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This annual report covers the period September 199&onal Observatory in Arizona. Ohio State also received a

through August 1997. grant of observing time from the Research Corporation,
which increases its share of observing time on the telescope
1. PERSONNEL to one-sixth of the total. Other partners in the project are the

During the period covered by this report the regu|ar acaUniversity of Arizona, astronomical consortia in Italy and
demic staff of the Department of Astronomy included Rich-Germany, and the Research Corporation. The LBT, with
ard N. Boyd, Darren L. DePoy, Jay A. Frogel, Andrew P.twin 8.4-m mirrors, will be the world’s largest telescope on a
Gould, Eric Herbst, Gerald H. Newsom, Patrick S. Osmersingle mount when it is completed in 2003 and will have a
(chairman, Bradley M. Peterson, Marc Pinsonneault, Rich-23-m baseline for interferometric observations. OSU is also
ard W. Pogge, Anil K. Pradhan, Barbara S. Ryden, Robert Joining the MDM Observatory on Kitt Peak, Arizona, and
Scherrer, Kristen Sellgren, Gary Steigman, Donald M. Ternwill have a one-quarter share of the observing time on its
drup, Terrence P. Walker, David H. Weinberg, and Robert F2.4-m and 1.3-m telescopes effective July 1, 1998. This year
Wing. Michelle Kaufman held an appiontment as ResearcOSU has a one-eighth share of the MDM observing time.
Scientist. Emeritus members of the Astronomy Department OSU also informed Lowell Observatory and Ohio Wes-
are Eugene R. Capriotti, George W. Collins Il, Stanley J.leyan University that it will be withdrawing from its 37-year
Czyzak, Phillip C. Keenan, Geoffrey Keller, Wiliam M. partnership with them for the operation of the 1.8-m Perkins
Protheroe, and Arne Slettebak. Telescope at Lowell because of its entry into the LBT project

The staff of the Imaging Sciences Laboratdt$L) in- and MDM. The Department will continue its outreach pro-
cluded Bruce Atwooddirectop, S. Ralph Belville, David F. grams with the Perkins Observatory in Delaware, Ohio, al-
Brewer, Paul L. Byard, Kevin R. Duemmel, Jerry A. Mason, though it will no longer be able to provide financial support.
Thomas P. O’'Brien, Daniel P. Pappalardo, David Steinbre- These events are a major milestone in OSU'’s efforts that
cher, and Robert Stonebreaker. began in the mid-1980s to gain access to major telescope

Michael R. Savage was manager of the Astronomy Defacilities. Participation in the LBT and MDM observatories
partment computer resources. Thomas Burns was Director afill be the cornerstone of OSU's observational program well
the Perkins Observatory. into the next century.

In Flagstaff, R. Mark Wagner held the position of Re- In the past year, our instrumentation program completed
search Scientist, while Ray C. Bertram was Research Assahe upgrade of the MDM/Ohio State Active Infrared Camera
ciate. (MOSAIC) to a 512< 1024 InSb array. The array was provided

Postdoctoral researchers is Astronomy during this periodhy the National Optical Astronomy Observatori@dOAO)
included Rupert A.C. Croft, Julia Kennefick, Sultana N. Na-and the U.S. Naval Observatory and was part ofalheDIN
har, Joa F.C. Santos, Keven I. Uchida, Ignaz Wanders, andarray development programiosaic was used by observers
Honglin Zhang. Santos returned to Brazil in January 1997from several institutions on the Kitt Peak National Observa-
and Wanders left in May 1997 for a position at the Univer-tory 4-m and 2.1-m telescopes and at the MDM 2.4-m and
sity of St. Andrews, Scotland. 1.3-m telescopes. Further, the ISL continued working on

Graduate students in the Astronomy Department duringCCD controller systems for Wise Observatory and Michigan
the academic year included Manuel A. Bautista, Andreastate University. There was substantial progress on a project
Berlind, Dixie Burns, Alberto Conti, Mark E. Everett, Scott to build cameras for multi-color microlensing event follow-
B. Gaudi, Cheongho Han, Anita Krishnamurthi, Leslie E.up. These cameras will be capable of simultaneous optical
Kuchinski, Paul Martini, Vijay Krishna Narayanan, J. and infrared imaging; they will be used for microlensing
Michael Owen, Piotr Popowski, Solange V. Raex, Patri-  monitoring on the CTIO/Yale 1-m telescope and a South
zia Romano, Andrew W. Stephens, Aniruddha R. Thakarafrican Astronomical Observatory 1-m telescope starting in
and Glenn P. Tiede. In addition, Emanuela Pompei was a99g.
visiting graduate student, and Yongquan Yuan arrived forthe The ISL also continued to support the use of the Ohio
Summer quarter, 1997. The M.S. degree was awarded fState InfraRed Imager/Spectromet@siris, the Imaging
Burns and Ramez, and the Ph.D. degree to Bautista, Han,Fabry-Perot Spectrometérps), and the Boller and Chivens
Kuchinski, Owen, Thakar, and Tiede. Spectrograph at the 1.8-m Perkins Telescope. These instru-

Peterson was appointed Chair of the NASA Astrophysicsments were used extensively by Ohio State and Lowell Ob-
Working Group. Wing was re-elected Chair of the IAU servatory personnel.

Working Group on Peculiar Red Giant Stars. Frogel measured extinction coefficients and sensitivity
values in theJHKL bandpasses on nearly 200 nights of ob-
2. FACILITIES AND INSTRUMENTATION serving between 1978 and 1992 on the 1.5-m and Blanco

In 1997 Ohio State formally joined the Large Binocular 4-m telescopes at Cerro Tololo Inter-American Observatory.
Telescope project. OSU has a one-eighth share of the LBTAnalysis of these data showed the following: There are sea-
which is under construction at the Mount Graham Interna-sonal variations in both the extinction coefficients and sensi-
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tivity values that are qualitatively consistent with expectedKrishnamurthi studied the connection between lithium abun-
variations in the amount of 40 in the atmosphere — rela- dances, rotation, and activity in young clusters; and Pinson-
tively high in the summer months, lower in the winter neault, Walker, Steigman, and Narayanan examfhéand
months. The linear correlation coefficients between most ofLi depletion in halo stars and the implications for cosmol-
these quantities are statistically significant. The yearly meangy. The observed distribution of initial conditions needed to
values of these quantities also show significant variability ofexplain rotation in young open clusters produces a strongly
a few hundredths of a magnitude. The correlations betweepeaked distribution of lithium depletion factorgor the
these yearly means are again consistent with variations in thglowly-rotating majority of stajsand a smaller population of
H,O content of the atmosphere. At least some of thesever-depleted stars. This pattern is consistent with the distri-
longer-term variations are closely correlated with quantitaution of lithium abundances seen in open clusters and halo
tive measures of the strength of the atmospheric and oceanigars. The absolute depletion in halo stars was found to be
El Nino Southern Oscillation phenomenon. Since, at the timgonstrained by both the observed dispersion in abundance
of writing this annual report, the strongest ENSO ever reand the survival ofLi in one halo star. The cosmological
corded is in progress, this work has proven to be particularlymplications are discussed in section 10. Krishnamurthi

timely. found that there are slowly rotating stars with high lithium
abundance, contradicting claims that there is a strong rela-
3. STARS AND STELLAR EVOLUTION tionship between rapid rotation and high lithium abundance

Pinsonneault and J. BahcallAS) have studied con- [N Young cool stars. _ _
straints on solar neutrino fluxes from helioseismology as Krishnamurthi completed her Ph.D. dissertation on the ro-
well as changes in calculated solar neutrino fluxes resultingftional properties of stars in the Pleiades open cluster. In a
from recent improvements in nuclear reaction cross-section&€Cent preprint, she reports the results of an extensive photo-
The sound speed as a function of depth calculated from soldPetric survey to detect rotational penod_s through modulauo_n
models which include gravitational settling of helium andPY Sunspots and explores the connections between rotation
heavy elements is in very close agreement (0.2%) with th&nd chromospherlc/c_oronal_ activity. Her work is part of an
values inferred from helioseismology. Models with deep€Xtensive collaboration with Pmsonneault_, Terndrup,_ J.
mixing were found to disagree with helioseismology on theStauffer(CfA) and many others. Recently, this collaboration
sound speed in the solar interior at the 8% level. Recenpublished the results of a spectroscopic survey of faint main-
revisions in nuclear reaction cross-sections and the treatmefigguence stars in the HyadeStauffer et al. 1997, which
of screening have been found to cause modest decreasesSiiowed that M dwarfs in this cluster are rotating fairly rap-
the predicted solar neutrino fluxéat the 20% level for the idly. Combined with similar data in the PleiadéStauffer
Homestake experimentthis still leaves a large discrepancy €t al. in preparation this indicates that the time scale for
between experiment and theory. The close agreement béignificant angular momentum loss for stars with>0.5M
tween the thermal structure of the Sun inferred from seismoliS several hundred Myr and that the rotational distribution is
ogy and that predicted by the models makes a solar modéius indicative of the initial distribution of rotation rates.
solution of the solar neutrino problem unlikely. Gould is currently focusing his work on applications of

Pinsonneault, in collaboration with D. Duncan, F. Primas,microlensing and the local distance scale. Microlensing stud-
J. Thorburn(all U. of Chicago, R. PetersoriLick), and C.  i€s include detection of planets, resolution of stellar atmo-
Deliyannis(Yale), has measured the beryllium abundance inspheres, resolution of accretion disks around quasars, devel-
the o Centauri system and the boron abundance of the Hyopment of a new type of pixel lensing camera, and
ades giants. In related work, Pinsonneault, Thorburn anénvestigation of the relation between star counts and micro-
Deliyannis measured beryllium and lithium abundances idensing. Local distance-scale work includes measurement of
110 Her, an F star in the “Li dip” region. Since beryllium the extinction toward Baade’s Window, measurirg from
and boron burn at higher temperatures than the fragile lighRR Lyrae stars, constraining, from the proper motion of
element lithium, the simultaneous study of these three eleSgr A*, calibrating RR Lyraes using statistical parallax, and
ments provides a strong test of mixing in the envelopes ofonstraining the distance to the LMC using supernova light
main-sequence stars and dilution in giants. echos.

Pinsonneault completed a review article on mixing in DePoy and Gould initiated a program of microlensing
stars for the Annual Review of Astronomy and Astrophysics follow-up observations designed to detect planets outside the
The thesis work of Krishnamurthi resulted in new theoreticalsolar system. The project will first design and build special
models for the angular momentum evolution of low-masscameras for the observations that will be capable of simulta-
stars; the range of initial rotation rates was found to requireneous imaging at an optical and an infrared wavelength
star-disk locking in the T Tauri stage for a range of time (probablyV andH). The multi-color microlensing observa-
scales from 0 to 10 Myr, a mass-dependent saturation threskions will be used to remove degeneracies in the interpreta-
old for angular momentum loss, and a time scale for coretion of the light curves.
envelope angular momentum transport between 100 Myr and DePoy and Stephens completed an infrared imaging sur-
the age of the Sun. These models were then applied to theey of the LMC around 30 Dor. A large number of potential
problem of mixing in low-mass main sequence stars. protostars, late-type supergiants, and carbon stars were iden-

In related work, Pinsonneault and Narayanan studiedified. Follow-up infrared spectroscopy of many of these ob-
lithium depletion in moderate-aged to old open clustersjects was obtained as well. The observations suggest that
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there are no embedded, high-mass stars forming in the meiies a temperature of .~3200°K. This temperature is
lecular complex stretching south from 30 Dor to N159. intermediate between those of R stars and N stars and is
Tiede, Martini, and Frogel completed an initial study of several thousand degrees cooler than is normal for R CrB
the giant branches of open clusters as indicators of metalliozariables. Perhaps DY Per is near the beginning of its vari-
ity and as a test for stellar evolution theory. They applied theable phase and has not yet blown off much of its atmospheric
giant branch slope {Fe/H] relation derived by Kuchinski, hydrogen.
Frogel,et al.for globular clusters to a sample of open cluster  Wing, in collaboration with U.G. lgensen and A. Bo-
giant branches. They found that the slope of the giant branchysow (Niels Bohr Institut¢ and S. Hdner (Vienna U. Ob-
in K vs. J-K color-magnitude diagrams correlates with servatory used themARCS code, augmented to include the
[Fe/H] for open clusters as it does for metal-rich globularopacity of polyatomic molecules including HCN,ig,, and
clusters, but that the open cluster data are systematicallg;, to investigate the atmospheric structure of dwarf carbon
shifted to less negative values of giant branch slope at corstars. The dC stars, about 12 of which are currently known,
stant[Fe/H]. A comparison with isochrone models revealed,are thought to be the result of mass transfer in binary systems
in part, the reason behind this finding. Tieeteal. found that  and were represented in the calculations by main-sequence
the theoretical expectation is thtite slope of the relation- models enriched in carbon. Collision-induced absorption by
shipwill remain constant with decreasing population age butH, — H, pairs was found to be a significant opacity source in
that therelation itselfshifts to less negative values of giant metal-deficient stars whenever the temperature is low enough
branch slope as age is decreased. Both of these theoretidal H, to be abundant; in solar-metallicity stars, however,
predictions agree with the trends they found in the data. Thegpacity by H is more important. Grain formation can be
also derived new coefficients for the giant branch slope -substantial in the cooler solar-metallicity stars, especially
[Fe/H] relations for 3 different populations: metal-rich when nano-diamonds are allowed for, and its effect is to heat
globulars, bulge stars, and open clusters. the surface layers, resulting in a reduction in the opacity
Frogel and P. WhitelocKSouth African Astronomical from polyatomic molecules. Synthetic spectra atK col-
Observatory completed a study comparing long period vari- ors calculated from these models show that dC stars have
ables (LPVs) in globular clusters and the galactic bulge. significantly different colors from giant C stars of the same
These types of stars are important because they mark the eeéfective temperature, but that the displacement inJthie,
point of the nuclear burning lives of many low and interme-H-K diagram is along the temperature sequence, making
diate mass stars; they can be the most luminous stars in olflfficult the recognition of dC stars from their near-infrared
stellar populations, hence the possibility that they are goodolors alone.
distance indicators; and they are responsible for ejecting sig- Encouraged by the recent availability of dynamical mod-
nificant amounts of grains in the interstellar medium. Theyels capable of producing realistic synthetic spectra for Mira
derive the frequency of occurrence of LPVs in globular clus-variables, Wing has restored to machine readability his 27-
ters and in the Baade’s Window field of the Galactic bulge.color scanner photometry obtained at Lick Observatory dur-
LPVs occur only in clusters witfiFe/H] =—1.0. In these ing the years 1965-67. With these data and new plotting
clusters their frequency of occurrence relative to the numberoutines, Wing and Yuan have documented the loops often
of giant stars appears to be independent of metallicity. Inteexecuted by Miras in diagrams of bandstrength vs. color.
grated over all metallicities, Baade's Window appears to béfhey have also studied the dependence of amplitude on
deficient in LPVs. Frogel and Whitelock estimatHee/H] wavelength for a number of well-observed Miras.
values for Baade’s Window LPVs from their period and a Wing received an early distribution of Hipparcos astro-
log P vs.[Fe/H] relation derived from cluster variables and metric data for a number of red giants and supergiants
found that LPVs witHFe/H] =0.0 are absent from Baade’s thought likely to be close enough for parallax measurement.
Window. They proposed that this is because of enhance8everal giant carbon stars were successfully measured, al-
mass loss rates in these LPVs with a consequently abbrevinough only ongU Hya) was found to lie within 200 pc of
ated lifetime compared to lower metallicity LPVs. A typical the Sun, and none as close as the dC star G77-61. The abso-
lifetime for cluster LPVs is about 8 10° yrs. Finally, they Iute visual magnitudes of M-type semi-regular variables
call attention to the need for a much more complete surveghow a strong dependence on spectral type, the cooler stars
for LPVs in globular clusters. being fainter; this dependence can be attributed to the effect
Keenan, in collaboration with C. Barnbau@TSc), has  of TiO absorption, which reaches 2 mag or more in M8 stars.
studied the unusual carbon star DY Per by means of spectiEhe trend is reversed for absolute magnitudes at infrared
of high resolution in the yellow and red regions, and low continuum points. The nearest Miras variables were found to
resolution in the blue. The suggestion of Alksnis and otherde R Leo,y Cyg, and R Cas; the greater distance measured
that DY Per is an R CrB variable is supported by its lightfor o Cet is surprising and may be spurious, since the pres-
curve and interval between minim@veraging 792 days ence of its companion causes an 11-month wobble in its
and by the multiple components of the D-lines of sodium inphotocenter.
its spectrum. The highest velocity among these was —174 km Wing and E. Guinan(Villanova U) have explored the
s~ ! observed just after the star reached maximum light. Suclonsequences of the Hipparcos measurement of the parallax
fast-moving puffs or jets are characteristic of R CrB vari-of @ Ori, the nearest M-type supergiant. The measured par-
ables. Since there is evidence of a slight hydrogen defiallax, 7.63-1.64 mas, implies a distance of 1880 pc and
ciency, the spectral type is revised to Ca-M+, which im-  a distance modulusn{-M), = 5.59+0.48 mag. FoKV)
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= 0.50 ande(B-V)=0.05, the meaM,, is —5.24, consis- In the last year, R. Bettenl©SU Physics, currently Aus-
tent with a lab luminosity classification. The correspondingtralian National Universityand Herbst have reported results
near-infrared absolute magnitud®/ (104) = —8.34, is also  of their extended gas-phase chemical models of interstellar
consistent with the value found for M2 lab supergiants in hclouds, which include molecules with up to 64 carbon atoms.
& x Per for an adopted distance modulus of 12.0. The new and larger molecules are linear and cyclic bare car-
With collaborators from the Center for EUV Astrophysics bon clusters and hydrocarbons. The cyclic species are com-
in Berkeley, Pradhan has been studying white dwarfs obposed of singly and triply ringed molecules as well as
served with theextreme Ultraviolet Exploresatellite. Main  soccer-ball-like structures known as fullerenes. The reactions
areas of investigation are the atmospheres and abundancedeaading to the syntheses of the complex species are based on
hot, young white dwarfs as they form and evolve along thdaboratory results. Polycyclic aromatic hydrocarbons have
stellar sequence. Analysis of observations by the EUVEhot yet been included in their networks because it is unclear
showed that ‘radiative levitation’ of heavy elements such asow they can be synthesized via low temperature gas-phase
iron strongly influences the spectra and abundances in hgrocesses. The extended model networks have been used to
DA white dwarfs. A close binary system consisting of astudy the formation of large molecules in both diffuse and
white dwarf accreting material from a red dwarf companiondense interstellar clouds. To produce significant abundances
was shown to have a slow accretion rate, possibly due tof large molecules in diffuse clouds, Bettens and Herbst

magnetospheric interactigivenneset al. 1997). found that it is first necessary to make smaller “seed” mol-
ecules under conditions in which the molecules are not ex-
4. INTERSTELLAR MEDIUM posed to the harsh interstellar radiation field. One possibility

is that these seeds can be formed in a dense cloud, which
b[¥1en begins to dissipate. Once a significant concentration of

eed molecules is produced, larger molecules, which are

table in the presence of UV radiation, can be synthesized
even under diffuse conditions. The results indicate that the
suggestion that large molecules are the carriers of the diffuse
interstellar bands is reasonable, and that the most recent sug-
estion that some of the lines are due to the igpi€ plau-

Everett continued his dissertation research, supervised
Pogge, on the excitation of Hspectra excited by the shocks
in young stellar outflows. Most recently they have analyze
1—-2.5um cross-dispersed long-slitSIrIS spectra to deter-
mine the H emission-line ratios at multiple positions in the
OMC-1 outflow H emission-line “fingers.” Certain line
ratios are sensitive to the temperatures, densities, and U

radlat.|ofn f|ecljds |r|1. the btgmﬂtmg .gas. ?e(f[alé.se of t?'s’ tfhe sible. Bettens and Herbst have also studied the formation of
near-infrared 4 line ratios are important diagnostics for large molecules in dense interstellar clouds.

studying the shock physics and excitation processes occur- Gas-phase models of interstellar clouds are still afflicted

rln?ﬂ n TOleCUI‘;: clouds. 'I_'he_yf/_ foutndhthat in _th? OHI\:I‘C—l by uncertainties in the rates of assorted chemical processes
outflow fingers there are significant changes in theliHe which have not been sufficiently studied in the laboratory.

rr;mo; W'ttr;] posm?n tan]:jt;c]ha'lt these crllang?fsl could bi ulnder|=WO classes of poorly understood low-temperature processes
stood In the context of the farge-scale outliow morpnology ;e reactions involving neutral speciéso-called “neutral-
The conjple?qty_ of the K excitation cond|t|ons- observed N heutral” reactiony and reactions between molecular ions
this region indicates a neeq for more .detalled theoretl_caénd electrons. In a continuing program to understand neutral-
shock models. Nonetheless, it appears likely that a combin

i f diff t hock ! ts. shock velocit Heutral reaction rates at low temperature, Herbst, in collabo-
lon oT diiterent pre-shock environments, Shock VEIOCIIES, ation with the quantum chemist D. WodMolecular Re-

and exqtatlon meChan'SmS affect the E’mlssmn._ . search Institute, Palo Aljphas theoretically investigated the
Bautista received his Ph.D. in August 1997; his thesis WaS$4te of the reaction

on Emission Spectra and lonization Structure of Iron in Gas-

eous Nebulae and_PamaIIy_ lonized Zonéke is c_urre_ntly at CN + C,H, — HCsN + H

NASA/GSFC working on high-energy photoionization mod-

els of AGN. Bautista and Pradhan studied the ionizationwhich is thought to be the dominant formation reaction for
structure and emission spectra of iron in low-excitationthe well-known interstellar molecule HB. The reaction
nebulae. This work includesi) the use of the new atomic was found to be rapid at all temperatures below 300 K, in
data: photoionization cross sections, total electron-ion reagreement with recent experimental studies, suggesting that
combination rates, collision strengths, and transition probthis reaction does indeed synthesize most of the observed
abilities for Fel—Fevi; (i) a detailed study of the excitation interstellar HGN.

mechanisms of Fe ions; andi) a study of the physical Despite their limited success in understanding whether
structure of nebulae including density and temperature variacertain neutral-neutral reactions are rapid or slow at low tem-
tions and kinematic effects. They have repoit@dutista and peratures, Herbst and co-workers have not been able to gen-
Pradhan 1997, in presa comprehensive theoretical analysis eralize their results to the many possible neutral-neutral re-
of Fen, i, andiv spectra of the benchmark test case, theactions which might be important in interstellar clouds. They
Orion nebula. Some of the findings relevant tai lfegions in ~ have therefore constructed three major model networks —
general are(i) high electron densitiedN,~10°—10° cm™ 1) labelled the new standard model, the new neutral-neutral
in the Hi/H | partially ionized zone$P1Z) embedded in the model, and Mode4 — in which neutral-neutral reactions are
ionization fronts,(ii) a stringent Fei/O 1 correlation in the assumed to be, respectively, of little importance, of great
PIZ, and(iii) large variations in gas-phase Fe abundance asnportance, and of moderate importance. Results from these
deduced from Fa, 11, andiv spectra. model networks have been published by H.-H. L&SU
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Physics, Bettens and Herbst and stored in the CDS data Using the OVRO Interferometer, Kaufman, W. WéIN-
archive in Strasbourg, France. In general, the best agreemefOE), R. Rand(U. New Mexicg, and Bash have mapped
with observed molecular abundances is achieved with théhe 2*COA?CO intensity ratio in a spiral arm of M51 to look
new standard model, suggesting that although certaifor a systematic variation in the temperature of the molecular
neutral-neutral reactions are rapid at low temperature, mosas across the spiral arm.
are not. Sellgren and her collaborators at the Institut
All gas-phase models of interstellar clouds are still domi-d’Astrophysique Spatiale have used tinérared Space Ob-
nated by ion-molecule reactions, which are well-studied inservatory(ISO) to obtain high-resolution spectra from 2.4 to
the laboratory even at very low temperatures, and which synd5 um of two reflection nebulae, NGC 7023 and NGC 2023.
thesize molecular ions. These ions recombine with electronghe 1SO spectra show the well-known interstellar emission
in dissociative processes known as dissociative recombindeatures at 3.3, 6.2, 7.7, 8.6, and 1L8, as well as other,
tion reactions. Although the rates of such processes haweaker features at 11.0 and 1. The “7.7" um feature
been measured in the laboratory, until recently very little wads resolved into three distinct features centered at 7.46, 7.60
known about the reaction products. Two groups, one Swednd 7.81um; the one at 7.4qum is a newly discovered
ish and one Danish-Israeli, have begun to measure reactidgature. They detect continuum emission, distinct from the
products of dissociative recombination reactions using storlnterstellar emission features, throughout their entire 2.4 —
age rings. Their results have differed from previous theoreti4> #m spectrum of NGC 7023. This continuum emission
cal estimates of the reaction products, mainly in the larg@PPears to be very smooth at their spectral resolution. They
extent of dissociation found. To determine the effect of thes@/S0 detect both pure rotational lines and vibrational-
new results on gas-phase chemical models of interstelle{Ptat'O_”a_| lines of H. Their spectrum is the highest resolu-
clouds, Herbst and Lee generalized the experimental resulfon mid-infrared spectrum to date of interstellar gas and dust
to the many reactions assumed to occur in clouds. Their neff? & Photodissociation region surroungim B star without
model calculations, using the new standard model, show th@nizing radiation. _
the generalized experimental results do not in the main have Uchida, Sellgren, and M. WernedPL) have submitted a

a significant effect on previously calculated abundances. Paper on the results of imaging spectroscopy of the reflection
A theoretical program in understanding non-thermal deshebula vdB 133, obtained with the infrared camera and cir-

orption of interstellar molecules from dust particles is Con_cular variable filter wheel on 1SO. Their observations reveal

tinuing. A recent school of thought holds that shock wavedhe infrared emission featur&tEFs) at 6.2, 7.7, 8.6, 11.3,
can desorb molecules intact from dust grain mantles. Fand 12.74m, and an associated 5 — L3n continuum emis-
Dzegilenko(OSU Physics, currently NASA-AmgsT. Uzer ~ SION- The stellar system illuminating vdB 133 has the lowest
(Georgia Tech and E. Herbst recently used the classicalatio of ultraviolet(shortward of 0.4um) to total flux of any

trajectory technique to determine the branching fractionStarS discovered to date to excite the |IEFs and associated

among intact desorption, fragmentation, and desorption witFontinuum emission from adjacent mterste!lar dust, as op-
osed to circumstellar dust. The low fraction of UV flux

fragmentation for molecules on grain mantles under shocke ) L
om this system poses a problem for existing models for the

conditions. Their results are very dependent on the bond™""" " X - ) . )
strengths of the desorbing molecules and suggest that magmission mechanism and emitting material, which all require

ecules with weak bonds will fragment as they desorb fromsubstantial UV radiation for the excitation of the IEFs and
interstellar grains associated continuum. They are continuing this project by

J. PearsofiOSU Physics, currently JBLK. Sastry(New obtaining 1ISO imaging spectroscopy of other reflection nebu-

Brunswick, E. Herbst, and F. De LucikOSU Physicshave lae of different effective temperature to test specific identifi-
recently utilized their newly measured millimeter-wave andCatlons for the IEFs, such as polycyclic aromatic hydrocar-

submillimeter-wave spectrum of the known interstellar moI—bon molecules and hydrogenated amorphous carbon grains.

ecule ethyl alcohola.k.a. ethanol, boozeo identify transi- Mr?]rtén'éjfalll%rfet?]’easn;mgizggcﬁgi %Zttiljrllggegirllogr%-s:ntolagt.gr-
tions of the first excited torsional state of this molecule in*"" P

interstellar clouds. This state, known as the “gauche” state™'"€ the excitation mechanism for,kémission at different

lies only 60 K above the ground trans state and is an indic(,jlk_)ositions within the nebulae. Sellgren, Uchida, Martini, and

: . . Gaudi are also obtaining supporting ground-based observa-
tor of warm portions of interstellar clouds near regions of o O ) .
. ) tions of CO emission, Flemission, near-infrared continuum
high-mass star formation.

Using the IRAM Plateau de Bure Interferometer, Kauf- %211;523% aTgoeféer;?jéj r?hde esmzis;?n dilsntrirbejt?gggnbgt?/\tl) ;Jelie
man, N. Brouillet(Bordeauy, F. CombegParig, A. Baudry g y y P

(Bordeauy, and F. BashiU. Texag have measured’CO different emitting components of the ISM.

line emission from six molecular complexes in M81. It has

long been a puzzle as to how M81 is forming massive OB5. OUR GALAXY

associations in the presence of so little molecular gas. These Sellgren, J. CarfNRL), and S. Balachandraft). Mary-

high resolution (8 FWHM) data include the first identifica- land) have made the first measurements of iron abundances
tion of 12CO emission associated with a giantiHegion in  in stars within the central few parsecs of the Galactic Center.
M81. The complexes have radit 100 pc but very narrow They use near-infrared spectra obtained at high spectral reso-
linewidths as compared to Galactic clouds of the same ralution (\/AX = 40,000 with csHELL on the NASA Infrared
dius. Telescope Facility. A detailed spectral analysis of the Galac-
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tic Center M supergiant star IRS 7 yields a solar iron abunShear is inherently strong in the central region and may have
dance[Fe/H] = —0.01 = 0.14. This result is quite surpris- significant influence on the evolution of large-scale features,
ing, in view of the high metallicity assumed to hold for the in terms of both their morphology and their expansion times-
centers of galaxies, and demands follow-up work on moreales.
stars and more elements. Gusten and Uchida are measuring the line-of-sight mag-

Ranirez has recently received a Gemini Fellowship tonetic field component in the dense gd€® ® cm™3) in 11
pursue her Ph.D. thesis research on chemical abundancessr-forming regions and H regions by observing Zeeman
stars in the central few hundred parsecs of the Galaxy. She #plitting in the 13 GHz transition of SO with the 100-m
collaborating with her advisor, Sellgren, and with Carr, Bal-antenna at Effelsberg. The sensitivities achieved should give
achandran, R. Blum(CTIO), and Terndrup, to perform a clues into the nature of ambipolar diffusion in clouds and its
detailed abundance  analysis of high-resolutionrole in the collapse process leading to star formation.
(N AX=40,000)K —band spectra, obtained wittsHELL at Tiede and Terndrup have completed their study of the
the IRTF. Serabyn & Morrig1996 have recently proposed kinematics of stars in the bulge and inner disk of the Galaxy.
that inflow of gas from the disk, perhaps driven by a bar,Part of this work, which constitutes the bulk of Tiede's Ph.D.
results in continuing star formation in a “central molecular dissertation, has been publishéfiede & Terndrup 1997
zone” (CMZ) within a radius from the Galactic CentegC)  the remainder will be submitted in early 1998. They find
of R< 200 pc. Rarirez plans to compare abundance patterngignificant asymmetries about the minor axis of the bulge in
in two groups of GC stars, one inside the CMR< 30 pg  the kinematics of both the bulge and inner disk. These are
and one outsideR= 300—400 pg which may have had dualitatively consistent with the expectations from models of
different star formation histories. She will also explore the Galaxy which contain an inner bar, but it appears that the
whether the GC environment favors formation of massive€ngth of the bar may have been underestimated in photomet-
stars by measuring both iron ang-element abundances. "¢ deprojections of the light from the bulge.
The abundance analysis uses model atmospheres for late- [N collaboration with R.C. PetersofAstrophysical Ad-
type giants and supergiants from Browenal. (1989 and ~ vances, E. Sadler(U. of Sydney, and A. Walker(CTIO),
Plez (1992 and the spectral synthesis programooc lerndrup received a small allocation of time on the new
(Sneden 1973 Two-Degree Field multifiber instrument at the Anglo-

Uchida is continuing his studies of the Galactic CenterAUStralian Telescope. In a paper now in preparation, they
non-thermal “filaments,” seven linear radio continuum fea- "€POrt the discovery of hotT(;>15,000 K horizontal-
tures believed to be the manifestations of a strorgn@), branch stars in the bl_JIge. Such stars are believed responsible
perhaps pervasive, vertical magnetic field in the Galactidor the copious ultraviolet flux from ellipticals and the bulge_s
Center region. The filaments are thought to be illuminated by! Other spirals, and they can be used as probes of helium
the interaction with molecular clouds, which causes mag€nrichment and mass loss in the bulge. _

R.M. Rich (Columbig and Terndrup have published a

netic reconnection and the subsequent acceleration of elec- ' X , ,
trons to relativistic velocities along the field lines. Also ap- '€View article on the bulge of the Galaxy, which summarizes

i P the talks and discussion at a celebratory conference at Lick
parently requisite are nearby ionizing sour¢eg. an early- X , ; :
type stay to provide an ample supply of free electrons. M. Observatory on the occasion of Albert Whitford’s 90th birth-

Morris (UCLA), G. Serabyn(Caltech and Uchida are ex- day (Rich & Terndrup 1995
ploring and refining this hypothesis, using the Very Large
Array (VLA) to detail the northern tip of the non-thermal 6. EXTRAGALACTIC ASTRONOMY
filament G359.1-0.2 where a cloud/filamentfHegion co- Kuchinski and Terndrup, in collaboration with A. Witt
incidence is found. R. Gaten(MPIfR) and Uchida are using  and K. Gordor(U. of Toledd, have submitted a study of the
ISO to observe the portion of the Galactic Center radio arcteffects of dust on optical/infrared colors of the bulges of
that is interacting with a massive molecular cloud and an H highly inclined galaxies. This work, which makes up much
region. Uchida is part of a collaboration, led by Stag@in  of Kuchinski’'s Ph.D. dissertation, combines Kuchinski's
Maryland, that has just completed a multi-wavelength studyBVRIJHK surface photometry and the Witt/Gordon models
of G359.5+0.18, the non-thermal filament north of the Sgr C of radiative transfer in galaxies for a first-ever test of models
complex. with plausible dust geometry and scattering properties.
There is mounting evidence of past energetic activity in  Pogge and P. Eskridd®). of Alabama completed an Hi
the Galactic Center region, perhaps in the form of episodigegion abundance study of the polar ring galaxy NGC 2685.
bursts of star formation. Morris and Uchida are using theThey have found solar abundances in the ring kegions,
VLA to image the continuum emission of one such potentialimuch higher than expected if the ring material is a tidally
by-product of this activity, the western edge of the Galacticaccreted gas-rich dwarf galaxy, which in the field have abun-
Center lobe/AFGL 5376 region, a large-scale 00 p9 dances of 0.1-0.3 solar. Suggestions of similar abundance
candidate shock feature arising from the Galactic Center. patterns have also been found in MMT spectra of two other
Uchida is developing a 3-D kinematic code to investigatepolar ring galaxies: A0136 0801 and NGC 660. These data
the effects of shear motions on large-scale expandinghrow open the question of the origin and evolution of these
bubbles in the GC region and, specifically, the possibilitysystems; in particular, their enrichment history might suggest
that shear is responsible for the longitudinal elongation of thehat they are strongly self-gravitatingp retain their metal)s
Sgr A East non-thermal bubble toward the Galactic Centerand long-lived so as to self-enrich substantially.
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Pogge has continued a study of the interacting starburgtons will permit a calculation of the upper end of the stellar
galaxy NGC 7714/15 with B. SmitliPAC) and C. Struck luminosity function and may help to determine the three-
(lowa State U). They found that the bridge connecting NGC dimensional distribution of dwarf ellipticals within the Virgo
7714 and 7715 is rich in star formation, but that theirithe  cluster.
bridge is spatially offset from the bright Hregions and the E.-C. Sung(Korea Astron. Obg, C. Han(Chungbuk Na-
underlying stellar continuum, suggesting sequential star fortional U,), M.-S. Chun(Yonsei U), H.-l. Kim (Korea As-
mation induced by the interaction. A brief follow-up searchtron. Obs), and Ryden have measured the apparent shapes of
for CO J=1-0 emission with the NRAO 12-m failed to detect blue compact dwarf§BCDs) and used the information to
any warm molecular gas associated with the bridge. An H place constraints on their intrinsic shapes. The apparent
velocity field map has been acquired with the OBbsand  shapes are inconsistent with the BCDs being randomly-
is being reduced and compared with the Hata from the oriented oblate spheroids; however, the hypothesis that they
VLA. In parallel, Struck is leading an effort to develop a are all prolate cannot be ruled out. If the BCDs are triaxial
numerical simulation of the encounter using gatars mod- spheroids, their intrinsic shapes are consistent with a distri-
els that combine a stellar N-body calculation with an SpHPution of apparent shapes that peaks at the axis ratios
code to model the gas. 0.55:0.66:1. The apparent shapes of the BCDs are flatter than

Thakar(now Johns Hopkins U, with Ryden, completed those of a sample of dwarf elliptical galaxies; the difference
his dissertation on the formation of massive Counterrotating?etween the two samples is significant at the 90% confidence
disks in spiral galaxies using numerical simulation. His mod-level.
els can select between two types of gas dynamics: “sticky”
particles, and Smoothed Particle Hydrodynani8BH. Re-
sults with sticky particles have established the viability of
secular, adiabatic gas infalfor early and late-type spirgls Frogel has initiated a collaboration with Windhorst's gal-
and gas-rich dwarf mergefgarly-type spirals onlyas pro- axy group at Arizona State University. They are obtaining
ducers of counterrotating disks when the infall or mergerdeepU —band images for many of the galaxies in the OSU
occurs on a retrograde orbit with respect to the rotation of thgurvey. Such data will reveal much about star formation and
spiral’s (primary’s) disk. A case study of the SO/@agalaxy  help in predicting the appearances of these galaxies at large
NGC 4138, in which there is evidence of recent formation ofredshift. In addition, the OSU survey group can now use the
a counterrotating disk, has yielded new hope for the gas-ricutomatic classification and analysis scheme developed by S.
dwarf merger theory of counterrotating disk production inOdewahnASU). All galaxies on the survey master list in the
early-type primaries with hot, compact disks. Both of thesummer/fall sky have been observed both optically and in the
models tested, gas infall and a gas-rich dwarf merger, yielthear-IR. Kuchinski advanced the data reduction for survey
counterrotating gas disks that match the observed disks igalaxies. She and R. de Jofigniv. of Durhanm) have devel-
NGC 4138 in terms of mass and size. Gas infall is by defi-oped a suite of programs that greatly speeds up the reduction
nition a slower process and is more gentle on the primaryand image-combining process. A new grant to the OSU gal-
disk than a merger, but the heating of the primary disk inaxy survey team from the NSF is allowing completion of the
both cases is of the order of the numerical heating due tdata taking, acquisition of the hardware necessary for cd-rom
two-body effects. SPH simulations have shed new light ordata storage, and, most importantly, the hiring of a post-
the structure and dynamics of the counterrotating disksloctoral fellow for 3 years to work on analysis with Frogel,
formed. Models for both types of primaries have been revisSellgren, and DePoy.
ited with SPH. The counterrotating disks produced with SPH
are comparable in size but are considerably thinner and ki-
nematically colder than the corresponding sticky particle7. ACTIVE GALACTIC NUCLEI AND QUASARS
disks and the primary stellar disks. Exponential radial pro- Kennefick, Osmer, P. HallArizona), and R. Green
files (similar to the primary disk profilgsare not a natural (NOAO) completed their work on additional spectroscopy of
by-product of the formation processes investigated and requasar candidates in the Deep Multicolor Survey. They iden-
quire the initial conditions to be just right. This is consistenttified 9 new quasars with 0.8z< 2.8 and 16.8<B< 21.6,
with the sticky-particle results. In contrast to the sticky-all of which were selected for their ultraviolet excess. No
particle results, however, SPH simulations show that theadditional quasars wita>3 have been found in the survey.
presence of primordial prograde gas in the primary disk has @€onsequently the DMS results now show improved agree-
dramatic effect on the dynamics of the counterrotating gasment with the predictions of other surveys for the numbers of
indicating that the primary disk needs to have little or nofaint quasars. They also showed there is good agreement
prograde gas for a counterrotating disk to form successfullybetween their modeling of quasar colors and the observa-

Terndrup, Ryden, and Pogge continue their investigationions, which is important for establishing the selection effi-
of the surface photometry of dwarf galaxies in the Virgo ciencies of the survey. They are preparing for publication the
cluster. With T. StatlefOhio U)), they are starting a program complete catalog of the 21,375 ‘stellar’ objects in the survey
of BVRIphotometry of dwarf ellipticals. The multicolor pho- together with the results of the spectroscopic observations of
tometry will constrain stellar populations and permit an ex-all the candidates observed. Martini is carrying out a study
ploration of surface brightness fluctuations in early-typewith Osmer of M stars in the survey. The purpose is to make
dwarfs. Accurate determination of surface brightness fluctuaa new determination of their luminosity function. First re-

6.1 The OSU Galaxy Survey
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sults show good agreement with a Salpeter function foine the time evolution of the relation between the observable
M>0.6My but a decrease foM<0.6M, in agreement properties of galaxiegluminosities, scale lengths, colors,
with other recent results. morphologies, velocity widths, ejcand the physical param-
Kennefick, Osmer, M. SmitkCTIO), and R.R. de Car- eters that characterize them in the theoretical framework
valho (Observatdo Nacional, Brasi are addingz-band (halo masses, halo density profiles, baryon fractions, initial
CCD data to existing]FN DPOSS plate data to search for angular momenta, collapse redshifts, star formation histories,
guasars at 4.8<z< 6.5 to a limit ofi=18.5. So far they and merger historigs This will also allow quasar selection
have imaged 700 dégin z using the KPNO and CTIO to Mg=—23 atz<3.
Schmidt telescopes and have been allocated time at CTIO for Conti, Kennefick, Martini and Osmer conducted a search
more. The data in hand will allow limits to be placed on for faint quasars and AGN in the Hubble Deep Field crude
space densities of bright quasarszat5 and should help combined images using, B, V, Ito limiting magnitudes of
distinguish between different characterizations of the evolu26.2, 28.0, 27.8 and 26.8, respectivebpCAs was used to
tion of the quasar luminosity function with redshift as deter-produce a catalog of objects in each band. Matched catalogs
mined by different groups who conducted surveys for quawere produced withskiCAT and for each detected source
sars atz<5. The group began follow-up spectroscopy in aperture magnitudes where computed using the IRABT
1997 where candidates from300 deg were examined. All  routine. For object classification, a set of routines were de-
of the candidates were identified as late-type M dwarfs. Thiveloped to distinguish resolved from unresolved objects by
survey should be complete to stars as late as M9 in the solameans of their radial profiles. Synthetic quasar spectra in the
neighborhood and to correspondingly larger distances forange 2.8<z<<5.5 were generated. These include the effects
earlier M dwarfs. With Martini’'s collaboration, these stars of intrinsic emission lines and absorption byd yorest and
will be classified and published as a catalog. The large areByman-limit systems. Expected quasar colors were then used
coverage and rigorous selection methods of the survey willo identify areas of multicolor space where quasars might be
enable a statistical investigation of the turnover in the masgexpected. Two possible low redshift candidates were identi-
function reported by Gould, Bahcall, and Fly(1996 near fied by combining their UV-excess with their radial profile
the hydrogen-burning limit. information. No clear high redshift candidates were found.
Kennefick and Osmer are involved in two collaborations Peterson, Wanders, Pogge, Wagner, and Bertram con-
with P. Hall, R. Green, and M.G. Smith to search for faint cluded their program of weekly spectroscopic monitoring of
guasars at high redshift using the BTC at the CTIO 4-m. Théoright Seyfert galaxies. Since late 1988, they have used the
first is a survey for quasars at-5 down tol =22 usingl, CCD spectrograph on the 1.8-m Perkins Telescope at Lowell
V, andB band imaging with a target area of 50 dedix-  Observatory to obtain weekly high signal-to-noise ratio spec-
trapolating from current QLFs, the survey should containtra of the H3 spectral region of more than a dozen low-
between 10 and 25 quasarszat5. Twenty ded were im-  redshift Seyfert galaxies. The primary goal of this program
aged in March 1997. The data have been reduced and catalags to determine the time delay between continuum and
construction, using thekIiCAT catalog management system emission-line flux variations, which are ascribed to light
(Weir et al. 1995, is proceeding in order to prepare for travel-time delays within the broad-line region. The time de-
follow-up spectroscopy in spring 1998. The group also has 4ays for the galaxies studied range from about a wgekthe
nights for imaging in November 1997 at the CTIO 4-m lowest luminosity Seyfert studied, NGC 40510 a little
where an additionat-20 ded will be imaged inBVI. The  more than two month&or the highest luminosity galaxy in
detection or non-detection of the most distant objects in théhe sample, Mrk 509 The data are currently being analyzed
universe and the characterization of their QLF with this sur-and prepared for publication. In addition to the broad-line
vey will yield important constraints on models of massiveregion sizes inferred from the time delays, this unique, ho-
galaxy formation and on the ionizing UV background at highmogeneous data base can be used to study profile variability
z. Such quasars will also probe the intervening highas in AGNs. An early, clear result is that unlike the flux varia-
and act as markers around which to search for normal galations, the broad-line profile variations are not reverberation
ies forming at high redshift. The second survey is an &degeffects, i.e., they are not due to changes in the luminosity of
BRI survey toR=23.5 to search for quasars at 83<5.0.  the central source. The data will also be used to study the
This survey should contair-200 z= 3.3 — 4 and~30z  long-term continuum variability of radio-quiet AGNSs.
= 4 — 5 quasars, enough to investigate the shape and evolu- Wanders and Peterson completed an International AGN
tion of the QLF atz>3.3 and—26.5<Mz<—23.5. Quanti- Watch project based ointernational Ultraviolet Explorer
fying the QLF faint-end slope and its evolution from data obtained during the summer of 1996. The ultraviolet
z=3.3—5 will put strong constraints on galaxy formation spectrum of NGC 7469 was monitored continuously for 49
models and on the quasar contribution to the UV and x-raydays, producing over 200 individual spectra. A major result
backgrounds. Also, this faint quasar survey will complemenbf this campaign was the detection of wavelength-dependent
the brighter surveys for high redshift quasars to enable sepa&ontinuum lags: the variations at longer wavelengths follow
ration of redshift and luminosity dependences in quasar spethose at shorter wavelengths, with a time delay that increases
tral properties. In collaboration with Conti) andV band  with wavelength. The trend detected in the ultraviolet spectra
imaging data will be added over 3 den order to build a extends into the optical, as demonstrated through analysis of
statistical sample of galaxies for which photometric redshiftsconcurrent optical spectra. With collaborators K. Horne, S.
will be computed. This galaxy sample will be used to exam-Collier (St. Andrews$, S. Kaspi, D. Maoz(Wise Observa-
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tory), and T. AlexandefGarching, Peterson and Wanders dealt with the nucleosynthesis that might result if clumps of
developed a model-independent Monte Carlo method fomatter were hit by jets of high energy particles, the sort of
evaluating uncertainties in cross-correlation lags. Thissituation that might well exist near the central engine of qua-
method, applied to NGC 7469, confirms the existence ofars(Vandegriff et al. 1997). It was found that appreciable
wavelength-dependent continuum lags. The lags betweeamounts ofH and®He can be made if the jets intersect cool
variations at 1315 A and those at 1825 A, 4845 A, andclumps, whereas synthesis of nuclides beyond oxygen might
6962 A are found to be 0.2812days, 1.25335days, and be expected if the process occurs in a clump of matter that is
1.84"9% days, respectively. The uncertainties quoted areclose enough to the central engine to be heated to several
conservativein the sense that they might be slightly overes-hundred million K. Both possibilities might have implica-
timated. These observations are consistent with a standartions for the observations of high deuterium abundance re-
accretion disk model for the continuum source if the variabil-ported recently.
ity signal is propagated radially at the speed of light. In a sub-class of quasars, anomalously high optical and
The UV/optical monitoring program on NGC 7469 was UV fluxes are observed, particularly from Fespectra — the
complemented by 30 days of virtually continuous monitorings0 called “Feil problem.” A. Sigut(U. of Western Ontarip
with the Rossi X-Ray Timing ExplorePeterson participated and Pradhan have developed a new code, based on extensive
in this experiment, which was led by K. Nand{@oddard atomic models of iron with exact radiative transfer, that
Space Flight Centgr Significant variations were found in Would test various physical mechanisms potentially respon-
both the soft X-rays and UV continuum, but the variationsSible for the Fei problem. X-ray spectra from highly ionized
seem to be poorly correlated at zero lag. iron ions are also being studied, with a view to understanding
Pogge and Martini have gathered flux calibrated broadin€ gravitational redshifts of the Klines to test the para-
band WFPC2 images of 41 of the 48 CfA Seyfert galaxiesd'gm of a supermassive black hole with an accretion disk.
from the HST Data Archives. The CfA sample is spectro-
scopically complete ton,,= 14.5 mag, making it best suited
for statistical studies of Seyfert 1s and 2s. The HST image§ ATomIC ASTROPHYSICS
reveal a striking difference between the general appearances
of Seyfert 1s and Seyfert 2s at subarcsecond scales. In pary
ticular, the Seyfert 1 nuclei are all very bright and saturated

Pradhan’s group, which includes two senior research as-
ciategNahar and Zhangand two graduate student®au-
tista and Romangis involved in the spectral analysis ofiH

. )f‘egions active galactic nucléAGN), and hot, young white
nuclear surroundings. A few of the Seyfert 2s are CIearIydwarfs, as well as in theoretical atomic studies of radiative

being obscured by circumnuclear dust in the host galaxies oD collisional processes in astrophysical plasmas. A com-

scalllleds qu 1(;)3 of p;arse(;s.sﬂ}ls con1|‘|rms att)rent:j seen in IeE?ehensive program is under way to compute the basic
well-defined samples of Seyfert galaxies, but has importank, ;. parameters required in astrophysical models. The

implications for |nt9rpretat|on of the dlffergnces .between rocesses include electron collisions, photoionization and re-
Seyfert 1s and 2s |n.the context_ of_th_e Unified picture, a%ombination. The data are then employed to determine the
some of the obscuration may be intrinsic to the hOSt_ galaXyphysical conditions in the sources. Details of the program
rather than a property of the unresolved central en¢gng., may be obtained from the Website

a thick accretion torys Follow-up studies using NICMOS http://www.astronomy.ohio-state.edupradhan/

and ground-based near-IR spectrophotomedry are in progress g group is also part of an international collaboration

for the coming year. _ called the Iron Project, with members in U.K., U.S., France,
Pogge, D. MaoATel Aviv), M. Eracleous(U.C. Berke-  Germany, and Venezuela. The large-scale quantum mechani-
ley), and L. Ho(CfA) are using the WFPC2 to obtaindH 5 caiculations are being done on the Cray Y-MP 8/128 and

and [O 1] emission-line imaging of three UV-bright and {he massively parallel Cray T3E and IBM SP2 at the Ohio
three UV-dark LINER galaxies. Most of the images Were gypercomputer Center in Columbus.

acquired by HST between April and July 1997 and were

analyzed and flux-calibrated at OSU with the help of Ohio

Wesleyan Univc_arsity undergraduate S._Bem_‘er. Combiningg_l The Iron Project

the new data with archival broad-band imaging, they made

maps of nuclear emission-line gas and dust on the scales of Heavy elements of the iron-peak group such as iron, co-

10s of parsecs in the immediate vicinity of the LINER nu- balt, nickel are of great importance as end-products of stellar

clei. One galaxy remains to be observed with HST during thenucleosynthesis. The main emphasis is ondhdnitio cal-

coming year. The images will be combined with coordinatedculation of electron impact excitation cross sections, includ-

UV spectrophotometry and ground-based images to try ting fine structure, with allowance for strong coupling and

understand the nature of the line-emitting gas and to probeelativistic effects. In addition, radiative data for some of the

the nature of the central engine. A key mystery is why UV-heavier atomic systems are also calculated with improved

dark LINERs have approximately the same optical emissionaccuracy. As a part of the Iron Project work, within the past

line strengths, but are completely undetected at wavelengthgear electron impact excitation collision strengths foriilFe

shortward of 3000 A, while the UV-bright LINERs show and Fexxii were published and the results for iveare in

strong point UV sources in their nuclei. press. The work on Fexil was an improved calculation with
The Ph.D. dissertation of J. VandegrifOoSU Physics  relativistic effects and radiation damping included.
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8.2 Electron-lon Recombination ally for fine structure levels. Additionally, a large number of
oscillator strengths in LS coupling have been reported for

The ab initio unified treatment of total electron-ion re-
Fel, Felv and Fev.

combination(e.g. Nahar & Pradhan 1985subsuming both
radiative and di-electronic recombination, was extended to

relativistic calculations for photorecombination spectra in-g 5 Atomic Data

cluding fine structuréZhang & Pradhan 1997A perturba-

tive method was implemented to include radiation damping Bautista, Romano, and Pradhan have computed new
of autoionizing resonances in photoionization and recombifesonance-averaged photoionization cross sections from the
nation of highly charged iongPradhan & Zhang 1997 Opacity Project database TOPbase for most astrophysically
These papers repoab initio R-matrix close-coupling calcu- abundant elements. C. MendoZ2aracasand Pradhan have
lations for unified(electront+ion) recombination cross sec- made TOPbase electronically available for general users
tions that are in excellent agreement wihsoluteexperi-  from a dedicated server at NASA/GSKCaboratory of High
mental recombination (DR) cross sections, including Energy Astrophysios

resonance structures, measured on synchrotron ion storage

rings (CRYRING in Stockholm and the Test Storage Ring in

Heidelberg for Ar xiv, Cv, Cvi, and Oviil, and DR reso- 9. NUCLEAR ASTROPHYSICS

nance intensities for Pexv measured on the Livermore The premier conference on Nuclear AstrophysiCS, Nuclei

Electron-lon Beam TragEBIT). in the Cosmos, was held at the University of Notre Dame in
the summer of 1996. The summary talk for the conference

8.3 Photoionization, recombination and ionization was given by Boyd1997.

balance

The group continues large-scale computations for photog_l rp-Process
ionization cross sections for large, complex ions such as iron
ions. Results on Feg Felv and Fev have been reported Two papers dealt with rp-process nucleosynthesis, the
while work on Cri is in progrss. The extensive resonancehigh temperature process that occurs in a hydrogen-rich en-
structures and enhanced background cross sections for thegeonment (Hellstrom et al. 1997, Raimannet al. 1997.
ions differ considerably from the previous values carried ouBoth concerned experimental efforts aimed at determining
in much less elaborate manner. The recombination cross sethe properties of some of the short-lived proton-rich nuclei
tions and rate coefficients for these ions have also been caifvolved in the rp-process. These includ®d®g and%8Cd,
ried out in a detailed manner for the first time. The recom-all three of which are at or close to the proton drip-line, and
bination rate coefficients for Feand Fel have been could be progenitors of stable nuclei with the same baryon
reported and the calculations for Feand Fev have also  number. Boyd's group measured the half lives of all three
been completed. Calculations are carried out using a newuclei. They also found thg8-delayed proton emission is
unified treatment developed by Nahar and Pradhan. In addnrot highly probable for any of those nuclides, preventing
tion to the heavy ions, the recombination rate coefficients foabundance shifts due to that mechanism.
astrophysically abundant atoms and ions are obtained along
the isonuclear sequences, such as carbon ions/C nitro-
gen ions Ni-viI, and oxygen ions @-viiI, which are then 9.2 Stellar Nucleosynthesis
used for determination of ionization fractions in thin, coronal

plasmas. The new results differ significantly from the ealier The effqrt(ng eézal. 19971)6t0 deter.mlne the low-energy
values. However, the main point of this work is to provide,CrOSS section for the’C(a, ) ™0 reaction, being conducted

for the first time, completely self-consistent rates for photo—au the medium energy nuclear physics facility TRIUMF, con-

ionization and recombination for photoionization models.cemrf‘7ted this pa?t yearon yse,@}ﬁelayeq protorj emission
from “'Ne to obtain the required information. This cross sec-

The rates are calculated using an identical set of atom'%on directly affects the size of the iron core during stellar
eigenfunctions for both photoionization and recombination y 9

and are therefore self-consistent in a@m initio manner. collapse, and, hence, the ease or difficulty the star has ex-

o . __ploding as a supernova. Two states'i®, a 1- state at 7.12
We now also have the capabilities to calculate photoion;
N . : . : MeV and a 2+ state at 6.92 MeV, produce resonances that
ization cross sections for high energies and for highly-

charged ions, including relativistic effects, using either thedomlnate the low-energy cross section for this reaction. Un-

Breit-Pauli R-matrix or the relativistic distorted wave Codeslzgrtunately, since t_)oth of those states are just .belovvathe
C threshold, their effects on the cross section cannot be

observed at laboratory energies at which observable yields
can be measured. Thus indirect techniques are required to

Nahar and Pradhan have calculated an extensive set determine thé?C(a,y)®0 cross section at energies relevant
fine structure radiative transition probabilites for both dipoleto helium burning. It was found that an isobaric analogue
allowed and forbidden transitions in Fe Transition quan- state in*’F does have a small but adequate branch to the 2
tities for fine structure dipole allowed transitions ini®ave  6.92 MeV state of°0, making it possible to determine the
also been calculated by Nahar. Astrophysical models use thenpact of thaf'®0O state on the low enerdyC(«, y) %0 cross
transition probabilites of a large number of transitions, ususection.

8.4 Radiative transition probabilities
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9.3 Neutrino Astrophysics density associated with the kyforest can be cast in very

The efforts of Boyd's group to develop an observatory forgeneral terms that are independent of the details of the simu-
supernova neutrinos have progressed to the point of desigiations or the cosmological model, and a demonstration that
ing detectors and measuring neutron backgrounds in a pofae simulation models can explain recent observations of
sible underground sitéBoyd et al. 1997). This observatory metal lines associated with the &yforest if the intergalactic
would rely on the interactions between the neutrinos andnedium is enriched to~10 2° solar metallicity, as pre-
nuclei, either in the rock surrounding the observatory or indicted in recent theoretical studies of enrichment from the
panels of converter nuclei of, e.g., lead or iron, to producesarliest stellar systems. The current focus of the research
neutrons. Detection of the neutrons would then provide theprogram is on developing the most powerful statistical tools
signal from the supernova. This observatory would hope tdor testing cosmological models against d-yforest data;
detect a sufficient number of events to do statistically signifi-Croft, Weinberg, Katz, and Hernquist carried out a prelimi-
cant diagnostics of the supernova collapse. It also has thgary comparison between simulations and the Q#4221
potential to measure neutrino masses at cosmologically intespectrum using some of these statistics.
esting levels. Weinberg, Katz, Hernquist, J. Gardn@s. Washingtoi,

The background measurements, conducted at the Wasge Ma (U. Pennsylvanig and E. BertschingetMIT) exam-
Isolation Pilot Plant near Carlsbad, New Mexico, were foundined theoretical predictions for the abundance of damped Ly
to provide an excellent signal-to-noise for the signal ex-o and Lyman limit absorbers in different cosmological sce-
pected from a galactic supernova. The detector efforts argarios, using a combination of numerical simulations and
aimed at developing detectors that will be stable over longhumerically calibrated semi-analytic techniques. They
periods of time, and that will readily provide discrimination showed that the standard cold dark matter model reproduces
between the neutrons of interest and the much-morethe observed abundance of damped systems but that variants
numerous backgroungl-rays. of this model that have significantly less small-scale power at

high redshift are likely to fail this cosmological test. Even
10. COSMOLOGY AND LARGE-SCALE STRUCTURE the standard model underproduces the observed abundance
of Lyman limit systems, though the dependence of this result
on the assumed baryon density has not yet been examined.

Croft, Weinberg, N. Katz(U. Massachusettsand L. Narayanan and Weinberg have completed the develop-
Hernquist(U.C. Santa Cruzhave devised a method for es- ment of their “hybrid” method for reconstruction analysis of
timating the power spectrum of mass flucuations from obserg@laxy redshift surveys and tested it on N-body simulations
vations of the Ly “forest” of absorption features seen in and artificial redshift catalogs. They showed that this hybrid
quasar spectra. The method makes use of the fact that ffheme improves substantially on the Gaussianization
gravitational instability models for structure formation, Method developed earlier by Weinberg and that application
variations in the optical depth to lyabsorption caused by to the Point Source Catalog Redshift Sury&sC2 should
intergalactic gas along the line of sight to a quasar can b¥ield significant new constraints on the value(®f and the
simply related to fluctuations in the underlying matter den-bias between galaxies and mass.
sity. The power spectrum of the absorbed flux has the same Narayanan and Croft have been testing different schemes
shape on large scales as the matter power spectrum, and ti§é evolving the large-scale distribution of matter in the Uni-
amplitude can be simply normalized by requiring that theverse backwards in time. Seven different schemes have been
predicted mean amount of flux absorbed is the same as in dAsted against the results of full gravitational N-body simu-
observed spectrum. The matter power spectrum obtained aftions. Various statistical measures, including the cross-
ter this procedure is free of the uncertain “bias parameters’correlation of the true and reconstructed initial density fields,
which complicate measurements made from the galaxy dishave been applied. The majority of tests seem to indicate that
tribution. The method has been tested using the cosmologic&oth the “hybrid” scheme of Narayanan and Weinberg and
hydrodynamic simulations of Weinberg, Katz, and Hern-the Lagrangian method of Croft and E. Gazga(Barce-
quist. A preliminary application to a KeakRes spectrum of  lona) are significantly more accurate than the methods which
Q1422+231 provided by A. Songaila and L. Cowmfe). Ha-  have been applied to observational data so far.
waii) yields results compatible with low amplitude cold dark  Croft, together with G. DaltotOxford) and G. Efstathiou
matter models, but with a large statistical uncertainty. An(Cambridge, has been studying the pattern of galaxy clus-
application to a much larger sample of observational data itering around galaxy clusters. The strong infall motions ex-
underway. pected in gravitational instability models cause distortions in

Weinberg, Croft, Gaudi, Katz, Hernquist, U. Hellsten the cross-correlation function of galaxies and clusters in red-
(U.C. Santa Crug J. Miralda-EscudéU. Pennsylvanig R.  shift space. These can be quantified and used to constrain the
Dave (U.C. Santa Crug and M. RauchCaltech have pur- density paramete®, as well as the relationship between the
sued a number of other issues related to the model of the Lgalaxy and mass distributions. Direct comparisons of obser-
a forest that emerges from hydrodynamic cosmologicalvations with the predictions of specific cosmologies reveal
simulations. Key results from the past year include a demonhow the efficiency of galaxy formation may vary with scale.
stration that the “standard” cold dark matter model repro-The APM galaxy and cluster redshift surveys have been used
duces the observed distribution function ofd.ylux decre- to show how, in popular cold dark matter cosmological mod-
ments, a demonstration that the argument for a high baryoals, the galaxy distribution is expected to be less clustered

10.1 Large-Scale Structure
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than the mass on small scales, and the valu@ gfs con- primordial abundance of D is correct. The high-D claimed
strained to be significantly less than unity. for some QSO absorbing systems is fully consistent with the

Weinberg gave the conference summary talk at the Sestaredictions of SBBNand with the inferred primordial abun-
meeting on “Dark and Visible Matter in Galaxies and Cos- dances of'He and’Li) but implies a very low nucleon den-
mological Implications.” His contribution to the conference sity, in conflict with other observational constraints. In par-
proceedings reviews recent observational and theoreticgicular, high-D challenges models of galactic evolutitwas
progress on these topics, describes highlights of the resul@0% or more of the present ISM been cycled through stars
presented at the conference, and discusses the implicationswithout overproducing the heavy elements and/or tying up
these and other results for current understanding of the struthe interstellar gas in low-mass stars and stellar remnants?
ture of galaxies, the nature of dark matter, the mechanisms df contrast, the low-D claimed for other absorbers is in con-
galaxy formation, and the origin of the Tully-Fisher relation. flict with the predictions of SBBN and the inferred primor-
An appendix to the article lists the lyrics of “The Dark Mat- dial abundances dfHe and’Li, but it suggests a more rea-
ter Rap: A Cosmological History for the MTV Generation.” sonable nucleon density and is consistent with “normal”
galactic evolution.

To investigate this conundrum in more detail, Steigman,
in collaboration with M. Tosi(Bologng and D. Dearborn

In a paper by Orit@t al. (1997, Boyd and his co-workers (Lawrence Livermore La_borato},yused a new grid of stellar
studied the possible effects of different geometries for thdnedels by Dearborn which track both D afide, in concert
high-density regions in inhomogeneous models of big-band‘”th T_osrs c_hen_’ncal evolutlon_ models to follow the galactic
nucleosynthesis. Both spheres and cylinders were assumegyolution (with time and location in the Galayof D and

and both uniform densities and hollow objects were studied. € (Dearbor, Steigman & Tosi 1996; DETThe stellar
Each might result from some structure in the early universeModels confirm the production of significant amounts of new

It was found that hollow cylinders, as might result from cos-He by low-mass stars. Indeed, DST found that stéllde

mic strings, gave the best representation of the big-bangroduction is so ove3rwhe|m|ng that, even in the absence of
abundances and also allowed the highest baryon-to-photdd’y Primordial D or°He, all evolution models predictHe

ratio. However, the representations of the big-bang abun@bundances in excess of those observed in the solar system
dances are only slightly better than they are for other geom@nd in galactic Hi regions. To reconcile this apparent con-

etries, and they do not do much better at resolving the wellfradiction, DST explored a series of non-standard stellar
known low-helium/high-deuterium crisis of the standard models in which théHe yields were modified. Even so, their

model. conclusions reinforced the already stringent upper bound on
The confrontation between the predictions of primordialthe primordial abundance of deuterium inferred from the ob-
nucleosynthesis in the context of the standard hot big-bangerved solar or ISM values. To pursue this further, Steigman,
cosmology and the primordial abundances of the light ele@long with Tosi, F. Matteucci{Triests, and C. Chiappini
ments(D, 3He, “He, ’Li) inferred from observational data is (Trieste & S@ Paulo, ignored the’He information and ex-
the focus of Steigman’s research program. As in the pasglored a wide variety of chemical evolution models to see if
Steigman and collaborators have continued to pursue a vighose capable of destroying deuterium efficiently were con-
orous many-pronged program aimed at exploiting observasistent with observational dat@.qg. tlme-ev_olutlon of the. _
tional data to derive better estimates of the primordial abunheavy element abundances, abundance ratios, G-dwarf distri-
dances for each of the cosmologically interesting lightoution, etc). Tosiet al.(1997 have found that those models
elements with the goal of using these data to challenge andhich permit large D-destruction are inconsistent with the
test the standard hot big-bang model. This effort has resulte@bservational data and those models consistent with the data
in the OSU group’s identifying an apparent “crisis” for permit only modest D-destructioiiy no more than a factor
standard big-bang nucleosynthesiSBBN) as a result, 0f 2—3 at presentAll these results point towards a relatively
mainly, of the “tension” between the inferred primordial low primordial abundance of deuterium, tightening the noose
abundances of deuterium afide and their SBBN predicted on the universal density of baryons and exacerbating the con-

10.2 Big Bang Nucleosynthesis

yields. flict between the predicte@'high” ) and observed low” )
In the last year Steigman has continued to direct his efhelium abundance.
forts towards using observations of D “here and noi As the second-most abundant nuclide in the Universe,

the ISM and/or the solar systerand of*He in extragalactic “*He plays a key role in testing the standard hot big-bang
H 1 regions as a basis for inferring the primordial abun-cosmology and in probing for new physics beyond the stan-
dances of D andHe. New data on possibly nearly primor- dard model. K. Olive and E. Skillmaf. of Minnesota and

dial “there and then” deuterium observed in several QSOSteigman have included new data tte in low-metallicity
absorption-line systems excited the expectation that unceextragalactic Hi regions to infer the primordial helium
tain corrections for galactic evolution could be avoided, butabundance which they find to be “low.” The large number
contradictory resultg“high-D” in some absorbers, “low- of independent measurements of high statistical accuracy is
D” in others) have left this hope unfulfilled. Steigman and responsible for the very smadkatistical uncertainty in ¥%.
colleaguegHataet al. 1996 have explored the implications Olive, Steigman & Skillman have also used the data in a
of this deuterium dichotomy and have proposed an alternasemi-empirical approach to bounding a large class of pos-
tive approach to identifying which — if either — value for the sible contributions teystematioffsets in Ys. The relatively



544 ANNUAL REPORT

low value derived for ¥ exacerbates the challenge to SBBN. consistent picture emerging that these variations are exactly
In an effort to explore sources of possible systematic erwhat one would expect from inhomogeneous cosmic ray nu-

rors, Steigman collaborated with S.M. Viegas and R. Grueneleosynthesis.

wald (IAG/USP Brazi) in modelling the low-metallicity ex- Walker is finishing work on two other projectél) the

tragalactic Hi regions. They have studied the effect of background flux of neutrinos from all supernovae, 4@p

temperature fluctuations on the determination of the heliungonstraints on power-law universes. Steigman, M. Kapling-

abundance. In the absence of observations constraining subat (OSU Physics and Walker have shown that neutrinos

temperature fluctuations they four@teigman, Viegas & from all the supernovae that have ever occurred are not ob-

Gruenwald 199Y that the systematic errors could be large,servable using current detectors. The neutrino flux is

and they suggested that to minimize such uncertainty, onlfpounded by the redshift distribution of star formation and,

the very lowest metallicity regions should be used. This col-even in scenarios where neutrinos mix from one type to an-

laboration is continuing, extending the search for systemati@ther, the flux is too low. Also, Steigman, Walker, and

errors to ionization corrections and underlying stellar absorpTkachev are completing work that examines the properties of

tion. cosmologies that expand as a constant power law in time.
Walker is supervising a project with A. Ling@ first-year

Fowler Fellow on the primordial abundance 8He. Along

with Scherrer and Ste_igman, they are trying to use statisticab ;g |CATIONS

tests to bound the primordidHe abundance from observa- papcall, J.N. & Pinsonneault, M.H. 1996, “Helioseismol-

tions of "He in metal-poor extragalactic kiregions. ogy, Solar Models, and Solar Neutrinos(abstrac},
Given the “crisis” in SBBN, Ste|gman, N. HatdAS) BAAS, 28, 1346

and J. FelteiNASA/GSFQ have set aside the BBN path t0 gapca|l J.N. & Pinsonneault, M.H. 1997, “Status of Solar

the baryon density and explored non-BBN constraints on the Models,” in NEUTRINO '96, Proc. XVII Intl Conf. on

key cosmological parameters such as the age, expansion rate e trino Physics & Astrophysiced. K. Huitu, K. En-
(Hubble parametgrand overall density of the Universe. In qyist and J. Maalampi, World Scientific, p. 56
this manner they have been able to “predict” the baryongancall, J.N., Pinsonneault, M.H., Basu, S. & Christensen-
density and, consequently, the expected yields of the light pajsgaard, J. 1997, “Are Standard Solar Models Reli-
element abundances from SBBN. Their results favor a Uni-  gpje?” phys. Rev. Lett., 78, 171
verse of modest densit).5 — 0.6 critical, a relativity low  gaytista, M.A. 1997, “Atomic Data from the IRON Project.
Hubble parametef60 km s* Mpc™*), an age of 13 Gyr,  xx. Photoionization Cross Sections and Oscillator
and a “high” baryon density(0.08 — 0.10 critical This Strengths for Fe,” AP&SSS, 122, 167
favors “low” primordial deuterium in agreement with some paytista, M.A. & Pradhan, A.K. 1996, “lonization Struc-
observational data but predicts “high” primordial heliumin  tyre and Spectra of Iron in Nebulagabstract, BAAS,
conflict with the data taken at face value. Continuing work g 1352
with I. Tkachev(OSU & Purdue Univ. using observations Beekman, G., Shahbaz, T., Naylor, T., Charles, P.A., Wag-
of MACHOs and Local Group dynamics supports this high  nper, R.M. & Martini, P. 1997, “The Mass of the Black
baryon density which is also consistent with estimates of the Hole in the Low-Inclination LMXB Transient System
baryon density from observations of the d-yorest. GRO J0422-32 (= Nova Persei 1992’ MNRAS, 290,
Walker, Steigman, Pinsonneault, and Narayanan exam- 303
ined the cosmological implications of new stellar evolutionBerlind, A.A., Quillen, A.C., Pogge, R.W. & Sellgren, K.
calculations for the primordidiLi abundance. They showed 1997, “The Extinction Law in an Occulting Galaxy,” AJ,
that the stellar models which best fit the open cluster lithium 114, 107
abundances also provide the best description of halo st@ettens, R.P.A. & Herbst, E. 1997, “The Formation of Large
lithium abundances. Using several independent constraints Hydrocarbons and Carbon Clusters in Dense Interstellar
they bounded the lithium depletion in halo stars to be be- Clouds,” ApJ, 478, 585
tween 0.2 and 0.4 dex. Unfortunately, this exacerbates thglum, R.D., Ramond, T.M., Conti, P.S., Figer, D.F. & Sell-
BBN crisis since the primordial lithium abundance inferred gren, K. 1997, ‘H—Band Spectroscopic Classification of
from their analysis lends equal support to fie data and to OB Stars,” AJ, 113, 1855
the deuterium datésome of which is in conflict with théHe ~ Blum, R.D., Sellgren, K. & DePoy, D.L. 1996, “Really Cool
data. Additional work which examines the role of rotational  Stars at the Galactic Center,” AJ, 112, 1988
mixing in globular clustergwhere new data shows large Blum, R.D., Sellgren, K. & DePoy, D.L. 1996, “Really Cool
lithium abundance variationss in progress. Stars at the Galactic Center,” ifhe Galactic Centered.
A second research direction by Walker centers on the pro- R. Gredel, ASP Conf. Ser. 102, 277
duction of Li, Be, and B. Walker co-authored a mainly ex- Boyd, R.N. 1997, “Highlights of Nuclei in the Cosmos IV,”
perimental paper on the+a — ®Li cross section which Nucl. Phys. A, 621, 613c
finds that the production dlLi is half as large as previously Boyd, R.N., Brodzinsky, R.L., Cline, D.B., Colgate, S.A.,
thought. Walker is now completing a cosmic ray nucleosyn- Fenyves, E.J., Fuller, G.M., Knapp, D., Lewin, D., Labov,
thesis code which incorporates these new data. Steigman and S.E., Marshall, R., Nieto, M.M., Sanders, D.A., Smith,
Walker are examining variations in the Be and B halo star P.F., Stevens, K., Sugarbaker, E.R., Vernon, W. & Wil-
abundances at low metallicity. There appears to be a self- son, J.R. 1997, “The SNBO Group,Proc. Fourteenth
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