613

Villanova University
Department of Astronomy and Astrophysics
Villanova, Pennsylvania 19085

[S0002-7537@9)03001-3

This report covers the period from 9/97-9/98. guence B stars;)2o determine how precisely and accurately
the stellar propertiegeffective temperature, surface gravity,

1. PERSONNEL metallicity, and microturbulence velocjtgan be determined
During the report period, 9/97 - 9/98, the staff included "M analyses of the stellar continua; angit8 study the

Assistant Professor Carol W. Ambruster, Instructor LarryPhysical properties of the Galactic B stars, concentrating on
DeWarf, Assistant Professor Edward L. Fitzpatrick, Profesheir evolutionary states and evidence for spatial abundance
sor Edward F. Guinan, Associate Professor Frank P. Malvarations in the Milky Way. In this initial investigation, it is
oney, Professor George P. McCothairman, and Profes- demonstrated that the ATLAS9 models can reproduce the
sor Edward M. Sion. Post-Doctoral Fellow Dr. Fu Hua ©Pserved UV/optical continua of unreddened main sequence
Cheng worked with Dr. Sion. Dr. Rex Saffer was ResearctP Stars to a level consistent with the uncertainties in cur-
Assistant Professor. Research Associate Dr. Ulysses J. Sofi@tly available spectrophotometric data. Further, it is shown
accepted a position at Whitman Colle§&/A)as of August ~that both the model atmosphere parameters the shape of
1998. Ignasi Ribas of the University of Barcelona was visit-the UV/optical interstellar extinction curve can be extracted
ing Research Associate on a pre-doctoral grant; Richard wdrom analysis of UV/optical spectra of reddened stars. This is
satonic served as a research assistant. Dr. Elizabeth R. JewBf§SSible because the spectral “signature” of interstellar ex-

served as Department Assistant.

Tara Anselowitz, Daniel Bambeck, Paul DiTuro, Jonathant

Hagis, Karen Matthews, Steven Margheim, Rahul Mittal,

Michele Sauer, Richard Slevinsky, and David Stys served a!

research assistants.

2. INSTRUMENTATION
2.1 Automated Photoelectric Telescopes

The Fairborn Observatory, home of the Four College AP
(FCAPT), is located in the Patagonia Mountains of Azat:
+31 23 12; Long:// -110 41 41 This 0.8-m automated pho-
toelectric telescope is operated by the Four College Conso
tium(FCC) consisting of The College of Charleston, The
Citadel, University of Nevada-Las Vegas, and Villanova
University. The FCAPT is supported by NSF grant AST95-
28506. The 0.8M APT is equipped withBVRI wide-band
filters as well asuvby, HB and Hx narrow- and wide-band
interference filters.

2.2 Internet Access

The Astronomy & Astrophysics WorldWideWeb
(WWW) address is: http://www.phy.vill.edu/astro. Our emalil

tinction is very different from the “signatures” of tempera-
ure, surface gravity, metallicity, or microturbulence. These
results are being prepared for submission to the ApJSuppl
(Fitzpatrick & Massa 1999, “Determining the Physical Prop-
erties of the B Stars |. Methodology.”

A. Ulmer (Princeton U) and Fitzpatrick have studied the
temperature dependence of the maximum luminosity attain-
able by a stable star, under the assumption that radiation
pressure in the stellar photosphere is the dominant physical

Teffect. For stars in the Large Magellanic Cloud, it was found

that temperature dependence of this theoretical limiting lu-
minosity corresponds closely to that defined observationally
by the most luminous supergiants, but that the theoretical
fimit is actually a full magnitude brighter than observed. The
observed limit is consistent with theoretical models in which
the maximum value of the ratio of the radiation force out-
wards to the gravitational force inward§,,,, ~ 0.9, i.e., the
photospheres of stars at the observed luminosity limit are
bound. As massive stars evolve, they move to higher, and
therefore less stable values ¥f,,,, s0O mass loss, either
sporadic or continuous, may halt their natural evolution as
they approach th¥,,, =~ 0.9 limit. See Ulmer & Fitzpatrick
1998.

address is: astronom@ast.vill.edu. Experimental Iaboratorg 2 Instrument Calibration

work for non-science majors can be found at: http://

astrod.ast.vill.edu. This project is supported by the Pew p. MassaRaytheon STXand Fitzpatrick have examined

Charitable Trusts.

3. CURRENT RESEARCH
3.1 Stellar Astronomy
E.L. Fitzpatrick and D. Mass@aytheon STXhave com-

the newly reprocessed low-dispersion data arch{vid&EW-
SIPS” data of the International Ultraviolet Explorer Satel-
lite and found that, while the new processing system repre-
sents a significant improvement over the original system, the
data still contain serious systematic effects which compro-
mise their utility for certain applications. It is shown that the

pleted the initial investigation in a multiyear program whoselow-resolution data contain systematic effects of 10-15% due
goals are: 1 to test quantitatively the level of agreement to residual temporal and thermal dependencies. In addition,
between the theoretical stellar energy distributions predictethe NEWSIPS flux calibration is shown to be inconsistent by
by the current generation of line-blanketed model atmo-searly 10%. New algorithms have been developed to correct
spheres(the ATLAS9 models from R.L. Kurugzand the the systematics to the 3% level — a factor of 5 improvement.
observed UV/optical energy distributions of the main se-In addition, a transformation between the corredtél data



614 ANNUAL REPORT

and the Hubble Space Telescope absolute calibration systepaper describing these results appeared in thel4&pJ(So-
is derived, placing the data from both telescopes onto dia, Fitzpatrick, & Meyer 1998
single system. Finally, it is shown that the remaining 3% E. B. JenkingPrinceton U), T. M. Tripp (Princeton U),
systematics in the corrected IUE data are traceable to proland Fitzpatrick examined high resolution UV spectra toward
lems with the NEWSIPS intensity transfer functigiF). A the star HD72089 obtained by the STIS spectrometer aboard
paper describing these results is being prepared for submithe Hubble Space Telescope. The spectrum of this star,
sion to the ApJSuppiMassa & Fitzpatrick, “A Recalibra- which is located behind the Vela supernova remnant, shows
tion of IUE NEWSIPS Low-Dispersion Data)’ a complex array of high and low velocity interstellar absorp-
tion features arising from shocked clouds. A spectrum of this
star was recorded over the wavelength range 1196.4 to
3.3 Interstellar Medium 1397.2 A at a resolving powar/AN = 110000 and a signal-
to-noise ratio of 32 by STIS. Seven narrow components of
C | were identified and their relative populations in excited
fine-structure levels were measured. Broader features at he-
tﬁocentric velocities ranging from -70 t&- 130 km/s are seen
inCIl,NI1, Ol Sill, S Il and Ni Il. In the high-velocity
components, the unusually low abundancdsNo| and
O |, relative to S Il and Si Il, suggest that these elements may
: . 2 R . ~be preferentially ionized to higher stages by radiation from
While some of the important initial characterizations of in- hot gas immediately behind the shock fronts. A paper de-

terstellar extinction predated the launch of the IUE, dataScribing these results appeared in AgJenkins, Tripp, Fitz-
from IUE are nevertheless largely responsible for most of th atrick et al. 1998 ’ '

guantitative statements made today about UV extinction. Th
talk highlighted IUE’s observanons_of ;patlal .varlat.|ons N3 4 The Sun in Time Project: Coordinated Studies of
the wavelength dependence of extinction. This review Wag 3v/-GBY Solar Analogs of Different Ages
published in the conference proceedingse below, Fitz-
patrick 1998. Guinan, McCook, DeWarf, and M. @lel (ETHZ) con-
Fitzpatrick completed a study of UV/optical extinction by tinue this successful multi-frequency program studying the
interstellar dust grains that addresses the issue of how best éwolution of magnetic activity of the Sun with time. Photom-
correct astronomical data for the wavelength-dependent ektry of about 20 single, nearby GO-5 V stars has been ongo-
fects of Galactic interstellar extinction. Several strategies foing with the 0.8m FCAPT since 1992nd before that time
dereddening are evaluated along with estimates of the uncewith telescopes located at Villanov&ubsets of this sample
tainties inherent in each method. In addition, a new derivahave been observed from the X-ray regimith ASCA, RO-
tion of the wavelength dependence of an average GalactiBAT, and AXAF in 1999, in the EUV (with EUVE), in the
extinction curve from the IR through the UV is presented,FUV (with FUSE in 1999, in the UV-NUV (IUE, HST), and
along with a new estimate of how this extinction law variesat the radio wavelength@vith the VLA).
with the parameteR = E(A — V)/E(B — V). These Following its contraction to the ZAMS, our study expects
curves represent the true monochromatic wavelength depethe Sun to have been rotating more then 10x faster than the
dence of extinction and, as such, are suitable for dereddenimqresent Sun which rotates at 2knits P, = 25.4 days.
IR-UV spectrophotometric data of any resolution, and carThe spin-down of the Sun is due to magnetic braking in
be used to derive extinction relations for any photometrywhich the magnetized solar wind interacts with the ISM and
system. The results of this study will be published in thea loss of angular momentum occurs. The young Sun’s more
January 1999 issue of the PASFtzpatrick 1999. rapid rotation and, consequently, its stronger magnetic dy-
U. Sofia, Fitzpatrick, and D. MeyefNorthwestern UJ.  namo results in more vigorous magnetic activity from the
reanalyzed the GHRS dataset presented in a recent paper plotosphere, chromosphere transition region, and corona.
Snowet al, which contains the interstellar intersystem € Il The stronger magnetic dynamo activity results in greatly en-
2325A line through a translucent cloud toward the star HDhanced coronal X-ray and transition-region and chromo-
24534(X Persel. In contrast to the results of Snost al,, it spheric EUV-NUV emissions up to hundreds of times more
is shown that the C lifeature is clearly detected at the 3 intense than the present Sun. The enhanced high energy and
— o confidence level and corresponds to & @lumn den- UV emissions of the young Sun could have played a impor-
sity of 2.7+ 0.8 X 10" cm™2. This result, combined with tant role in the evolution of planetary atmospheres, and pos-
the & column density along the line, implies C/H 106  sibly also in the origin and evolution of life on Earth.
+ 38 X 10°° in the interstellar gas toward this star. This Some of the stars being studied are: HD 129@@iades
gas-phase carbon-to-hydrogen ratio suggests that slightloving Group; age= 70 Myr), x* Ori, =} UMa (UMa
more carbon depletion onto dust grains may be occurring itMoving Group; age= 300Myr), HD1835, HD134319Hy-
translucent as compared to diffuse clouds. The averagades; age=600Myr), ! Cet (P-age; age= 800 Myr); B
diffuse-cloud C/H, however, is within the + o uncertainty = Com (P-age; isochrones; age 1.7Gyn, 15 Sge(isochrones;
of the measurement toward HD 24534. It cannot, thereforeage = 2.0Gyn, 51 Peg(isochrones; age= 7.5Gyp, and 16
be ruled out that the two cloud types have comparable gassyg A&B (isochrones; age= 9.5 Gyp. In addition, obser-
phase C/H, and thus comparable depletions of carbon. Aations are being made of the solar twin 18 $isochrones;

Fitzpatrick delivered an invited review talk at an interna-
tional symposium held in Seville, SpaiNovember 1998
celebrating the contributions to astronomy made by data o
tained with the International Ultraviolet Explorer satellite
(IUE). The talk reviewed the particular impact of IUE ultra-
violet data on the study of interstellar extinction, i.e., the
absorption and scattering of light by interstellar dust grains
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4.7 Gyn. 18 Sco is the closest match to the present Sunage-magnetic activity indicators such ag, ICall H+K and
Additional solar twin candidates are being observed to proMg Il h+k indicate levels of magnetic activity closely
vide more examples of mid-life solar-type stars. matched to the Sun. These proxies of &daefly Mgll emis-

All of these stargand several additional oneare being sion) indicate that 18 Sco is rotating within a few days of the
observed to monitor starspot activity. Light variations due toSun’s 25.5 day rotation period. Isochronal fits to the ob-
starspots have been discovered on all of the dG stars youngseerved M and T.¢; of 18 Sco were carried out and indicate
than 2 Gyr. Rotation periods and the percentage of the staran age of 4.7+ 0.8 Gyr with an inferred mass closely
surface covered with starspdiss well as spot temperatujes matched to the Sun of M= 1.0 = 0.03 M, . Other leading
can be directly determined from tHéBVRI or uvby APT  solar twin candidates, 16 Cyg A and B and HD 44%8iR
photometry. For example, the youngest star in this sample2290 turn out to be much older than the Sun while yet
HD 129333(=EK Dra), can serve as a proxy for the ZAMS another solar twin candidate, HD1835 is much your{gge
Sun. APT observations show it to have low amplitu@e = 600Myr).

9%) light variations with a rotation period of R = 2.5 This reseach is supported by NSF/RUI Grant AST93-
— 2.8d. Analysis of the photometry indicates that the star isS15365 and NASA Grant NAG5-2160 which we gratefully
covered with a variable amount of starspots covering aboutcknowledge.

7-15% of the star’s surfacéeven at starspot maximum, to-

day’s Sun has< 0.2% of its surface covered with sunsppts. 3.6 Searches for Planets &/or Brown Dwarfs in Edge-on
The observed long-term brightness changes of HD129338clipsing Binaries with Low Mass Components: CM
are best explained by the presence of a 7-8 yr starspot cycl®raconis and YY Gem

The apparent variations in the star's photometric period most . :
likely F;\Fr)ises from the effects of diﬁgrential rotatir())n as the Guinan, McCook, D. Bradstre(zEastern O, I. Ribas(U.
major starspot concentrations change latitude over an activit € Barcelqn}aand student_s con_tmue work on the CM Dra
cycle. Joint APT-ASCA/ROSAT satellite and radio studies ystem. S'T‘C_e the surprising discovery of a probable plan-
of HD 129333 have been conducted over the last 3 year%tary tra_ms_|t(llght loss - 0.080 mag at !-bar)dm the CM
Also, HD129333, HD1835, ang@ Com are approved targets ra echpsmg systgm in June _199("3“'_”"’“ etal. 1.996'

for FUSE and XXM during 1999/2000 and photometry with IAUC 642.3)’ .mten.swe photometric monltorlng_ of this dVi4
FCAPT will be critically important in linking magnetic ac- +dM4 eclipsing binary has been conducted with the FCAPT

tivity in the photospherdthe starspofsto magnetic struc- gnd Bradstreet Observatofat Eastern Q'.CM D.ra IS an
tures in the star's transition regicivia FUSB and corona ideal system to search for substellar bodies, chiefly because
(with ROSAT, XMM, and AXAF with one targét Moveo- the orbital plane of the binary is viewed almost exactly
ver, Guinan and Gael have submitted an HST proposal to edge-on(i = _89'8 deg. More_over, |ts__component dM stars
observe several of the above targets with HST. are small, with well determined radii and masses from the

Guinan and McCook continue the long-term FCAPT ob_a_nalyses of its light and RV cur\_/c_ée.g., R-’Z.z 0'24%)‘ A.
servations of the stars already on the “Sun in Time” pro_glant planet or brown dwarf orbiting the binary in its orbital

gram to identify and define magnetic activity cycles which plane(a dynamically stable and likely locatipnwould tran-
‘§i‘t across the disks of the stars, producing a decrease in

have average durations of about 10 yrs. Many of the stars . . .
have been observed since 1990 so that most of the activi rightness, proportional to the relative areas of the planet to

cycle is already covered. Also, intensive photometry of sev- ? stars. Additional photome.try of CM Dra is being ob-
y y P y tained from the Czech Republic by Marek Wolf.

tei;?lrg:‘;trilgnmore active stars will be made to study differen The photometry of the June 1996 event was obtained over
' a 3.5 hr interval, but this was not long enough to cover the
entire transit eclipse. From an analysis of the portion of the
transit covered, it is estimated that the entire event may have
Guinan, DeWarf, student Paul DiTut¥illanova U.), M. lasted for 7-8 hrs. From the depth of the transit eclipse and a
Gudel (PSI, ETH2, and I. Ribag U. de Barcelonpcontin-  knowledge of the radii of the stars, the radius of the eclipsing
ued the “Sun in Time” program by searching for a solar body was estimated to be abou R 0.94R,piter. Because
twin close in age to the Sun£ 1 Gyr) in addition to having  of the incomplete coverage of the transit, its orbital period is
similar physical properties such as spectral type, colgy;, T not well constrained. This period is estimated to be about
M, . When possible, the optically selected solar twin candi2.1 = 0.6 yrs.(see Guinaret al. 1997.
dates are compared to the energy distributions and emission Guinan and McCook, collaborators and students are cur-
fluxes of the present Sun in the X-ray, EUV, FUV, and NUV rently observing CM Dra to search for confirming evidence
wavelength regions. Th¥-ray - UV emissions from the Sun of the presence of substellar bodies. In addition to searching
arise chiefly from magnetic-dynamo activity. The magneticfor another transit event, they propose to search for evidence
activity and related coronal X-ray and chromospheric emisof orbiting bodies from the classicéight-time effect. The
sions vary as functions of the star’s rotation period, and thugravitational influence of a third body would produce small
age. Thus, a star's age can be estimated from its levels gferiodic variations in the arrival times of the eclipses of the
magnetic activity by using age-activity relations. binary. This arises from the motion of the eclipsing binary
At the present time, the star best matching the Sunjn M around the common barycenter of the binary system and its
Te, age, and chemical abundandd/H] is 18 Sco(see  companiofis). When the binary system is on the near-side of
Porto de Mello & Da Silva 1997,ApJ,482,L8%Analysis of  the barycentefi.e., closer to the Earjhthe light-travel time

3.5 In Search of the True Solar Twin
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is shortened and the eclipses appear to occur early. The maiing events have been observed so far. These dimming
tion of the binary around the barycenter produces sinusoidavents show a very strong wavelength dependence with the
variations (assuming &0.0) in the arrival times of the average decrease in brightnessi@50nn) andy(550nn) of
eclipses that are proportional to the mass and distance about 0.8mag and 0.4mag, respectively. The preliminary re-
each orbiting body. sults have been discussed by DeWatfal. 1998. As dis-

CM Dra has very sharp, deep eclipses that permit theussed, these eclipse-like, dimming events could be caused
light-time effect to be precisely measured from photometryby concentrationgblobg of matter located in the outer re-
During the last year, over 25 eclipse timings of CM Dra havegions of the accretion disk. These blobs may temporarily
been obtained, chiefly by Bradstreet and Eastern C. studentsbscure the star and innénottep regions of the accretion
The average precision of determining mid-eclipse timingdisk. Observations of SU Aur obtained duirng 97/98 indicate
from a well covered light minimum for CM Dra is abottt 5  a possible periodicty in the occurance of the sharp dimming
sec. As reported at the June 1998 AAS meeti@ginan  events. This needs to be more thoroughly investigated.
et al. 1998, from the light-time effect there is evidence aif Hipparcos parallaxes are available for most of the stars on
least one substellar body orbiting CM Dra. The analysis ofthe current observing program. As in the case of AB Aur and
the arrival times of stellar eclipses indicates a light-time am-SU Aur, this allows absolute magnitudes to be determined
plitude of 7.4+ 1.8 sec with period of B 39.6+ 0.7 days. and evolutionary ages to be estimated by fitting the observa-
If confirmed by more eclipse timings, the body producingtions with stellar evolution codes for PMS stars. For ex-
this light-time variation would have a mass of abouj, M ample, SU Aur and AB Aur are at same distar(ce the
= 42 * 8 M, and thus be a brown dwarf. There also Taurus-Aurigae star forming compleand have a common
appears to be a possible long-term variation in the eclipsespace motions and a common age of about 4 Myrs.
timings with a time-scale of several hundred days indicating
a more distant object with a magabout 8-14 M). This
object, if confirmed, would most likely be a giant planet 3.8 Stellar Evolution in Real Time: Photometry of
rather than a brown dwarf. Interestingly, a preliminary analy-Sakurai's Object (V4334 Sgp
sis of the light-time effect indicates that the orbital phasing

of these possible objects are not consistent with the body that dGl;;Inanh QeWarf,kar;d V|II§1nEva ftugir_ns tD';— ur%,_ Mittal,
produced the transit event. and Margheim worked on Sakurai's Object. Pre-discovery

Additional observations are needed before anything deﬁgbservations show that _Sakurai’s Obje80) had be_en az
nite can be said, but it may be that the CM Dra syster'r{ﬂag central star of a faint planetary net_(ﬁ’lbi), \.Nh'Ch dur-
contains several substellar bodies. Existence of these po gglgtilggi or ?ZT'V 1995 (tj)etgan E)' ratpldly %r%gten_:{lréFeb.
sible bodies needs to be confirmed. Photometry of CM Dr , Y. oakural discovered the object as a gnitude

over the next 2-3 years should be sufficient to confirm otar The star was first thought to be a slow nova but, later,
deny these tantalizing, but yet preliminary, results with more information it was identified as a final helium

Guinan, Mc Cook and Bradstreet have added another lo ash objec(seg D“efbec" & Benetti, 1996, ApJ 468, L111
mass eclipsing binary, YY GerdMO0 + dMO; i = 89deg, hg recent bngh?enlng occurs when the star Qescends the
to this program. YY Gem is well suited for planet/brown white dwarf cooling track and undergoes a final thermal

dwarf searches by searching for transits and from a study d?“'?e when. the he.Iium. shell ignites causing it t'o expand
the light-time effect. rapidly to high luminosity and become laorn again PN.

This phase of stellar evolution is extemely short, lasting de-
cades to centuries and would be rarely obseifieen et al.
1983, ApJ 264,605

UBVRI photometry of SO has been conducted with the

UBVRI/uvby photoelectric photometry of several bright APT in Arizona since Spring 1997. The APT photometry
Young Stellar Object§YSOs are being made with the 0.8m was combined with photometry made from other sites and
APT by Guinan, DeWarf, and McCook. Nightly photoelec- light curves were formed. During 1996, the star steadily in-
tric photometry of several interestiigut sparsely observed creased brightness rising from ¥ +11.4 to +10.9 mag.
T Tauri variables was obtained. The chief scientific motiva-During 1997, the star remained bright varying between 11.0
tions were to find the rotation periods and investigate posand 10.8 mag while at this time showing low amplit@e05
sible activity cycles of these stars by searching for the-0.10 mag in V semi-periodic light variations. However, in
starspot-induced light variations. Also, the short-term andearly 1998 SO dropped to &y = + 12.6 mag. It then
long-term variations of the properties of the accretion disksunderwent slow oscillations in brightness — varying between
were investigated. Several objects were selected for study-11.7 and+12.8 mag up to mid-1998. During September
The stars under study are the classical T Tauri stars SU Aut998, its brightness plummeted to below'ag. These
(G2 llle), AB Aur (B9 peg, V470 Tau(K2 Ve), HD 283447 dimming events were accompanied by increases in reddening
(K2 1V), GW Ori (K3 IVe), and the FU Ori variable V1331 and thus probably occurred as dust formed in the star’s cool-
Cyg. Noteworthy in the current program is the photometricing outer atmosphere. The photometric behavior of Sakurai’'s
behavior of SU Aur. Object appears to be similar to that of another final flash

Long-termuvby photometric monitoring of SU Aur with candidate V605 Agl whose outburst and subsequent fading
FCAPT has revealed the presence of lagghpse-likedrops  occured  during 1919-1923 (see Clayton &
in light with durations of 30-40 days. Several of these dim-Marco,1997,AJ,114,267

3.7 UBVRI and uvby Photometry of Young Stellar
Objects
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This research is supported by NSF/RUI grants AST93-3.10 Near Infrared TiO and V-band Photometry of
15365 and AST95-28506. Pulsating Red Giants and Supergiants

Guinan and Wasatonic continue to carry out near-IR pho-
tometry of bright red giants and supergiants. The stars being
Guinan, Fitzpatrick, Maloney, DeWarf, P. Maurof\él- studied are the pulsating red giant giants Mira, R Leo, and V
lanova, and D. BradstreetEastern Q, Ignasi RibagU. de  CVn and the supergianta Ori (Betelgeusg « Sco (An-
Barcelona, Alvaro Gimenez(LAEFF, Spain, John Pritchard tares, « Her, and CE Tau. The observations are being made
and William Tobin (U. of Canterbury, NZ continue their using the Wing 3-filter near-IR systerfsee Wing 1992;
investigations of eclipsing binaries in the Magellanic clouds.JAAVSO,21,42. The near-IR filters are a subset of the
These systems provide important laboratories for studyin@-color photometric system developed by Dr. Robert Wing
stellar structure, evolution, and mass loss for stars with reef OSU for studying cool stars.
duced metallicity. They have obtained IUE/SWFL50-2000 The Wing 3-filter system consists of a near-IR
A) spectra of a dozen hot O/B eclipsing systems in the LMGintermediate-band filtefA) centered on the TiO gamrig0)
and SMC that have well determined light and radial velocitybandhead at 719nm and two additional filtédBsC) centered
curves, and during 1996/7 HST/FOS and GHRS spectra weren continuum regiongfree of strong linesat 754nm and
obtained for ten of these systems. The chief purpose of th&024nm, respectively. These observations are complemented
UV spectrophotometry is to determine temperatures for thevith V-band measures. Reddening-free TiO-indices, near-IR
stars in these systems. Since these hot stars radiate mostaaflor indices(B-C), and near-IR magnitud€€) are formed
their energy in the UV, the character of the UV continuumfrom the observations. The TiO 719nm band strength in-
and the presence of highly ionized elements are sensitivereases as function of increasing spectral type for K- and
measures of stellar temperatures. The UV data have bed-type stars, making it an excellent indicator of stellar tem-
combined with theUBV (or uvby photometry and fit with perature. The TiO-index an(B-C)-index have been cali-
the most recent versiofATLAS9) of Kurucz model atmo- brated with stellar temperatures through the extensive obser-
spheres at metal abundances appropriate for the LMC orations of standard stars.
SMC. For K- and M-type stars the (€024-mag closely ap-
Current analysis of optical light curves and HST/GHRSproximates the bevavior of the apparent bolometric magni-
radial velocity curves has provided the mass and radii of théude (m,). This permits the CL024-mag to be transformed
LMC system harvard Variable 227dHV2274; < V.5 > to apparent bolometric magnitudel(,,). Calibration of the
= 14.2: B1+2 IV-lll +B1-2 IV-lll; P = 5.739. analysis of C(1024-mag with m,,, has been made by the observations
HST/FOS UV/optical spectrophometry provided the tem-of standard stars with well determined bolometric magni-
peratures of the components and the interstellar extinction ttudes. The absolute bolometric magnitudik,(,) and lumi-
the system. Combined, these results yielded a direction to theosities(L/L ») can be calculated frorg,, using Hipparcos
binary system. After correcting for the location of HV2274 parallaxes.
with respect to the center of the LMC, they have found Thus, Wing photometry of a pulsating star on a particular
dimc = 46.7 £ 1.6kpc, or ¥, — M,) mc = 18.30 night provides simultaneous measures of its luminosity
+ 0.07 mag. This result is immune to the metallicity- (or relative changes in luminosity if no parallax is available
induced zero-point uncertainties that have plagued otheand T.:;s. This means that the instantaneous radius of the
techniques. Two more systems, HV 2226 and HV 2241 arstar can also be calculated from the relation R/R
currently being studied. =[(L/Lx)/(T/T3)*1*'? on each night on which Wing pho-
This project is beginning to lead to the first Mass-tometry is obtained.
Luminosity relationship, using directly measured masses and Photometry of the Mira variables Mira and R Leo with
luminosities, for stars outside the Milky Way, and extendsWing photometry show the expecteq:T, L/Ls, and R/R,
the parameter space in stellar interior models to chemicalariations over their respective pulsational phases. However,
compositions different from the Milky Way. Though the the observations of V CVn show a possible shock front oc-
above result is very precise, it does not by itself resolve theuring during the descending branch of its light curve that
LMC distance issue. Unanticipated external systematic efeauses dissociation of TiO molecules but without accompa-
fects, such as a peculiar location of the star within the LMCnying changes in temperatursee Wasatonic & Guinan
could compromise the derived distance. Such effects cah998; IBVS No 4579 for more deta)ls
only be addressed through the analysis of more systems, Wing photometry of the red supergiants shows some pos-
preferably with a variety of locations within the LMC and sible surprises. For example, for CE Tau an@ri the semi-
covering a range of stellar properties. The ultimate precisiomegular light variations that occur over time scales of several
of the LMC distance will best be evaluated by the range ofmonths indicate luminosity variations that are driven chiefly
results derived from such analyses. These initial resultdyy temperature changes, but have no accompanying varia-
however, demonstrate the power of eclipsing binaries to adtions in the stellar radii. The apparent lack of radius varia-
dress fundamental astrophysical issues, such as the deriviiens indicates that these short-term light variations do not
tion of basic stellar properties, and cosmologically importantarise from fundamental radial pulsations but rather from non-
issues, such as the distance to the LMC, by serving as firsadial modes or from the growth and decay of supergranula-
classstandard candles. This research is supported by NASAtions on the supergiants’ surfaces. On the otherhand, long-
grants NAG5-2160 and NSF grant AST-9315365. term light variations of these stat8me scales of a few to

3.9 Eclipsing Binaries in the Magellanic Clouds
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several yealsarise from correlated variations in radius and 3.13 White Dwarfs in Cataclysmic Binaries
temperature that appear to be driven by pulsations.

This research is supported by NSF grants AST-9315365 In direct response to a need for a theoretical framework
to Villanova University and AST-9528506 to the Four Col- for white dwarf accretion physics, Sion and SpafkaNL )
lege Consortium. have begun constructing a large grid of 1D quasi-static and
1D hydrodynamic model$with shear mixing, accretion lu-
minosity and compressigof white dwarfs undergoing time-
variable accretion with different values of the white dwarf
mass, accretion rate, initial,f; value and different outburst

McCook and Sion completed their catalog of 2237 whiteintervals and quiescertaccretion switched off or at a very
dwarfs which have been identified spectroscopically and prelow leve) to simulate dwarf nova outburst-quiescence
sented, complete through 1998 April. Their compilation iscycles. It is essential to understand accretion physics in the
the fourth edition of the VillanovaCatalog of Spectroscopi- Simpler 1D case first; earlier 1D simulations by Sid®95
cally Identified White DwarfsFor each degenerate star, the and Sparkset al. (1993 yielded promising agreement with
following data entries with references are providét) a  the observations of U Gem and WZ Sge. Once they complete
catalog coordinate designation or WD number, in order othe 1D grid, they will calculate a 2D hydrodynamic evolu-
right ascension(2) the right ascension and declination for tion sequence for the parameters of the best fitting 1D simu-
epoch 1950.0(¢3) the spectral type based upon the new sysdation to the observations, in order to explore the 2D effects
temy4) a catalog symbol denoting binary memberslify;a  and compare them to our 1D results. For this project they
list of most names known to exist for a given std@), proper  will use the newly developed fully implicit 2D hydrody-
motion and position angl€7) broad-bandJBV photometry, namic code produced by M. Huang, W. Sparks and E. Sion.
V, B-V, U-B (8) multichannel spectrophotometry,(MC),  This code is not restricted in timestep length by the Courant
g-r; (9) Strangren narrow-band photometyy b-y, u-b (10) Condition and hence will be used to construct several se-
an absolute visual magnitude based upon the best availabtpiences of evolutionary models. However, as a comparision
color-magnitude calibration or trigonometric parallgdl)  with our 2D code result$éand as a fallback in case of con-
the observed radial velocity uncorrected for gravitationalvergence difficultie the group has the full collaborative use
redshift or solar motion; an€l2) the trigonometric parallax of the 2D explicit code of Patrick Godai$TSc).
with mean error when available. A Notes section for unusual The fundamental goal is to construct a global picture of
or peculiar stars and a coded Reference Key alphabetized thow long term and short term accretion affect CV evolution,
the first author’s last name are presented, as well as an ewhite dwarf cooling and cataclysmic/explosive behavior
panded table cross-referencing all names to catalog Which goes hand in hand with the theoretical accretion stud-
number. The catalog will appear in Astrophysical Journalies. In parallel with the theoretical simulations, they will de-
Supplement. velop a global picture of the evolution of CVs by greatly
enlarging the sample of CV degenerates with knowy T
They are using their suite of synthetic spectral codes at Vil-
lanova to re-analyze, with solar composition models and

Sion, Saffer, H. Bond(STSc), K. Schaefer(Towson Mmulti-component fitting, earlier, generally cruder determina-
Statg, and F. ChengVillanova) usedHSTs Goddard High-  tions or estimates of white dwarf surface parameters and ana-
Resolution Spectrograph to detect a photospheric metalliyzeé much more multi-wavelength spectroscopic data for
absorption line, Siil A1206, in the spectrum of the magnetic many other systems, encompassing other CV subtypes as
white dwarf component of the Hyades pre-cataclysmic bi-well as dwarf novae, over a broad range of accretion rates,
nary V471 Tauri. The Sii feature is modulated on the soft orbital periods, outburst/ quiescence durations, and ranges of
X-ray/EUV/optical 9.25-min rotational period of the white high state intervals in nova-likes.
dwarf, and is strongest at the time of soft X-ray/EUV mini-  In parallel with the quasi-static and hydrodynamic simu-
mum and optical maximum. A model in which the soft lations, they have assembled the most updated and complete
X-ray/EUV magnetic pole is dark due to metallic and heliumsample of CV white dwarf parameters including thgiT
absorption, and bright in the optical due to flux redistribu-values for 38 systems tabulated by Wargg999, and the
tion, is strongly supported. They derived a Si abundance ofUE archival estimates of Hassall and La Ddd996 using
0.10" 3% times solar in the accretion cap. Assuming equilib-single white dwarf spectra as templates to estimate white
rium between mass accretion onto, and diffusion of Si out oflwarf flux contributions/temperatures. A collaboration with
the photosphere, they find the white dwarf to be accretingC. La Dous on the IUE sample has been initiated. Thg T
from its dK companion’s wind at only 3:8 10 8M, yr 1, values for individual systems will be assessed as to accuracy
some five orders of magnitude lower than the Bondi-Hoyleand where possible, new multi-componéwhite dwarf, op-
fluid rate. This strongly suggests operation of a magnetictically thick (thin) accretion disk models during outburst
centrifugal propeller mechanism which rejects most of the(quiescence disk curtain absorption, boundary layesyn-
material that attempts to accrete. They tentatively detect Zedhetic spectral fitting will be carried out to improve the val-
man splitting of the Sii line, implying a polar field strength ues. A paper on TT Ari using both new optical spectra from
of ~ 350 kG. V471 Tau is destined, in the distant future, toESO in collaboration with Boris Gansick&ottingen and
become a DQ Her-type cataclysmic binary. IUE archival spectra of its extended low state is close to

3.11 Villanova Catalogue of Spectroscopically Identified
White Dwarfs

3.12 Pre-Cataclysmic Binaries & Wind/Flare Accretion
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submission. They are carrying out similar analyses for manghanne(s). Using the multiwavelength space and ground-
other systems with exposed white dwarfs. based data, effective temperatures, absolute magnitudes and
During the past year, Sion, Szkody.WA), Cheng and space velocities have been generated and compared with
Sparks(LANL ) reported the following new observational in- other white dwarf spectroscopic types such as the H-rich DA
sights and breakthroughs on CV white dwarfs: stars and the helium-rich DB stars. The first paper to be
(1) The first determination of stellar rotation rates for ac-submitted from this work concerns the magnetic degenerates.
creting white dwarfs in catclysmic variables, revealing anThe kinematical data, statistical data, cooling ages and rota-
amazing range from 100 km/s to 1200 km/s, which raisegion rates from variable polarization point to a mixed origin
profound questions about the angular momentum transfdor the magnetic degenerates: some are the evolutionary de-
during tangential accretiofSionet al. 1994, ApJL,430,653; scendants of the Ap and Bp stars on the main sequence,
Sionet al. 1995, ApJL,L31; Chengt al, 1997a, ApJL, 484, others are the progeny of low mass progenitors, while still
L149); others appear to be the progeny of now extinct AM Herculis
(2) The first detection of a rapidly spinnin@300 km/$  magnetic cataclysmic variables in which mass transfer has
accretion belt on the surface of a white dwarf in a CV whichceased due to the cannibalization of the secondary donor star
points the way to a solution for the missing boundary layerover billions of years as active cataclysmics. Papers are in
mystery by ameliorating its low boundary layer luminosity preparation for the other subgroups under study, the DZ, DQ
and implying shear mixing with the resulting implied gradi- and DB stars.
ents of differential velocity, both inward and with latitude on  David Stys and Richard Slevinsky have discovered a rare
the stellar surface, stimulating a critical need for further ac-DAOZ white dwarf named EC1148-2, a h@t0,000K) white
cretion belt detectiongSion et al. 1996, ApJL, 471, L41; dwarf having an atmosphere of both H and He, rarity in
Chenget al,, AJ, 1997b, itself. Normally either H or He is seen but not both. How-
(3) The first detection of, and chemical abundances forgver, this object is one of only three DAO stars known to
proton capture nuclear reactions and their resulting synthedave photospheric metals. Gravitational diffusiahlog g=
sized heavy elements as well as a past CNO thermonucle8} allows only the lightest element to be seen at the surface.
runaway on a white dwarf in a prototype dwarf nova, thusTheir paper proposes explanations for the hybrid composi-
establishing the first spectroscopically determined evolutiontion and is based upon our synthetic spectral analysis of the
ary link between dwarf novae and classical novae and profar UV IUE archival spectra of what was thought to be a
viding a veritable laboratory for nuclear physics where pro-garden-variety hot DA star.
ton capture cross sections and reaction rates are poorly Richard Slevinsky, David Stys and Karen Mathews
known and based upon only quantum mechanical calculaworked on the analysis of Hubble Space Telescope archival
tions (Sion et al. 1997b, ApJL, 480, L1y spectra and IUE archival spectra of white dwarfs in both
(4) The first HST determined cooling timescales for themagnetic and non-magnetic cataclysmic variables. They
accretion-heated atmospheres/ envelopes of white dwarfs imave completed an analysis of the 20 archival far UV spectra
dwarf novae following normal outbursts and longer super-of the white dwarf in the 81 minute orbital period cataclys-
outbursts and their detailed comparison with quasi-static anthic WZ Sagittae. These far UV spectra were obtained weeks
hydrodynamic accretion simulations, including accretionalto years after the 1978 December outburst of WZ Sge. The
heating mechanisms due to compressional heating, dowrteam has determined the cooling of the accretion-heated
ward BL irradiation and shear mixingSparkset al. 1993,  white dwarf and the temporal evolution of chemical abun-
Sion et al. 1994, ApJ, 424, 649; Siehal. 1994, ApJL, 430, dances of its accreted atmosphere. A paper is soon to be
L53; Sion et al. 1996, ApJL, 471. L41; Chengt al. AJ,  submitted to the Astronomical Journal. Studies of the archi-

1997h. val spectra for other CVs in the IUE and Hubble archive are
(5) The first gravitational redshift masses for white dwarfsstill in progress.

in cataclysmic variablegSion et al. 1994, ApJL, 430, L53; Research on white dwarfs and cataclysmic variables at

Sionet al. 1997, ApJL, 480, L1Y. Villanova during the report period was supported by NSF/

RUI grant AST90-16283 and its cost supplements, NASA
3.14 IUE Archival Sudies of Isolated & Binary White ~ LTSA grant NAG3726, by several HST Guest Observer
Dwarfs grants, by an HST Archival grant and by summer under-

Si d ast ors Tara Anselowitz. K M tgraduate reserach assistantships provided by the NASA/
ion and astronomy majors Tara Anselowitz, Karen Mat- .\ - Space Grant Consortium.

thews, David Stys, Richard Slevinsky and visitor Rick Wa-
satonic carried out several investigations on the formatio
and evolution of isolated white dv%arfs and the effects ofré 15 UV Flares from a ZAMS K Dwarf
accretion on white dwarfs in binaries. Ambruster, Villanova students S. Margheim and K. Mat-
Tara Anselowitz, Karen Mathews and Wasatonic havethews, and T. AyresCASA, U. Colo) analyzed 11 years of
compiled basic data for different spectroscopic subgroups oUE observations of the Pleiades-age K2 dwarf HD 82558
white dwarfs with multi-wavelengt@EUV, Far UV, Optical (LQ Hya). The data totalled 50 SWP-Lo, LWP-Lo, and
and IR observations. Their focus has been on the origin and.lWP-Hi spectra taken between 1982 and 1993. The SWP-Lo
evolutionary status of the magnetic white dwarfs, the carboiimages were reduced by Ayres using his state-of-the-art au-
molecular band DQ white dwarfs and the cool helium-richtomated reduction routinéT.R. Ayres, 1993, PASP 105,
DZ white dwarfs, three groups with uncertain formation 538); the LWP spectra were reduced using standard IUE
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software. Two large flares were present in the date1988 portant. Pueblo influence may also be present for the summer
Oct30 and 1993 Decl./both of which displayed factor 5-10 and winter Solstice sunrises confirmed earlier. A new paper
flux increases in the transition region C 1550 A) line  is in preparation.
flux. The second flar¢1993 DeclY was also present as a
factor 3 increase in the chromospheric Mg(2800 A) line 317 Pulsating Hot Subdwarf Stars
flux. Of greatest interest was the fact that both flares showed
strong continuum emission in their respective SWP-Lo spec- [N collaboration with M. Billeres, G. Fontaine, P. Bras-
tra that could be fit by 17000 K and 13500 K black bodySard, S. Charpinet, P. Bergerddniversity of Montreal, J.
models, respectively: thus, both flares could have been ddJebert (Steward Observatofy and G. Vauclair(Observa-
tected at optical wavelengths as well. It is worth noting thattoire Midi-Pyreneeg Saffer participated in the discovery of
very few stellar flares in the IUE archives affect what little multiperiodic luminosity variations in the hot B subdwarf
continuum is present in K and M stars: this young, rap|d|yKPD 2109+4401. At |eaSt ﬁVe periodicities were seen in the
rotating (P: 1.601 d K dwarf therefore appears to produce I|ght curve, from 182.5t0 198.4 s. The |al’geSt oscillation has
exceptionally energetic flares. Both flares occurred near th@n amplitude~ 8.6 mmag in white light and a period 196.3
minimum of an apparent 6.2 yr activity cycle discovered byS- A model atmosphere analysis of the time-averaged optical
L. Jetsu(1993,A&A 276,345, and essentially on opposite SPectrum of KPD 21094401 indicates that this star hagT
sides of the stafphases 0.1 and 0.6 using Jetsu’s ephemeris = 31,200 K and log g= 5.84. A comparison with pulsation
Modu|ati0n is apparent in the Mg 1 ||ght curve, Wh|Ch may periOdS Computed from stellar models haVing similar atmo-
also reflect the optically-derived 6.2 yr activity cycle; further SPheric parameters implies that the observed brightness
analysis is in progress, and a paper is in preparation. variations must be identified with low-order radial and non-
radial (p and § pulsation modes. The overall similarity of
periods and derived stellar parameters shows that KPD 2109
+4401 is a genuine member of the EC 14026 class, the most
3.16 Archaeoastronomy recent family of pulsators uncovered in the field of aster-
oseismology. However, KPD 21891401 is slightly but sig-
Ambruster and A.B. Hul(Corning OCA continued work pificantly cooler than the previously known members of this
on an early Navajo archaeoastronomy rock art site in Chacglass, thus widening significantly the empirical instability
Canyon National Culture HiStOfical Park, New MeXiCO. Over Strip_ |nteresting|y' theory predicts that a cooler EC 14026
the Vernal EquinOX in March 1998 they visited the site, pu|sator(of a given surface gravi)yshoukj show |arger ex-
along with David M. Brugge, an ethnoarchaeologist and exgijted periods, and this is indeed what KPD 23@B101
pert on the Navajo habitation of Chaco Canyon. As sugshows, with periods reaching values as large as 198 s, not
gested by calculations, the sun on the day of Vernal EquinoXeen previously in other pulsators of the class. The survey

rose exactly at the base of one of the few cliffs on the easteryhich discovered the star continues, to search for additional
horizon visible to an observer standing in front of the elabo-£c 14026 pulsators.

rately carved Shabikeshchee Sun Shield petroglyph; the next
morning the sun rose approximately its own diameter furthe
north, rather than at the base of the cliff. Brugge discovere
a deeply carved arc at the corner of the large boulder that In collaboration with F.P. Keenan, N.C. Hambly, P.L.
may mark the sunrise viewing point used by the Navajo; heDufton (Queen’s University Belfagtand J. Lieber{Univer-

also identified several other glyphs that further emphasizsity of Arizong, Saffer analyzed optical spectroscopy of a
the ceremonial importance of the site. Whether the Navajdarge sample of B-type stellar candidates. Of a total of 298
actually recognized or valued true astronomical Equinox ibjects, the largest sample of its kind to date, 205 were
unclear: they made use of a naturally placed, ldaegmproxi-  drawn from the Palomar Green Survey of high Galactic lati-
mately 10 feet highboulder to view the base of a cliff on the tude ultraviolet-excess stellar objects and comprise a com-
horizon that happened to be due East of the boulder. There ete magnitude-limited sample. Effective temperatures, sur-
evidence that the prehistoric Anasazi culture of the regiorface gravities, and helium abundances for the hot subdwarf
(with whose descendants, the Pueblos, the Navajo had cofhigh-gravity component of the sample were derived from a
siderable contagtmarked the Equinox as the midpoint in detailed line profile analysis of the hydrogen and helium ab-
time between the two solstices; this would have occurred twaorption lines in intermediate-resoluti¢d-5 A FWHM) op-
days later than the true Vernal Equinox. In fact, the Sun doetical spectra. A separate analysis of the lower gravity com-
rise at the base of the same horizon cliff exactly two daygponent was made using a newly calculated grid of synthetic
later when viewed from another early Navajo sacred rock arspectra. Additional estimates of the effective temperatures
panel on a narrow ledge just below the mesa top almosivere made from wide- and intermediate-band photometry
directly above the Shabikeshchee Sun Shield. Again, the sutaken from the literature. Two follow-up programs continue:
face that the Navajo carved was placed there by Nature, ndl) Detailed abundance analyses of high-resolution echelle
oriented by Man. Both these Equinox sunrises may reflecspectra of the lower gravity component of the survey using
early Pueblo influence, since present-day Navajo do notnodern model atmosphere and synthetic spectrum tech-
commemorate solstices and equinoxes. Or it could reflect theiques will differentiate between massive Population | main-
fact that East is particularly important to the Navajo, and thesequence B stars and low-mass, lower luminosity Population
day on which the sun rises due East might then also be imH{ blue horizontal branch stars and post-asymptotic giant

.18 Early-Type Stars at High Galactic Latitude
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branch stars(2) The derived atmospheric parameters for the (1998. Detection of p-Mode Pulsations in the Hot Subd-

higher gravity component, the field extended horizontal warf B Star KPD 2109-4401, ApJ, 494, L75

branch stars, will be combined with radial velocity measure-itzpatrick, E.L.(1999. Correcting for the Effects of Inter-

ments to determine their spatial and kinematic distributions, stellar Extinction, PASP, in press

which will distinguish between competing evolutionary sce-Guinan, E.F., Fitzpatrick, E.L., DeWarf, L.E., Maloney, F.P.,

narios for this hot, evolved stellar population. Maurone, P.A., Ribas, I., Pritchard, J.D., Bradstreet, D.H.,
Gimenez, A.(1998. The Distance to the Large Magel-

3.19 The Double Degenerate Progenitors of Type la lanic Cloud from the Eclipsing Binary HV2274, Af.kt),

Supernovae in press

Henning, Th., Klein,R., Chan, S.J., Fitzpatrick, E.L., Sieben-

In collaboration with M. Livio(Space Telescope Science .
(Sp P morgen, R., & Stecklum, B(1998. Properties of the

Institute) and L.R. Yungelsorinstitute of Astronomy of the :
Russian Academy of SciengeSaffer analyzed radial veloc- Yqung Stellar iject N 16_0 A'IR_’ A&A, 338, L51

ity observations of a large sample of apparently single white/€"kins, E.B., Tripp, T.M., Fitzpatrick, E.Let al. (1998.
dwarfs (WDs), obtained in a long-term effort to discover UV Absorption Lines From H|gh-VeIoF:|ty Gas in the
close double-degenerat®D) pairs, which might comprise Vela Supernova_ Remnant: New lInsights from STIS
viable Type la supernovdSN 18 progenitors. The WD Eghelle Observations of HD72089,' Afllet), 492', 147
sample was augmented with a previously observed sample &foenigsberger, G., Auer, L.H., Georgiev, L., & Guinan, E.F.
apparently single subdwarf &dB) stars, which are believed ~ (1998 Wind Velocity Variations in the Luminous Blue
to evolve directly to the WD cooling sequence after the ces- Variable-Type Erupting Star of the Wolf-Rayet Binary

sation of core helium burning. The sample yielded 18 new HV 5960. ApJ, 496’ 934.
radial velocity variables, including five confirmed sdB ~ McCook, G. P., & Sion, E.M(1999. A Catalogue of Spec-

WD short-period pairs. The observations are in general troscopically Identified White Dwarfs, 4th ed., ApJSuppl.,
agreement with the predictions of the theory of binary star " Press.
evolution. A numerical method was used to evaluate the deMitchell, K.J., Saffer, R.A., Howell, S.B., & Brown, T.M.
tection efficiency of the survey and estimate the number of (1998. A new complete sample of faint B stars in the
binary systems not detected because of the effects of varying Galactic halo, MNRAS, 295, 225 _
orbital inclination, orbital phase at the epoch of the first ob-Nguyen, Q., Fabian, D., Belle, K., Huang, M., & Sion, E.M.
servation, and the actual temporal sampling of each object in (1998. Rotationally Broadened Symthetic Spectra for
the sample. Follow-up observations are in progress to solve HST and IUE Observations of Exposed White Dwarfs in
for the orbital parameters of the candidate velocity variables, Cataclysmic Variables, PASP, 110, 39
Pritchard, J.D., Tobin, W., Clark, M. & Guinan, E.A.998.
3.20 PG 1002-506: A Be Star Apparently at z>+10 CCD Photometry of Variable Stars in the Magellanic
Kiloparsecs Clouds - V. The Eclipsing Binary HV 1620 and HV 2241,
MNRAS, 297, 278
In collaboration with F.A. RingwaldPennsylvania State Popper, D.M. & Guinan, E.F(1998. “V380 Cygni Once
University) W.R.J. Rollestor‘(Queen_’s_ University Belfaigt More: A Close Detached Binary with an Evolved B-type
and J.R. Thorsten;en, Saffer participated in the discovery Component . Spectroscopic Orbits,” PASP, 110, 572.
that PG 1002506 is a Be star, one of three_ found S0 far by Ringwald, F.A., Rolleston, W.R.J., Saffer, R.A. &
the Palo_mar—Green survey. Its spectrum is gle}SS|f|ed as & Thorstensen, J.R1998. PG 1002-506: A Be Star Ap-
BSVe, with Ter; = 14,900 K, log g= 4.2, andvsini = 340 parently at z +10 Kiloparsecs, ApJ, 497, 717
kms. Atb = +51°, its height above the Galactic plane gaffer, R.A., Keenan, F.P., Hambly, N.C., Dufton, P.L., &
would therefore be z= +10.8 kpc, putting this apparently | jepert, J.(1997. A Large-Scale Spectroscopic Survey of

young, rapidly rotating star well into the Galactic halo. Its Early-Type Stars at High Galactic Latitudes, ApJ, 491,
heliocentric radial velocity is found to be -2 kms, consistent 175

with either having been formed in the Galactic disk and subggtfer R. A, Livio. M.. & Yungelson, L.R(1998. Close

sequently ejected or having been formed in the halo. Binary White Dwarf Systems: Numerous New Detections
and Their Interpretation. ApJ, 502, 394
PUBLICATIONS Shara, M.M., Saffer, R.A., & Livio, M.(1997. The First
Refereed Journals Direct Measurement of the Mass of a Blue Straggler in
Ambruster, C. W., & Hull, T.(1998. Evidence for Early the Core of a Globular Cluster: BSS 19 in 47 Tucanae,
Navajo Horizon Astronomy in Chaco Canyon, Trhe ApJ, 489, L59
Proceedings of the Fifth Oxford International SymposiumSion, E.M., The 11" European Workshop in White Dwarfs,
on ArchaeoastronomyCarolina Academic Pregsin PASP 110, 238
press Sion, E.M., Cheng, F., Szkdoy, P., Sparks, W.M., Bansicke,

Belle, K., Nguyen, Q., Fabian, D., Sion, E. M., & Huang, M.  B., & Mattei, J.(1999. Anomalous Cooling of the Mas-
(1998. An IUE Sprecroscopic Study of the Ultra-Short-  sive White Dwarf in U Geminorum Following a Narrow
Period Dwarf Nova T Leonis in Outburst, PASP 110, 47  Outburst, ApJ 496, 449

Billeres, M., Fontaine, G., Brassard, P., Charpinet, S., LieSion, E.M., Schaefer, K.G., Bond, H.E., Saffer, R.A.,, &
bert, J., Saffer, R.A., Bergeeron, P., & Vauclair, G. Cheng, F.H.(1998. Hubble Space Telescope Observa-
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