537

University of Pittsburgh
Department of Physics & Astronomy and Allegheny Observatory
Pittsburgh, Pennsylvania 15260

This report covers the period from 9/95 to 9/96. 3. STELLAR ASTRONOMY

Gatewood continued to use the Multichannel Astrometric

PhotometeXMAP), which is mounted as a dedicated instru-

ment on the Allegheny Observatory’s 30-inch refractor, in
1. PERSONNEL parallax and planetary detection programs. The possible dis-
The faculty in the astronomy group of the Department Of¢oyery of planets around the nearby star Lalande 21185 at
Physics and Astronomy included G. Gatewood, C. Hazardp|iegheny Observatory was featured in many news articles

D.J. Hillier, R.E. Schulte-Ladbeck, and D.A. Turnshek. and received much public attention.

F.H. Briggs continued his association with the University  ijlier and Schulte-Ladbeck have been collaborating on
of Pittsburgh as an adjunct professor. V.K. Khersonsky helqn, estigations related to the physical properties and evolution
the position of visiting professor, J. Stein that of adjuncty¢ the most massive stars in galaxies. Their approach in-

assistant professor, and B.R. Espey that of research assist%tlves both observations using imaging, spectroscopy, and

grr?fessgr. tk? ) Rao't.contl?ued as ﬁ resee'lrﬁht a;somateh ands ectropolarimetry, as well as theoretical modeling using a
erer in the position of research specialist. Research assg;i-vive transfer code.

ciate D.L. Miller left Pittsburgh to assume a position with the

University of Arizona. M.M. Crone and L.W. Lee joined the phisticated non-LTE radiative transfer code for the spectro-

gro#r?eaff)qu\?v?r?écgrzzigiats?jaents worked with astronomySCOPiC analysis of objects with extended outflowing atmo-
faculty this year: J. Birriel, J. Busche, K. Chae, J. Herald, M spheres. Objects in this class include O stars, Wolf-Rayet

Kopko, R. Kurosawa, E. Lauzier, L. Lee, E. Monier, C. (W-R) stars, Luminous Blue Vanaple@BVs), novae, and
) supernovae. Non-LTE line blanketing due to CNO and the
Sirola, and S. Taramopoulos.

Several Ph.D.’s were earned in the reporting period. giron group elements has been incorporated, and extensive

Taramopoulus presented a thesis entitled “VLBA Study ofiﬁsunk? :/s ubnder::v?y. dT\c/> T\Ilow tr:e m(;)dreh?girc])f srup?r?mr/ale
Neutral Gas in Absorption against the Nuclei of Radio Gal- €y have begun 1o develop a procedure 1o Incorporate refa-

tivistic terms into the transfer equation.

axies” prepared under the supervision of Briggs. C. Sirola .
defended a thesis on “The Large-Scale and Small-Scale Ge- Schulte-Ladbeck was engaged in a range of new observ-

ometry of Broad Absorption Line Regions of Quasi—SteIIarIng projects. In collaboration with a large number of col-
Objects” advised by Turnshek. L. Lee, also advised byIeagues from around the world, Schulte-Ladbeck gathered

Turnshek, submitted a thesis on “A Study of the Systematic&P0Ut 6 years of spectroscopy and spectropolarimetry data of
of QSO Spectra.” the LBV AG Car during its recent S Dor-like outburst.

The following undergraduate students worked in theHillier, Schulte-Ladbeck, and Kurosawa are developing a
astronomy/astrophysics group: M. Anticole, J. Hill, G. Vaux, model to mterp_ret the spectropolarimetric line profiles _of AG
A. Landrum (Mt. Holycke), G. Mitchell, P. Morris, and D. Car. AG Car, like most other LBVs, shows strong evidence
Noll. D. Noll won the departmental Halliday-Resnick award for intrinsic polarization, and the existence of a preferred
for her undergraduate research. axis in its flow. Preliminary work suggests that a factor of 2

density contrast between the polar and equatorial flows can

explain the observed level of polarization. The presence of

intrinsic polarization associated with some LBVs and W-R
2. FACILITIES stars of the WN subtype suggests that rotation may be influ-

The local observing facility of the University of Pitts- €ncing the dynamics of the wind, and the formation of the
burgh’s astronomy/astrophysics group is A”egheny Observaspectrum. Therefore BUSChe a.nd H|”|er are inVeStigating the
tory. influence of rotation on wind line profiles.

In May 1996 the University of Pittsburgh CCD Camera In several collaborations with A. Nota and M. Clampin
was installed on the 1.5-m Maidanak Observatory TelescopeSTSc), Schulte-Ladbeck and Hillier are investigating the
under a joint agreement with the Sternberg Astronomical Infnorphology and physical properties of the extended, re-
stitute (Moscow State University, Russiand the Tashkent solved nebulae around LBVs. The nebulae contain additional
Astronomical Institute(Uzbekistai. Lauzier assisted with clues about the mass-loss history of massive stars, and new
the installation. observations with the HST/WFPC2 and with ISO have been

Within the Department of Physics and Astronomy theacquired. A direct image of the inner nebula of HR Car with
main facilities are a system of workstations. During the pethe WFPC2 was obtained that exhibits more detail than pre-
riod covered by this report, several new PCs and harddiskgiously published ground-based coronography. Imaging po-
were acquired, and the memory of several workstations wakrimetry of the “Homunculus” nebula aroung Car, also
upgraded. The Department of Physics and Astronomy alswith the WFPC2, was collected and is now in the process of
purchased a color laser printer. being reduced in collaboration with A. Pasqu@iTSc).

Hillier and Miller continued their development of a so-
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Hillier, Schulte-Ladbeck, and Kurosawa are analyzing 5 1.00e-11
spectroscopic and polarization observations of the W-R WC5 w
star HD 165763(WR111). HD 165763 shows no intrinsic
polarization which, combined with the presence of flat
topped profiles, suggests that its wind is spherically symmet- 0.00e+00 ot
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ric. They estimate that the density contrast between the polar Wavelength [A]

and equatorial flows must be less than 20%.

In conjunction with Hamann and colleagues in Germany,
HST observations of six LMC W-R stars of the WC subtype
and one W-R star of the WO subtype are being analyzed by
HI.IIIer ?’nd Miller. The flna.l HST WO observation was ob- FiG. 2. The optical spectrum of the symbiotic binary Z Afidp), courtesy
tained in Mgrph, 1996. Using the latest non-LTE codes the)(;f S. Kenyon(CfA), shows two broad lines which have been identified as
are determining the stellar parameters and abundances @Vi lines from the hot component of the binary Raman scattered at neutral

these stars in order to place constraints on the evolution dfydrogen near the cool component. The far-UV spectrum of Z fuat-
massive stars tom), taken with HUT/Astro-2, shows that OVI lines at 1032 and 1038A are

- . indeed present.
Hillier, Schulte-Ladbeck, Miller, and Herald have begun

to analyze Astro-2/HUT far-UV observations of several ga-

lactic WN stars covering a variety of spectral types. Newof expected relations. It was found that the strength of the
blanketed models are being used which will allow, for theionization stratification in WN winds correlates with wind
first time, accurate O, Fe, P, S, and Si abundances to hgerformance number, in the sense that stars with small per-
derived. Schulte-Ladbeck and Hillier successfully proposedormance numbers show weak ionization stratification and
for far-UV spectroscopy observations of WC stars with thestars with large performance numbers show strong ionization
ORFEUS Il observatory, to be flown on the space shuttle irstratification. The data suggest that the winds of W-R stars
November of 1996. can be accelerated by radiation pressure.

Schulte-Ladbeck and Herald, in collaboration with P. Ee- Schulte-Ladbeck continued the analysis of Astro-2 data of
nens (I.N.A.O.E., Mexicg and P. Morris (ISO Center, symbiotic stars. Together with Birriel and Espey, the pres-
Spain, continued to investigate the ionization stratification ence of OVI lines in the spectra of symbiotic stars was quan-
in the winds of W-R stars. The sample of WN stars analyzedified. Using ORFEUS | and ground-based data obtained by
was increased and allowed for some statistical investigationgarious observers around the time of the Astro-2 mission, a



UNIVERSITY OF PITTSBURGH 539

table was generated comparing the presence of OVI lines iworked on observational investigations of the Cloverleaf
the far-UV and that of the Raman-scattered lines in the opQSO. Khersonsky and Turnshek advised graduate student
tical spectrum. In collaboration with J.J. Johnson and C.MChae on a project to model the Cloverleaf as a gravitation-
Anderson(U.Wisc), an observing run at the WIYN tele- ally lensed system. Sherer and undergraduates Mitchell,
scope with the HPOL spectropolarimeter was carried out taviorris, and Noll assisted with some of the efforts.
investigate the linear polarization in the Raman-scattered Another area involved the study of “intervening” QSO
features of symbiotic stars. The observations of AG Dra werebsorption line systems in order to investigate problems in
analyzed over the summer. the areas of the gaseous extent of galaxies, galaxy formation,
Schulte-Ladbeck also continued to collaborate with Astro-and the intergalactic medium. Turnshek is a member of the
2/WUPPE team members on the interpretation of spaceqST QSO Absorption Line Key Project Team and this has
based and ground-based spectropolarimetric observations gfcilitated a number of different studies of the evolution of
a Variety of ObjeCtS. With J.J. Johnson and the WUPPE teamhe properties of the various types of intervening QSO ab-
the ultraviolet polarization of three novae in outburst wassorption line systems, including Lyman-alpha forest systems,
inVeStigated. The data show that the nova ejeCta are n%eta| |ine and Lyman ||m|t systems] and damped Lyman_
spherically symmetric. Together with K.S. Bjorkmé. To-  gipha systems. Work on the damped Lyman-alpha systems
|ed0), WIYN/HPOL observations of the T-Tauri star RY Tau with Khersonsky and Rao is proceeding in several new di-
were acquired. The object displayed a high degree of polafrections. In particular, Khersonsky and Turnshek have
ization which it had not frequently shown in the past. Inorked on interpreting the evolution of the damped systems

collaboration with G.C. Claytor(LSU), WIYN and PBO iy a way that is more closely tied to a star formation scenario
HPOL data of R CrB were interpreted to indicate the exist-in the galaxy population as a whole, as opposed to linking

ence of a bipolar outflow. the damped systems to only disk galaxies. Rao and Turnshek
have begun a new HST UV survey for low-redshift damped
4. EXTRAGALACTIC ASTRONOMY systems. Khersonsky, Turnshek, and Sherer found evidence

D.A. Turnshek’s main research efforts continued to be inf®" Possible inhomogeneous HI Gunn-Peterson absorption
the area of observational cosmology. At Pittsburgh he ha8€ar redshift z= 0.7 along the sight-line towards one QSO.
worked with several graduate and undergraduate studentd,real, the absorption is taken to be inhomogeneous due to
and with Khersonsky, Rao, Lee, Espey, and Hazard. the absence of such absorption along many other QSO sight-

One area of research centered on the study of Broad Agines. Monier continued with his thesis work aimed at plac-
sorption Line(BAL) QSOs as a means of studying the QSOING constraints on intervening QSO absorber size scales.
phenomenon, with particular emphasis on placing constraints@ndrum assisted with some aspects of the work.
on unified models of QSOs and deriving constraints on the Khersonsky worked separately on problems involving
covering factors, ionization structure, and metal abundance®€ distribution and properties of dark matter particles in
of the QSO BAL region gas. Broad Absorption Line QSOSgaIaxy clusters andi) the connection between the interstel-
have been the subject of a number of studies with, for exlar cloud mass spectrum and the stellar mass spectrum in star
ample, optical telescopes, HST, ROSAT and IRAS, with theforming regions as a way of eventually making more realistic
aim of investigating the properties of BAL regions, including Studies of the evolution of the galaxy population.
their chemical composition, the possible presence of dust, Khersonsky, with Turnshek and Crone, began investigat-
levels of ionization, photoionization effects within BAL ing certain aspects of galaxy merger scenarios.
clouds, covering factors, large-scale and small-scale cloud Most of Crone’s work has involved using N-body simu-
geometries, models for anisotropic continuum and line emislations to develop cosmological tests based on the structure
sion, and radiative transfer effects in the NV line. Some emof clusters of galaxies. The shapes of clusters contain infor-
phasis was placed on investigations of the gravitationallymation about their formation history, and constrain cosmo-
lensed Cloverleaf BAL QSO. logical parameters such as the cosmic denSity. Crone

Turnshek advised three graduate students with their thesgontinued her work on this topic with A. Evrard and D.O.
research on QSOs. Kopko is continuing his thesis work orRichstone at the University of Michigan, and also began to
investigating chemical compositions and modeling ionizationcollaborate with the cosmology computing group at the Uni-
effects in BAL QSOs. Sirola completed his Ph.D. thesisversity of Washington. Recently, she has also started analyz-
work, which included:(i) a study of geometry effects per- ing cluster data, using the cosmological test developed in the
taining to BAL QSOs based on an analysis of QSO properN-body studies.
ties and observations of the Cloverleaf QSO diidl an Schulte-Ladbeck continued to work on stellar populations
analysis of the optical variability properties of BAL and non- in irregular galaxies. In collaboration with U. HogMunich
BAL QSOs undertaken with the Swope 40-inch Telescope ofbservatory, the interpretation of broad-band, single-star
the Carnegie Observatories at Las Campanas, Chile. Lgghotometry of 10 resolved, dwarf irregular galaxies was
completed his Ph.D. thesis work, which includéd:a study started. The data themselves were published in an A&AS
of the correlations between the properties of QSO BALs angaper last year. Work is now underway to study the morphol-
broad emission lines an@) an investigation of the nature of ogy and color-magnitude diagrams of these galaxies, to in-
the NV broad emission line which has relevance to thevestigate their stellar content. Additional, unpublished obser-
chemical evolution of QSOs and models for the BAL region.vations in Hx were included over the summer to trace the
Rao, Espey, Khersonsky, and graduate student Monigroung stellar component in these galaxies. Schulte-Ladbeck
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and Hopp also succeeded in obtaining multi-filter HST/Crowther, P.A, Hillier, D.J., Smith, L.J., 1995, A&A, 302,
WFPC2 data of one of the galaxies, UGC 6456, from their 457, “Fundamental parameters of Wolf-Rayet stars. IV.
sample. UGC 6456 is the closest blue compact dwarf galaxy, Weak lined WNE stars.”

and only slightly more metal-rich than | Zw 18. In their Crowther, P.A, Smith, L.J., Hillier, D.J., Schmutz, W., 1995,
ground-based observations, this galaxy was barely resolved. A&A, 293, 427, “Fundamental parameters of Wolf-Rayet
The WFPC2 images, currently being reduced in collabora- stars. Ill. The evolutionary status of WNL stars.”

tion with Crone, show a wealth of very well resolved stellar Espey, B.R., Birriel, J., Schulte-Ladbeck, R.E., Johnson, J.J.,

images. . Schmidt, H.M., Schild, H., 1996, BAAS, 187, 4409,
Hazard’s work has continued to focus on quasar surveys. “FUV/IV/Optical Observations of the symbiotic star AG
Dra.”
Espey, B.R., Schulte-Ladbeck, R.E., 1996, BAAS, 188,
5. EDUCATIONAL PROGRAMS 6017, “Cool gas in symbiotic binaries.”

Allegheny Observatory continued to be used for studenf>atewood, G., 1995, BAAS, 188, 4011, “Lalande 21185.”
education, public tours and an annual public open house. Hale, A.S., Gatewood, G.D., 1995, BAAS, 186, 3201, “On

Schulte-Ladbeck has served as chair of the new depart- the Precision of Narrow Field Astrometry at the Allegh-
mental undergraduate recruitment committee. Activities in- eny Observatory.”

cluded a departmental open house for high-school studentkian, I., Gatewood, G.D., 1995, PASP, 107, 399, “A study of

and the development of more attractive introductory-level the Accuracy of Narrow Field Astrometry using the Star

physics courses for non-science majors. D.A. Turnshek de- Trails taken with the CFHT.”

signed a new astronomy course for non-science majors, “AsHlillier, D. J., 1996, A&A, 308, 521, “The calculation of line

tronomy for Everyone — From Stonehenge to Hubble.” polarization due to scattering by electrons in multi-

Schulte-Ladbeck continued to give public lectures on her scattering axisymmetric envelopes.”
results from the Astro-2 space shuttle mission. Gatewoodtlillier, D.J., 1996b, inHydrogen Deficient Stars,"2 Inter-
presented public lectures on his discovery of planets around national Colloquium eds. S. Jeffery, U. Heber, p. 111,
Lalande 21185 at Allegheny Observatory. “Wolf-Rayet Stars and Stellar Winds.”

D.A. Turnshek and D.E. Turnshek continued to promoteHook, I. M., McMahon, R. G., Patnaik, A. R., Browne, |. W.
science and astronomy education at the elementary- and A., Wilkinson, P. N., Irwin, M. J., and Hazard, C. 1995,
middle-school level with the aid of a NASA IDEA grant. MNRAS, 273, 63, “GB 1508-5714: A Radio-Loud Qua-

D.A. Turnshek, Sherer, M. Ratcliffé€Carnegie Science sar with z= 4.30 and the Space Density of High-Redshift
Centej, Anticole, D.E. Turnshek, and Espey obtained a Radio-Loud Quasars.”

NASA IDEA grant to operate an outreach program centeredkhersonsky, V. K., Turnshek, D. A., and Briggs, F. H., 1996,

in part, around a mobile solar observatory. in Science with the HST-[Paris STScl Symposiumed.

P. Benvenuti, F. Macchetto, and E. Schregi®iSc), p.
160, “Some Recent Results on QSO Absorption Line

PUBLICATIONS Studies with HST.”

Berghder, T. W., Baade, D., Schmitt, J.H.M.M., Kudritzki, Korista, K.,et al,, 1995, ApJS, 97, 285, “Steps toward De-
R.P., Puls, J., Hillier, D.J., Pauldrach, A.W.A, 1996, termination of the Size and Structure of the Broad-Line
A&A, 306, 899, “Correlated variability in the X-ray and Region in Active Galactic Nuclei. VIIl. An Intensive
Ha emission from the O4lIf supergiagtPuppis.” HST, IUE, and Ground-Based Study of NGC 5548.”

Bahcall, J. N., Bergeron, J., Boksenberg, A., Hartig, G. F.Lee, L. W., and Turnshek, D. A, 1995, ApJ, 453, L61, “On
Jannuzi, B. T., Kirhakos, S., Sargent, W. L. W., Savage, Correlations between the Broad Absorption Lines and
B. D., Schneider, D. P., Turnshek, D. A., Weymann, R. J., Adjacent Broad Emission Lines in QSO Spectra.”
and Wolfe A. M., 1996, ApJ, 457, 19, “The HST Quasar Najarro, F., Kudritzki, R.P., Cassinelli, J.P., Stahl, O., Hillier

Absorption Line Key Project VII. Ly Absorption Sys- D.J., 1996, A&A, 306, 892, “Stellar winds and the EUV
tems at 0.6< z,ps < 1.3." continuum excess of early B-giants.”

Crone, M.M. 1996, inClusters, Lensing, and the Future of Persinger, T., Gatewood, G., Castelaz, M., 1995, “Prelimi-
the UniverseSan Fransisco: ASPeds. V. Trimble & A. nary Map Star Catalog.”
Reisenegger, “Substructure in Clusters as a Cosmologicdbchulte-Ladbeck, R.E., Herald, J.E., 1996, Ap&SS, 238, 87,
Test.” “lonization stratification infWR] winds.”

Crone, M.M., Evrard, A.E., and Richstone, D.O., 1996, ApJ,Schulte-Ladbeck, R.E., Hillier, D.J., Herald, J.E., 1995,
467, 489, “Substructure in Clusters as a Cosmological ApJL, 454, 51 “The Hopkins Ultraviolet Telescope Far-
Test.” Ultraviolet Spectral Atlas of Wolf-Rayet Stars.”

Crowther, P.A, Hillier, D.J., Smith, L.J., 1995, A&A, 293, Schulte-Ladbeck, R.E., Meade, M.R., Bjorkman, K.S., 1996,
172, “Fundamental parameters of Wolf-Rayet stars. | BAAS, 188, 7101, “UV-optical spectropolarimetry of the

Ofpe/WN9 stars.” LBV AG Car.”
Crowther, P.A, Hillier, D.J., Smith, L.J., 1995, A&A, 293, Storrie-Lombardi, L. J., McMahon, R. G., Irwin, M. J., and
403, “Fundamental parameters of Wolf-Rayet stars. Il. Hazard, C., 1996, ApJ, 468, 121, “APM 2z 4 QSO

Tailored analyses of Galactic WNL stars including met-  Survey: Spectra and Intervening Absorption Systems.”
als.” Turnshek, D. A., 1996, irGcience with the HST-I(Paris
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STScl Symposium ed. P. Benvenuti, F. Macchetto, and  lonization Structure and Metallicity of the BAL Region

E. Schreier(STSc), p.166, “Recent Results from HST Gas.”

Observations of BAL QSOs.” Williger, G. M., Hazard, C., Baldwin, J. A., and McMahon,
Turnshek, D. A., Kopko, M., Monier, E., Noll, D., Espey, B. ~ R. G., 1996, ApJS, 104, 145, “Large-Scale Structure at z

R., and Weymann, R. J., 1996, ApJ, 463, 110, “Far-Uv  approximately 2.5.”

Spectra of BAL QSOs and Constraints on Models for the Regina E. Schulte-Ladbeck



