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This report covers the period from October 1999 toidentifications. Several new morphological relationships

September 2000. among the objects have been recognized through this presen-
tation. In particular, attention is drawn to the occurrence of
spatial pairing between nearly identical, unusual spectra,
which may have implications for a particular mode of

1. PERSONNEL massive-star formation. This small sample includes one or

During the report period, 9/99-9/00, the staff included As-both members of at least five such pairs. Physical explana-
sistant Professor Carol W. Ambruster, Instructor Larry Dew-tions of these peculiar, probably-transitional spectra and the
arf, Assistant Professor Edward L. Fitzpatrick, Post-Doctorarelationships among them are essential for a complete under-
Fellow Patrick Godon, Professor Edward F. Guinan, Associstanding of massive stellar evolution.
ate Professor Frank P. Maloney, Professor George P. Mc-

Cook(Chair_persoh Fulbright Fellow Dr. Ignasi Ribas, Re- 3 5 |nterstellar Medium

search Assistant Professor Rex A. Saffer, Professor Edward

M. Sion, and Research Associate Richard Wasatonic. Dr. In December 1999, Fitzpatrick received a Hubble Space
Elizabeth R. Jewell served as Department Assistant. Telescope Archival research grant to perform a study entitled

John Bochanski, Joseph DePasquale, Paul DiTurdConfirming the Interstellar Abundance of Oxygédine ele-
Michael Dulude, Jonathan Hagis, Colleen Henry, Joshuanent oxygen is an important tracer of the overall chemical
Lake, Kelly Lyons, Ira Nadalin, Christopher Pilman, Jeremycomposition of the Milky Way's interstellar mediughiSM)
Sepinsky, Jeffrey Tracey, and Joel Urban served as researbecause it is a very abundant element, is only mildly de-

assistants. pleted onto dust grains, and has absorption features in the
observable UV spectral region. Recent studies have sug-
2 INSTRUMENTATION gested that the interstellar abundance of oxygen is only about
] 2/3 that found in the Sun and this has been interpreted as

2.1 Automated Photoelectric Telescopes indicating that the ISM is generally underabundant in ele-

The Fairborn Observatory, home of the Four College APTMents heavier than hydrogen and helium compared to the
(FCAPT) is located in the Patagonia Mountains of Azat; ~ Sun. 'I_'h|s .result has critical peanng on our view of chemm;al
+31 23 12; Long: -110 41 41 This 0.8m automated photo- €volution in the nearby_ regions of the Galaxy. A potent_lal
electric telescope is operated by the Four College Consol€akness in these studies is that they depend on only a single
tium (FC) consisting of the The College of Charleston, The@bsorption featur¢at 1355.59774, for which the oscillator
Citadel, University of Nevada-Las Vegas, and VillanovaStrength is theoretically determined and has a relatively large

University. The FCAPT is supported by NSF grant AST95-Uncertainty. Fitzpatrick's program will provide an empirical
28506 and AST-0071260. (i.e., observationaldetermination of the critical 1355.5977

A oscillator strength from an examination of interstellar

oxygen absorption lines towards 6 nearby stars. The results

of this program will place the oxygen analyses on a much
The department's WWW address is: phy.vill.edu/astro;firmer footing.

email address is: george.mccook@villanova.edu. Laboratory

work for non-science majors can be found at: 3 Eclinsing Binaries in the L Magellanic Cloud
astrod.ast.vill.edu. This project is supported by the PeV\?" clipsing Binaries in the Large Magellanic Clou

2.2 Internet Access

Charitable Trusts. Guinan, Maloney, Fitzpatrick, DeWarf, and Ribas are
continuing their study of carefully selected OB-type eclips-
3. CURRENT RESEARCH ing binaries(EB) in the Large Magellanic Cloud_MC). The

goals of this program argl) the determination of the funda-
mental propertiesmasses, radii, temperatures, luminosities,
Fitzpatrick and Nolan Walbor(STSc) completed a mor- and metallicities of the components of the binary systems,
phological study of the optical spectra of 20 high-luminosity,and (2) a precise measurement of the distance to the LMC.
peculiar early-type stars. The results are discussed in PASPhe properties of the stars are important for testing and con-
112. The study is organized and discussed in terms of foustraining the results of stellar atmosphere, structure, and evo-
categories of objects: WN-A or WNL stars, OB lape or verylution theories. The LMC distance is a critical quantity since
late WN (WNVL) stars, iron stars, and B-supergiant Lumi- it forms the first rung on the cosmitistance laddemland is
nous Blue VariablegLBVs). Several objects in the earlier thus a key factor in determining the size scale of the uni-
categories are also active or quiescent LBVs. Sdbut not  verse. The study combines results from analysis of EB light
all) of these objects have been well-studied, and extensivand radial velocity curves with results obtained from the
references are provided, as are comprehensive spectral-lishape of the UV-optical spectral energy distribution, and in-

3.1 Stellar Astronomy
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volves ground-based optical photometry and spectroscopST (GO-06683, and NSF(RUI AST-9315365.
and space-based UV-optical spectrophotometry and spectros- Fitzpatrick, Ribas, Guinan, DeWarf, Maloney, and D.
copy. Massa(Raytheon ITS$ completed an investigation of the
Ribas, Guinan, Fitzpatrick, DeWarf, Maloney, P. Mau- properties of the LMC EB system HV982. Precise measure-
rone (Villanova Un), D. Bradstreet(Eastern Col), A. ments were made of the stellar masses, radii, effective tem-
Gimenez (Laboratorio de Astrofsica Espacial y Fisica Fun- peratures, and metallicities, as well as the interstellar redden-
damental, LAEFF, Spajrand J. PritchardMount John Un. ing of the system. The distance to HV982 was found to be
Obs., N2 completed a study of the orbital and physical 45.6=2.1 kpc. After correcting for the location of HV982,
properties of the LMC EB HV2274. HV 2274 is a particu- the implied distance to the optical center of the LMC'’s bar is
larly interesting system because it is detached, has an ecce#LMC) =45.9+2.1 kpc. This result is entirely consistent
tric orbit, and shows rapid apsidal motion. Its distance hadvith the earlier result for the LMC system HV2274. The
been determined previously by Guinanal. (1998, ApJL, results for these objects clearly demonstrate the power of EB
509, L21). The values of the masses, radii, and effectiveSystems as “standard candles.” The distance determinations
temperatures are found to be 1207 M, 9.9+0.2 are extremely robust, i.e., they have no reliance on zeropoint
Ro, 23000-180 K for the primary star and 1140.7  calibrations, are not subject to sampling biases, and are in-
Mo, 9.020.2 Ry, 23110180 K, for the secondary. The Sensitive to stellar metallicity. In addition, the effects of in-
age of the system (172 Myr) and the helium abundan¢g  terstellar extinction are explicitly determined for each object
=0.26+0.03) were obtained by fitting the stellar data with Studied. The HV982 and HV2274 distances argue strongly in
evolution models of Claret & Gifmeez. Importantly, the re- favor of the “short” LMC distance scale and suggest that the
sults indicate that the size of the convective cores of thécale of the Universe is about 8% smaller than the commonly
binary members are significantly larger that in “standard” @dopted result from the Hubble Space Telescope Cosmology
evolution models, perhaps indicating the presence of en€y Project. The HV982 study was presented at the June
hanced convective core “overshooting.” The observed2000 meeting of the American Astronomical Sociéfytz-
apsidal motion of the system — and the inferred internalParick et al, 2000, BAAS 32 and a paper describing the
mass distribution of the binary components — also confirmgnalysis has been accepted by the Agslro-ph/0010526

that larger core sizes are required to successfully model the N December 1999, Guinan, Maloney, Fitzpatrick, DeW-
binary’s properties. These results, which appeared in Apgr_f, Ribas, Bradstreet, and Gimenez were awarded 32 orbits
528 demonstrate the power of the analysis technique to adith the Hubble Space Telescope during Cyclg2D00-

dress issues of fundamental importance in stellar astrophy€909 to carry out spectrophotometric and radial velocity
- studies of three additional systems well-suited for distance
iy tudies of three additional syst ll-suited for dist

Maloney, Fitzpatrick, Guinan, KanSejong U), Ribas, determinations: EROS 1044, EROS 1066, MACHO

DeWarf, Bradstreet, and Sepinsky presented a preliminar 53648.7-691700. All lie within or near to the LM_C b_ar_. The
study of the LMC EB EROS 1044 at the 195th meeting of MACHO EB was selected to be close to the positiwithin
the American Astronomical SocietfMaloney et al. 1999, 7 arcmin) of the supernova SN 1987A in the 30 Doradus

BAAS 31). This EB is one of a selected group of EBs in the complex and will provide a cross-check with analyses that
Magellanic Clouds, begun with IUE and continued with determine the distance to the supernova utilizing observa-

HST. The chief aims are the determination of accurate temt©nS Of its expanding remnant. In addition, 8 nights with the

peratures, reddenings, and chemical abundances for the Cot%l—ancto 4-r_ne;[:er:_ltelescope at ge(;r? Tglqlo IntleszmericSn Ob-
ponent stars. Twelve systems were observed with IUE durin@erva ory In ~hie were awarded to _umeha. uring e
1993-1995, mainly with the SWPLO camefhL5-200nm. ember 2000 to obtain radial velocity curves for 6 LMC
During 199,6/97 HST/FOS observatiofis the 115-480 nm systems. The full analysis of these data potentially can result

range were secured from ten of these systems. These uvn a LMC distance measurement with a net uncertainty of

0 ) .
results are being combined with radii and masses of the stars 1.5%, as well as provide a detailed probe of the structure

obtained from ground-based photometry and spectroscopf?‘.nd spatial extent of this important galaxy.
The LMC eclipsing binary EROS 10482 V + B3 V; - L
V.= +165.2 mag; P= 2.727 d was discovered as part of 3.4 Eclipsing Binaries in The Andromeda Galaxy

the photometric microlensing project using stars in the bar of Ribas, Guinan, Fitzpatrick, A. Gimez (LAEFF, Spain,

the LMC. We have determined the orbital inclination ( C. Jordi(U. de Barcelona, SpainR. W. Hilditch (U. of St.

=79 deg), and stellar physical propertidsass ratio, and Andrews, UK, and D. Valls-GabaudObservatoire Midi-
fractional radii, temperatures, luminosities, and chemicaPyrenees, Francg have begun a long-term project to study
abundancesirom the Wilson-Devinney analysis of the light eclipsing binaries in The Andromeda Gala@yi31). Accu-
curve and from KurucZAtlas 9 model atmosphere fits to rate distance measurements to the Local Group galaxies are
the HST/FOS spectra. Both components have similar properucial to calibrating the cosmic distance scale and to deter-
erties:r;=.23,r,=.32,T=21300 K, logg=3.73,[Fe/Hl =  mining the age and evolution of the Universe. As the first
-0.20, and EB-V) = 0.16. These preliminary analyses, de- rung of thecosmic distance laddethese galaxies serve as
termined using ground-based radial velocity data, were enealibrators for distance indicators which reach far beyond the
couraging enough for us to place this system on the target lisiounds of the Local Group. Once a Local Group galaxy’s
for a radial velocity study with HST/STIS during cycle 9. distance is known, its various stellar populatidesy., Cep-
This work is supported by grants from NASNAG5-7113, heid variablesare available as potential “standard candles.”
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M31 has become a first-class rung of the distance ladder witBge,(3) “Eclipsing Binaries as Astrophysical Laboratories”
the advent of large aperture telescopes and high-efficiency the systems observed during 1999/00 include the high-
instrumentation. The main advantages of M31 are a simplenass eclipsing binariegz; Sgr, V380 Cyg(see belowy, 1
geometry and a chemical composition and morphology veryper, VV Cep, and Y Cyg and the low mass systems: CM
similar to those of the Milky Way, and also a large andDra, CU Cnc, V471 Tau. Results of searches for the light-
diverse stellar population that make it a robust anchor for théime effect that would be produced in the arrival times of the
distance scale. Unfortunately, the distance to M31 is cureclipses by the gravitational pull are discussed elsewhere in
rently known to no better than 015%. this report,(4) “Chromospherically Active Single and Bina-
The work on the LMC distance has demonstrated thaties” — the study of starspots and activity cycles of the fol-
double-line eclipsing binaries can serve as excellent “stantowing stars: V711 Tau, UX Arix And, IM Peg, FK Com,
dard candles.” Distances derived from eclipsing binaries ar@nd the dMe flare star AD Led5) “Photometry of T Tauri
basically geometric and essentially free from many assumpStars” - which includes SU and AB Aur and V410 Tau and
tions and uncertainties that plague other less direct methoda.few other PMS star&ee below. (6) “Stellar Prototypes”
For example, Guinaet al. (1998, ApJ, 509, L2land Fitz- - this program includes long-term photometry of the pulsat-
patrick et al. (2000, ApJ, in pregsrecently obtained dis- ing AGB star Mira, the bright Be stav Ori, and observa-
tances of 45.7 1.6 kpc and 45.8 2.1 kpc from the analysis tions of the X-ray(black hole candidajebinary Cygnus X-1
of two LMC systems. The program of using eclipsing bina-(see below.
ries as standard candles has been extended to determine anin addition to these programs several other different types
accurate distance to M31. As a first step toward this goal, af variable stars are also being observed with the FCAPT.
large volume of differential photometry is being obtained Coordinated observations of some of the program stars are
from the 2.5-m Isaac Newton Telescofiea Palma, Spain  being carried out with FUSE, Chandra, XMM, HST, and
for a sample of 21 eclipsing binaries. Also, an HST proposaEUVE. The FCAPT programs are partially supported by
has recently been submitted to carry out spectroscopy of twblSF/RUI Grants. Several undergraduates have participated
19th mag early-B detached eclipsing binaries. HST/STISn this program during 1999/2000. They are John Bochanski,
low-resolution spectrophotometry (12800 nm) will be  Joseph DePasquale, Jonathan Hargtastern College
used to determin&.¢, [Fe/H], andA, . Based on previous Joshua LakéEastern College Joel Urban, Ira Nadalin, Jer-
experience, this project expects to reduce the uncertainty @fmy Sepinsky and Jeffrey Tracey.
the M31 distance to better than 5%, thereby firmly calibrat-
ing the Cosmic Distance Scale. 3.6 The Sun in Time Program

In addition to the distance determination, this program , .
Multi-wavelength observations of a sample of nearby,

will yield the first direct determination of masses and radii of . oo ’
stars in M31. These results, combined with the Iuminosities,s'ngle' solar-type stars with different ages and corresgonding

will be extremely useful for studying the structure and evo-different rotation rates continue to be carried out by Guinan,

lution of these stars, formed in an environment with a chemi-MCCOOk' Dewarf, Ribas, Giel (ETHZ, Switzerland, and

cal history that may differ from that of the Milky Way. This Messina(Catania Obs., ltaly Astronomy majors John Bo-

will include an analysis of convective overshooting, massChanSk" Joseph De Pasquale, Paul DiTuro, Jonathan Hargis,

loss, internal structure, and chemical enrichment law. Also, gnd Ira Nadalin are also participgting in the photometric as-
direct empirical calibration of the M-L law for the more mas- pects of the program. The stars in the program have spectral

sive stars of M31 will also be possible. Finally, a completegpes_l_cr)]f G0-G5 ;/snd ages that range f(;en?O Myrcj'[('; ~9 |
characterization of the interstellar extinction in the line oft yr. Ihe ages o the progl;ams_tars a;:e etermblre Otrr?m Ctus-
sight of every target will be carried out. In particular, the €rormoving group memboersnips when possibie. er stars

strength of the 2175-A bump and the slope of the far-UVhave ages determined from isochronal fits using evolutionary
rise will be studied models and from activity-age relationships. The observations

of the stars are being made from X-ray to radio wavelengths.
Ground based photoelectric photometry continues to deter-
mine starspot coverage, differential rotation, and activity
cycles. X-ray observations of a few of the youngest targets
Guinan and McCook continue to coordinate the observaare being made with Chandra and XMM. Also, FUV spec-
tions of different types of variable stars with the 0.8m Fourtrophotometry ofr! UMa, «* Cet, 3 Com, andB Hyi have
College Automatic Photometric TelescogECAPT). De-  been carried or approved for observations with FUSE.
Warf and Ribas are collaborating in several of the FCAPT Ribas, Guinan, Guede(ETHZ, Switzerlang and A.
programs. Most stars are observed with filters matched to th&imenez (LAEFF, Spain have completed irradiance tables
UBVRI or the Strangrenuvby systems. Some objects are for selected program stars that cover solar ages fron®
also observed with H or HB narrow and intermediate-bands Myr to 6.5 Gyr. X-ray (ASCA/ROSAT), EUV (EUVE),
filters. Some representative Villanova FCAPT projects areFUV (FUSBE, UV (IUE/HST), andUBVRI (APT) radiom-
(1) “The Sun in Time” — photometry of about 15 solar-type etry of most of the targets that cover a wavelength range of 1
stars of different ages to determine star spot coverages, rotd- to 8600 A has already been secured. This investigation
tion periods, activity cycles(2) “Stellar Evolution in Real focuses on the influence of the young Sun’s expected strong
Time” that includes photometry of Nova Agl 1999b, and the high-energy emissions on the photochemical evolution of
rapidly evolving post-AGB stars — Sakurai's Object and FGearly planetary atmospheres and ionospheres — in particular

3.5 Photometric Programs Conducted with the Four
College Automatic Telescope
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on the erosion of Mars’ primitive atmosphere. The FUV and5. VERY LOW MASS ECLIPSING BINARIES: YY
UV ranges are especially important because they dominateEM, CU CNC, AND CM DRA

the photoionization of key molecular species in planetary Ribas, Guinan, and collaborators G. Torr@fA), A.

atmospheres. Gimenez (LAEFF, Spain, and D. BradstreetEastern, are
carrying out a program to study detached eclipsing binaries
4. V380 CYG with M dwarf components. These low-mass eclipsing bina-

ries are very important for a number of reasons: calibrating
the mass-luminosity relation in the lower part of the H-R
diagram, testing theoretical interior and evolutionary models
for M-type stars, mass function studies ... Unfortunately,
because of strong observational selection effects, only three

from UBV differential photoelectric photometry obtained icndpl\jigg binadrieCSI,VIY[\; G%ﬁ:ﬂ;: gkAAi);\r,CU anC(dM3'5
with the Phoenix-10 and the FC APTs. This bright eclipsing -9 an Dra(dM4.5 + dM4.5), are known to
binary has properties that make it an important “astrophysi-have components Wlth masses S|gn|f|c§1ntly lower than solgr.
cal laboratory” for studying the structure and evolution of 't the currently available photometric and spectroscopic

massive stars. The photometric elements obtained from th%ata are scarce and of poor quality. Moreover, the analysis is

analysis of the light curve@ising the Wilson-Devinney pro- often complicated because of the presence of spots in the
gram have been combined with the spectroscopic solutior"f"tellar surfaces.

recently published by Popper & Guinan to yield the physical A program for determining accurate absolute dimensions

properties of the system components. The effective tempera?—f these benchmark stars has been started. A new high-

ture of the stars has been determined by fitting IUE Uunality radial velocity curve of YY Gem, with very similar

omponents of about 0.6 M has been secured using the
spectrophotometry to Kurucz model atmospheres and confo! .

pared with other determinations from broad-band anaﬁl'!nCh refle_:ctor at Oak_Rldge ObservatcﬁSAO?. The new
intermediate-band standard photometry. radial velocity observations have been combined with pub-

The values of mass. absolute radius. and effective temlished light curves and an analysis is under way. Preliminary
perature, for the primar,y and secondary’stars are:10.5 results indicate that masses and radii with uncertainties be-

Mo, 14.7-0.2 Ry, 21350400 K, and 6.95 0.25 M, , low 1-2% will be determined for the components. Further-

3.74+0.07 Ry, 20500+500 K, respectively. In addition, a more, CCD photometric photometry of YY Gem is also be-

re-determination of the system’s apsidal motion rate had'9 obtained from the Bradstreet Observat@gastery.

been done from the analysis of 12 eclipse timings obtained _CU. qu was r.ecently .discovered to be a doubIe-Iingd
from 1923 to 1995. The apsidal motion study yields the in_ecllpsmg binary with a period of 2.8 days and a very precise

ternal mass distribution of the more luminous component.determlnatlon of the component massstter than 0.5%6is

Using stellar structure and evolutionary models with modernava""?lple' To determine the absolute _dlmensmn_s of this
rgromsmg system, over 2400 photometric observations have

Guinan, Ribas, Fitzpatrick, and McCook, in collaboration
with A. Gimenez(LAEFF, Spain, C. Jordi(U. de Barcelona,
Spain and D. PoppefUCLA), have completed the analysis
of the important eccentric eclipsing system V380 Cy(iR
7567;Vmax = 5.68; P=12.426 days; B1.5 II-lll+- B2 V)

input physics, tests on the extent of convection in the core o _ . X
the more massive B1.5 II-lll star of the system have bee een obtained from the FCA_PT inthe R and | bar_lds, with a
very dense coverage of the light curve. The combined analy-

carried out. Both the analysis of the Igglog T diagram ) . ) o ) .
and the apsidal motion study indicate a stefrﬁ with a Iargeis's of the light and radial velocity is currently being carried

convective core, and thus more centrally condensed, thai-t V.V'th the .a|d of the Wilson-Devinney code. The initial
currently assumed. This has been quantified in form of aﬁolutlons indicate a system composed of wo spotted stars

overshooting parameter with a valuef,~ 0.6+ 0.1. Also, with masses of 0.43 and 0.40dvand radii of 0.42 and 0.36

V380 Cyg provides independent measures of the initial frac-RQ i_n an orbit with an inclinatio_n of 86.'9 _deg. :
Finally, the very least massive eclipsing binary known,

tional helium abundance of the system)( which is an im- - . )
! | y 4 ) (which | ! CM Dra (two similar components of 0.23 ), is being

portant and fundamental quantity but empirically difficult to . )
measure. Finally, the tidal evolution of the systé&ynchro- intensively observed from the Bradstreet Observa{&ist-

nization and circularization timeésas also been studied. The ern) and also using the FCAPT. The light curves, when com-

results of this study have recently been accepted for publicefzined.wnh gxisting radial velocity data, wil yigld the abso-
tion (Guinanet al. 2000, ApJ, 544, in press ute dimensions of the system components with an accuracy

Early-type massive systems with at least one evolvedetter than 1%. This will provide an excellent test of the

component constitute a very important source of observa§te”ar evolution models and the opportunity of estimating

tional data for testing stellar structure and core convectio t_h_e helium apundance of this old sys_tem. Furthe_rmqre, the
Such systems are scar@due to strong observational selec- slight ec_:centrlc prblt of CM Dra permits a determination of
tion effects and gathering the required photometric andthe ap3|dal_ motion rate and, as a consequence, a powerful
spectroscopic data is not eafyecause of the typically long test of the internal structure of these fully-convective stars.
orbital periods — 10 days or moreThe relative faintness of

the secondary component also presents difficulties in th®. LOW-MASS TERTIARY COMPONENTS AROUND
spectroscopic aspects of the problem. In spite of the obseFCLIPSING BINARIES

vational challenges, these systerfalthough rarg have Guinan, Ribas, and Villanova junior Bochanski have car-
proved to be crucial tools and their study should be a priorityried out an analysis of about 160 eclipse timings spanning
in stellar astrophysics. over 30 years of the Hyades eclipsing binary V471 Tauri.
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The results show a long-term quasi-sinusoidal modulation o$tar spots on these two rapidly-rotating dM4.5 stars. Simula-
its observed eclipse arrival times. The O—Cs have been anéiens generated using Binary Maker show that the observed
lyzed for the “light-time” effect that arises from the gravi- time of minimum light can be displaced typically by10
tational influence of a tertiary companion. The presence of a- 15 seconds from an uneven distribution of star spots on the
third body causes the relative distance of the eclipsing pair tsurface of the star undergoing the eclipse. The preliminary
the Earth to change as it orbits the barycenter of the triplgesults indicate that star spots can indeed account for the
system. The result of the analysis of the eclipse times yieldshort-term non-periodic variations in the timing residuals.
a light-time semi-amplitude of 137212.0 s, an orbital pe- Modelling of the eclipses and eclipse times offer an oppor-
riod of P;=30.5-1.6 yr and an eccentricity of;=0.31  tunity to map the spots, as well their temporal evolution, on
+0.04. The mass of the tertiary component Nk sini;  the surfaces of the two stars.
=0.0393+0.0038 M, when a total mass of 1.610.06 M, Although the short-term variations in the O—Cs arise most
for V471 Tau is adopted. For orbital inclinatiohg>35 deg,  likely from spots, there appears to be a long-term variation in
the mass of the third body would be below the stable hydrothe seasonal averages with a period of several years. The
gen burning limit ofM~0.07 M, and it thus would be a semi-amplitude of this variation is about 10 seconds. If fu-
brown dwarf. Even for the minimum mass, however, theture observations confirm that this long-term variation in the
third body would be probably too massive to be a pIanet.O—CS is indeed periodic, then it could be evidence for the
What makes this brown dwarf candidate especially importanpresence of a sub-stellar third body in an eccentric orbit
is that its mass, age, and chemical composition can be simuiifound the eclipsing binary.
taneously known. The age and chemical composition of the
system are known from its membership in the Hyades clus6-1 Young Stellar Objects
ter. The re;ult; of the analysi; were presented in the 196th pawarf and Guinan, with Villanova senior 1. Nadalin,
AAS Meeting in RochestefGuinanet al. 2000, BAAS 32,  qntinye their study of the classical T Tauri St&TTS) SU
677 and have recently been accepted for publication in Ap%urigae (HD 282624; G2 llle; (V) = +9.23 mag;
Letters(Guinan & Ribas, 2000, in p.re)ss _ o ~ (B-V) = +0.83. Long-term photometric observations are
HST/FGS astrometrjto be combined with existing Hip-  made using the 0.8 m FCAPT, in Arizona. This concentrated
parcos datghas been proposed to ascertain the presence angightly) photometry, beginning October 1993 and continu-
determine the properties of the tertiary component. Whefyg 1o the present, is made with intermediate-band filters
these astrometric measurements are availatdeering half  \ery closely matched to the Strgrenuvbysystem. SU Au-
of the orbital period they will unambiguously yield the or-  yigae is observed to undergo rapid and dramatit/€Ay
bital inclination and the semi-major axis with an error below ~ 40 mag light variations. These light variations appear
0.5 mas, corresponding to a few percent uncertainty of th@ot to be accompanied by spectral changes, which implies
tertiary object's mass. This will represent the first direct dy-possible obscuration of the star by dust with properties simi-
namical mass determination of a brown dwarf with known|ar to the intersteller mediurfiSM). The light variations of
age, chemical composition, and distance. Moreover, in th&y Aur, like many T Tauri stars, are complicated. In addi-
next several years it should be feasible to image directlyion to the short-term “dips” in the light curve, the star also
V471 Tau C in the IR(using coronographic observations varies on time scales of days, months, and years. In a previ-
made with adaptive optics or observations made from 9paceyus paper by DeWarf, Guinan, and Radnor HS student T.
as it moves toward maximum angular elongation from theshaughnessy, the interstellar absorption of SU Aur was de-
eclipsing pair. Once these observations are carried out, and#rmined, and when combined with the Hipparcos distance,
V471 Tau C is indeed confirmed to be a brown dwarf, it will yielded estimates of its absolute magnitude and intrinsic col-
make an excellent benchmark for understanding the propeprs (1998,IBVS4551). These values place SU Aur about 1.8
ties and evolution of these objects. mag above the main-sequence for its respective unreddened
Guinan, Ribas, Bradstre@Easter, and HargisEastern  spectral type. Plotting SU Aur on pre-main seque(R¥S)
have also analyzed 85 times of minimum light of the eclips-evolution tracks yielded an age of about 4 Myrs and a mass
ing binary CM Draconis(dM4.5+dM4.5, P=1.268 days, of 1.9+ 0.1 M.
Vmax=11.5 mag obtained between 1995 and mid-2000. CTT stars are pre-main sequence stars with extensive ac-
With the possibility of planetary transits in this systésee cretion disks. From infrared speckle interferometry taken by
IAUC 6423), I-band photometry has been carried out with DeWarf and collaborator H.M. Dyckhen of Univ. of Wyo-
particular attention being paid to observing the primary andning) it is shown that the accretion disk and the possible
secondary eclipses. In addition to searching for transitoncentrations of matter orbiting around SU Aur are ob-
events, the eclipse minima have been monitored to look fogerved nearly edge-on. In the currently analyzed APT photo-
evidence of the “light-time” effect. The observed— metric observations are possible short period variations in
computed(0O-0O) timings (from a linear ephemerisdeter-  brightness that could arise from the rotational modulation of
mined from the analysis of the eclipse minima show evi-light by starspots. Many studies have established the rotation
dence of small 10—20 9 variations on different time periods of T Tauri stars in this manner. They find a rotational
scales. The magnitude of the short-term variations appears fweriod of about 1.7 days. Combining these results with the
be correlated with the presence of wave-like disturbances iprojected rotational velocityv sini) yields a radius of about
the outside eclipse portions of the light curves. These quasR.2 R . The results of this analysis have been submitted to
sinusoidal light variations are attributed to the presence othe IBVSfor publication.
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In addition to observing SU Aur, differential photometry pergranules?on the stars’ surfaces. Also, it has been found
of its probable proper motion pair, AB Aur, is conducted atthat theV-band light curves for these stars have essentially
the same time. AB Aur is observed less frequently per nighthe same shapes as the TiO-index curves. This clearly shows
and shows only small light variations=0.07 in u and that theV-band light curves of red supergiants and Mira vari-
+0.03 iny). Other Young Stellar Objects that are intensively ables are dominated by the largeemperature dependent
monitored are: GW Ori, V410 Tau, V833 Tau, V773 Tau, variations in the strengths of the TiO bands that occur within
and V1331 Cyg. theV-bandpass. The results of the recent analysis of TV Gem

have been completed and will be submitted for publication in
6.2 Near Infrared and TiO Photometry of Pulsating Red  early 2001. Papers have already been published fori, «
Variables and Chromospherically Active Stars Her, CE Tau, and V CVn.

The exploratory program to observe several
o : . . chromospherically-active RS CVn-type stars with the Wing
Adv. Studies n Basic Science, Ir)arn:on'qnue long-term filters is yielding some interesting results. There is an excess
V-band and Wing three color near-IR/TIO_photometry Ofin the TiO-index(relative to that expected from spectral type

pulsating red giant and supergiant st_ars. Th_e obs_er_vc_atioqﬁ colorg for all of the program stars. The excess TiO-index
;tarted n 1995 py Wasatonic and Gumgn; ertorap| JOInGdhas been modeled and can be easily explained by the pres-
in observing during 1998. The observations are being madgnce of cool, darkTiO strong starspots that cover 20-50

with small telescopes: 25—cm and _35—cm reﬂgctors .Iocated "E)ercent of the surface area of the stars. An interesting result
Allentown, Pa(Wasatoni¢ and Zanjan, Irar{iMirtorabi), re- has been found from the analysis of Menear-IR, and TiO-

spectively. Photometric determinations of time-dependent, .. light curves of\ And (G8 IV-IIl; P, ~54-day ob-
’ rot

stellar radius, temperatur€Ter) and intrinsic luminosity tained over three years. The TiO-index light curves for this

(L/Lg) variations are obtained from the near-IR observa-Star have been modeled and permit the starspots to be

tions. Observations also continue for a small sample of Chror'napped over the star's surface. However, the light curves at

mospherically active RS Cvn-type spotted stars that inCIUdet'he other bandpasses are quite often different from the cor-
\ And, IM Peg, V711 Tau, Il Peg, and VW Cep. By analyz- P au '

: . . ! responding TiO-index light curves. A preliminary analysis
ing the TiO-index formed from the ng magmtude; and theindicates that the rotationally modulated continuum light
V-mags and IR mags, the spot fill-factofthe fraction of

. .. .. Vvariations are best fit from a combination of dark starspots
surface spottedare determined. The starspot and white light P

- o nd white light plages. In the case pfAnd, the contribu-
plage contributions and distributions can also be mappeﬁ‘ons to theV-band light curves appear to be dominated by
over the surface of the rotating stars by modeling the light

Tio. and col it white light plages that cover over 50% of the star’s surface.
! T,hanW_co (?[Lvarla |Ions. IR ohot i ‘ . tWing photometry of a similar star, IM Peg, was initiated this
of intirm:a\n d%ateret?a%(()jOfril?eerzr-cenr'ze:)egncl)enIithSTEi}g 5%?5'5 %/ear to determine if this star displays similar behavior. Ignasi
’ Ribas is contributing to this project during 2000 by comput-

bandhead at 719nm and on two near-IR filters that are ce ! ! DUing 'S proj uring y pu

. : r7F1g synthetic TiO-indices and Wing near-IR colors from
tgreq on “continuum™ regions at- 754nm, and 1024nm. Amodel atmospheres of cool stars. The research on near-IR
TiO-index and a near-IR color indetmag \754 - mag

. . .. photometry of long period red variables and chromospheri-
N1024) are formed from the observations and cqllbrated wit ally active stars is partially sponsored by NSF/RUI grants
Tets @and spectral type from numerous observations of stan:

) ) and NASA grants to Villanova University.
dard stars. As first noted by Robert Wing, the 1024nm mag- ¢ y

Pl;t(;fse?oﬂgf:.l% ?ﬁﬂ%ﬁﬁ?g;gﬁaﬁgpﬁgﬁgttﬁglg{gggfnrrgagm&3 Variations of the Optical Light Curves of Cygnus X-1
can be used as a proxy for(bol) for cool stars. The follow- Guinan, McCook, and students Jeremy Sepinsky and Joel
ing M supergiants stars are included on the observing prodrban are obtaining neWBVR and H« light curves of the
gram:« Ori (M1 lab), a Sco(M1.5 lab), CE Tau(M2-lab), 5.6d X-ray binary(and blackhole candidateCygnus X-1.
TV Gem (M2 1ab, and a Her (~M5 Ib), TV Gem (M2- The observations are being made using the 0.8m FCAPT.
lab), and VV Cep(M1.5 lab. Also, a few Mira and Mira- Previous light curves are also being reviewed as part of this
like variables are being observed. These targets include Mirstudy. The preliminary study of the 2000 epddB VR light
(M5-M9 1ll), R Leo(M4 - M9.5 1ll), and V CVn(M5 - M7 curves indicates that the brightness variations of the system
[ll-lle). For each night of photometry, the temperatures ofhave changed since it was observed by Guinan and collabo-
the stars are determined from the Wing TiO and near-IRators during 1977. As is well known, in the optical region
color indices while the relative luminosity of the star is mea-Cygnus X-1 undergoes small periodic variations in bright-
sured from the calibrated 1024nm magnitudes. ness that arise from the tidal distortion of the O9ldhe
Initial results indicate that the red supergiants have differ-ellipticity effect) as it orbits the mass center of the binary.
ent variability characteristics. Preliminary analysis of the ob-However, from the photometry obtained so far, it appears
servations shows that the semi-regular light variations of that the difference in phase between the light minimum at the
Ori and the other early M supergiants predominantly arisesuperior conjunctior{black hole candidate behind the gtar
from temperature variations rather from changes in radiusand inferior conjunction(black hole candidate in fronts
These initial results indicate that the light variations probablynow ~0.44 phase apart. During 1977, the two light minima
arise from non-radial pulsations and/or are produced by thevere separated by 0.48 phase. This apparent variation in the
waxing and waning of large bright convective structuigs  phase difference between the two conjunctions is best ex-

Rick Wasatonic, Guinan and M.T. Mirtoraljinst. for
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plained by apsidal motion that arises from General Relativitylower limits to R sini (in the range 0.80-0.8B) exceed the
and Newtonian(tidal distortion) contributions as the stars expected main sequence radil.75-0.80Ry) of the stars
move in an orbit with a smalle ~0.05) eccentricity. How- (from standard tablesin turn, standard main sequence radii
ever, this is in apparent conflict with recent spectroscopy thagéxceed Zero-Age-Main Sequent@AMS) radii, since stars
indicates the orbit of CygX-1 is nearly circulde <0.01) increase in size during their stay on the main sequence. Thus
and should not show a displacement of the two conjunctiong appears likely that these four stars are still slightly above,
from difference of 0.5 phase. It is hoped that additional ob-though very close to, the main sequence. Of the remaining

servations will resolve this issue. three stars, HD 1405 and HD 17925 might or might not be
above the main sequence, depending on currently unknown
6.4 Zero-Age-Main-SequencdZAMS) K Dwarfs values ofi, while HD 82443 most likely is on the ZAMS.

An unexpected result from the radius analysis is that these
essentially ZAMS stars may be extensively, but uniformly,
spotted, even at light curve maxinfstarspot minima This
%f true even when the historically brightegt magnitudes

om the literature of the past 10-20 yr are used. Positing a
righter V magnitude(by up to 0".4), and thus a brighter
fZminosity, seems to be the only way that radii computed

Ambruster, in collaboration with B.E. Wood, A. Brown
(CASA), and J. Linsky(JILA), analyzed local ISM absorp-
tion observed in the Lyman-and Mg Il h & k lines of six
nearby members of the Pleiades Moving Group observe
with the Goddard High Resolution Spectrograph on HST.
The GHRS observations were originally made with the gan
of studying the outer atmospheres of these stars, which are
special interest because they form a homogeneous samp
they are of essentially equal agéAMS), mass, and tem-
perature(K0-K?2), differing only in rotation period0.38-6.9
d). The sample consists of: HD 1405, HD 17925, HD 82443’constraints oni, e.g., from published Doppler imagingnd

HD 82558, HD 220140, and HD 1978%(Speedy Mig. the known distanceg&ll but one star, HD 1405, have Hip-

Powet‘r’]er'e IIZI;Srderdto tge”\c’je taC(_:tu_rate em|SS|or: line ﬂuﬁﬁgarcos parallaxgs surface fluxes were calculated from ob-
rom the and other data, 1t IS necessary 10 correct 10Lg, .\ o4 flyxes vial2/R2. Analysis of the rotation-activity re-

ipterstellar absorption, which strongly aﬁects three irT‘port"’mations derived from the final surface fluxes is currently in
lines (Mg Il h & k and Lyman-), despite the fact that the progress.
stars are, with one exception, within 20 pc. For four of the
six stars, an absorption component is detected with a velocitg 5 Archaeoastronom
and column density consistent with the Local Interstellar™ y
Cloud (LIC). For HD 197890(Speedy Mig, there is no ob- Ambruster gave an invited paper at the plenary session of
served component at the expected LIC velocity, or at théhe annual ARARA(American Rock Art Research Associa-
projected velocity of the G cloud, which is a nearby cloud intion) meeting(May 26-29, 2000, Heard Museum, Phoenix,
the general direction of the Galactic Center. It also seem#&Z). The paper, to be published in the conference proceed-
doubtful that either of the two components seen toward HOngs, presented new discoveries from a 1999 winter solstice
82558 are LIC or G cloud absorption. The fothl column  field research trip to a site in eastern Chaco Canyon National
density toward HD 82558d = 18.3 pg is extremely high  Historical Culture Park, NM, which has been a focus of re-
(log Ny=19.05+0.15), representing the largest average H Isearch with collaborator T. HulJPL) since 1993. Because
density detected for any line of sight through the nearbyof the well-known importance of the 4 cardinal directions in
LISM (ny~0.2cm™3). This is particularly remarkable con- Navajo tradition and religion, plus occasional references to
sidering that this star is only 39° from the ‘interstellar tun- winter solstice in legends, it has been somewhat surprising
nel’ toward e CMa, where column densities are an order ofthat there are no references to the practice of observing or
magnitude lower than this toward stars which are an order ofmarking the solstices and equinoxes in the ethnological lit-
magnitude farther away. erature on the Navajo. However, in the last few years, sev-
Ambruster continued analysis of the GHRS low- eral panels of 18th to early 19th c. Gobernador-style Navajo
resolution spectra of these six stars, supplemented with areck art at this Chaco Canyon site have been instrumental in
chival GHRS observations of the very young dwarf AB Dor confirming that observation of solstice and equinox sunrises,
(which has a similar early K spectral class, although it isa practice usually associated with the Pueblos and Anasazi,
probably slightly younger than the other syar®bserva- was once important to at least some Navajo. Sky-related im-
tional constraints on the radii of the stars, indicate that sevagery, as well as Holy People, are present on several of the
eral have radii between 0.80 and R@, and thus may still panels; and some rock art elements seem to be deliberately
be slightly above the main sequence. Radii were calculatedaired. But repetition also occurs on a grander scale: in De-
in three ways: 1the Stefan-Boltzmann law,) 2he Barnes- cember 1999, it was discovered that each solstice or equinox
Evans relation, and)R sini (from observations of V sim  sunrise can be observed against the identical horizon feature
and the photometrically determined rotation perid,; . from it two nearby sites: there are 2 winter solstice sunrise
R sini values emerged as the most reliable, despite uncewbservation site$l Navajo and 1 Anasazi2 summer sol-
tainties ini. The known observational uncertainties in both V stice sunrise sitegsagain, 1 Navajo and 1 Anasaziand 2
sini andP,,; were then used to calculate the minimum pos-equinox observation sitéboth Navajg. At this site, it all six
sible R sini allowed by the observations. For 4 of the starsboulders with significant rock art mark a place from which to
(Speedy Mic, HD 82558, HD 220140, and AB Dpstrict  observe solstice or equinox sunrises against one of the few

om either the Barnes-Evans or Stefan-Boltzmann law can
@ made consistent with even the minimum lower limits to
R sini.
From the adopted stellar radR sini, plus observational
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distinct cliffs on a generally featureless eastern horizon. Conef the project. Using horizon measurements and the precisely
versely, as seen from all boulders it without significant rockknown position of the Sun at winter solstice sunrise, a mag-

art, no matter how smooth and appealing the surface, solstigeetic declination of 11.9 degrees is determined for the site;

or equinox sunrises appear at flat or otherwise nondescrighis correction has been applied to measured azimuths and
places on the eastern horizon. That is, rock art appears @titudes for comparison with published solar positions.

have been consciously carved only on boulders that provided

clear confirmation of the arrival of solstices or equinoxes.6.6 KPD 2146+4117

The rock art on each of the Navajo panels is very different, Saffer and collaborators P. Bergeron & F. Wesemael

with little or no overlap of imagery or symbols. This might (2000, PASP, 112, 837made a new optical spectrum and
suggest that each panel served a different ceremonial f””?ﬁodel atmosphere study of the cool DBA white dwarf KPD
tion: either different parts of a specific ceremony, or differenty1 451 1117 discovered in the Kitt Peak Downes colorimet-
ceremonies altogether. The winter and summer solstice Najc s rvey. The analysis shows that this star should be reclas-

vajo rock art panels incorporate seasonal motifs into the rockjfied as a helium-strong subdwarf B star. The parameters we
art itself: two Sun shields as well as the traditional Navajoyerive T=34,300 K, log g=6.1, and log y

cons_tellations for November and December on the winter_ —1.0, place it squarely within the sample of such objects
solgtlce panel, and plc_a_nts on the_ summer solstice paneydied by R.A. Saffer and coworkers.

While not season specific, Anasazi spirals, such as those on

the Anasazi s_ummer.solstice panel, are known t.o occa_siorgj EC 14026 Seismology

ally be associated with the Sun. The two Navajo Equinox

sunrise sites, perhaps because they pertain to both spring andSaffer and collaborators M. Billeres, G Fontaine, P. Bras-
fall, do not seem to contain season-specific imagery, alsard, S. Charpinet, & J. Liebert reported the discovery of
though they do contain clear references to the Sun in th8ltiperiodic luminosity variations in the hot B subdwarf
form of a ‘Sun Shield’ on one panel, and 2 or 3 sun gMthKPD 1930+2752. This star was selected as a potential target
on the other. The repetition of important symbols in the rockin the course of an ongoing survey to search for pulsators of
art at this site, as well as the pairing of the sites themselvedh® EC 14026 type. A model atmosphere analysis of the
fits with the Navajo use of repetition to enhance spiritualfime-averaged optical spectrum of KPD 1930752 indi-
power. The pairing of elements is most precise on the Navaj§ates that this star has,{=33,280 K and logg=5.61,
winter solstice rock art panéR Sun shields, 2 each of the which places it well within the theoretical EC 14026 insta-

constellations marking November and December, 2 Hobpility strip. At least 44 harmonic oscillations are seen in the
People, but repetition is also present, though not always inlight curve, with periods in the range 145-332 s, and ampli-
multiples of two, on one of the Navajo Equinox panéds tudes in the range 0.064%-0.451% of the mean brightness of
completed Holy People, two completed circles with triangu-the star. In addition, the light curve is dominated by a nearly
lar rays, several downward pointing arroved the Navajo Sinusoidal variation with a period 6+4108.9 s and ampli-
summer solstice panéht least two plants Finally, this site tude of ~1.39%. This latter v_arlatlon. is unique among t_he
provides an informative window on 18th c. Navajo attitudesk"0Wn EC 14026 stars. This relatively slow luminosity
towards the Anasazi ruins in their midst: as is sometimeyariation is likely due to the ellipsoidal deformation of the
seen in the Dinetah, Navajo and Anasazi sites are inteﬁ’dB star in a close binary system containing a faint invisible
mingled on distance scales as small as a few tens of meterSmMPanion(possibly a white dwajf Using a new period-
This proximity is found in both residential and ceremonial Matching technique based on a genetic algorithm, the dense
contexts: there is, for example, both a Navajo sunwatchin bserved per_lod sp_ectrum n th_e 145-332 s interval is shown
site and an Anasazi sunwatching site in each of the winte be compatible with a theoretical low-degree p-mode spec-

solstice and summer solstice pairs. This, plus the presence gpm that is rotationally split in a star rotating with a period

both Navajo and Anasazi residential features suggests that, ~8217.8 s, the value expected from the ellipsoidal effect

contrast to later historical times, 18th c. Navajo in this part omeOked to explain the observed long-period variation. This

Chaco Canvon were not uncomfortable living amon Ana_interpr_etation awaits tht_e test of time-resolved spectroscopy.
y g g If confirmed, the potential of KPD 19302752 as a labora-

sazi remains. . . .
An overall map of the distribution of surface features attory for EC 14026 seismology will become immense.

the site, now 80% complete, is being done by GPS in UTM

coordinates. A primary datum was selected at a point annS'8 NGC 1818

the Park boundary fence. The site map has been generated Saffer and collaborators M. Burleigh, G. Gilmore, & R.
relative to this datum, and a series of sub-datums; the altitudelapiwotzki analyzed an optical spectrum of the Elstral.
and UTM offsets of the sub-datums from the primary datumcandidate luminous white dwarf in the young LMC cluster
have a precision of approximately 1 meter. Each of the bouINGC 1818. The analysis shows conclusively that it is not a
ders and surface features, as well as site topography infodegenerate star. A model atmosphere fit givgs<31,500K
mation, are recorded in this manner. All measurements utiand logg=4.4, typical of a normal main-sequence B star.
lize hand-held Suunto compasses and clinometers whicHowever, if it is a true LMC member then the star is under-
have been calibrated both absolutely, and against each othéduminous by almost 3 magnitudes. Its position in the cluster
The precision of these azimuth/altitude measurements is beolor-magnitude diagram also rules out the possibility that
tween 0.5 and 1 degree, which is sufficient for the purposethis is an ordinary B star. The luminosity is, however, con-
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sistent with a~0.5 solar mass post-asymptotic giant branchand the local density of white dwarf stars is found to be
or post-extended horizontal branch object, although if it ha$.5+0.8x 10" 2 pc™ 2 with a corresponding mass density of
evolved via single-star evolution from a high-md3s6-9.0  3.7+0.5x10 3 Mg, pc 3.
solar masg progenitor then we might expect it to have a  The local sample possesses several advantages over pre-
much higher mass;-0.9 solar masses. Alternatively, it may vious estimates of the white dwarf density derived from
have evolved in a close binary. In this case the object offersther samples. The chief advantages are its completely
no implications for the maximum mass for white dwarf pro- volume-limited nature and relatively high level of apparent
genitors, or the initial-final mass relation. Finally, we suggesttcompleteness. It does, however, suffer at present from a
that it could in fact be an evolved member of the LMC disc, rather low sample size. This limitation is likely to be dimin-
and merely projected by chance on to NGC 1818. Spectrashed if the present zone of completeness is increased from
scopically, though, we cannot distinguish between these evd3 pc to 20 pc. They intend to do this as part of the NSTARS
lutionary states without higher resolutidechelle data. program which is aimed at discovering and cataloging the
stellar population within 20 pc of the Sun. The primary sta-
tistical uncertainty in all present estimates of the space den-
6.9 Field White Dwarfs sity of white dwarfs comes from the small sample size of
typically ~50 stars. Wood & Oswalt1998 used Monte
6.9.1 White Dwarf Mass Distribution, Gravitational Carlo calculations to estimate that for sample sizes ef 50
Redshifts & Kinematics white dwarfs, uncertainties inyp of ~50% are expected.
Sion, with N. Silvestri, T.D. Oswalt and M.A. Woo There also exists a modest systematic uncertainty due to the

(FIT) and I.N. Reid(U Pa) examined the mass distribution, possibility that future searches and surveys may lead to the

gravitational; redshifts, radial velocities and space motiondliscovery of additional white dwarfs within 13 pc. The slight
of white dwarfs in common proper motion binaries. They north-south asymmetry in the number of stars within 13 pc,

derive a mass distribution with a mean mass of & 684M hints at this possibility. Thus, while it is possible that the
o - This distribution has a slightly higher mean and Iargerfumre may ,b“ng a qu(_ast Increase in the_number of V‘,’h'te
dwarfs in this volume, it is highly unlikely, given the quality

dispersion than most previous white dwarf studies. They hy- X ;
pothesize that this is due to a higher fraction of cool WhiteOf the p_rese_nt .dllstance estimates, that the “Pmber of known
dwarfs in their sample. They find that samples made up oftars wil §|gn|f|gantly decrease. Thus, the',r number .an_d
predominantly cool, old white dwarfs tend to have abimodalmass density estimates can be regarded as firm lower limits.
distribution with a second mass peak-atl.0 M, which

skews the mean toward a higher mass. Both the mean argl9.3 Surface Compositions of the Local White Dwarfs
individual white dwarf masses they report are in better agree- The types of white dwarf stars which make up the local
sr::%r;)ti(\:/vg?st?oolsi(r:edf)trirfri]lqel,-geti;oTvimor?ngls?tg?g\?igzzrzZ\F\)/(iet(i:;r%ample are also of interest. This is in part due to the fact that
. : . . . “the population ratio of the two primary spectral types, the
tional redshift studies of cool white dwarfs. Their results pop p Y SP yp

indicate that ¢ bi d K n H-rich DA stars and the non-DA stars appears to undergo
incicate that measurement blases and weak geocoronal ingg, a5 changes as a function of effective temperature. That
in the observed spectra may have contaminated previous re

hift s Th | blished a list of let 5, white dwarfs appear to change spectral classification
shiit measurements. They also published a TSt of COmpIely,say o the dominant atmospheric species as they cool. One

space motions for 50 wide binary white dwarfs, derived fromof the most obvious manifestations of this is the decline in

radial velocity measurements of their non-degenerate COMpe DA to non-DA ratio. At temperatures of 20,000 K and

panions. They found that the UVW space motions and dISZ':lbove, this ratio reaches a value of 7:1 but declines to about

persions of the common proper motion binaries that contairl.l and lower for white dwarfs near 5.000 K to 4.000 K
white dwarf components are consistent with those of Old(éion 1984; Bergeron, Ruiz & Leggett ,19)98n the I,ocal

metal-poor disk stars. sample we find the DA to non-DA ratio to be 1.2. This is
consistent with the fact that there are few white dwarfs with

6.9.2 White Dwarf Local Space Density Tetr<20,000 K in the local sample.

Sion, in collaboration with J. B. HolbergLPL West, , ,
U.Az) and T.D. OswaltFIT) used the most recent version of 6-9-4 The Web-Based Villanova Catalog of White Dwarfs
the Catalogue of Spectroscopically Identified White Dwarfs During the report period, McCook constructed the web-
listing 2249 white dwarf stars to determine the space densitpased version of the Villanova Catalogue $pectroscopi-
of white dwarfs. Among their sample are 118 white dwarfscally Identified White Dwarfey McCook and Sion. McCook
that have either reliable trigonometric parallaxes or color-and Sion received a three-year grant from the NASA Applied
based distance moduli which place them at a distance withimformation Systems Research Program to develop an inter-
20 pc of the Sun. Most of these nearby white dwarfs areactive web-based user interface with hyperlinks to citations
isolated stars, but 380% of the sampleare in binary sys- for all data. This can be accessed at www.phy.villanova.edu/
tems, including such well known systems as Sirius A/B, andastro/WDCatalog/index.html. This catalog is also the pri-
Procyon A/B. There are also three double degenerate sysaary observational data source for the White Dwarf Data-
tems in this sample of the local white dwarf population. Thebase being developed by J. Holber@J. AZ) and
sample of local white dwarfs is largely complete out to 13 pccollaborators at the Lunar and Planetary Laboratory West in



676 ANNUAL REPORT

Tucson. This will eventually include masses, radii and find-radius relation. We also derive the orbital inclination (77.5
ing charts for all of the known white dwarf stars. +0.7deg), component separation (3:3M06 R.), and the
fraction by which the K dwarf fills its Roche lob&7%).

The newly determined orbital parameters allow us to confine
the fundamental CE efficiency parameter to the range 0.1
Villanova senior astronomy major, Colleen Henry, and<ace<0.6, implying a relatively high rate at which CE evo-

Sion considered the thermal history of the magnetic whitdution creates close binary systems.

dwarf in the Hyades, pre-cataclysmic, eclipsing-

spectroscopic binary, V471 Tauri. With .fk=35,000K,

(M,,q=0.8M,), its cooling age is only 7.810° years com-

pared with the mean cooling age of Hyades single white.11 White Dwarfs in Cataclysmic Variables

dwarfs of 9x 10" years. If its formation was essentially co- 6.11.1 The Accretion Disc Boundary Layer in Cataclysmic

eval with the single Hyades degenerates, then V471 Tauri i@ariables

13,000K hotter than their average.f (19,680K. This

amount of heating by accretion is in the same regime as that Godon is carrying out a numerical study of gaseous astro-

experienced, on average, by white dwarfs in cataclysmigphysical discs as found in some binary systé@ataclysmic

variables(Sion 1999, PASP, 111, 582They compared the Variables - CV3, in which a star is losing mass that is trans-

positions of the Hyades degenerates in the HRD with gerred to its companiofe white dwarf. This matter forms a

Bondi-Hoyle locus of constant accretion, as discussed byiat disc around the white dwarf and, due to viscous dissipa-

Castellani & Panagi#1971). They considered several pos- tion, the matter in the disc is slowly accreted onto the surface

sible physical explanations for the puzzling cooling historygf the white dwarf. The main unsolved problem in these

of the V471 Tauri degenerate. These include the possibilit;gystemS is the boundary layer region between the fast rotat-

of an ancient nova with limit cycle evolution, steady Proton-ing inner edge of the disc and the slowly rotating stellar

proton nuclear burning providing its surface luminosity, andg rface. In this region, the disc is expected to slow down

radial accretion heating maintaining its observediTFor il jits velocity matches the velocity of the stellar surface.

steady hydrogen burning, an accretion rafd=1  The disc looses kinetic energy which is expected eventually

X107 HLs/X,=2X 10" *Mlyr is sufficient to account for g he emitted by the inner disc. The luminosity of the inner

the present d;. . . _edge of the disc predicted by one-dimensional simulations is
How much accreted mass is needed to spin the whitg,rge: however, two decades of observations have not shown

dwarf up to its present rotatiof120 km/$? Substituting nu- any evidence of a luminougnd hoj boundary layer. He is

merical_ values, we find that, for an initial velocity of 0 km/s developing a two-dimensional hydrodynamic code to carry

the white dwarf would have accreted X80 *Mo 10 be ¢t two-dimensional simulations of the boundary layer re-

spun up to its present rotation rate. This is an upper "mibion to solve the long standing problem of the missing
since we assumed zero rotation initially. If the initial white boundary layer

dwarf rotation was 50 km/grapid for a field white dwaif The way the matter is accreted from the disc onto the star

_ — 4 . .
:jrﬁgrfi?ul%cbce_aségétlig ;\ilg .ra:(—ahsein?ig)r/ tgrcr:];[atc?les;/nvir::lt\?ari has direct consequences on other important processes. The
. 9 y accreted material, after it accumulates onto the surface of the

ables is just after emergence from the common envelope

when the K-dwarf was bloated and could have filled itsWh'te dwarf, undergoes a thermonuclear runaway - TNR

Roche lobe. The relaxation timescale for the bloated Iategnova)' In order to model correctly the TNR event, one has to

type dwarf following its emergence from the common enve.know whether the material from the disc has spread toward

lope is of the order of 10years(Hjellming & Taam 1994. It the poleshofr;[he ztar or has-r(?malne_d I|n thtlaq equatgr. It is Inot
is during this phase that the white dwarf could have accrete!§nown whether the equgtona material on the star. IS acceler-
at a rate comparable to cataclysmic variables. ated(as some observations suggest not. Convective cur-

Sion, Sean O'BriefSTSc) and Howard E. BondSTSc) rents due to Eckman pumpirigr even turbulence due to the
completed the analysis of F2ubble Space TelescoBHRS sheay in the outer envelope of the st@[nd_in the accreted
medium resolution spectra in the &yregion toward the Hy-  €nvelope could take place, and would mix the freshly ac-
ades white dwarfWD) + K2 dwarf eclipsing binary, v471 creted materia(Hydrogen-H with heavier elementse.g.,
Tauri. The spectra were obtained at first and third quadraturAl - .) found in the star. During a TNR, the heavy ele-
in the binary orbit and provide a rare opportunity to deter-ments would be ejected in the interstellar medium and affect
mine a dynamical mass for a nearby WD star. Fits to thehe .composition-of the interstellar gas. The- problem of the
Lya absorption profile yield a velocity semi-amplitude BL is therefore important not only to explain the observa-
Kwp=164.0+3.5 km s . Using the known velocity semi- tions of CV systems, but also to predict the TNR events, the
amplitude of the K dwarf, we derive stellar massesvbfi, ~ Mixing of the elements in the outer envelope of the white
=0.93+0.04 M and M,,p=0.84+0.02 M, for the K  dwarf and the heavy elements ejected in the interstellar me-
dwarf and WD, respectively. Both component masses ardium, and most importantly this would have significant im-
higher than has been assumed in most previous investig@lications in the theory of STAR FORMATION. In this pic-
tions. However, with its radius previously determined, theture, the heating of the star due to BL radiation and
WD is now in excellent agreement with the theoretical massadvection of energy would also affect the TNR event.

6.10 White Dwarfs in Post-Common Envelope Binaries
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6.11.2 Far Ultraviolet Spectroscopy of CV White Dwarfs  hot (T.;= 30,000 K, logg=7) white dwarf with probable
Sion continued to concentrate on faN spectroscopy of ~Subsolar silicon abundance and all other observed metal tran-

faint exposed white dwarféVDs) in cataclysmic variables sitions at essentially their solar values. For comparison, they
(CVs). This work has provided fundamental new information fitted optically thick accretion disk models to the same spec-
on the underlying white dwarf accreter. Among the new paira for My4=0.80 My and disk inclination anglé=60° for
rameters and insights are white dwarf rotation rateg,, T accretion rateé =10 °>and 10 %° Mg yr 1. They com-

log g, chemical abundances of their accreted atmospherepared the T;s of CN Ori, one of a handful of dwarf novae
cooling response to heating of the white dwarf by boundaryabove the period gap, with a model photospheric analysis, to
layer irradiation, compression and shear mixing in conseall other dwarf novae with white dwarfs of known,} de-
quence of dwarf nova outburst events, evidence of accretiorived using similar analyses. They found evidence that the
belts, white dwarf massd@dependent of disk emission line white dwarfs in dwarf novae above the period gap are hotter
velocitieg, long term CV evolution, the white dwarf as the than the ones below the gap. This trend suggests more
potential well for dwarf nova outbursts, their role as theheated, younger degenerates above the gap, and is consistent
source of thermonuclear outbursts, constraints on the diswith the overall empirical evidence that mass transfer rates in
contribution to the fatJV, and insights on the nature of the dwarf novae above the period gap are higher than mass trans-
boundary layer near the white dwarf surface. This work isfer rates in systems below the gap.

being augmented by Sion’s theoretical studies of white dwarf Ira Nadalin studied TY Piscium, a faint dwarf nova of the
heating due to compression and downward boundary laygBU UMa subtype(systems which exhibit superoutbursts in
irradiation. In an enlarged exploration of parameter spacegaddition to normal outburstsDuring the quiescence of TY
Sion continues to use his 1-D quasi-static code with timePsc, its visual magnitude is 17 while in outburst it is nor-
variable accretion to study the heating of white dwarfs inmally at 12th magnitude. Its orbital period is 0.08 days and it

dwarf novae and nova-like variables. exhibits quasi-periodic oscillationQP0O3. The faintness of
TY Psc during quiescence made it a marginal target for IUE
6.11.3 Studies of Dwarf Novae During Quiescence observations. Remarkably, a single IUE SWP spectrum was

Villanova astronomy undergraduates Kelly Lyons obtained with sufficient signal to noise to carry out a model

Michael Dulude, Joel Urban, Colleen Henry and Ira Nadalin’atn(]:osilphereﬁccretion g'sﬁ ar;]alysii.. dwarf in the VW
working with Sion, analyzed HST archival and [IUE NEWS- olleen Henry studied the white dwarf in the

IPS archival SWP spectra of many dwarf novae obtained ulpecu_lae system. The newly found orbital period Of. th_is
when AAVSO light curve data indicated the occurrence ofSYStem is 0.168760.00007 days or 4.05 hours and this is

dwarf nova quiescence. They computed synthetic, high gravc_onsistent with the observed presence of standstills and sup-
: ports the idea that UZ Sesia U Geminorum type system.

ity spectra in LTE with solar composition using the COdeSTh inclinat le of th is K be 44
TLUSTY195 and SYNSPEC42 and carried out fits of these' fzo'”ch'”a“o” arf‘gﬁ N h? € dsyStfe.m 0'32 4)”5’6‘3"’” o %
models to the fakJV continuum and narrow absorption line —~ =< the mass of the white dwarf is 0.20.06 Mo, an

spectra. For CM Del, they found that the far UV spectrum isthe system appears to have an outburst period of 30 days.

dominated by a hafT.r; = 22,000 K, logg=8) white dwarf Using a model atmosphere synthetic spectral analysis of VW

with subsolar Si abundance and all other observed meta}{UI _during its quiescence, she ha_s determined the surface
transitions at essentially their solar values. For AH Her, theygrqv'ty and Ty, as \_Ne” as chemmal_abundanceg and an
found evidence for a hot white dwarf with,f=27,000 K, est|mate_ of the accretion rate of the white dwarf during dwarf
log g=8 and subsolar Si abundances. An HST :spectrun’i‘ova quiescence.
(GHRS G160M of AH Her reveals blue-asymmetric SilV
profiles if, due to wind outflow, they derive a single- 6.11.4 The Eclipsing Dwarf Nova OY Car
scattering upper limit mass loss rate of 20 Mo/ Sion, with F. Cheng, K. Horn@J.St. Andrews, T. Marsh
yr~ 1. Synthetic profile fits to 12 coadded HST medium reso-(U. Southamptonand I. HubenyNASA GSFQ, studied the
lution G160M spectra of the Si IV1393A , 1402A reso-  accretion disk evolution and heating of the white dwarf in
nance doublet of CM Del yielded a white dwarf rotational OY Car. Of the five brightest eclipsing dwarf novadT
velocity estimate of v sifi=400" 53 km s™%, T,,4=27,000K  Cas, V2051 Oph, IP Peg, OY Car, Z Cha and HS1804
+1000K and Si/H=1"33 times solar. +6753 , only the last four have frequent outbursts, and of
They also carried out a synthetic spectral analysis of 3hese OY Car, which has the smallest mass rajio
IUE NEWSIPS archival spectra of the peculiar, very active=M,/M,=0.1, shows the clearest separation between the
dwarf nova CN Orionis taken at the system’s lowest fluxwhite dwarf and bright spotd ST observations of the eclips-
levels during quiescence. AAVSO data indicate the visuaing dwarf nova OY Car after an April superoutburst are used
magnitude V~ 14 for CN Ori at this time. On the assump- to isolate ultraviolet spectrid 150—-2500A at 9.2A FWHM
tion that the white dwarf contributes significantly to the far resolutior) of the white dwarf, the accretion disk, and the
UV light of the system, they computed a two-parameter gridoright spot. The white dwarf spectra have a Stark-broadened
of synthetic, high gravity spectra in LTE with solar compo- photospheric Ly absorption feature, but are veiled by a for-
sition using TLUSTY195 and SYNSPEC42, and carried outest of absorption features that we attribute to absorption by
fits of these pure photospheric models to the far UV con-intervening disk materiala curtain). All of the spectral fits
tinuum and narrow absorption line spectra. They found thatequired supersonic turbulence in the curtain material with
the far UV spectrum in quiescence is well represented by &ach numbers of 6 to 8. All curtain temperatures were be-
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tween 10,000 K and 11,000 K. There was a curtain tempera- Eclipsing Binaries as Astrophysical Laboratories: Internal
ture increase- 3 months after the superoutburst. They found  Structure, Core Convection and Evolution of the B-star
that the white dwarf temperature changed from 19,700 K just Components of V380 Cygni, ApJ 54dn presg|astro-py/
27 days after the end of the superoutburst to 18,000 K 0005029
roughly 3 months after the superoutburst; the exponentiaHrivnak, B.J., Guinan, E.F., DeWarf, L.E. & Ribas, I.
(e-folding decay time of the white dwarf temperature was (2000. An Ultraviolet Study of the Short-Period Binary
66 days. We present evidence that the heating of the white OO Aquilae. AJ, in press
dwarf was more extensive during the superoutburst than thBlassa, D., & Fitzpatrick, E. L(2000. A Recalibration of
normal outburst. The thermal response of the OY Car white IUE NEWSIPS Low-Dispersion Data. ApJS 126, 517-535
dwarf to outburst heating was compared with WZ SagittaeRibas, |., Guinan, E. F., Fitzpatrick, E. L., DeWarf, L. E.,
VW Hydri (the most similar dwarf nova to OY Ceand with Maloney, F. P., Maurone, P. A., Bradstreet, D. H.,
the cooling timescales of other dwarf novae after superout- Gimeez, A., & Pritchard, J. D(2000. The LMC Eclips-
burst. The measured cooling timescales of the five systems ing Binary HV 2274: Fundamental Properties and Evolu-
with superoutbursts appear to be shorter, the longer the or- tionary States. ApJ 528, 692-701
bital period (accretion rate They found evidence of a disk Ribas, 1., Jordi, C., & Gimeez, A. (2000, The mass-
flux variation, independent of the effect of white dwarf cool- dependence of the overshooting parameter determined
ing, which suggests a possible contradiction of the disk in- from eclipsing binary data, MNRAS 318, L55-L60
stability model. To establish this however, data is requiredRibas I., Jordi, C., Torra, J., Gimez, A.(2000. Chemical
throughout a quiescent cycle. composition of eclipsing binaries: a new approach to the
Research on single and close binary white dwarfs during helium-to-metal enrichment law. MNRAS 313, 99-111
the report period was supported by NASA ADP grantSlevinsky, R. J., Stys, D., West, S., Sion, E. M., & Cheng, F.
NAG5-8388, NSF grant AST99-09155, NASA HST grants H. (1999. A Time-Series IUE Archival Study of the
GO0-8305, GO-8319, GO-6700, GO-4344 and by summer White Dwarf in the Ultrashort-Period Dwarf Nova WZ
undergraduate research support from the NASA-Delaware Sagittae, PASP 111, 1292

Space Grant Colleges Consortium. Stys, D., Slevinsky,R., Sion, E. M., Saffer, R., Holberg, J. B.,
O’Donoghue, D., Kilkenny, D., Stobie, R. S., & Koen, C.
7. PUBLICATIONS (2000. EC 11481: A Peculiar Hot High-Gravity Pre-

White Dwarf. PASP 112, 354-358
Walborn, N. R., & Fitzpatrick, E. L(2000. The OB Zoo: A
Digital Atlas of Peculiar Spectra. PASP 112, 50-64
Wood, B.E., Ambruster, C.W., Brown, A., & Linsky, J.L.
(2000. The Mg Il and Lymana Lines of Nearby K
Dwarfs: ISM Componenets and Flux Measurements, ApJ
542, 411.
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