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This report covers the period from October 2003 to September 2004.

1. PERSONNEL family, characterized by their value of,R AV/E(B—V).

During the report period, 10/03-9/04, the staff includedBased on analysis of nefi.e., 2MASS)and old(i.e., IUE)
Assistant Professor Carol W. Ambruster, Instructor Laurencelata for~ 100 sightlines, it was shown that the UV, optical,
E. DeWarf, Associate Professor Edward L. Fitzpatrick, Re-and IR wavelength regimes do display coherent variations,
search Assistant Professor Patrick Godon, Professor Edwaliit with too much intrinsic scatter to be considered truly
F. Guinan, Associate Professor Frank P. Maloney, Professaorrelated. A 1-parameter family can be constructed which
George P. McCook(Chairpersojy Professor Edward M. illustrates these broad trends, but very few individual sight-
Sion, Visiting Professor Chun-Hwey Kininst. for Basic  lines are actually well-reproduced by such a family and dis-
Research, Chungbuk National Uniand Research Associ- agreement with the mean trends is not a sufficient condition
ates Dr. Robert Kodluniversity of Pennsylvanja Richard  for considering a sightline to be “peculiar.” Only a very
Wasatonic and Scott Engle. Dr. Elizabeth R. Jewell served asmall number of extinction sightlines stand out as truly pe-
Department Assistant. culiar. The article concludes that simple variations in the

Students Laura Marie Barge, Eric Barron, Josephmean grain size from sightline to sightline are responsible for
Drescher, Michael Dulude, Ryan Hamilton, Kelly Kolb, Sa- much of the coherent variability seen in Galactic extinction,
rah Lakatos, Michael Lesniak, John Marcy, Joleen Miller,and might also explain the "peculiar” extinction long-noted
Rebecca Percy, Vanessa Pettiford, Adric Riedel, FIT studerit the Magellanic Clouds. This paper appeared in the ASP
Laura Seward, Scott Stegman, Elysse Voyer, and Joel UrbaBonference Series, Volume 309.
served as research assistants.

2 INSTRUMENTATION 3.2 Apsidal Motion: DI Her

2.1 Automated Photoelectric Telescopes Malone_zy, Gui_nar_l, an(_j student L. Barge have_ re-ex_amined
the puzzling eclipsing binary system DI Herculis. This sys-
The department has installed a new 14“ automated teletem is rare among main sequence stars in that its apsidal
scope in the main campus observatory. The Fairborn Obsemgtion is dominated by the effects of General Relativity.
vatory, home of the Four College ARFCAPT) is located in The GR contribution to its theoretically predicted apsidal
the Patagonia Mountains of AZat: +31 23 12; Long: -110  motion is 2.34°/100 y., whereas the theoretically predicted
41 4. This 0.8m automated photoelectric telescope is operclassical contributioridue to tidal and rotational deformation
ated by a Consortium of the College of Charleston, The Citapf the component starss 1.93°/100 y. The interesting fact is
del and Villanova University. The FCAPT is supported by that the observed apsidal motion, determined from timings of
NSF grants AST95-28506 and AST-0071260. the stars’ mutual eclipses, is anomalously lewl °/100 vy.,

The Robotically Controlled Telescog®CT) 1.3m tele-  well below the combined theoretical expectation of
scope on Kitt Peak is now completing its final testing phase4.27°/100 y.

The Research Consortium includes Villanova, Western Ken- Since Rudkld)ing’s (1959 announcement of the Specia|
tucky, South Carolina State, Francis Merion and the Plannature of DI Her, observers have been measuring light curves

etary Science Institute. and radial velocity curves to determine the orbital parameters
of the system and the stellar properties of its components. DI
3. RESEARCH Her consists of two main sequence st@5V and B6\) in a

10.55 day eccentric orbie= 0.489. Observations of times
of minima reveal the system’s apsidal motion, computed
Fitzpatrick prepared a review article on the properties offrom the changing displacement of the secondary eclipse
extinction by interstellar dust grains in the Milky Way gal- from the primary eclipse. Four decades of photoelectric mea-
axy. The article concentrated on the current state of our unsurements show that the observed apsidal motion remains
derstanding of the wavelength dependence of the dust afbelow that predicted. Various explanations for this discrep-
sorption and scattering. Dust extinction is a particularlyancy have been offered, with the most promising involving
important process in interstellar space since it greatly modithe presence of a third component of the system. In a highly
fies the properties of electromagnetic radiation traversing théclined orbit, the third body would diminish the rate of
galaxy and affects the observability of many astronomicabpsidal advance of the close pair. Adding photometry re-
objects. Characterizing the wavelength dependence of exently taken with the 0.8 m Four College Automatic Photo-
tinction can shed light on the properties of the dust grainglectric Telescope, they have recalculated the apsidal motion
themselves and better enable the removal of its effects frorfor DI Her, 1.390.30°/100 y. They are also examining a
observations. Of chief concern in the review article was thenew formalism for studying three-body interactions by Mar-
issue of Milky Way “extinction curves” as a l-parameter dling in the DI Her system.

3.1 Interstellar Medium
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This research is supported by NSF/RUI grant ASTOO-maximum was 0.042, 0.038, and 0.038 mag brighter than

71260, which is gratefully acknowledged. secondary maximum i¥,R, andl, respectively. The relative
depth of primary minimum was found to vary between 1.20
3.3 LMC: Eclipsing Binary HV 2241 and 1.32 mag. They have analyzed the light curves from the

] ) three epochs using the 1993 version of the Wilson-Devinney

Maloney, student L. Barge, |. RIb&£EC, Spain, DeW- jfferential corrections computer code to find a unique solu-

arf, Fitzpatrick, and Guinan are investigating the LMC (o for CE Leo. The corresponding spectral type of the sec-
eclipsing binary HV 2241 as part of a larger project directedygary star from the colors and effective temperature- is

toward the determination of the physical properties of LMC k2. The asymmetric light curves can be best explained by

stars and the distance to the LMC. HV 2241 is a semiyye effects of starspots. They find that the light curves are

detached system, consisting of &O7 Il primary compo-  pest fitted by employing a cool spot on the cooler, larger
nent and an~BO Il secondary(filling its Roche equipoten- component of the system.

tial surface in a 4.34 d orbit. The datasets being analyzed
consist (.)f previously published CCD photometgiromgren 3.5 A Program to Determine a Direct and Accurate
u, Cousins Ic, and Y HST/FOS 110-480 nm spectropho- Distance to M31 from Eclipsing Binaries
tometry, and newly acquired 400-530 nm echelle spectros-
copy using the Blanco 4-meter telescope at CTIO. Prelimi- |, Ribas(IEEC, Spain, Guinan, C. Jord{UB, Spain, F.
nary values for the temperature ratios of the components, theilardell (UB, Spain, and R. W. Hilditch(St. Andrews, UK
stellar radii and masses, and the inclination of the stars’ orhave continued their work on the Andromeda Galéxa1)
bits are used to model the system with the Wilson-Devinneyimed at the discovery and analysis of eclipsing binaries and
eclipsing binary code. Analyses of the spectrophotometr\Cepheid variables. M31 is potentially a crucial calibrator for
yield surface temperatures of the stars and the amount efhe Cosmic Distance Scale, and thus for determining the age
interstellar reddening. The resulting stellar properties for theand evolution of the Universe. Yet, currently the M31 dis-
primary star(radius, temperature, and masse compared tance is known to no better than15%. Previous work in the
with stellar evolution models for consistency. The distance td. MC carried out by the Villanova University team led by
HV 2241 is computed from a knowledge of the stars’ radiiGuinan demonstrated that double-line eclipsing binaries can
and temperatures as well as the amount of reddening. serve as excellent “standard candles.” Distances derived
Preliminary results reveal the stellar properties= Pri-  from eclipsing binaries are basically geometric and essen-
mary, S= Secondary componentand orbital parameters: T tially free from many assumptions and uncertainties that
p=33,000+ 1500K, Ts=25,500~1000K, Mp=27.2+3 M  plague other less direct methods. The present project repre-
o, Mg=13.3+1.5 My, Rp=13.9+0.7R,, Rs=12.0 R, sents the extension of the program of using eclipsing binaries
Period = 4.342365 d, Inclination=84.1+-0.6 deg., a as standard candles to determine an accurate distance to
=38.5r15R,. M31. The photometric observations that yield the light
They gratefully acknowledge financial support from the curves have recently been completed with the 2.5 m Isaac
NASA - Delaware Valley Space Grant consortium, and fromNewton Telescope at the INGLa Palma, Spain Approxi-
the National Science Foundation through HST grant GOmately 300 eclipsing binaries and a similar number of Cep-
06683. They are grateful for the skilled assistance of théheids have been reported in the studied>322’ field. The

CTIO staff during their January 2000 observing run. time-series photometric measurements contain a total of 250
individual observations in each of the B and V filters. Spec-
3.4 Analysis of the Active Contact Binary CE Leo troscopic observations of a selected sub-sample of eclipsing

_ _ . binaries and Cepheidavith magnitudesV~19—-20) were

Visiting Astronomer, Dr. Chun-Hwey Kim, with YOung careq out during the 2004B observing season with the
Woon Kang, Hee-Won Lee, Kyeong Soo Hong and Guinansemini.N GMOS spectrograph. Based on the previous expe-
have.stud|ed the chromosphgncally active contact binary Clf‘ience, the expectations are to reduce the uncertainty of the
Leonis. They secured VRI light curves of the system anq3; gjstance to better than 5%, thereby firmly calibrating
carried out detailed photometric solutions, as well as anye cosmic Distance Scale. Also, the project will provide the
analysis of its period variations. A total of 73 times of . girect determinations of masses and radii of stars in
minima over 50 years, including our obsfervatlo'ns', WETre USegs31  thus allowing for an unprecedented test of stellar struc-
for the period study. The complex period variation can b€y, e ang evolution using stars that have evolved in a medium

sorted into a linear period improvement, a period Ofy, o gifferent from that of the solar neighborhood.
P=0.30342771 days, a secular period increase at the rate of

P/P=+3.05<10 7 days yr !, and a 22.6:0.5 yr periodic
component. The-22.6 yr periodic variation in the O-C re-
siduals most likely arises from the light-travel time effect Guinan and Wasatonic are conducting long term V-band
from a low-massifi;~0.3M sini) dM tertiary companion and Wing near-IR TiO photometry of late-type variable red
moving in an eccentricg’ =0.61+0.04) orbit. However, it giant and super- giant stars. The primary objectives of these
is also possible that this periodic variation arises from thdnvestigations are to characterize radii, luminosity, and effec-
effects of a magnetic activity cycle, known as the Applegatdive temperature variations throughout their pulsational
mechanism. The light curves show asymmetries in the twaycles and to determine general pulsation features such as
different maxima. The 1998 light curves show that primaryoscillation modes and multi- periodicities. Secondly, rela-

3.6 Variable Giant Stars
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tionships between variations in V- band magnitudes, neara single-lined spectroscopic bina,, = 242 day$. Unfor-
bolometric magnitudes, and TiO absorption band strengths atinately, the physical properties of the secondary component
719 nm with these changing physical properties are beingemain unknown. It is evident from large infrared excesses
analyzed. that GW Oiri is surrounded by an extensive circumprimary
The program stars are the SRc supergiants Betelgeuse,and possibly circumbinary disk of material. The spectral en-
Her, TV Gem, and the Perseus double-cluster members XXrgy distribution in the optical and near-infrared wavelengths
and FZ Per. Giant stars being observed are the Mira-typbas been preliminarily modeled utilizing a simple two-
variableso Ceti and R Leo, and the SRa variable V CVn. componen{Kurucz stellar atmosphere blackbody energy
Analysis of the R Leo observations indicates a fairly tightdistribution. Their proceduréseeDeWarf et al. 2003, ApJ,
anti- correlation effect between,{f and luminosity increases 590, 357 will determine many observational and physical
with decreasing radii, and vice-versa. This can be indicativgproperties of the star, including temperature, mass, radius,
of of fundamental mode pulsation. At R Leo maximum surface gravity, and age of the primary star, average tem-
brightness its average.#, luminosity, and photospheric ra- perature of the circumstellar compon@it along with ex-
dius are 3200K, 7300 4. and 260 Ry, respectively. At R tinction to the system. Visible wavelength spectra recently
Leo minimum brightness, its average;f, luminosity, and obtained by collaborator A. Puga¢hlain Astronomical Ob-
radius are 2100 K, 33004, and 460 R, respectively. servatory of NASU, Kiey should provide key information
Preliminary observations of other program stars are yieldvital to the completion of this stage of the project.
ing interesting results. Beat periods of about 180 and 190 GW Ori's rotation period remains uncertain. In general,
days were found in V CVn and the existence of shock wavesotation periods can be determined from the low-amplitude,
propagating through the atmosphere are also postulategshort-term modulations in brightness due to the presence of
based on preliminary analyses of V-band, near-IR, and TiGtarspots. The difficulty in obtaining the rotation period in
strength curves. TV Gem exhibits a long-term period of ap-this manner is due to the complex nature of starspot activity
proximately 2000 days upon which smaller periodicities are— spots argrelatively) quickly created, destroyed, and are
superimposed. The V-band light curve®fHer is character- free to migrate about the stellar surface. Standard period
ized by a 350-day periodic major “pulse” with an average analysis routines often lead to non-detections, or even mis-
amplitude of 0.6 magnitude followed by pulses with gradu-leading values, due to these slight changes in period
ally decreasing amplitudes that eventually “damp out” (migration/differential rotation and random phases
throughout a given observing season. Detailed results of alcreation/destruction Current efforts involve developing a
observations will be ascertained as both archived and corspecially modified Lomb-Scargle periodogram method em-

tinual, newly acquired data is analyzed. ploying a segmented-averaging approach. Though still in the
“testing” stage, it is believed that this procedure will be
3.7 Chromospherically Active Stars ideally suited for finding these subtle periodicities in tempo-

_ . _ . rally large photometric datasets.

Guinan and Wasatonic are carrying out a pilot program of gy Aurigae Their long-term FCAPT photometry of SU
V-band and Wing near-IR TiO photometry of the chromo- ayr (HD 282624; G2 llle;<V>=+9.16 mag;<B—V>
spherically active spotted staks And (G8 IV-Ill) and IM =1 0.90) shows that its brightness varies on time scales of
Peg(K1.5 Il-llle). Current thought is that the V-band mag- gays, months, and years, and the star often displays dramatic
nitude variations are due to relatively large starspots rotatingdipsn that most likely are caused by obscurations by dust
inFO and out of VieW, which Would be Characterized by C|umps around low mass Companiofmcreting protop'an_
mirror-imaged V-band magnitude and TiO absorptionets, protocomets, and/or associated halbse accretion disk
strength curves. However, the observations on both stars tesf SU Aur is therefore most likely in the process of forming
date show only sporadic anti-correlation effects between th@mbryonic planets. Recently approvéalit not yet carried
V-band and TiO curves. Itis thus speculated that the V-bangyt Cycle 5 FUSE observations should provide excellent
variations are caused by bright spots such as plages anrghta on the hot plasmas at various temperatures, composi-
white light faculae that rotate into and out of view rather thanjgns, dynamics, ionization states, and electron densities in
dark spots. Both bright and dark spot models have been dghe stellar chromosphere, transition region, and corona, along
veloped by T. Mirtorabi(ran) that are needed to confirm or \yith the hot inner regions of the circumstellar disk. These

refute this theory. observations should greatly improve their understanding of
the complex inflow, accretion, and outflow dynamics that
3.8 Young Stellar Objects occur during this stage of evolution and possibly provide

. . - . new insights into the nature of the “eclipse-like” events.
DeWarf and Guinan continue their intensive long-term g P

photometric monitoring of Young Stellar Object¥SO9
with the 0.8m Four College Automatic Photoelectric Tele-
scope(FCAPT). Some YSOs that are currently monitored Guinan & DeWarf continue with their comprehensive
are: AB Aur, SU Aur, V1331 Cyg, GW Ori, V410 Tau, study of the evolution of the coron@-ray; Einstein, ROSAT,
V833 Tau, and V773 Tau. Some current projects include: ASCA, XMM, Chandra transition region (FUV; IUE,

GW Orionis Over 12 years ofUBV observations have FUSE, and chromospheri¢FUV-UV; IUE) emissions of
been obtained with FCAPT. GW OfHD 244138; K3 - G5 single solar-type stars with a wide range of ages and corre-
(?) Ve; <V> = +9.92 mag;<B-V> = +0.97) is possibly  sponding magnetic activity. They use a sample of solar ana-

3.9 “The Sun in Time”
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logs, narrowly confined between spectral types GO0-5 V thaeffects of the younger Sun’s stronger x-ray 10X present
vary only by their (reasonably well determined ages and and FUV (2—3X presenkradiation on paleoplanetary atmo-
rotation periods, and hence magnetic activity. In this samplespheres. The large XUV solar fluxes may have had major
however, there is still a wide spread of rotation rates andffects on the younger planets’ ionospheres and resulting
ages, ranging from about 1.5 to 37 days, with correspondingnass loss. The stronger FUV fluxes may have been influen-
ages from 100 Myr to 8.5 Gyr respectively. This has givential in photochemical reactions that could affect life. They
them an excellent cross section of both age and rotation péve researching the effects of star’s strong XUV emission on
riod, with a resulting wide range of magnetic dynamo in-its brown dwarf companion, and the importance of the re-
duced activity. These stars thus constitute a test of the effedined age determination of 15 Sge. Using their Age-Rotation-
of varying rotation rategand age on the stellar dynamo, Activity relations will help pin down the age of its brown
keeping all other stellar parameters approximately constangwarf companion, and allow comparisons to current brown
Their selection of solar-like stafsvhich should have similar dwarf models.

convective zone depthssignificantly limits the range of

variation of stellar properties. Their studies show that the3.10 Evolution of the Solar Magnetic Activity over Time
Sun’s Ly hasdecreasedby 1000x since its young, more and Effects on Planetary Atmospheres

tive ZAMS days. | , th My st . . . .
active ays. In essence, they use 3 star as a I. Ribas (IEEC, Spain, along with Guinan, M. Gdel

laboratory to study the effects of the stellar dynamo by vary- : :
ing the only free parameteP, ;. (PSI, Switzerlang and M. Audard(Columbia Un) have re-

The Solar TwinOne of the particularly interesting stars in cently completed a study that has yielded new resuits within

the “Sun in Time” program is 18 Sco, which has been iden-the broader “Sun in Time" program. This is a multi-
tified as the “Closest Ever Solar Twin{Porto de Mello & wavelength progran{x—ray_s to the UY Fhat employs a
da Silva 1997, ApJ, 482, L89This nearby G2 V star had sample of sola_lr analogs with ages covering.1- 7 Gyr o

V. Tur, [Fe/H], RIR, , inferred age and mass that are closelyserve as proxies of the Sun at different stages of its evolu-

matched to the Sun. Also, its magnetically-related Chromo:uon. The chief science goals are to study the solar magnetic

. o o . ynamo and to determine the radiative and magnetic proper-
spheric activity is very similar to the Sun. Recent studies of. S . .
- . ) A Y ties of the Sun during its evolution across the main sequence.
Ca Il HK indicate a solar-like £ 10 yeaj magnetic activity

cycle. With student R. Hamilton, the team will combine The recent study has focused on the latter goal, which has

. ) .. the ultimate purpose of providing the spectral irradiance evo-
FUSEandXMM observations with other dgtasets, proV'dmglution of solar-type stars to be used in the study and model-
nearly complete spectral coverage spanning the x-ray to vis

; . . . ing of planetary atmospheres. The results from the “Sun in
ible wavelengths. 18 Sco will provide an important check onp; . . program suggest that the coronal x-ray—EUV emis-

the behavior of our present Sun. For example, is our Su'%ions of the young main-sequence Sun wer00— 1000

[ 1 H 7 y H . ) |
notrmha}{l for ';S agf8agd massla kl)f c_onﬂrr‘r:edt ?s ?lﬁ)rec'setmes stronger than those of the present Sun. Similarly, the
maich to our sun, co would be iImportant Tor TOllow-up .5 ygtion region and chromospheric FUV-UV emissions of

. . . tr
studies in astroseismology, extrasolall‘r _plan_et searc,r,les, am?e young Sun are expected to be 2060 and 1020 times
could serve as a surrogate for the “nighttime Sun” as a

dard stronger, respectively, than at present. When considering the
stanaar star.. ) ) integrated high-energy emission from 1 to 024 , the re-
15 Sge Guinan, DeWarf, and McCook, with I. Ribas

X 4 Vill q ud sulting relationship indicates that the solar high-energy flux
(IEEC, Spain and Villanova graduate M. Dulude are cur- was about 2.5 times the present value 2.5 Gyr ago and about

rently researching the two b_iIIion year-old solar proxy 156 times the present value about 3.5 Gyr dgben life sup-
Sge. Recently, 15 Sge was discovered to host a dim, cool LB,qeqly arose on EafthThe strong radiation emissions in-

+ 15 brown dwarf companion with a mass 658-71 M ferred should have had major influences on the thermal struc-
and a distance of-14-21 AU from the host stafsee Liu e photochemistry, and photoionization of planetary

et al. 2002, Boccc.aletté.t al.2003. 15 Sge(HR 7276; G1V;  yimospheres and also played an important role in the devel-
V = +5.80 mag;7 (H'|,pp) = 56.6 mas has been on the ,,ment of primitive life in the Solar System. The application
V|Ilapova Sunin T_|me program for over 15 years. As part ¢ the “Sun in Time” results on exoplanets and on early
of this program, this young solar proxy has been observed &g|ar System planets is being carried out in collaboration
x-ray, EUV, FUV-NUV, and optical wavelengths to study its \ it F. Selsis(CAB, Spain and H. Lammer(IWF-OAW
c_oronal, chromospheri(_:, and starspot_ activity. Its rotation Peaustria). The topics under study include: Thermal escape on
riod of 13.9-0.4 days is well determined from photometry gyqplanets, the Martian water inventory, the erosion of Mer-
(light variations of starspotsand from Mt. Wilson Ca Il HK cury’s surface, and the paleo-climate of the Earth.

studies. From their Age-Rotation-Activity relations, its age is

1.9+0.3 Gyrs. This value agrees well with an age of 2.0 . - . .
+0.5 Gyr estimated from recent stellar evolution codes. 153'11 Magnetic Activity and High Energy lrradiances of

. . . dK and dM Stars - Impacts on Extrasolar Planetary
Sge is extremely critical because of its age. It serves as an i .
. . . nvironments & Life
important proxy for our Sun at a time in the early solar
system when primitive life had just established a foothold on  Guinan and DeWarf, with I. RibaslEEC, Spain, M.
Earth and when Mars may have been warm, wet, and suitabl@untz (University of Texag G. Harper(University of Colo-
for life. From the available data, we computed the XUV rado, and students S. Engle, R. Hamilton, E. Voyer, S.

spectral irradiances. These can be used to model the radiatidvakatos, & A. Riedel are working on extending and expand-
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ing their ongoing “Sun in Time” program on x-ra§XMM),  there is strong evidence that Polaris has increased in bright-
EUV (EUVE), and FUV (FUSE irradiancesand effects on ness by more than 1 mag over the last two millennia.
planetary atmosphereand solar/stellar dynamo physics of
solar-type(G0-5 V) stars to cooler, more numerous dK and 3,13 Spectroscopy on a Shoestring: Worthwhile Science
dM stars with deep convective zones. These studies are M@y Undergraduates
tivated by the upcoming exoplanetary search missieng.
Kepler, SIM, andDarwin/TPP that will search for earth-like ~ Guinan and McCook, with Wasatonic and students R.
planets in the habitable zones of nearby G-K-M stars. Theylamilton & S. Engle, are proceeding with an ongoing pilot
have isolated a complete sample of dK stars, which coverBrogram utilizing a commercially available SBIG Self-
ages from~ 100 Myr (P,,; = 1.8 d) to 7—8 Gyr(P,,; = 45 d), Guided Spectrograpt6G9 and a relatively small Celestron
and correspondingly large differences in magnetic activity14” on-campus telescope. Low resolution spectroscopy
Similarly, their sample of dM stars contains wide ranges of(2-4A) is being carried out at red wavelengilg00-7600A.
ages (12 Myr-13 Gyp and rotation rates (0O< P,,  They chose this wavelength range to take advantage of the
<1900. high quantum efficiency of the detector and because of the
Of particular interest is the determination of x-ray - FUV Presence of important spectral features such asahd Tita-
emission flux evolution with age for these dK and dM stars.nium Oxide(TiO). They are testing the scientific viability of
This is because of the critical roles that these high energjh€e spectroscopic system by initially observing a sample of
emissions play on the photochemical and photoionizatior3e stars as well as bright pulsating red giants, supergiants,
evolution (and possible erosigrof planetary atmospheres and Cepheids.
and ionospheres of extrasolar planets that may be hosted by Be stars are noteworthy because they have strong and
these stars. These observations would also have a major irfiften variable Hr (65634 emission. They have photometric
pact on the possible origin and evolution of extraterrestriaPbservations of the Pleiades star Plei¢B& Tau),  Ori,

life on such planets. and X Per (HD 24534. This allows them to compare d
emission changes on both short time scales as well as long
3.12 Polaris ones, particularly for botlw Ori and Pleione. For Pleione,

dramatic night to night changes were seen in both the
Villanova graduate S. Engle and Guinan continue to carmgtrength and profile of the 4l emission feature. Photometric

out photoelectric photometry of Polarisr UMi A; ~+2.0  gpservations ofw Ori have been carried out at Villanova
mag; F7Ib; P= 3.97d. These observations were used tosince 1982 to the present. Having simultaneous spectroscopy
determine the light amplitude change of this nearby, brightand photometry is allowing insights into the nature of its
classical Cepheid. Previous studies have found a steady dgariability.
cline of Polaris’ light amplitude since the early twentieth  sSpectroscopy of pulsating red giants/supergiants as well
century. Their work is a continuation of the work done by a5 Cepheids are of interest. Some representative stars include
Kamper and Ferni€1998, ApJ, 116, 936 whose invaluable \ira, « Ori, and TV Gem, as well as the Cepheid<Ceph,
study of the radial velocity/light amplitude relationship of polaris, and SV Vul. These stars undergo spectral changes as
Polaris serves as the basis for this continuied monitoring ofhey pulsate. For the M stars in particular, the TiO bands are
the star after the cessation of its amplitude decrease. Its lighfensitive to temperature changes in the star. Complementary

variation has decreased from0.15 mag(visua) in the v and Wing near-IR TiO band photometry are also being
1900s to a minimum value of 0.020 mag during the mid-carried out for the cooler stars.

1990s. However, their 2002-04 photometry indicates its light
(V) amplitude is again increasing and is 0.038 mag durin
2004.

In addition, Polaris is undergoing an increase in pulsation Ambruster, E.R. JewellVillanova), and T. Hull (NASA
period of dP/dt= +3.2 s/yr. Along with the long term secu- Jet Propulsion Lab continued their archaeoastronomy
lar period increase, a detailed analysis of the times of lighproject in Chaco Canyon National Historical Culture Park,
maximum shows cyclic oscillations in the apparent period orNM with two research trips: December 18-20, 2003 and June
time scales of 11-12 years. They also report on yet anothet5-24, 2004. The initial site studig®J 1655% is located on
remarkable characteristic of Polaris. Their analysis of allthe south side of Chaco Canyon near the eastern end of Na-
available 20th century photometry indicates that the meational Park Service land; it contains several rock art covered
brightness of Polaris has increased from about\V+2.12  boulders and 1 prehistoric Anasazi shrine that denote observ-
mag in the 1900s to the current high value=of+1.95 mag. ing places for equinox, summer solstice, and winter solstice
Motivated by this apparent luminosity increase, they havesunrises. Only those boulders with dramatic views of solar
carefully investigated its brightness, starting with Ptolemyevents contain significant rock art, either Anasazi or early
(Almagest 137 AD; m= +3 mag, and have examined all (18th c) Navajo; other boulders nearby are not inscribed.
available historical sources. They have reconstructed its apFhe winter solstice sunrise boulder is particularly important
parent visual magnitude by comparing its given magnitude ator cultural studies: the sun rises in a notch formed by the
each epoch with a grid of nearby bright stars. The sources déading edge of that boulder and a distant dlorth Defin-
historical data include Ptolemy, Al- Sufi, Ulegh Beg, Tychoing Cliff or NDC) on the horizon, and rises up the slanted
Brahe, Herschel, and many 19th century measurementsdge of the boulder over the next 2 hours. Among the glyphs
Overall, when all of the data are combined and weightedpn the bouldeall are Gobernador-phase 18th ¢ Nayaoe

%B.14 Archaeoastronomy
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2 sun shields, 2 Yefholy people, and 2 sets of traditional 3.15 Accreting White Dwarfs in Binaries
drilled constellations for November and December. In an-

thropological .Iiterature, the Navajo gre not known to have(STSc[) and FroningCASA) analyzed a 904-1183 A spec-
marked _solsnces or egumoxes during the past 100 Yearg. m of the dwarf nova VW Hydri taken with thear Ultra-
Thus, this could be evidence for an early group of Puebloypjet Spectroscopic Explorefuring quiescence, eleven days
influenced Navajo in Chaco Canyon. The project goal iS toafter a normal outburst, when the underlying white dwarf
establish the cultural context for this solstice and equinoxaccreter is clearly exposed in the far ultraviolet. However,
site with an archaeological survey of the surrounding 1-2model fitting show that a uniform temperature white dwarf
km; the survey should also identify any other sky-associatedoes not reproduce the overall spectrum, especially at the
rock art or structures and their cultural context. shortest wavelengths. A better approximation to the spec-
On the December 2003 trip, measurements suggested, afitim is obtained with a model consisting of a white dwarf
observations on 19Dec03 confirmed that, as seen from thand a rapidly rotating “accretion belt.” The white dwarf
high ledge on the North Defining Clifour site number AHJ Component accounts for 83% of the total flux, has a tempera-
340) the winter solstice sun rises precisely at the base of #/ré 0f 23,000K, avsini=400 km s*, and a low carbon
cliff approximately a km further southeast along the northabundance. The best-fit accretion belt component accounts

side of Chaco Canyon. This winter solstice event is stun]cor 17% of the total flux, has a tem_perature of about
ningly similar to the winter solstice sunrise seen from Rock48’000_ 50,000K, and a rotation rafésin around 3,000
—4,000 km $*. The requirement of two components in the

B at the original study s.ite. Th(_e viewing posit_ion was just _inmodeling of the spectrum of VW Hyi in quiescence helps to
front of a small gtone cwcléwr_nch_ could be either Anasazi oq,e some of the differences in interpretation of ultravio-
or Navajo; there is an Anasazi spirga. 1100 AD about 40 et gpectra of VW Hyi in quiescence. However, the physical
feet to the west visible from the canyon floor. It will require gyistence of a second compondand its exact natujein

a permit from the Navajo Nation, on whose property thisy\w Hyi itself is still relatively uncertain, given the lack of
newly identified WSSR cliff is located, to discover whether petter models for spectra of the inner disk in a quiescent
the observational 'chain’ continues further down the valley.dwarf nova.

We will be applying for this permit. The area around the Sion, F. ChendgU.Shanghai Gansicke(U.Warwick) and
NDC also contains another credible winter solstice sunris&zkody analyzed an HST STIS data of VW Hyi that we
site, AHJ343, which was also confirmed on 19Dec03.acquired~ 14 days after a superoutburst. At the time of their
AHJ343 is a ca. 8-foot high boulder with extensive rock art,0bservation the system appears to be going into outburst with
including spirals, on both its northern and eastern sides, d§1€ longest wavelengths increasing in flux by a factor of 5
well as spirals on the broad corner between them. Viewed/Nile the shortest wavelengths increase by only a factor of 2.
from AHJ343, the winter solstice sun rises in a v-shape sing the distance of 65 pc, a system inclination angle of 60

notch formed by the split slabs of rock art site AHJ342 aboutd egrees an.d a Wh't? dwarf Mass of OM@, they carr_led
20 meters to the southeast. Also on 19Dec03. we observeo t model fits involving a white dwarf by itself, an optically

. : s ' accretion disk by itself, a composite model using an optically
winter solstice sunseiWSSS from AHJ 351. Here a con-

- oY thick accretion disk and a white dwarf, a two-temperature
centric circle marks the place to stand: the sun sets negfpite dwarf model with a cooler more slowly rotating photo-
prominent rock forms on the horizon, but not in any interest-sphere and a hotter, rapidly rotating accretion belt and a
ing way. We conclude that there is no WSSS effect at thisomposite model involving a white dwarf and a rapidly ro-
site. Finally, three new site components were mapped angting cooler disk ring heated up to a “low” temperature of
documented; a total of about 50 new sites and components 13— 14,000K. This component of temperature stays fairly
not found in the National Park Service site forms have beeronstant throughout the HST observations while the area of
located by our project. the disk ring increases by a factor of 12. They see evidence
During the June 2004 trip, Ambruster and Jewell com-of a delay in the UV emission consistent with the outburst
pleted standard site forms for several sites discovered earli&€ginning outside of a disk truncation radius. i
in the program. They also explored, with Dr. Hugh Rogers Sion, Villanova students L. Winter and J. Urban, B.nca

and his son, an early Navajo painted panel up on a ledggicke, G.Tovmassian and S. Zharik@y.Mexico), and M.
three rincons east of the core solstice-equinox site and rio (Torino) explored the origin of FUSE and HST STIS

densely incised Navajo panel nearby, as well as early roc ar UV spectra of the dwarf nova, EY Cyg, during its quies-

o . . cence usingcombinedhigh gravity photosphere and accre-
art S't?s in the ancestral Navajo homelfamd, the Dinetah, SOMbn disk models as well as model accretion belts. The best-
50 miles north of Chaco Canyon. Finally,

X . _we Completecjfitting single temperature white dwarf model to the FUSE
documentation of the 6-hour long changing light and Shado"blus HST STIS spectrum of EY Cygni hagJ=24,000K

patterns on the 3.8 meter high boulder AHJ251 at SUMMEKH g=9.0, with an Si abundance of 0.1 x solar and C abun-
solstice: this northwest facing panel, containing two Anasazgance of 0.2 x solar but the distance is only 301 pc. The

spirals covered with black lichen, only receives direct sunest-fitting composite model consists of white dwarf with T
light right around the summer solstice. Various shadow dag;,=22,000K, logg=9, plus an accretion belt with ;[

gers penetrate both spirals and at other times are tangent £36,000K covering 27% of the white dwarf surface with V
their boundaries throughba 6 hour period. peltSINI=2000 km/s. The accretion belt contributes 63% of

Sion, P. Godon(Villanova), P. Szkody(U.WA), Long
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the FUV light and the cooler white dwarf latitudes contribute plies an additional radiating componefsecondary star or

37%. This fit yields a distance of 351 pc which is within 100 hot spot? or that the temperature distribution(rY; in the

pc of their adopted distance of 450 pc. EY Cyg has verydisk differs from the steady-state(rT.

weak Civ emission and very strong Wemission, which is The temperature of the white dwarf in T Leo is consistent

atypical of the majority of dwarf novae in quiescence. Theywith the predicted range of temperature expected from long

also conducted a morphological study of the surroundings oferm compressional heating at a rate of mass transfer driven

EY Cyg using direct imaging in narrow nebular filters from by gravitational wave emission as shown by Sienhal.

ground-based telescopes. They report the possible detecti¢a003 and Townsley and Bildstei2002. The effective

of nebular material associated with EY Cygni. Possible oritemperature of the T Leo white dwarf agrees with the white

gins of the apparently large WCIv emission ratio are dis- dwarf effective temperatures in dwarf novae with similar or-

cussed in the context of nova explosions, contamination ofital periods. Recently, Vrielmanet al. (2004 provided

the secondary star and accretion of nova abundance-enrichédidence from T Leo’s XMM-Newton X-ray light curve that

matter back to the white dwarf via the accretion disk or as dt might contain a magnetic white dwarf and hence be the

descendant of a precursor binary that survived thermal timedLrst superoutbursting intermediate poldP). They found a

cale mass transfer. The scenario involving pollution of the#14s signal which could be due to the rotation of the white

secondary by past novae may be supported by the possibqﬂé(varf. However, it is also possible this signal could be an

presence of a nova remnant-like nebula around EY Cyg. o©rdinary QPO. If T Leo is an IP, their temperature for the
Sion, Villanova student J. Urban, F. Cheng, and P. SzWhite dwarf is one of only three.

kody have analyzed the Far Ultraviolet Spectrocopic Ex-

plorer (FUSE spectra of two U Gem-Type dwarf novae, SS 3.16 White Dwarfs in Symbiotic Variables

Aur and RU Peg, observed 28 days and 60 dagspec-

tively) after their last outburst. In both systems the FUSE, Villanova students_ K.Ko!b, J. Miller, Si_on, and ‘] Mikola-
spectra (905 1182 A) reveal evidence of the underlying ac- jewska(Warsaw applied grids of NLTE high gravity model

creting white dwarf exposed in the far UV. Their grid of atmospheres and optically thick accretion disk models for the

theoretical models yielded best-fitting single temperatureIIrSt time to archival IUE and FUSE spectra of the S-type

photosphere models to the FUSE spectra with¥33,000K symbiotic variable EG And taken at superior spectroscopic
for SS Aur and T;;=53,000K for RU Peg. For Sé Aur a conjunction when Rayleigh scattering should be minimal and

white dwarf of 27,000K plus a 48,000K accretion belt yields:[::]a dr":tvvci(dqulsoa?cir:p;fe\ge\pl)vfgli?hfergnrg(())tf f:r;?nrsgngeﬁtn?ﬁzgg EoGr-
e e s e o 218 inclnaon and istance fr te Hipparos parel
with known white dwarf temperatures above the period gaﬁhey find that hot, h|gh gra_wty, NLTE photosphere_model fits
where few are known. The absence ofiG1175 A) absorp- qo the I_UE spectra_yleld dls'_[ances from the bes_,t-flttmg mod-
tion in SS Aur and the elevation of N above solar suggestels which agree with the Hipparcos parallax distance but at

I " : ?emperatures substantially lower than the modified Zanstra
the possibility that SS Aur represents an additional accretmgemperatures NLLTE fits to an archival FUSE spectrum taken
white dwarf where the surface C/N ratio derives from CNO )

rocessing. For RU Ped. the modeling uncertainties revenatt the same orbital phase as the IUE spectra yield the same
b 9. 9, g P temperature as the IUE temperat(#6,000K). However, for

any reliable conclusions about the surface abundances ar) S
. . the same hot component mass, inclination and parallax-
rotational velocity. derived distance, accretion disk models at moderately high
Villanova student R. Hamilton and Sion used newly de-~ ' } i . g y g
inclinations,~ 60— 75° with accretion rateM=1X10 ° to

termined parallaxes for dwarf novae to derive outburst accre- oM/ hite d _ ield
tion rates for VY Agr, RU Peg and T Leo and for T Leo 1X10""Mg /yr for white dwarf massel,,q=0.4M, yie

during quiescence. The two short-period dwarf novae VYdistances grossly smaller than the distance from the Hippar-
Aqr and T Leo, show good agreement with optically thick cos parallax. Therefore, they rule out an accretion disk as the
steady-state ac':cretion disks in outburst, whereas RU P minant source of the FPV qu>§. Their findings support a
shows a significant departure from a steady-state tisle ot bare white dwarf as the dominant source of FUV flux.

below). They have determined that the white dwarf in T Leo V_”Researc(;h on \f[vhhlte dwairfs 3”3' CataC|y5mICthl’I;1b lﬁlsséu
has T,¢= 16,000+ 1000 K, a value consistent with long term ¥ 'anova auring the report period was supported by

compressional heating when gravitational wave emissio rant AST99-01955, by NASA ADP grant NAG5-15432 and

drives mass transfer. The white dwarf in T Leo has a tem—by FUSE and HST guest observor grants.

perature in the same narrow range as other WZ Sge-like

dwarf novae. They derived accretion rates for 3 dwarf novaé¢’UBLICATIONS
in outburst, and have provided the first temperature determil'?efereed Articles
nation of the white dwarf in T Leo derived from the analysis

of its quiescentUE spectrum. For the best accretion disk fits  Gansick, B. T., Szkody, P., de Martino, D., Beuermann,
to the outburst spectra of VY Aquari and T Leo, a steady-K., Long, K. S., Sion, E. M., Kingge, C., Marsh, T., Hubeny,
state optically thick accretion disk represents the observetl, (2003. Anomalous Ultraviolet Line Flux Ratios in the
FUV energy distribution very well with no significant devia- Cataclysmic Variables IRXS J2329%5862814, CE 315, BZ
tions. For RU Peg in outburst, however, there is a large deUrsa Majoris and EY Cygni Observed with the Hubble
viation from the observation longward of 1B . This im-  Space Telescope Imaging Spectrograph, ApJ, 594, 443
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