size and Structure of the Broad-Line Region
tion about these sources. By the end of the next cycle of in Active Galactic Nuclei. XII. Ground-Based Monitoring
RXTE observations, Steiman-Cameron and Imamura will  of 3C 390.3,” ApJS, 115, 185.
have examined all but two of the known eclipsing Polars.peliyannis, C.P, 1998, “Light Element Constraints on Stel-
They are also conducting a study of the Intermediate Polars |ar |nteriors,” in The SUBARU workshop on Stars and

using RXTE and CTIO. Galaxies: Decipherment of Cosmic History with Spectros-
. copy, in press.
2.8 Miscellaneous Deliyannis, C.P, Boesgaard, A.M., King, J.R., & Duncan,

Durisen spent January through July 1998 on a research D-K., 1998, “New Observations of Beryllium in the Ga-
leave as an Alexander von Humboldt Senior Scientist at the lactic Halo,” AJ, submitted.
Max Planck Institute for Extraterrestrial Physics in Munich, Deliyannis, C.P, Boesgaard, A.M., Stephens, A., King, J.R.,
Germany. His visit was hosted by MPI Director Dr. Gregor  Vogt, S.S., & Keane, M.J., 1998, “Correlated Depletion
E. Morfill. of Lithium and Beryllium in F Stars,” ApJL, 498, L147.

In January 1998, during an AAS Meeting, EdmondsonDeliyannis, C.P, Boesgaard, A.M., Stephens, A., King, J.R.,
was invited to write an article about Daniel Kirkwood for ~ Vogt, S.S., & Keane, M.J., 1998, “Linked Stellar Deple-
Mercury, the popular journal of the Astronomical Society of tion of Li and Be,” in The Fifth International Conference

the Pacific. on Nuclei in the Cosmo®d. N. Prantzo$Editions Fron-
tieres: Francg in press.
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tional Conference on “Wide Field Spectroscgpgd. M. Are there primary sources?,” Nature, in press.
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