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This report describes research performed from Septembdrandpass showed a large increase in the countsatémes
1999 through September 2000 by astronomers at ththe averagecorrelated with the strong solar event on July
Computer Sciences Corporati¢8SQO. 15.
Ellis began a comparison of modeled and observed col-
umn density profiles for comet Bradfie{d987s in order to
put constraints on some of the cometary gas parameters such
as molecular lifetimes. Results of filter photometry of five
1. INTRODUCTION comets obtained by Ellis and J. Neff) lowa) from 1985-
Research in astronomy at CSC is primarily performed byl988 were published. Using this data, molecular column
members of Science Programs, part of the Civil Group indensities and production rates were found for comets Brad-
CSC's Federal Sector. Dr. C. Wu is the Director of Sciencdield (19879, Furuyama(1987f1), and P/Borrelly(1987p.
Programs. Science Programs staff members provide HubblEhe derived production rates for comet Bradfield were found
Space TelescopgHST) operations support and Multi- to be consistent with an inverse square dependence on helio-
mission Archive at Space TelescodAST) support at the centric distance. There were not enough observations of the
Space Telescope Science InstitU8TSc), science support other comets to determine this relationship. Production rate
to NASA’s Goddard Space Flight Cent@dSFQ and Johns ratios for comets Bradfield and Furuyama were found to be
Hopkins University(JHU) Department of Physics and As- consistent with the ratios expected for a “normal” comet,
tronomy Far Ultraviolet Spectroscopic Explor¢dFUSE)  and had no significant dependence on heliocentric distance.
Project. In addition to their support work, CSC astronomerd=or P/Borrelly no production rate ratios were found, since
are active in a wide range of research activities supported bgnly the emission from CN molecules was observed.
NASA contracts.
Astronomers and research assistants at CSC during this .
reporting period were D. Adler, V. Airapetian, T. Ake, M. 2.2 Stellar Astronomy and Astrophysics

Allen, S. An_derson, R. Arqgilla, W. Baggett, J. Baum, J. Ake, with A. Dupree(CfA), P. Young(CfA), J. Linsky
Bedke,_ M Bielefeld, J. Capllnger, D. Chance, G. Chapman(‘]”_A)’ and N. Griffiths(UCB), worked on FUSE Early Re-
D. Christian, K. Clark, T. Ellis, M. England, L. Evans, D. |ease Observations of the rapidly rotating pre-main sequence
Fraquelli, E. Giovane, A. Groebner, F. Hamilton, H. Hart, star AB Doradus. This was the first cool star observed by
W. Hathaway, J. Hershey, A. Holm, C. Imhoff, D. Jones, I. FysE. The integrated spectrum showed clearly resolved, ro-
Jordan, D. Kaufmann, D. Kenny, W. Kinzel, M. Kochte, V. tationally broadened, chromospheric and transition region
Laidler, H. Lanning, C. Loomis, O. Lupie, D. MacConnell, emjssion lines, with the strongest features being C Il 977,
L. Marochnik, G Menchgca, J. Mo, R Panse', S. Parsons, A1175 A and O VI 1032, 1037 A. Many weaker lines were
Patterson, P. RIttS, R. Pitts, C. Proffitt, M. Reinhart, M Rob-igentified by comparing the spectrum with SUMER/SOHO
inson, R. Robinson, J. Rose, W. Rumpl, F. Schiffer, A.gojar imb data. Since the data were taken in time-tagged
Schultz, K. Scollick, J. Scott, D. Smith, M. Smith, C. Sturch, e, time-variability studies were possible. Several small
D. Swade, D. Taylor, T. Teays, R. Thompson, B. Turnroseg|ares were seen in the strongest emission lines, one of which
T. Walker, E. Wells, A. Welty, C. Wu, J. Younger, and D. \yas bright enough to extract a spectrum. A broad, redshifted
Zak. component extending t&-600 km/sec was found in both O
VI components during the flare. In addition, rotational modu-
lation during the 12-hr. period of the star was found for the C
2. RESEARCH Il and O VI lines, with the features being brightest at mini-
mum visual light, as would be expected for a spotted star.
These observations demonstrated the excellent potential of
Christian, C. Lisse(STSc) and collaborators have re- FUSE for cool star studies.
ported the detection of charge exchange emis&@XE) be- Christian and T. BerghoefefHamburger Sternwarte
tween cometary neutrals and solar wind minor ions fromhave been studying the stellar population in the young open
Comet LINEAR 1999 S4 using the Chandra Advanced CCDcluster NGC 2244 in the Rosette Nebula. A successful ob-
Imaging SpectrometefACIS). The ACIS spectrum shows serving run was carried out in February 1999 at the Kitt Peak
strong lines fromO®* andN®*/6* as well as several other National Observatory using the 0.9 meter and Mosaic imager
weaker lines and it can be fit with a Meve¢ al. (MEKAL)  (eight 2048 x 4096 CCDs arrayed to serve as a single large
multiple line emission spectrum using solar elemental abun8192 x 8192 detectpr Multiple dithered images of the cen-
dances with enhanced oxygen and nitrogen abundances, atrdl position and 4 offset positions were obtained in B, V, R,
a plasma temperature of 0.17 keV. Extreme Ultraviolet Ex{ and H filters. Over 20,000 stars were detected down to a
plorer (EUVE) observations were coordinated with the magnitude limit of 19.5 in the | band. Initial results indicate
Chandra observations. The EUVE light curve in the 100 Aa substantial number of the cluster's members are still in the

2.1 Sun and Solar System



COMPUTER SCIENCES CORPORATION 59

pre-main sequence phase. Further analysis will allow studgtantial boron depletion. As boron is destroyed by nuclear
of the cluster’s initial mass function, and the spectral typegeactions at temperatures lower than those at which CN cy-
and extent of the x-ray emitters detected with ROSAT. cling takes place, the results support deep mixing in the stel-

Lanning, with M. MeakegSTSc), continues his analysis lar envelope as the cause of the observed nitrogen enhance-
of the Sandage Two-colofU,B) Survey of the Galactic ments and boron depletion.

Plane. Plates taken with the 48-inch Oschin Schmidt tele- Proffitt is performing a detailed non-LTE study of carbon
scope at Palomar Observatory are being scanned to identifp the HgMn stary Lupi. The goal is to check the consis-
objects bright in the UV, including white dwarf candidates, tency of non-LTE calculations by comparing them with the
CVs, B shell stars, etc. The fifth in the continuing series offlux at far UV wavelengths where neutral carbon is the domi-
catalogs of UV-bright sources was published, providing a lisihant opacity source, and with high resolution observations of
of 108 additional UV sources. To date, 13 additional plateUV lines from the lower levels of C I.

scans have been completed; the results are being prepared forProffitt has initiated a study of the radiative acceleration
publication. of very heavy element&inc through leaflin stellar enve-

Lanning and R. WadéPenn State Whave obtained low- lopes in collaboration with F. Rogers and C. Iglesias
resolution spectroscopy of a number of Lanning UV sourcesLLNL ). This project uses state of the art opacity calcula-
found in the Sandage Two-color Survey of the Galactictions to study the origins of the abundance anomalies seen in
Plane. These data were collected using the Hobby-Eberlghemically peculiar stars. Observational work on the abun-
9-m Telescope at McDonald Observatory in Texas via thelances of very heavy elements in both normal and chemi-
service observing program. Several sources exhibit very ineally peculiar B stars also continues in collaboration with D.
teresting features characteristic of low-luminosity objectsLeckrone (NASA/GSFQ, G. Wahlgren(Lund U), and S.
and are currently being analyzed in detail. Adelman(Citade).

MacConnell continues a collaboration with R. F. Wing  Schultz, Hart, and Kochte in collaboration with F. Bruh-
(Ohio State¢ and E. CostdU Chile) on analysis of near-IR, weiler, M. DiSanti, C. Miskey(Catholic U, K.-P. Cheng
8-color, narrow-band photometry and CCD slit spectra of(CSUB, and G. SchneidefU Arizona have obtained HST
1560 stars identified on southern near-infrared objectiveWFPC2 observations of six nearby bright infrared excess
prism plates as possible supergiants. The aim is to identifystars. Preliminary results indicate the suspected circumstellar
classify, and obtain distances and reddenings for distant, coadlisks have not been detected in long exposure F555W filter
supergiants to better define the spiral arms in the Galaxyobservations, which places constraints on the disk grain sizes
About 250 supergiants have been identified including somend/or inclination of the disk.
which are 5-6 kpc from the Sun. A new collaboration started Schultz has worked with P. KaldSTSc) on analysis of
with David Alves (STSc) who obtained Q-scheduled V,I WFPC2 images of3 Pictoris. The results support modeling
photometry at CTIO for 80 of the M supergiants during se-of the disk as a series of spiral arms. Schultz and Kalas are
mester 2000A. The data are being analyzed for variabililityalso searching for the disk perturbator by combining the
with the hope of determining periods for use in the period-WFPC2 observations with first epoch ground based CCD
luminosity relation found by Piercet al. for red supergiant observations.
long-period variables. This would provide an independent Smith, Robinson, and colleagues have continued work on
check on distances derived from the 8-color photometry. Ashe B0.5e stary Cas, a star which shows unusual properties
a by-product of the survey, four new S stars were foundof ubiquitous X-ray flaring and an extraordinary high plasma
among the slit spectra and were published separately. Carbdemperature £ 10°K). Their work over the previous two
stars are also marked on the plates; accurate positions hayears was based on a program of simultaneous Hubble/
been obtained and charts made for 410 of them of which 16@GHRS and X-ray(RXTE) satellite observations of this star
are new. The list is being prepared for publication. lasting a full day. These investigators concluded tatthe

Parsons explored a spectral-class dependence of up to 2&rays are emitted from primarily two X-ray active regions
mag in deviations found when comparing 21 absolute magen or near the star's surface, af2) UV continuum flux
nitudes derived for binary systems with Wilson-Bappu Ca IIminima at these same times are caused by the occultation of
emission absolute magnitudes. Incorporating Hipparcos dighe star by a pair of clouds forced into co-rotation over the
tances for about 360 giants and bright giants having Ca Istar with a 1.123 day period. In another study based on the
K-line emission measurements, he recalibrated the Wilsonsame GHRS data, Cranmer, Smith, and Robinson have ex-
Bappu effect with spectral class corrections for emissioramined the dependence of the high-velocity Discrete Ab-
widths greater than 60 km/s. With a precision of 0.6 magsorption Component§‘DACs” ) of the star’s Si IV 1394—
this extends the applicability of the Wilson-Bappu technique1403 A resonance lines. These authors have derived densities
to absolute visual magnitudes of about -5 or distances ofor the DAC-forming region that are intermediate between
order 20 kpc. that of the star's equatorial decretion disk and mid-latitude,

Proffitt, with M. Quigley(U Wisc), has completed a study ambient wind. They also find that subfeatures appear at low
of boron abundances in early-B stars using the B Ill resovelocities and evolve to the blue with time, suggesting a
nance doublet as observed in IUE high dispersion spectra. 8piral-shaped opacity enhancement which probably emanates
roughly solar boron to iron ratio was found for most stars,from one of the two activity centers mentioned above. Sev-
but about one third of the sample, including all stars witheral correlations of X-ray and UV flickering have been found
enhanced nitrogen abundances, showed evidence for suin the data which can be found also in archival IUE and
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Copernicus satellite data. The GHRS, IUE, and Copernicug. 4 Education and Outreach

data demonstrate that the silicon and iron ionization equilibra )
in the wind shifts to higher ionization states at times of in- Imhoff and Hart, with C. GradyNASA/GSFQ, are pre-

creased X-ray flux. This is consistent with two major X-ray senting several astronomy and space-related programs at the

activity aggregates rotating into view, illuminating the wind Howard County(Maryland Library under a NASA IDEAS
in our line of sight. grant. The programs are intended for first- and second-grade

Robinson and Smith have obtained additional X-rayStudents, and are given several times at the various branch
(RXTE) data fory Cas over two 1.1-day cycles. They found lloraries. Work is underway to create and distribute kits of
the X-ray fluxes repeat only roughly from one cycle to the@stronomy-related materials which can be checked out and
next, implying that portions of archival X-ray data cannot beused for science exploration by the children.

used to refine this ephemeris. The amplitudes of the flare-like T€ays continued to serve as the Manager of the Education
“shot” component of this flux follow an exponenent distri- Group at the Space Telescope Science Institute and the Man-

bution, which is distinctly different than the power-law dis- @ger of the Origins Education Forufourrently serving as
tribution observed for flares in active cool stars. In addition e Acting Director of the ForuiA major milestone for the

these investigators find brief but robust interruptions everyPrigins Education Forum this past year was the completion
~7.5 hours in flare occurrences. The cause of this cycle iQf_ the first version .Of the Space Science Education Resource
not yet understood. However, an unexpected discovery wasirectory, which will be operated for NASA by STScl. This
that a 7.5-hour pattern was found in the blue-wiB&Cs) Directory contamg a 'user-fner'ndly interface 'WhICh gllows
of the resonance lines of Si IV and C IV of spectrajo€as. ~ €ducators and scientists working on education projects to
These wings are formed in the wind of this Be star, within aS€&rch by grade and topic or key word for education re-
few stellar radii of its surface. This discovery demonstratessources from NASA's Office of Space Science.
once again that the X-rays must be formed close to the stellar
surface. 3. ACKNOWLEDGMENTS

Smith finished work as editor of the proceedings of the  Astronomical research is carried out with various indi-
IAU Collog. No. 175(*The Be Phenomenon in Early-Type vidual funding provided by NASA. HST operations are
Stars”). The proceedings were published as Vol. 214 of theqynded under a contract with the Space Telescope Science
ASP Conference Series. Institute. Support for FUSE is funded under a contract with

the Johns Hopkins University.
2.3 Instrumentation

Ake presented a paper about the in-orbit performance oPUBLICATIONS
FUSE target acquisition and guide star tracking at a speciahke, T. B., Dupree, A. K., Young, P. R., Linksy, J. L., Ma-
session of SPIE Conference 4139 on Instrumentation for lina, R. F., Griffiths, N. W., Siegmund, O. H. W., Wood-
UV/EUV Astronomy and Solar Missions. While the FUSE  gate, B. E. 2000, ApJL, 538, L87. “Far Ultraviolet Spec-
flight software has performed as designed, problems have troscopic Explorer Observations of the Active Cool Star
been encountered due to the small field of the Fine Error AB Doradus”
Sensor(FES), positional errors in the HST Guide Star Cata- Ake, T. B., Fisher, H. L., Kruk, J. W., Murphy, P. K.,
log, and stray light in the telescope baffles. Early in the mis- Oegerle, W. R. 2000, Proc. SPIE, 4139, in press. “FUSE
sion, acquisitions were failing due to inaccuracies in the Attitude Control: Target Recognition and Fine Guidance
error-nulling maneuver when attempting to find guide stars Performance”
in their expected positions. The problem was traced to th&erghoefer, T. W., Christian, D. J., Schmitt, J. H. H. M.
imprecise determination of spacecraft roll angle due to the 1999, 11th Cool Stars Workshop on Cool Stars, Stellar
small FES field of view(FOV) coupled with errors in the Systems, and the Susubmitted. “MOSAIC Observa-
guide star catalog. Using different populations of stars in the tions of Active Late-type Stars in the Rosette Nebulae”
FOV, roll errors as large as 1 degree are possible. This nezhristian, C. A., Eisenhamer, B., Eisenhamer, J., Teays, T. J.
cessitated a change to the interface to the attitude control 2000, Journal of Science Education and Technology
system, such that an additional small maneuver is performed press. “Creating Education Resources from Current Sci-
when guide stars are first acquired. Other characteristics of entific Research Results from the Hubble Space Tele-
the FES image processing, star identification, and guidance scope”
activities were summarized based on in-orbit data. Christian, D.J., Lisse, Cet al. 2000, HEAD Proceedings.
Schultz, Jordan, Hart, Fraquelli, Hershey, Hamilton, and *“Detection of Charge Exchange Emission from
Kochte, in collaboration with F. Bruhweiler, M. DiSanti, C. C/LINEAR 1999”
Miskey (Catholic U, K.-P. Cheng(CSUB, and M. Rod- Cranmer, S. R., Smith, M. A., Robinson, R. D. 2000, ApJ,
rigue, B. Johnson, M.S. FadalUNR) are involved in de- 537, 447. “A Multiwavelength Campaign om Cas: IV.
signing a Discovery or Explorer class space mission using a The Case for llluminated Disk-Enhanced Wind Streams
free flying occultelUMBRAS). The goal of the projectis to Ellis, T., Neff, J. 2000, Icarus, 145, 591. “Narrowband Filter
image extrasolar Jovians and possibly terrestrial planets Photometry of Five Comets”
about the nearest stars. Current spacecraft designs focus oda@dan, I., Schultz, A.B., Schroeder, D., Hart, H.M., Bruh-
1-2 meter telescope with an occulter craft for a 2-3 year weiler, F., Fraquelli, D., Hamilton, F., DiSanti, M., Rod-
mission. Diffraction studies are planned for the coming year. rigue, M., Cheng, K.-P., Miskey, C., Kochte, M., Johnson,
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B., Fadali, M.S., Hershey, J. 2000, ASP Conf. Series, 207Robinson, R. D., Smith, M. A. 2000, ApJ, 540, 474. “A
p. 468. “Enhancing NGST Science: UMBRAS” Search for Rotational Modulation of X-Ray Centers on
Jordan, I, Schultz, A.B., Hart, H.M., Bruhweiler, F., Her-  the Classical Be Stay Cassiopeiae”

shey, J., and Fraquelli, D. 2000, I‘?roc. AIAA, Long gchultz, A. Hart, H. M., Bruhweiler, F. C., DiSanti, M. A.,
Beach, CA September 19-21, 2000. "UMBRAS: Design \jiskey, C. L., Cheng, K. P., Reinhard, K., Schneider, G.,

of a Free-Flying Occulter for Space Telescopes” Taylor, D. C. 1999, BAAS, 31, 1436. “Searching Infrared

Hart, H.M., Jordan, I., Schultz, A.B., Hershey, J., Kochte, : : .
M., Hamilton, F.C., Fraquelli, D.A., Schroeder, D.J., E);?/f’/\s”:s;grszfor Disks and Substellar Companions Using

Bruhweiler, F., DiSanti, M.A., Miskey, C., Johnson, B., )
Fadali, M.S., Rodrigue, M., Cheng, K.-P., Clark, R. Zooo,Schultz, A.B, Hart, H.M., Kochte, M., Bruhweiler, G.F.,
Proc. ICAPT, Quebec City, Quebec, Canada, June 12-16, DiSanti, M.A., Miskey, C., Cheng, K.-P., Reinhard, K.,
2000. “Imaging Planets About Other Stars with UM-  Schneider, G. 2000A Decade of HST Scienc&TScl
BRAS: Target Acquisition and Station Keeping” Publication, in press. “Pyramid Imaging with WFPC2:
Kalas, P., Larwood, J., Smith, B.A., Schultz, A. 2000, ApJ, the g Pictoris Disk and Other Circumstellar Disks”
530, L133. “Rings in the Planetesimal Disk @f Pic-  Schultz, A.B., Jordan, I., Hart, H.M., Bruhweiler, F., Fra-
toris” quelli, D.A., Hamilton, F.C., Hershey, J., Kochte, M.,
Lanning, H.H., Meakes, M. 2000, PASP, 112, 251. "AFind-  pjsanti, M.A., Miskey, C.L., Cheng, K.-P., Rodrigue, M.,
ing List of Faint UV-Bright Stars in the Galactic Plane. Johnson, B., Fadali, S. 200Broceedings of SPIE Meet-
V- . . . . ing, San Diego, CA, July 31-August 4, 2000. “Imaging
Lowrance, P.J., Schneider, G., Kirkpatrick, D., Becklin, E.E., Planets About Other Stars with UMBRAS I|”

Weinberger, AJ., Zuckerman, B., Plait, P., Malmuth, . . .
E.M., Heap, S.R., Schultz, AB., Smith, B.A., Terrile, Smith, M. A. 1999, PASP, 111, 722. “A Study of the Time-
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R.F. Wing (Kluwer), IAU Symp. 177p. 37. “A Proper- : . .
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Carbon Stars Found on Near-IR Objective-Prism Plates’Smith, M. A., Robinson, R. D., 2000AU Collog. No. 175
Mathys, G., Smith, M. A. 2000AU Collog. No. 175ed. M. op. cit., p. 352. “The Changing X-Ray Properties pf

Smith, H. Henrichs, & J. Fabregat, ASP Conf. Series, Cas”

214, p. 316. “Can Magnetic Fields be Detected in BeTeays, T. J. 2000Astrophysical Quantitiesed. A. N. Cox,
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