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This report covers the period from October 2000 totigation of the ability of current model atmosphere calcula-

September 2001. tions to reproduce the observed properties of the BVS,
including their spectral energy distributions and detailed ab-
1. PERSONNEL sorption line spectra. This study will provide a benchmark

During the report period, 10/00-9/01, the staff included@nd @ “reality check” for studies of more exotic early-type
Assistant Professor Carol W. Ambruster, Instructor Laurenc@PIECtS, since the BVs are the hottest and most luminous
DeWarf, Assistant Professor Edward L. Fitzpatrick, Researc/§ta's Whose atmospheres can be modeled with the simplify-
Assistant Professor Patrick Godon, Professor Edward RNd assumptions of LTE, plane-parallel geometry, and hydro-
Guinan, Associate Professor Frank P. Maloney, Professciatic equilibrium. The targets span @{I’gange of 11’990'
George P. McCooKChairpersonFulbright Fellow Dr. Ig- 17,000 K, havessinivalues from 50 km s" to 400 km s %,
nasi Ribas, Research Assistant Professor Rex A. Saffer, prgt€ lightly reddened to minimize the impact of the ISM on
fessor Edward M. Sion, and Research Associate Richard wal€ observed spectra, and are located in a relatively small
satonic. Dr. Elizabeth R. Jewell served as DepartmenYOlume of space to minimize differential extinction effects.
Assistant. Mr. Taghi Mirtorabi of the Institute for Advanced '€ Sample is large enough to allow general conclusions to
Studies in Basic SciencéZanjan, Iran arrived in August, be drawn and to distinguish individual peculiarities from
2001, as a pre-doctoral fellow. general trends. These data will be ideal for evaluating the

Stl’Jdents John Bochanski, Jessica Castora, Joseph DePSYCCess of current stellar atmosphere calculations and exam-
quale, Michael Dulude, Scott Engle, Colleen Henry, Joshuding the effect of rapid rotation on the far-UV energy distri-
Lake, Kelly Lyons, Ira Nadalin, Christopher Pilman Jeremybutions of the BV stars. Nine of the 15 targets were observed

Sepinsky, Michael Stump, Jeffrey Tracey, Joel Urban andY FUSEIn early January 2001. Fitzpatrick and Massa pre-
Lisa Winter served as research assistants. sented the results from an initial examination of these data at

the June 2001 meeting of the American Astronomical Soci-
ety.

Fitzpatrick, D. Massdprogram P.)., A. Fullerton (Johns
2.1 Automated Photoelectric Telescopes Hopkins University, and R. Prinja(Univ. Coll., London
Tsuccessfully proposed a Cycle RUSE program entitled

. . . : 77 'CNO Abundances in Large Magellanic (LMC) Cloud BN and
(FCAPT) is located in the Patagonia Mountains of AZat: BC Supergiantsin this program, far-UV spectra of 10 lumi-

+31 ?3 12; Long: '.110 41 41This 0.8m automated photo- nous stars in the LMC will be obtained. This sample of stars
electric telescope is operated by the Four College Consor-

tium (FC) consisting of the The College of Charleston, The;qag)sbitniigliget:rggi rcattsu:,at;]ar;g\?:r?;rtal ;}flrzziserii(::.; t::rjn_
Citadel, University of Nevada-Las Vegas, and Villanova Uni- _ " ) y

ety T FCRPT s pponed by Ko fan ASToS Posin aromliedvchng cae, oo nd oveer,
28506 and AST-0071260. pp y ) - by y g

the normal and anomalous stars, the relative strengths of
various stellar wind features in the far-UV spectra can be
used to determine theelative carbon, nitrogen, and oxygen
The department's WWW address is: phy.vill.edu/astro;abundances among the different groups. By employing a
email address is: george.mccook@villanova.edu. Laborator§implified model for the origin of carbon, nitrogen, and oxy-
work for non-science majors can be found at:gen abundance enhancemefiiasically, assuming that the
astrod.ast.vill.,edu. This project is supported by the Pewanomalous abundances result from a mixture of normal gas
Charitable Trusts. The Villanova White Dwarf Catalog canand gas with carbon/nitrogen and oxygen/nitrogen ratios
be found online at:www.phy.villanova.edu/astro/WDCatalog/fixed by nuclear processingthe relative abundances can be

2. INSTRUMENTATION

The Fairborn Observatory, home of the Four College AP

2.2 Internet Access

index.html. converted intoabsoluteabundances. The ultimate scientific
goal of this program is to help elucidate the origins of com-
3. CURRENT RESEARCH position anomalies in massive stars, in particular the BN/BC

phenomenon. The observations for this program have not yet
3.1 B Stars in the Milky Way and the Magellanic Clouds  peen performed.

Fitzpatrick and D. MasséEmergent |7 successfully pro-
posed a Cycle 2 Observing Program with fa-Ultraviolet 3 5 Ecjipsing Binaries in the Large Magellanic Cloud
Spectroscopic Explorer (FUSERtellite, entitledA Study of (LMC)
the Atmospheres of the Main Sequence B SEasUV spec-
tra (912 — 1180 A will be obtained for 15 mid- to late Fitzpatrick, I. Ribas(U. of Barcelona Guinan, DeWarf,
B-type main sequence staf8BVs” ) in the Orion OB1 as- Maloney, and D. MasséEmergent | completed a study of
sociation. These data will be part of a comprehensive investhe LMC eclipsing binaryfEB) system HV982, and currently
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have a paper describing the results in press with the ApJlhe distance to the LMC and the Cepheid P-L law form the
This investigation is part of an ongoing research progranbackbone of the Cosmic Distance Scale and the determina-
whose goals are:)1to derive essentially complete descrip- tion of H,. In spite of concerted efforts of many investiga-
tions of the stellar properties of detached, B-type EB systemwrs, the zero-point of the Cepheid P-L law and the LMC
(e.g., temperature, mass, radius, and luminpdgiy testing  distance remain controversial and uncertain~t&0— 15%.
and constraining stellar evolution theory; andt@ measure To help resolve this problem, the group is continuing the
precise individual distances for the systems, from which thedST Cycle 10 program to determine the physical properties
general LMC distance can be derived. Because of its role asnd distances of two rare, recently discovered LMC long
a fundamental calibrator for distance indicators which reaclperiod eclipsing binarie€EBs) that contain Cepheid compo-
far beyond the Local Group of galaxies, the LMCs distancenents. The HST/STIS observations of these extraordinary
is a particularly important factor in determining the size scalesystems could hold the key to determining simultaneously
of the Universe. the Cepheid P-L zero-point and LMC distance. The two sys-
The study of HV982 incorporated ground-based spectrostems are a 17.3 mag LMC EBSC 21-4087% with P,
copy and photometry and space- based spectrophotometry801d, which contains a classical Cepheid witk=R.03d,
from the Hubble Space Telescopes Faint Object Specand a 14.5 mag LMC EBSC16-11995Pwith a R,,,=397d
trograph(FOS and Space Telescope Imaging Spectrograplwith a 4.97d Cepheid. The HST Cycle 10 progré22 or-
(STIS. The ground-based spectra were “velocity- bits) of HST/STIS low dispersiori115-900nm spectropho-
disentangled,” revealing the details of the optical spectruntometry will be used to determine.f, [Fe/H], and ISM
of each member of the binary system. These results, plus axtinction while the radial velocity variation of the Cepheids
analysis of the systems photometric light curve and spectrakill be measured from STIS medium dispersion spectros-
energy distribution, reveal HV982 to be composed of a paiicopy. They have requested STIS medium resolution spectros-
of entirely normal, slightly evolved, early-B stars, whose ob-copy in the UV and near-IR to obtain accurate double-line
served properties are consistent with results from stellar awrbital radial velocity curves of the component stars. These
mosphere and structure theory. The normalcy of the HV98RVs will be combined with light curves from OGLE and
system allows a precise estimate of its distance, which iIACHO programs and spectrophotometrigsTand AQ\)
50.2+1.2 kpc. This distance is substantially larger than thathat will yield accurate stellar masses, radii, luminosities, and
found for the previously analyzed system HV2274. The in-distances. The HST observations of these key EBs offer the
terpretation of these results is ambiguous. If they represerdpportunity to probe the LMC distance, and “self-calibrate”
independent measures of a uniquely defined quantity, i.e., thitae Cepehid P-L relation and to determine directly the fun-
distance to the LMC, then they are only marginally consis-damental physical properties of Cepheids themselves.
tent with each other. Alternatively, the results may indicate
that the spatial distribution of LMCs stellar population is
more complex, and has a much greater line-of- sight depth3-4 The Interstellar Medium
than the usually assumed inclined disk. Such complexity

would call into question the LMCs value as a calibrator of _ . . . !
of time-variable interstellar gas absorption towards the Milky

the cosmic distance scale. . .
Maloney, Ribas, Fitzpatrick, Guinan, and DeWarf, to- Way halo star HD219188. Although interstellar absorption

gether with students Jessica Castora and Jeremy Sepinslléz,es were “TSt recognized as such by the_ir inva_rian_ce in the
completed analysis of another LMC EB system, EROS1044; ectra of binary stellar systems, recent |nvest|gat|ons_have
and presented the results at the June 2001 meeting of ﬂ;[)éowded an abundance of examples of temporally-variable

American Astronomical Societ§Pasadena, COAThe analy- ![me st:_e ngthsf ?Ed \t/)eloli: ltes. iucth vanatlorrw]s may a”fe Cilﬁe
sis was virtually identical to that applied to HV982, as de- 0 motions of the background stars on whose spectra the

scribed above, and revealed the EROS1044 system to Blaterstellar lines are impressed, or motions of the interstellar

composed of a pair of normal, mildly evolved B2 stars. The92S clouds themselves, or changing physical conditions
distance derived for the syster’n is 46.8.4 kpc. EROS1044 within the interstellar clouds, or any combination of these
is located in theBar of the LMC as is.tﬁe sys.tem HV2274. effects. In many instance;, the time \{ariabilij[y s likely re-

These two systems yield completely consistent resuilts, an?ted to small-scale spatial structure in the interstellar me-

indicate a distance to the center of the LMEar of 46 kpc. ium. Determining the scale and nature of such structure is

These results are in marked contrast to that for HV982 anﬁ?rucialdt_o unc_irerstar(;dinﬁlatgtigolvigegalllz_tf polto_g)l/( of tg?/\i/nfrsfl'
suggest that the latter is located significantly behindBhe ar medium. fowards » Flizpatrick and Vvelty ob-

Analysis of additional systems is proceeding and will focuss'erved the appearance — and continued strengthening — of a

on mapping out the spatial distribution of the LMCs early- ggwkstrorl%, nl?rrow Na | a:rt])s?rp;mn fg?rt]ure tat a vc;lomty ?f
type stellar population. m s-. appears that, due either to motions o

HD219188 or the interstellar medium, a relatively cold, qui-
escent cloud has moved into the HD219188 line-of-sight.
Estimates of the physical conditions have been derived and
suggest the hydrogen must be partially ionized within the
Guinan, Ribas, Fitzpatrick, Maloney, and DeWarf con-cloud. Continued monitoring of HD219188 will help refine
tinue their work on the Cosmic Distance Scale with Douglasestimates of the clouds properties and allow its structure to
Welch, David LepischakCan)and Andrzej UdalskiPol.). be probed as it sweeps across the HD219188 line-of-sight.

Fitzpatrick and D. WeltyU. Chicagg published a study

3.3 LMC Eclipsing Binary Systems
with Cepheid Components
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3.5 Young Stellar Objects: SU Aurigae 3.6 ZAMS K Dwarfs

DeWarf and Guinan, with students J. Sepinsky and S, nAmgusaeétaﬁsngﬂlaé’friﬁré’Azg-Jeé(ﬂltr) of nli):\cel(—j
Engle, continue their study of the classical T Tauri star once. Tenn.st - bro ,» J. £010) continue

(CTTS SU Aurigae(HD 282624: G2 llle;<V> = +9.20 work on a small, homogeneous group of solar neighborhood,

mag;<B—V> = +0.90. CTT stars are pre-main sequence zero-age main-sequen¢BAMS) stars, focussing on impli-

: . . . ; cations for the evolutionary status of these stars. The six
stars with extensive accretion disks. Photometric observa: S
tions have been made using the 0.8 m Four College AutoStarS’ supplemented by AB Dor, are all singkeith 1 pos-

. . ' Lo sible exception have spectral classes of K0-K2 V, near-
matic  Photoelectric  Telescope (FCAPT), utilizing ption b

: . . primordial lithium abundances, and space motions consistent
intermediate-band filters very closely matched to the

Stre b ‘ h iratadahtiv) ob with the Pleiades Moving Group. The only significant vari-
rangrenuvbysystem. fhese concentra Gughtly) obser- able is rotation: rotation periods range from about 8 hours to
vations began in Oct 1993 and continue to the present. S days

Aur is observed to undergo rapid and dramatikViEAy

~0.40 mag light variations(seg DeWar'f, Guinan & Shaugh- several of the stars have radii that are 0.1-02I&ger than
nessy , 1998u_3VS455q). The light variations appear npt tO_ the main sequence radius expected from their spectral type,
be accompanied by significant spectral changes, which imsng thys might still be slightly pre-main-sequence. Radii

plies possible obscuration of the star by dust with propertie§,ore calculated in three ways and comparedthe Barnes-
similar to the intersteller mediufiSM). This is most likely  E\ans relation: Pthe Stefan-Boltzmann law; and & sin .

due to dust clumps around low mass compani@esreting Alternatively, very recent theoretical wotkiullen & Mc-
protoplanet either warping the circumstellar disk, or excit- pynaid ApJ, Sep. 20, 200has shown that, for active M
ing tidal waves which would heat and puff the disk up 10- gyarfs, strong magnetic fields can alter the physical condi-
cally when dissipating shocks. High dispersion echelle specgons underlying the onset of convection, causing stars to
tra of SU Aur have been obtained with the 4 m Blancoappear slightly cooler and less luminous than in the non-
tglesc_ope at CTIO. One spectrum was secured during a |ar9ﬁagnetic case. The resulting distorted V dBdV) values,
dimming event observed during Dec 2000. Current researchnq possibly spectral types, could skew radius calculations
includes an analysis of these spectra to probe the velocity, 4t depend on V andB-V) as input, for example, the
structure, temperature, and density of the accreting gas. I8ames-Evans or Stefan-Boltzmann relations. Thus, if the ef-
addition, they are conducting a systematic search, spanningcts of strong magnetic fields in K dwarfs parallels that for
decades of ground-based photometry, for regularities in thesg dwarfs, the stars of our sample might be slightly earlier
planet-induced obscurations. (and more massiyethan their spectral classes indicate, and
The light variations of SU Aur, like many CTT stars, are already on the ZAMS.
complicated. In addition to the short-term “dips”in the light  gince the derive® sini values are independent of V and
curve, the star also varies on time scales of days, months, aqg_v)’ they should be reliable lower limits to'R In fact, for

years. Recently analyzed APT observations, especially thﬁve of the K dwarfsR sini values exceed the main sequence
short period variations in brightness caused by rotationa]ladius of a KO V staf0.81 R,).

modulation of light by s_tarspots, yieIded_a rotational period Thus there are now two ways to interpret Rein i radii:

of about 1.7 day¢Nadalin, DeWarf & Guinan, 2000BVS ' 1) the spectral classes are accurate, the historically brightest
4987. SU Aur is observed nearly edge-on, therefore combinq, o fiare v measurement for each K dwarf, \,, and its

ing _the rotation _perlod with thg projected rotational veIocny(B_V) counterpart, reflect a minimally spotted photosphere
(vsini) resultgd in a stellar radlus.of about 2.2 RThe star | ndistorted by strong magnetic fields, and the stars are
spot/plage sizes are currently being modeled using the SOfE'Iightly above the main sequence: of @rong magnetic
ware package Binary Maker 2(@radstreet, 1993, Contact fie|ds cause a slight distortion in both the spectral classes and
Software, Norristown, PAto determine the extent of cover- Vnax the stars are actually slightly earliéand more mas-

age as an estimate of the magnetic field strength or accreticg}ve) stars disguised as K dwarfs, and are actually on the
rate in this early-type object. Preliminary results indicate that; opjs.

spot coverage can be over 1% greater on one side of the

stellar surface than on the other, with an average spot hotte;7 Starspots and Plages on the Active G8 IV-ll Star

than the photosphere by a factor of 10%. This research i ) A
supported in part by NSF/RUI Grant AST-00 71260. Sepin-indromedae from Wing Near-IR TiO band Photometry

sky and Engle would also like to thank the Delaware Space Wing near IR TiO and V-band photometry of the bright
Grant College Consortium for their generous support througlthromospherically-active stan, And (G8 IlI-IV; V ~
the Undergraduate Summer Research Assistance program.+3.82; B-V = +1.08, d(Hip) = 25.8 pc; P,;~54.5 daysis

In addition to observing SU Aur, differential photometry being carried out by Richard Wasatornj¢/asatonic Obg,
of its probable proper motion pair, AB Aur, is conducted atGuinan and M. T. Mirtorab{Inst. for Advanced St., Zanjan,
the same time. AB Aur is observed less frequently per nightran). X And is a long-period RS CVn star and has
and shows only small light variations-( 0.07 inu and + sinusoidal-like light variations with periods that range from
0.03 iny). Other Young Stellar Objects that are intensively53-57 days. These light variations are relative lafgeamp
monitored are: GW Ori, V410 Tau, V833 Tau, V773 Tau, and~0.10-0.25 mag and are believed to arise from the uneven
V1331 Cyg. (and changingdistribution of large dark starpots on its dif-

Constraints from high quality optical data suggest that
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ferentially rotating surface. Like other RS CVn variables, during several transit events. The observations were made
And is a moderately strong coronal X-ray source and alsavith the 0.8 m Four College Automatic Photoelectric Tele-
has strong transition region and chromospheric line emisscope (FCAPT). The light curves were modeled with the
sions. Wilson-Devinney program and excellent fits were made to
The Wing near-infrared TiO and V-band photometrynof the data. From the observations the radius of the orbiting
And was conducted during 1996 - 2001 with small tele-planet was found to be Rp 1.51 Rjup. The orbital period of
scopes located in Zanjan, Iran and Allentown, Pa. Also, ovethe system was refined by computing a new period by com-
20 years of nearly continuous intermediate-bandrBtn@n  bining our transit times with the previous transit times. Now
and UBV photometry was carried out at Villanova University the period is known to a precision af 30 sec.
Observatory. The Wing narrow-band 3 filter systé¥wiing, Using the recent evolutionary codes of Schadlerl, the
JAAVSO, 1992, 21,4Ruses 3 filters centered on the THD  mass and evolutionary age of the GO V host star was com-
(0,0) bandhead at 719 nm, and two filters centered on essemputed. The input parameters for these model fits were its
tially line-free spectral regions at 754 nm and 1040 nm, reabsolute magnitude, temperature, and solar-type metallicity.
spectively. A photometric TiO-indexthat measures the HD 209458 was found to have an age-e#.5+0.4 Gyr and
strength of the TiO molecular absorptjae formed from the a mass of 1.10 M. Remarkably, the age of HD 209458 is
observations. The index is calibrated with temperatiizgy) nearly identical to the age of our Sun and solar system of
by observations of standard stars having spectral types thdt58+0.06 Gyr.
range from GO to M9. Because starspots are cool regions This research is supported by a NSF/RUI Grant AST-
they should have strong temperature-dependent TiO absorf071260 which we gratefully acknowledge.
tions and the TiO photometry can provide measures of the
fractional starspot coveradéll-factor). Also, as the star ro- 3.9 A Low Mass Tertiary Companion of R Canis Majoris
tates, the variations in the TiO-index light curve can yield
information on the distribution of starspots over the star's Ribas, Guinan, and ArenoiMeudon have developed a
photosphere. Combining the TiO light curves with con-method to determine orbital properties and masses of low-
tinuum 550 nm and the near-IR light curves makes it feasiblénass bodies orbiting eclipsing binaries. This method com-
to investigate the contributions of white light plages and darkoines long-term eclipse timing modulatiofight-travel time
starspots to the continuum light curves. In the case ahd, ~ Or LTT effech with short-term, high-accuracy astrometry. As
they find strong evidence that the observed light variationgn illustration of the method, a comprehensive study of Hip-
arise primarily from bright plage regions. This is contrary to Parcos astrometry and over a hundred years of eclipse tim-
the widely held view that the light variations af And and  ings of the low-mass Algol eclipsing binary R Canis Majoris
those of most RS CVn stars arise exclusively from the rotahas been caried out. A simultaneous solution of the astrom-
tional modulation in brightness from datkool) starspots. ~ €try and the LTTs yields an orbital period Bg=93.2-0.8
This research is sponsored in part from NSF/RUI Gran": an “light-time” (LTT) semiamplitude of 2561114 s, an

No. 00-71260 and a Small Research Grant from the Ameriangular semi-major axis @f;,=116+5 mas, and values of
can Astronomical Society to Wasatonic. the orbital eccentricity and inclination ®3:047i 003,

andi;=93.6+ 5.0 deg, respectively. Adopting the total mass
3.8 HD 209458: An Eclipsing Star-Planet Binary System 0f R CMa of M1,=1.24-0.05 My, the mass of the third
body isM3=0.34=0.02 M, and the semi-major axis of its
Exosolar planets now have been detected around morghit is a;=18.8+0.4 AU. From its mass, the third body is
than 80 nearby solar type stars. The discoveries of thesgither a dM3—4 star or a white dwarf. With the upcoming
planets were primarily made through high precision spectromjcroarcsecond-level astrometric missions, this technique
SCOpiC observations of the small reflex motions of the hosban be Successfu”y app“ed to detect and Characterize |0ng_
stars that are produced by the weak graVitational pu|| of th%)eriod p|anetary-size objects and brown dwarfs around
planets. The analysis of these observations yields the orbitalclipsing binaries. Possibilities for extending the method to

period (P), semi-major axisA), and the product of the plan- pylsating variables or stars with transiting planets are also
et's mass(Mp) and the sine of its orbital inclination Mp peing tested.

sin(i). The majority of these exosolar planets have masses a
few times that of Jupiter. In one of these systems, HD. :
209458 (GOV, V-mag — +7.64 mag, B-V= +0.58, the 3.10 Brown Dwarf Companion to V471 Tau
inclination of the planet’s orbit is seen nearly edge-on so that Guinan and Ribas have carried out an analysis of about
the orbiting planet transits across the projected disk of thd60 eclipse timings spanning over 30 years of the Hyades
star. This produces a small decrease in the light receivedclipsing binary V471 Tauri that shows a long-term quasi-
from the star as the transit takes place. Recently Charborsinusoidal modulation of its observed eclipse arrival times.
neauet al. (2000 and Henryet al. (2000 have reported ob- The O-Cs have been analyzed for the “light-time” effect
serving planetary transit events for HD 209458 that lastghat arises from the gravitational influence of a tertiary com-
~3.5 hrs and with a light loss of 1.6%. Modeling of these panion. The presence of a third body causes the relative dis-
data yields the inclination of the orbit and the radius andtance of the eclipsing pair to the Earth to change as it orbits
mass of the planet. the barycenter of the triple system. The result of the analysis
Guinan, McCook, Ribas and student Michael Stump havef the eclipse times yields a light-time semi-amplitude of
carried outuvby photoelectric photometry of HD 209458 137.2+12.0 s, an orbital period d?;=30.5+1.6 yr and an
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eccentricity ofe;=0.31+ 0.04. The mass of the tertiary com- ongoing X-ray observations of Cyg X-1 are being carried by
ponent isM 3sini;=0.0393+ 0.0038 M, when a total mass of RXTE satellite have been combined with the optical photom-
1.61+0.06 M, for V471 Tau is adopted. For orbital inclina- etry to search for correlations. An analysis of the light curves
tionsi;=35°, the mass of the third body would be below the using the Wilson-Devinney Binary Code is being conducted
stable hydrogen burning limit oM ~0.07 M, and it thus to compute new values of the orbital inclination and mass
would be a brown dwarf. IWhen these astrometric measureratios. In addition, an examination and analysis of the IUE
ments are availablecovering half of the orbital periodhey  observations of Cyg X-1 are being conducted. The results of
will unambiguously yield the orbital inclination and the the modeling of the optical, x-ray, and uv observations are
semi-major axis with an error below 0.5 mas, correspondindpeing prepared for publication. An integrated model of the
to a few percent uncertainty of the tertiary object's masssystem has been constructed in which the light enhancements
This will represent the first direct dynamical mass determi-observed near 0.3 phase appear to arise from the impact of
nation of a brown dwarf with known age, chemical compo-the stellar wind on the accretion disk.

sition, and distance. Moreover, in the next several years it This research is supported by NSF/RUI Grant 00-71260
should be feasible to image directly V471 Tau C in the IRand by the Undergraduate Summer Research Assistance Pro-
(using coronographic observations made with adaptive opticgram Grant from the Delaware Space Grant College Consor-
or observations made from spa@s it moves toward maxi- tium.

mum angular elongation from the eclipsing pair. Once these

observations are carried out, and if V471 Tau C is indeed

confirmed to be a brown dwarf, it will make an excellent 3.12 The Sun in Time: EUVE and FUSE Observations of
benchmark for understanding the properties and evolution dhe Solar Analogs with Different Ages

these objects. Astrometry with the HST Fine Guidance Sen-

sor is being carried out during 2001/02. Guinan, Ribas and Graham Hard€@ASA) are studying

Extreme Ultraviolet Explorer satellittEUVE) and the Far
Ultraviolet Spectroscopic ExplorgFUSE) observations of
an homogenous sample of single GOV - G5V stars with well
known rotation periods and ages. The program stars are
Guinan, McCook, Villanova students Christopher Pilman,nearby and range in age from130 Myr to ~8.5 Gyr and
JOel Urban and Jeremy Sepinsky, and I. Rifas. de Bar-  with corresponding rotation periods that range fren2.5d
celong are studying Cygnus X-1, one of the best studiedto ~35d. This program is part of a comprehensive study of
variable X-ray sources. About 30 years ago this strong X-rayhe Sun in Timeacross the electromagnetic spectrum that
source was identified with a 9th mag spectroscopic binargtarted in 1988. The EUVE observations cover the wave-
(HDE 226868 having an orbital period of P= 5.60 days. length region from 80 A te~400A - a spectral region that
This binary system shows complicated, low amplitude ellip-is rich in important coronal line emission that cover coronal
soidal light variations, and consists of a 09.7 lab star and é&emperaturs from-1MK to ~20MK. FUSE covers a much
probable 7-10 M black hole companion with an x-ray emit- shorter wavelength range of 910-1190A but this wavelength
ting accretion disk. Long-term X-ray and radio observationscontains several important transition regidir) and coronal
of the system show it to change on times scales of secondme emissions. The EUVE and FUSE observations fill a criti-
(flickering), minutes-hours(flareg, days (orbital), months cal wavelength and energy gap in tBen in Timeprogram
(low/hard states and high/soft x-ray stateSome of the and complement observations of the same stars in the X-ray
long-term x-ray and radio variations appear to be related toegion(corong made with ROSAT, SAX, ASCA, XMM, and
the semi periodic changes in the accretion disk and also maghandra, in the UV-NUMTR and chromospheyenade us-
arise from a precessing disk and jet. ing IUE and HST, and at cm-radio wavelengthen-thermal
Stramgren uvby and Hx narrow and intermediate band corona obtained with the VLA. In addition, optical photom-
photometry of Cyg X-1 is being carried out with the Four etry of stars in the program has been carried out for over 10
College Consortium 0.8m Automatic Photometric Telescope/ears(using robotic telescopgsThe photometry permits the
(FCAPT). The observations started in September 2000 andotation periods, activity cycles, and starspot fill-factors and
are continuing through the Fall 2001. Light curves have beeulifferential rotation of the program stars to be determined.
formed from the photometry, and show to the first approxi-Overall, theSun in Timeprogram is important for the under-
mation, the 5.60 day low amplitude cos(3@amp= 0.045 standing of the evolution of magneto-dynamic atmosphere
mag light variations expected to arise from the tidal and phenomena, and the associated high energy emissions of the
rotational distortion of the luminous supergiant. However,Sun and of solar type stars.
during phase 0.20P to 0.35P persistent brightness enhance- From the stars in the sample, the crucial question of the
ments of 0.02-0.03 mag are frequently observ&dro phase influence of the young Sun’s observed strong X-ray, EUV
is the time when the O9 star is at the orbital conjunction,and FUV emissions have on the developing planetary system
nearest to the observelhe least active orbital phases occur — in particular on the photochemical and photoionization
near 0.45 - 0.65P. Also present are apparently random lighgvolution (and possible erosignof early planetary atmo-
variations of about 0.01 mag. These most likely arise fromspheres and ionospheres. To this end, spectral irradiance
small light variationgnon-radial pulsationsof the O9 super- tables for the Sun at different agétux at 1.0 AU; 1A to
giant. The Hr photometry reveals a weak variation of the 55004) are being constructed. The group is studying the im-
line emission/absorption as a function of orbital phase. Thelications that the young Sun’s greatly enhanced high energy

3.11 Optical and X-ray Observations of the Black Hole
X-ray Binary System Cygnus X-1
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radiation(which includes energetic flaringnay have had on  7.50 mag; G1 V, B-V= +0.61 which is a very youndgnear
the formation and development of life on Earth oveB.5 ZAMS), single solar type star with a rotational period of
billion years ago. rotating P~2.7 days. The U,V,W space motions of EK Dra
This research is supported by NASA FUSE &dl & 2  show it to be a probable member of the Pleiades Moving
Grants NAG 5-8985 and NAG 5-10387 and EUVE Mini- Group implying an age of-70 Myr. Providing a look-back
grant SA2085-26310 which we gratefully acknowledge. of the Sun shortly after its arrival on the Zero-Age Main
Sequence some 4.5 Gyr ago, EK Dra is one of the youngest

3.13 The Sun in Time: Short-term and Long-term Solar ~ Stars solar-type stars on oun in TimeProgram. Appropri-
Forcing on Earth's Climate - Past, Present and Future ate for its youth and related rapid rotation, EK Dra has very
high levels of coronal X-ray and EUV emissions and strong
Guinan and Ribas are studying variations of the Earth'ssyy.uv transition-region and UV-NUV chromospheric line
climate with time and investigating the effects that the Sun’ssmissijons that are generated from a robust magnetic dynamo.
nuclear and magnetic evolution have on global climate. Stangor example, its average X-ray luminosity of£9x 10?°
dard evolutionary models constructed for the Sun, show thagrgs/s is several hundred times larger than that observed for
the Zero-Age Main Sequend@AMS) Sun, some 4.6 Gyr the present SufP,,, = 25.6d; Age= 4.58 Gyj.
ago, was slightly cooler and smaller than today and had an pnotometry of EK Dra has been carried out since 1983.
initial luminosity of Lo, of ~72 % of the present Sun. So that The photometry shows relatively large rotationally induced
in the early stages of the solar system, the young Sun’s irrayrightness variation§v-Ampl. from 0.05 - 0.09 mapwith
diance and “Solar constant” were significantly diminished. periods that range from 2.55d to 2.80d. These light variation
While on the main sequence, as the pace of nuclear fusioRave been modeled with dark starspots that have been found
increases, the Sun’s luminosity increases. Calculations indip cover up to 15 percent of the stellar surface. The apparent
cate that as early as 1.0 Gyr from now, the nuclear aging ofariation in the observed period is explained by the effects of
the Sun should significantly warm-up the Earth making itgjfferential rotation in which starspot groups form at differ-
inhabitable for most current terrestrial life forms. Of course,ent stellar latitudes having different rotation rates. The pho-
in the distant future some 5.5 Gyr from now, the Sun ex-tometry also shows a long-term cyclic variation in the star’s
hausts its hydrogen fuel and rapidly expands and cools tgrightness which is a manifestation 212 year starspot
become a red giant. During red giant stage, the Sun’s atmg:ycle. This is remarkable similar to present Sun’s activity
sphere expands beyond the Earth's orbit, thus incineratingycle length of 11 years. However, the luminosity variations
the Earth but possibly creating temporary life zones furtheppserved for EK Dra are much larger than the present Sun
out in the solar system. which varies only about 0.2 percent over an average activity
On the other hand, studies of solar anal6@6-5 V star$  cycle. For EK Dra, the maximum and minimum brightness
with different ages show that the young Sun was rotatinghccurred during 1994 and 2000. However, the variation in
more than 10 times its present rate of£25.5d and had |ight between maximum and minimum brightness is large:
correspondingly strong UV chromospheric and transitionthe difference in brightness between minimum and maxi-
region and X-ray and EUV coronal emissions that are promym is 0.120 mag at 350nm and 0.079 mag at 550nm. X-ray
duced by a vigorous magnetic dynamo. Despite its lowegppservations carried out over the same time by ROSAT and

luminosity, the studies of these young suns from orbitingxmm show corresponding large variations in the star’s coro-
X-ray and UV satellites show that the young Sun had veryha| X-ray flux.

strong X-ray and UV emissions up to several hundred times

stronger than the present Sun. From the study of solar typg 15 The Photometric Programs Conducted by Villanova

stars with different ages, it is shown that the Sun loses angniversity with the Four College Automatic Telescope:
gular momentum with time via magnetized win@isagnetic oo - 2001

breaking. In response to slower rotation, the solar dynamo

strength decreases with time causing the Sun’s UV and X-ray Guinan and McCook continue to coordinate the observa-
emissions also undergo significant decreases. Through ph#ons of different types of variable stars with the 0.8m Four
tochemical and photoionization processes, the strong X-rafollege Automatic Photometric TelescoB&CAPT). Under-
and UV emissions of the young Sun could have had a majograduate students from Villanova University and Eastern

influence in the evolution of the atmospheres, ionosphere§ollege are participating in several of these FCAPT pro-
and the climates of the terrestrial planets, including thedrams. Most stars are observed with filters matched to the

Earth. UBVRI or the Strangrenuvby systems. Some objects are

This research is supported by NASA FUSE Grants NAGAlso observed with b or HB narrow and intermediate-bands
5-8985 & NAG 5-10387 and EUVE Mini-grant SA2085- filters. Some representative Villanova FCAPT projects are:

26310 which we gratefully acknowledge. (1) “The Sun in Time” - photometry of about 15 solar-type
stars of different ages to determine star spot coverages, rota-

tion periods, activity cycles(2) “Stellar Evolution in Real
Time” that includes photometry of Nova Agl 1999b, and the
rapidly evolving post-AGB stars - Sakurai's Object and FG
Guinan, Ribas, McCook, Villanova students John BochanSge, (3) “Eclipsing Binaries as Astrophysical Laboratories”
ski and Joseph DePasquale,d8{ETHZ) and David Dorren - the systems observed during 2000/01 include the high-mass
(Scotland continue work on EK DraconigHD 129333; V= eclipsing binariesu, Sgr, V380 Cyg, VV Cep, and Y Cyg

3.14 The Sun~4.5 Billion Years Ago: A Multi-frequency
Study of the Young Solar Analog HD 129333= EK Dra)
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and the low mass systems: CM Dra, CU Cnc, V471 Tauin Arizona using the 0.8m APT. The APT photometry was
Results of searches for the light-time effect in the eclipsedone using Stnmgrenuvbyand Hx narrow/wide filters. This
arrival times of the eclipsing binary V471 Tau revealed thephotometry was continued through the end of 2000 when the
presence of a possible brown dwarf companid#) .“Chro- star became too faint to observe. A visual light curve was
mospherically Active Single and Binaries” - the study of constructed from all the available photometry. From the
starspots and activity cycles of the following stars: V711rapid decline in brightness, the system is classified testa
Tau, UX Ari, lambda And, IM Peg, FK Com, and the dMe nova. From March-August 2000 quasi-periodic oscillations
flare star AD Leo(5) “Photometry of T Tauri Stars” - which  were detected in the light curve up to 0.5 mag in amplitude
includes SU and AB Aur and V410 Tau and a few other PMSwith a characteristic timescale of several days. The nature of
stars.(6) “Stellar Prototypes” - this program includes long- these oscillations is being investigated. Several long observ-
term photometry of the pulsating AGB star Mira, the brighting runs were undertaken at this time to search for underly-
Be starw Ori, and observations of the X-rafplack hole ing binary eclipse signatures, and although small variations
candidatg binary Cygnus X-1. were detected, they were not periodic.

In addition to these programs several other different types In July 2001 V1494 Aql was reported to exhibit eclipses
of variable stars are also being observed with the FCAPTat approximately V= +14 mag(IAUC Nos. 7665 & 7674.
Coordinated observations of some of the program stars ail@ August 2001, the team resumed monitoring of the star
being carried out with FUSE, Chandra, XMM, and HST. using unfiltered CCD photometry. So far they have obtained
Several undergraduates have participated in this progra®5+ nights of observations, primarily using the 40-cm re-
during 2000/2001. They are John Bochanski, Joseph DePaflector at Eastern University. This photometry confirms the
quale, Paul DeTuro, Jonathan HargiEastern College presence of a deeg0.6 mag eclipse with a period of
Joshua LakéEastern College Joel Urban, Ira Nadalin, Jer- 0.1346186 days. Thus V1494 Aql is a cataclysmic variable
emy Sepinsky and Jeffrey Tracey. (CV) in which the eclipse occurs as the cooler companion

eclipses the accretion disk surrounding the white dwarf. The
3.16 Analysis of the dM4.5+dM4.5 Eclipsing Binary CM light curve varies continuously in brightness even outside of
Draconis eclipse, as well as exhibiting night-to-night variations in its
shape. Although the light curve is variable, it shows persis-

Guinan, Ribas, BradstreéEaster, and HargisEasterd  tent features that include a maximum in brightness prior to
have also analyzed 85 times of minimum light of the eclips-and immediately following the eclipse, and at times a sec-
ing binary CM Draconis(dM4.5+dM4.5, P=1.268 days, ondary minimum at-0.5P. They are attempting to model the
Vmax=11.5 mag obtained between 1995 and mid-2000. |ight curves to determine the properties of the disk and ac-
With the possibility of planetary transits in this systésee cretion effectghot spot/gas streamand will present the re-
IAUC 6423, I-band photometry has been carried out withgyts at the AAS meeting in January 2002. In addition they
particular attention being paid to observing the primary ancyre searching for optical evidence of the 40-min x-ray oscil-
secondary eclipses. In addition to searching for transifations recently found from CHANDRAStarrfield 2001,
events, the eclipse minima have been monitored to look fobriv. comm)
evidence of the “Iight'time" effect. The observed - Computed Th|S research iS part|a”y Supported by NSF/RU| grant

(O-C) timings (from a linear ephemernisietermined from the  AST 00-71260 which we gratefully acknowledge.
analysis of the eclipse minima show evidence of small 10-20

s) variations on different time scales. The magnitude of the

short-term variations appears to be correlated with the pre.18 The Villanova Catalogue of Spectroscopically
ence of wave-like disturbances in the outside eclipse portionglentified White Dwarfs — Online

of the light curves. These quasi sinusoidal light variations are

attributed to the presence of star spots on these two rapidly- McCook and Sion continued work on the Villanova White
rotating dM4.5 stars. Simulations generated using BinanpPWarf Catalog. The online versiofphy.villanova.edu/astro/
Maker show that the observed time of minimum light can beWWDCatalog/index.html allows full access to the features
displaced typically by- 10— 15 seconds from an uneven dis- found in the print copy with the addition of convenient links
tribution of star spots on the surface of the cool stars. Thdetween catalog sections. In addition, all references are

preliminary results of this study were presented at the 197tHnked to the ADS abstract service for online viewing of
AAS Meeting (Hargiset al. 2000. articles. The WD stars are linked to SIMBAD for coordinate

update and star fields. The front page of the online catalog
provides access to the preface, references, notes and the
cross-reference sections from a drop down menu. The for-

Eastern Univ. researchers D. Bradstreet, F. Jewett and Dnats of these sections have been changed from the print
Steelman have been tracking the nova Aquila®99-2 to-  version (ApJS 121, 199Pto a more user-friendly format
gether with Guinan, McCook and Villanova student J.with the addition of hyperlinks. Clicking on the appropriate
Tracey. Nova Aquilae 1999-2/1494 Agl) reached a maxi- WD number or any of the names for a given star accesses the
mum brightness of \= +3.8 on 03 December 1999 making catalog data. These are displayed in the left and right frames
it one of the brightest novae observed in the northern hemief the front page respectively. WD numbers can be displayed
sphere. Photoelectric photometry began at Villanova Univerin order of R.A. or can be grouped by spectral class or binary
sity on 08/09 December 1999 and continued in March 200Mature.

3.17 Nova Aquilae 1999-2
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Plans are underway to develop a reliable system for maktoo large for dwarf nova quiescence, the inclination is far
ing corrections and additions to the online catalog on arower than previously reported values and the disk model
ongoing basis. At the present time corrections are beingloes not reproduce the sharp absorption lines as well as a
made as they are discovered. photosphere model. The predicted fluxes using parameters
from the photosphere and disk spectral slope fitting models
reveal enormous differences compared with the observed lu-
minosity using a reasonable distance estimate. For TY Psc
the predicted accretion disk luminosity is 100 times too lu-
minous while the stellar luminosity is too luminous by a

Astronomy major Michael Stump and Sion carried out afaCtor of 10. For V436 Cen, the best-fit hlgh gravity model
high gravity, solar composition model atmosphere and moddphotosphere, from spectral slope fitting, yieldseT
accretion disk study of the U Gem-type dwarf nova UU Agl. =24,000K, log g= 8 and essentially solar abundance while
They identified the far UV signature of the underlying white the best-fit accretion disk models, from spectral slope fitting,
dwarf for the first time. Their best fit model atmosphere toyield 0.8 MO, i=75 degrees and an accretion rate 10V
the observed far UV spectrum in quiescence is 2000 ©/yr. The presence of broad, absorption troughs at unusual
+1000K. The solar abundance high gravity photosphere provavelength positions suggests the presence of an absorption
vides a consistent explanation for the sharp absorption linegurtain (upper disk atmospheyén V436 Cen. The tempera-
due to metals in the white dwarf’s atmosphere. This interpretures they have for TY Psc and V436 Cen are higher than
tation is also consistent with the predicted 20-30,000K smallnormal for the accreting white dwarfs in dwarf novae below
hot, far UV sourcgsmaller than an accretion disgroposed the period gap. This could be indicating that the systems
by Patterson & Raymon@1985. Model accretion disk fits were not in the deepest level of quiescence when they were
do not account for the sharp absorption lines and continuurabserved.
slope. The best-fit accretion disk corresponds tg,#0.8 M Joshua Laké¢Eastern Collegeand Sion have carried out
©, i=18 degrees and/=10 %5 MO/yr. Optically thick high gravity model atmosphere and accretion disk synthetic
disk models at accretion rates lower thaw 10 %M /yr ~ Spectral fits for the U Gem-type dwarf novae during quies-
are ruled out due to marked flux deficiency shortward ofce€nce. For UZ Ser, they find that the far UV spectrum is
1400A . They presented theoretical arguments which rule outest-fit with a log g= 8, Te¢=27,000K photosphere with
accretion rates as high a1.0~ %M o /yr during dwarf nova abundances near solar. The best-fit accretion disk model for
quiescence. While the they can rule out the quiescent disk dd4Z Ser has Nj4=1.0 MO, disk inclinationi=75 degrees
being a significant UV flux contributor, they believe the andM=10"° MQ/yr. For SS Aur, the best-fit model photo-
heated white dwarf accounts for most of the far UV flux. sphere has J:=30,000K, log g= 8 and solar composition
Patterson and Raymond 985 included UU Aql in their abundances while the best-fit accretion disk model hgg M
tabulation of dwarf novae showing evidence of “pseudo-=1.0 MO, i=41 degrees andl =10 10 MOlyr. Fortu-
white dwarfs.” Their estimate of the temperature and frac-nately, there is a very recently measured paral8Z mas
tional areaf of the source of radiation in the far UV was for SS Aur from observations with the HST FGBarrison
20-30,000K and 0.1 to 1.0, respectively. Stump and Sioret al. 1999. Using the radius which Lake and Sion calcu-
found that the surface temperature of the UU Aql whitelated from the scale factor and the parallax distance, the ra-
dwarf to 27,000K:= 1000K. The photosphere fits they carried dius is clearly that of a compact object, a white dwarf, not an
out are also consistent with the presence of sharp absorptigftcretion disk. Therefore, they believe that they have identi-
features due to metals. fied the white dwarf in the far UV and have correctly char-

Astronomy major Ira Nadalin and Sion studied the dwarfacterized its surface temperature. However, it is possible that
novae TY Psc and V436 Cen, both systems being below thgther explanations may account for the small radius, for ex-
CV period gap. For TY Psc, the short-period dwarf novae TYample, a thin ring. Taking this radius value as indicative of a
Psc and V436 Cen are SU UMa systems with very similaiyhite dwarf source, this would serve to strengthen the inter-
orbital periods, similar recurrence times for normal outburstsyretation that the white dwarf may be the dominant source of
(~23 days and superoutbursts~340 day$ and nearly far UV radiation during the quiescence of many dwarf novae
identical outburst amplitudes. They applied the Massaabove the period gap. These accretion rates are discussed in
Fitzpatrick (2000 flux calibration correction to the archival connection with the critical accretion rates predicted by the
IUE NEWSIPS SWP spectra of these two systems, obtainegisk instability theory. Whether a white dwarf or a disk ac-
during dwarf nova quiescence. They carried out high gravitycounts for the far UV spectra, they must be quite hot. If
model atmosphere fits using the codes TLUSTY, SYNSPECindeed the white dwarf dominates the far UV light, then UZ
ROTIN and accretion disk synthetic spectra from the grid ofSer and SS Aur add two important temperatures in support of
Wade & Hubeny(1998. The best-fitting stellar model spec- the conclusion that the accreting white dwarfs above the pe-
trum, from spectral slope and line fitting, is a white dwarf riod gap are a factor of 1.5 to 2 times hotter than the accret-
photosphere having ¢f;=25,000K, log g= 8 and essen- ing CV degenerates in systems below the period gap.
tially solar chemical abundances while the best-fitting opti- ~ Astronomy major Colleen Henry and Sion carried out an
cally thick accretion disk model, from spectral slope fitting, JUE archival comparative study of the two U Gem-type
has M,q=0.55 M®, M=10 %° MO/yr and an inclination dwarf novae, VW Vulpecula and X Leonis. The spectrum of
i =18 degrees. The implied accretion rate is almost certainl)X Leo does not show any C IV, a feature normally seen in

3.19 Dwarf Novae: White Dwarf Properties, Accretion
Physics, Accretion Rates & Tests of Disk Instability
Theory
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the vast majority of other dwarf novae. For VW Vul, a single vations(HST, IUE, ROSAT, EXOSAT, EUVE, ASCA, OR-
temperature high gravity photosphere does not produce BEUS, HUT) have revealed that the white dwarfs in dwarf
consistent fit. The best-fit accretion disk model correspondaova systems above the period gap have temperatures
to M,,q=0.55 MO, i=41 degrees, ant/l =10"° MO/yr. (22,000K to 40,000k a factor of 1.5 to two times hotter
For X Leo, they find a white dwarf model with . J;  than the white dwarf temperatures below the ¢a000K to
=33,000K gives the best-fit to the far UV spectrum. How-24,000K. The nova-like variables on the other hand all ap-
ever, a model accretion disk with parameters 0.80 M pear to have J;>40,000K. They have been carrying out
=60 degrees anM = 10"'° MO/yr also gives a satisfactory €volutionary model simulations wittime-variable accretion
fit to the far UV continuum. However, the accretion rate Which include a heat source shining inwalbundary layer
derived for VW Vul is within a factor of three of the critical irradiation) into the white dwarf envelope as well as com-
value such that dwarf nova while the accretion rate of X Leopressional heating. Their goal is two-fold) to account for
is within a factor of 60 of the critical rate. If they have and theoretically interpret the distribution of CV white dwarf
identified the accreting white dwarf in X Leo, then it temperatures for various CV subtypes af@); to obtain a
strengthens the overall conclusion that the white dwarfs irfuantitative answer to how much the cooling rate of CV
CVs above the period gap appear to be a factor of 1.5 to vhite dwarf with a surface heat source shining inward as
times hotter than the accreting white dwarfs in dwarf novaevell as compression by the weight of the added matter, dif-
below the period gap. fers from the cooling evolution of a single, non-accreting
Sion, F. Cheng, P. SzkodyJ.WA), B. GaensickgGoet-  white dwarf. All previous studies of accretion onto white
tingen, W. Sparks(LANL ) and I. Hubeny(NASA Goddard  dwarfs have assumed a constant rate of accretion, have not
analyzed HST spectra of the white dwarf in the dwarf novaincluded both boundary layer irradiaticend compression
VW Hydri. Hubble STIS observations of VW Hydri 2 days and have focussed upon the effect of accretion on the times-
and 7 days after the end of a superoutburst reveal a heatedle to thermonuclear runaway. Only two studi€single
white dwarf with deep broad Lyman, narrow metallic ab- 1988, MNRAS; Sion 1995, Aphave addressed the effect of
sorption features and evidence of a hotter Keplerianaccretion heating on the white dwarf in the time intervals
broadened component. They confirm the existence of erbetween classical nova explosions. None of the studies has
hanced abundances of odd-numbered nuclear species P, Mdressed the long term effect of accretion heating on the
and Al as well as a N/C ratio indicative of CNO H-burning cooling rate and envelope thermal structure of the white
thermonuclear processing. Our best single temperature whithwarf.

dwarf reducedy? fit to the first spectrum revealg) a DAZQ They have nearly completed, during the report period, the
white dwarf with T = 22,500+ 500 K, log g= 8, and  construction of a large grid of white dwarf evolutionary
photospheric abundances=0.3 solar, N= 3.0 solar, O= models undergoing time variable accretion, using the accre-
3.0 solar, Si= 0.3 solar, Al= 2 solar, Fe= 0.5 solar, Mg= tion rate, white dwarf mass, initial .}y and the outburst

3.0 solar, Mn= 50 solar, Ni= 0.3 solar, P= 15 solar and Ti  timescale and quiescence timescale as free parameters. These
= 0.1 solar. The best-fit white dwarf accretion belt com- physical insights will carry important implications in the
posite model yields a large improvement in fffevalue. The  broader context ofequatorial accretion flows onto central
accretion belt temperature is 32,000K and covers a fractionalompact objects and test theoretical models of accretion
area of 3% contributing 11% of the flux. The second specdisk/boundary layers in cataclysmic variables, T Tauri stars,
trum 5 days later reveals slightly increased metal abundances-ray binaries, disk- accreting symbiotic binaries and possi-
except that P is elevated to 20 times solar while Fe has desly even disk accretion physics in AGNs.
clined to 0.05 times solar. The white dwarf has cooled by They have just published the first quasi-static evolution-
~1000K, the belt temperature is 32,000K and the fractionakry model sequence with time variable accretion in which the
area and flux contribution of the belt are 5% and 20% recombined heating effect of boundary layer irradiatiom-
spectively. These STIS observations confirm that a st cluding stellar rotation and compressional heating on the
historic?) thermonuclear runaway has occurred on the whiteunderlying white dwarf accretor has been included. This ini-
dwarf in VW Hyi. It is expected that the thermonuclear run- tial exploration followed the thermal evolution of a M6,
away would be strong enough to produce a nova outbursiyhite dwarf in a dwarf nova, over many dwarf nova accre-
Therefore, these two classes of close binaries, namely dwafion cycles. Accretion rates e£ 1078 Mg, yr~* for outburst
novae and classical novae, are linked and can overlap.  duration of days to weeks, are followed by a shut off of the
radial infall during dwarf nova quiescence. The matter is
assumed to accrete ‘softly’ with the same entropy as the
white dwarf outer layers, but a fraction of the energy liber-
P. Godon and E.M. Sion have continued multi-D theoret-ated in the boundary layer is assumed to be absorbed by the
ical evolutionary simulations of the physics of accretion ontoouter layer of the stafboundary layer irradiationAccretion
white dwarfs in close interacting binaries. The central accretis resumed and shut off repeatedly at intervals of months to
ing degenerate star in cataclysmic variables and related sysimulate the thermal evolution of the white dwarf in typical
tems has been revealed in many systems by direct observdwarf novae. The timescale of the white dwarf cooling is
tion during the quiescences of dwarf novae or low states ofuch that after a completeutburst+ quiescencecycle, the
nova-like variables, when the inner accretion disks are lessurface of the white dwarf has not yet completely cooled
prominent or absent. Multiwavelength spectroscopic obserdown - thus the star has not yet reached hydrostatic equilib-

3.20 Theoretical Studies of Accretion Physics
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rium. When the evolution of the white dwarf is followed for 3.22 Symbiotic Variables
125 cycles(about 8 years the temperature T.¢;) of the
white dwarf increases as a function of timg) like
Log(Tes)=3Dalog(t), wherea>0. They find that itself
decreases with increasing temperature. The inclusion of th
boundary layer irradiation has no detectable effect on th
results over the timescale studied here. During quiescencI

the outermost layer of the star quickly radiates away th ST archival spectra, including all available images obtained

energy absarbed during outburst. The overall fraction of theat inferior conjunctioniwhen the accreting hot white dwarf is
outer layer of the star thermally affected by the compres-

ional heating is of th g £ th q I|n front of the red giant This system is one of less than a
S'Onﬁs eatmg.|s of the order of the mass accreted, namely, 4z of symbiotic variables in which the photospheric
~10 °Mg during a complete ruri8 years. These results

- ! d > continuum from the hot white dwarf is the dominant source
indicate that after a long evolution time of many accretion

. ) of light in the far ultraviolet. They found N V features char-
cycles, the effective surface temperature of the white d"V""rﬁcteristic of an outflow with velocity of approximately 170

will increase substantially. They discuss the application Ofkm/s, almost certainly associated with outflow from the
the sequence to HST studies of the obs_erved heating of whitgite dwarf, as they are present only in those phases in
dwarfs in dwarf novae. They also examine the effect of comyyich the white dwarf is visible. They also performed the
pressional heating on the deep interior structure which dij st model atmosphere synthetic spectral fit to the WD-
rectly demonstrates that there is a significant heating effecjgminated far uv continuum, and found that the best fit was
They suggest that the envelope thermal structure resum”ﬁrovided by a model with solar abundances, aylo§8, and
from compression and irradiation should be a crucial com temperature of 41,000 K, considerably cooler than esti-
ponent in understanding the envelope structure of a pre-noV@ates of the temperature based on Zanstra techniques. They
white dwarf. cannot exclude the possibility that the hot component is hid-
den by an accretion curtain and their temperature does not
characterize the accreting white dwarf's true photospheric
temperature. For a measured wind red giant wind mass loss
3.21 Magnetic Cataclysmic Binaries rate of 1X 10~ "M o/yr, a wind accretion efficiency of 7 %,
) _ ) thenM =37x 10" °MO/yr. The heating at this rate of accre-
Astronomy major Joe DePasquale and Sion studied thg,, cannot maintain the white dwarf surface temperature
presence of absorption lines due to acpreted mgtals in th&/en close to what they derived. At the surface luminosity
photosphere of the magnetie8 MG) white dwarf in the ., jjieq 1y their fitting, the required accretion rate for steady
prototype polar AM Herculis. They applied the Massa-p, jear hurning is a factor of 20 lower than the above accre-
Fitzpatrick (2000 flux calibration correction to the archival tion rate. Based on these results, they conclude that the hot
IUE NEWSIPS SWP spectra of AM Herculis, obtained d“r'component of RW Hya is a youngower limit age of 1.6
ing the optical low states when the accretion rate is very lowyjjjion years, accretion-heated white dwarf, very likely with
and emission due to thermal bremstrahlung and cyclotron, ,cjear shell burning, on its final cooling track.
processes is essentially absent. They examined low state
spectra at the same UV maximum phas@.6 (main accret-
ing pole most directly exposed to the obsejpaard UV mini-
mum phase- 0.1 (line of sight perpendicular to the magnetic
field). They used the model atmosphere codes TLUSTY, Sjon, H.E. BondSTSc), D. J. Mullan(Bartol), and M.S.
SYNSPEC and ROTIN to determine the surface temperature Brien (STSc) completed HST spectroscopy of the Hyades
of the white dwarf at each UV phase during quiescence anghember V471 Tauri, an eclipsing system consisting of a hot
the chemical abundance of detected metal species. Tha@yA white dwarf(WD) and a dK2 companion in a 12.5-hour
found that the abundances of metals in the photosphere efrbit. It is the prototype of the pre-cataclysmic binaries. The
the accreting magnetic degenerate in AM Her range betweelate-type component is magnetically active, due to its being
0.05 times solar to 0.001 times solar. These are the firstonstrained to rotate synchronously with the short orbital
photospheric metal abundances to be determined for any ageriod. During their UV spectroscopy of V471 Tau, carried
creting magnetic white dwarf in a magnetic cataclysmic vari-out with the Goddard High Resolution Spectrogréa@tiRS
able. Their preliminary results indicat¢l) no correlation onboard the Hubble Space Telescope, they serendipitously
between the time since the last high state and either the suietected two episodes in which transient absorptions in the
face temperature or the chemical abundance #Bdthe  Silll 1206 A resonance line appeared suddenly, on a times-
metal abundances do not appear to be significantly differerdale of <2 min. The observations were taken in a narrow
between spectra obtained at UV maximum and UV mini-spectral region around ly, and were all obtained near the
mum. This implies that, based upon the limited sample ofwo quadratures of the binary orbit, i.e., at maximum pro-
spectra presented here, the abundance of metals may be sinjgeted separation~3.3Ry) of the WD and K star. They
lar across the stellar surface. This would result if sidewaysuggest that these transient features arise when coronal mass
diffusion and spreading of material from the small polar capejections(CMEs9) from the K2 dwarf pass across the line of
accretion regions had occurred. sight to the WD. Estimates of the velocities, densities, and

Sion, former Villanova student Dan Bambeck, Joanna
Mikolawjewska (Warsaw and T. Dumm(Zurich) have car-
ried out an ultraviolet spectroscopic study of the hot white
warf in the eclipsing S-Type symbiotic variable RW Hydra
Po,=370.2 days Their study used orbital-phase resolved

E archival low resolution and high resolution spectra and

3.23 The Hyades Pre-Cataclysmic, Post-Common
Envelope Binary V471 Tauri
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masses of the events in V471 Tau are generally consistent The nature of the companion has been a mystery for de-
with the properties of solar CME’s. Given our detection of 2 cades. Astronomers could not explain the strong high energy
events during 6.8 hr of GHRS observing, along with a con+adiation associated with it. With the first observations from
sideration of the restricted range of latitudes and longitudespace in 1979 with the International Ultraviolet Explorer, the
on the K star’s surface that can give rise to trajectories pasgist hints emerged of what the companion might be.
ing in front of the WD as seen from Earth, they estimate that It was thought, but never proven, that a white dwarf with
the active V471 Tau dK star emits some 100-500 CME's pean accretion disk was the source of the companion’s light.
day, as compared to 1-3 per day for the Sun. The K dwarf’'Astronomers B. WarnetSouth Africg, D. Reimers(Ger-
mass-loss rate associated with CMEs is at leastZ5) many), A. Cassatellaltaly) and M. Livio (USA) all pro-
X101 Mulyr, but it may well be orders of magnitude posed that a disk and white dwarf probably explain the com-
higher if most of the silicon is in ionization states other thanpanion’s light. In 1997, using the Hubble Space Telescope,
Si lll. Margarita Karovska of the Harvard-Smithsonian Center for
Sion, S. O'Brien(STSc), and H. E. Bond(STScl used Astrophysics and her team revealed separate images of the
the GHRS onboard the HST to obtain Lymanspectra of two objects, the red supergiant and the companion light.
the hot white-dwarf(WD) component of the short-period In spring of 2001, Sion and Bochanski created computer
eclipsing DA+dK2 pre-cataclysmic binary V471 Tauri, a models which provided an explanation of the ultraviolet light
member of the Hyades star cluster. Radial velocities of theseen in archived spectra obtained with the International Ul-
WD, combined with ground-based measurements of the dKraviolet Explorer spacecraft and, therefore, the true nature of
velocities, eclipse timings, and a determination of the dKthe mystery companion. Their computer models revealed that
star’s rotational velocity, yield dynamical masses for thethis mysterious companion star consists of a white dwarf
components of Mypy=0.84 and Myk)=0.93 M, . Model-  with a surface temperature of only 10,000 degrees en-
atmosphere fitting of the Ly profile provides the effective shrouded by a swirling disc of gas formed from the powerful
temperaturg34,500 K and surface gravitylog g=8.3) of  stellar wind leaving the red super giant. Despite the veil the
the WD. The radius of the dK component is 18% larger thardisc produces, Sion and Bochanski determined the white
that of a normal Hyades dwarf of the same mass. This exdwarf is not invisible after all. Indeed, stellar wind matter
pansion is attributed to the extensive coverage of the surfadéowing outward from a red giant star, can carry enough an-
by starspots, causing the star to expand in response. The Wiular momentum to create a disc around a compact compan-
radius, determined from a radiometric analysis and fromon. Sion and Bochanski find that the swirling gas disk pro-
eclipse ingress timings, is 0.0107;R The position of the vides the the ultraviolet radiation seen by orbiting telescopes
star in the M-R plane is in full accord with theory for a at the shortest wavelengths while the white dwarf star shines
degenerate CO WD. The high temperature and mass of thirough and provides the light at the longest ultraviolet
WD present an evolutionary paradox: the WD is the mostavelengths. Mira A itself is too cool to contribute much
massive known in the Hyades, but also the hottest andltraviolet light. They find that the material in the disk is
youngest. They suggest that the explanation is that the WD igeplenished by the stellar wind at a rate equivalent to one
indeed very young, and is descended from a triple consistingillionth of the sun’s mass per year. This is enough to pro-
of a blue straggler and a more-distant dK companion. Theyide the intense light energy from Mira B. Their successful
estimate that the common-envelope efficiency parametecomputer modeling of the ultraviolet observations has impor-
aceg, was of order 0.3-1.0, in good agreement with recentant implications for explaining many types of binary star
hydrodynamical simulations. systems in which it was never clear a disc could form from a
stellar wind. Sion and Bochanski's results provide new in-
sight into the intricate problem of disc formation from a
3.24 The Nature of Mira B in the Mira AB System wind accreting onto a compact companion star.
. . . Research on white dwarfs and cataclysmic variables by
Sion and senior astronomy St“def“ Joh'n BOCh"’,‘nSk' den]E.M.Sion and collaborators was supported by NSF grant
onstrated that the companion to Mira A is a white dwarf \qrqgg 01955 NASA/AURA Hubble Grants GO-08103.01,
surrounded by a swirling disk of gas produced by powerfulg 4319 01 G0-09304.01, GO-06558.01, GO-06700.01, a
stellar winds from Mira itself. They presented the results OfNASA FUSE Cycle 2 grant, NASA Database Grant

their computer modeling of the bizarre Mira companion atNAGW5-9408 and summer undergraduate research support
the 198th meeting of the American Astronomical Society infrom the Delaware Valley Space Grant Consortium

Pasadena, CA. Their result is very important because it es-
tablishes that an accret|on_d|sk can form from the cgpture o§_25 UITBOC 1574: A Very Distant Helium-poor
a stellar wind by the gravity of a compact companion star.

. . N - Subdwarf O Star
This has important implications for explaining many types of
binary star systems with compact companion stars in which Saffer with Mark Seibert , Pierre Meurer and Ralf Napi-
it was never clear whether a disc could form from stellarwotzki((Johns Hopkins Un) have obtained the optical spec-
wind capture by the compact star. For example, many of thérum (3750-7500 and ultraviolet fluxes at 1521 and 2260A
uncertainties about the formation of disks around whitefor the quasar candidate UITBOC 1574. The optical spec-
dwarfs, neutron stars and black holes with stellar wind-trum shows strong Balmer absorption lines through at least
emitting giant companions may now be resolvable fromn=9 and the He Il line at 4686A . Thet compared the optical
studies of the Mira binary system. spectrum with non-LTE stellar atmosphere models and find
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Te11=46,900= 3,000 K, log g=5.6+=0.3, and helium abun- low luminosity blue section of the HR diagram. As the de-
dance logHe/H)= —2.0=0.4. They classify the object as a generate cores of their main sequence predecessors, these
hot subdwarf O stafsdO. With its high effective tempera- stars are defined by a simple mass-temperature relationship,
ture and low helium abundance, UITBOC 1574 may be conas determined by the equation of state. Similarly, with no
sidered as belonging to the hot end of the subdwarf B popuinternal nuclear burning, these stars simply cool, defining a
lation. The location of this object on the theoretiGgk-log g  temperature-time relation, known as a “cooling curve.” Re-
diagram suggests that it is most likely in a post-extreme horicently, two independent models have predicted specific cool-
zontal branch evolutionary stage. However, they cannot exing characteristics of these stafidansen 1999; Saumon &
clude the possibility that UITBOC 1574 may be a low-massJacobsen 1999The oldest and coole§t <4000 K) of these
helium white dwarf precursor. They estimate a spectroscopistars should have a blue infrared color, and this has been
distance of 5.6 1.7 kpc with a height of 2.20.8 kpc above observationally verified on multiple occasiof@ppenheimer
the Galactic plane if it is a helium-poor sdO. The heliocentric200]). The spectra of these stars exhibit a large depression in
radial velocity of the star is 8918 km s 2. the infrared continuum, attributed to collision-induced ab-
Based on observations obtained with the Apache Poinsorption by molecular hydrogett,) (Hansen 1999 In re-
Observatory 3.5 m telescope, which is owned and operatesponse to this depression, the peak of the spectral energy
by the Astrophysical Research Consortium. distribution shifts to the blue, hence the name, cool blue
degenerates. They have selected these stars for monitoring of
3.26 On the Origin of Subdwarf B Stars and Related Possible pulsational instability because of this large opacity
Metal-Rich Binaries (i.e., absorption Precedence of this instability lies in other
regions of the white dwarf cooling sequence, with large
Saffer with Elizabeth Green and James Lleth of Opacities due to hydrogdﬁ)A Variables, McGraw 197Band
AZ) Have been studying the origins of Subdwarf B stars.helium (DB Variables, Winget 1982leading to pulsation-
Mounting evidence from subdwarf BdB) stars in the ga- induced variations. Thus, selecting a wide range of intrinsic
lactic field and their recently discovered counterparts in oldcplors and magnitudes, they have begun a systematic search
open clusters indicates that at least two thirds of local diSKor a Strip of pu]sationaj |nstab|||ty among these cool blue
sdB stars are binaries. Their recent radial VelOCity SuwewegeneratES. A pre”minary report W|" be presented at the
showed that binary sdB stars naturally divide into two groupsamerican Astronomical Society Meeting in January 2002.

with contrasting spectroscopic and kinematic properties. My, Bochanski gratefully acknowledges the support from
Those with detectable spectral lines from a cooler companhe SARA NSF REU AST-0097616.

ion invariably have periods longer than a year. A larger num-
ber with periods on the order of hours or a few days have
essentially invisible companions. PUBLICATIONS

They suggest that the long period sdB binaries must havBefereed Publications
been produced by Roche lobe overflow/mass transfer frofimbruster, C. W., & Hull, T(2001). Chaco Navajo Ceremo-
low mass, metal-rich giants near the first red giant branch tip, nial Rock Art and Anasazi Symbols, in American Indian
without forming a common envelope. The same process ROCkArt, 27, 25
should also occur at slightly lower red giant luminosities, Bond, H.E., Mullan, D.J., O'Brien, S., Sion, E.M200J.
producing a wide binary with a helium white dwarf instead Detection of Coronal Mass Ejections in V471 Tauri with
of an sdB star. They present new evidence that most short the Hubble Space Telescope, ApJ, 560, 919
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ions probably merge. The two known MS survivors in short  Disk in OY Carinae, ApJ, 542, 1064
period sdB binaries have small and nearly identical masse®ePasquale, J., & Sion, E. N200J). Chemical Abundances
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AST97-31655. Maloney, and D. Mass&2002. Fundamental properties

and distances to LMC eclipsing binaries 1l. HV982. ApJ,
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3.27 The Search for Variability Among Cool Blue
Degenerates
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