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News
Errata
The projected meeting on Massive Star Birth, announced in the previous issue
of this newsletter, is planned for 2004, not 2002. Apologies from the editor for
that mistake.

P CYGNI 2000: 400 Years of Progress
Mart de Groot1 and Christiaan Sterken2 , Editors
1

Armagh Observatory, Armagh, Northern Ireland

2

University of Brussels (VUB), Brussels, Belgium

A limited number of copies of the Proceedings of the International Workshop ”P Cygni 2000: 400
years of progress”, held in Armagh, 21-23 August 2000, is now for sale at the reduced price of USD
25.00 per copy. Orders can be placed with Mart de Groot at ”mdg@star.arm.ac.uk”. In the text give
your credit card number, date of expiry, the name on the card, and mention that you are willing to
pay the price of USD 25.00 per copy ordered. We also need your correct postal address. You will be
debited with USD 25.00 and the book will be sent to you by airmail. An overview of the contents of
these Proceedings can be found on the Workshop’s web page at www.arm.ac.uk/∼mdg.
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Accepted Papers

The Spectral Energy Distribution and Mass-loss Rate of the
A-Type Supergiant Deneb
J. P. Aufdenberg1 , P. H. Hauschildt2 , E. Baron3 , T. E. Nordgren4 ,
I. D. Howarth5 , A. W. Burnley5 , K. D. Gordon6 , J. A. Stansberry6
1

Solar and Stellar Physics Division, Harvard-Smithsonian Center for Astrophysics

2

Department of Physics and Astronomy & Center for Simulational Physics, University of Georgia

3

Department of Physics and Astronomy, University of Oklahoma

4

Department of Physics, University of Redlands

5

Department of Physics and Astronomy, University College London

6

Steward Observatory, University of Arizona

A stellar wind module has been developed for the PHOENIX stellar atmosphere code for the purpose of
computing non-LTE, line-blanketed, expanding atmospheric structures and detailed synthetic spectra
of hot luminous stars with winds. We apply the code to observations of Deneb, for which we report
the first positive detections of mm and cm emission (obtained using the SCUBA and the VLA), as
well a strong upper limit on the 850µm flux (using the HHT). The slope of the radio spectrum shows
that the stellar wind is partially ionized. We report a uniform-disk angular diameter measurement,
θUD = 2.40 ± 0.06 mas, from the Navy Prototype Optical Interferometer (NPOI). The measured
bolometric flux and corrected NPOI angular diameter yield an effective temperature of 8600 ± 500 K.
Least-squares comparisons of synthetic spectral energy distributions from 1220 Å to 3.6 cm with the
observations provide estimates for the effective temperature and the mass-loss rate of ' 8400 ± 100
K and 8 ± 3 × 10−7 M yr−1 , respectively. This range of mass-loss rates is consistent with that
derived from high dispersion UV spectra when non-LTE metal-line blanketing is considered. We
are unable achieve a reasonable fit to a typical Hα P-Cygni profile with any model parameters over
a reasonable range. This is troubling because the Hα profile is the observational basis for Wind
Momentum-Luminosity Relationship.
Accepted by The Astrophysical Journal
Preprints from jaufdenberg@cfa.harvard.edu
or on the web at http://cfa-www.harvard.edu/~ jaufdenb/deneb

BeppoSAX broad X-ray range observations of η Car during high
and low spectroscopic states
R. F. Viotti1 , L. A. Antonelli2 , M. F. Corcoran3 , A. Damineli4
P. Grandi1 , J. M. Muller5 , S. Rebecchi6 , C. Rossi7 , M. Villada8
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Istituto di Astrofisica Spaziale, CNR, Area di Ricerca Tor Vergata, Via Fosso del Cavaliere 100, 00133 Roma, Italy
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Osservatorio Astronomico di Roma, Via Frascati 33, 00040 Monte Porzio Catone (Roma), Italy
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Universities Space Research Association, 7501 Forbes Blvd, Ste 206, Seabrook, MD 20706, and Laboratory for High

Energy Astrophysics, GSFC, Greenbelt MD 20771, USA
4

Instituto Astronomico e Geofisico da Universidade de São Paulo, Av. Miguel Stefano 4200, São Paulo, Brazil

5

University Hospital Nijmegen, Department of Radiology, P.O. Box 9101, 6500 HB, Nijmegen, The Netherlands

2

6

ASI Science Data Center (ASDC), c/o ESA-ESRIN, Via Galileo Galilei, 00044 Frascati (Roma), Italy

7

Dipartimento di Fisica, Università La Sapienza, Piazzale Aldo Moro 3, 00185 Roma, Italy
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Dep. Astronomia Estelar, Observatorio Astronomico U.N.C., 5000 Cordoba, Argentina

We present BeppoSAX spectra of the extremely luminous and massive object η Car observed in a
very broad X–ray range (0.1–200 keV) during high state (December 1996) and egress from the last low
state (March 1998). Both spectra are composed of at least two components, a soft one with kTs <
0.7 keV, and a hard with kTh =4.7 keV. We found in March 1998 a large flux defect in the 1.5–4 keV
range, while the flux remained constant below 1.5 keV and above 5 keV. We attribute this defect to
a ×3.5 increase of the absorbing matter in front of the hard component, while its temperature and
unabsorbed luminosity were nearly the same in the two epochs. In December 1996 the PDS X–ray
flux in the 13–20 keV range is larger than the extrapolated hard spectrum, indicating the presence
of an even harder additional component, which possibly declined during the March 1998 low state.
Conversely, we find that at that time, the flux of the 6.7 keV iron line was 40% stronger. Coordinated
optical and NIR spectroscopic observations indicate that in March 1998 η Car was still in a state
of low excitation of the emission line spectrum, with extended P Cygni absorptions. These results
indicate that after the X–ray flux minimum, the hard component recovered its high state luminosity
more rapidly than the high ionization spectral lines, but in the meantime it was partly occulted by
a large amount of absorbing matter placed in front of the source. These results are discussed in the
framework of the proposed binary model of η Car.
Accepted by A&A
Preprints from uvspace@ias.rm.cnr.it
or on the web at http://ftp.ias.rm.cnr.it/pub/uvspace/etacar sax.ps.gz

A New Spectral Classification System for the Earliest O Stars:
Definition of Type O2
Nolan R. Walborn1 , Ian D. Howarth2 , Daniel J. Lennon3 , Philip Massey4 , M. S. Oey4 ,
Anthony F. J. Moffat5 , Gwen Skalkowski5 , Nidia I. Morrell6 , Laurent Drissen7 , and
Joel Wm. Parker8
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Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA

2

Department of Physics and Astronomy, University College London, Gower Street, London WC1E 6BT, UK

3

Isaac Newton Group, Apartado 321, 38700 Santa Cruz de La Palma, Canary Islands, Spain
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Lowell Observatory, 1400 West Mars Hill Road, Flagstaff, AZ 86001, USA
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Département de Physique, Université de Montreal, C.P. 6128, Succ. Centre-Ville, Montreal, QC H3C 3J7, Canada
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Facultad de Ciencias Astronómicas y Geofı́sicas, Universidad Nacional de La Plata, Paseo del Bosque, 1900 La Plata,

Argentina
7

Département de Physique, Université Laval, Ste-Foy, QC G1K 7P4, Canada
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Southwest Research Institute, 1050 Walnut Street, Suite 426, Boulder, CO 80302, USA

High-quality, blue-violet spectroscopic data are collected for 24 stars that have been classified as type
O3 and that display the hallmark N IV and N V lines. A new member of the class is presented; it is the
second known in the Cygnus OB2 association, and only the second in the Northern Hemisphere. New
digital data are also presented for several of the other stars. Although the data are inhomogeneous,
the uniform plots by subcategory reveal some interesting new relationships. Several issues concerning
the classification of the hottest O-type spectra are discussed, and new digital data are presented for
3

the five original O3 dwarfs in the Carina Nebula, in which the N IV, N V features are very weak or
absent. New spectral types O2 and O3.5 are introduced here as steps toward resolving these issues.
The relationship between the derived absolute visual magnitudes and the spectroscopic luminosity
classes of the O2-O3 stars shows more scatter than at later O types, at least partly because some
overluminous dwarfs are unresolved multiple systems, and some close binary systems of relatively
low luminosity and mass emulate O3 supergiant spectra. However, it also appears that the behavior
of He II λ4686, the primary luminosity criterion at later O types, responds to other phenomena in
addition to luminosity at spectral types O2-O3. There is evidence that these spectral types may
correspond to an immediate pre-WN phase, with a correspondingly large range of luminosities and
masses. A complete census of spectra classified into the original O3 subcategories considered here (not
including intermediate O3/WN types or O3 dwarfs without N IV, N V features) totals 45 stars; 34 of
them belong to the Large Magellanic Cloud and 20 of the latter to 30 Doradus.
Accepted by The Astronomical Journal
Preprints from walborn@stsci.edu
or by anonymous ftp to ftp://ftp.boulder.swri.edu/pub/joel/o2stars/

An analysis of STIS HST UV spectra of M33 early B supergiants
M.A. Urbaneja 1 , A. Herrero 1,2 , R.P. Kudritzki 3 ,
F. Bresolin 3 , L.J. Corral 1 , and J. Puls 4
1

Instituto de Astrofı́sica de Canarias

2

Departamento de Astrofmsica, Universidad de La Laguna

3

Institute for Astronomy, University of Hawaii

4

Universitaets-Sternwarte Muenchen

We present terminal velocities of M33 B-supergiants, obtained from STIS HST spectra as part of
our programme to investigate the Wind Momentum - Luminosity Relationship (WLR) in the Local
Group. Terminal velocities are derived from their N V, CIV and Si IV resonance lines in UV spectra.
Comparing with IUE spectra of Galactic B-supergiants we found evidence of low metallicity in three
of our objects. The terminal velocities are consistent with the corresponding values of Galactic stars,
except for B-133. For this star we find a very large v∞ and a red Si IV component deeper than the
blues one, that might be an indication of binarity. The average ratio between terminal and turbulent
wind velocities is 0.25, well above the value found for Galactic stars.
Accepted by A&A
Preprints from maup@ll.iac.es
or by anonymous ftp to ftp://ftp.ll.iac.es/pub/research/preprints/PP132002.ps.gz
or on the web at http://www.iac.es/folleto/research/Publi01/preprints01.html
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Spectral variability of luminous early type stars.II.
Supergiant α Cam
N. Markova
Institute of Astronomy and Isaac Newton Institute of Chile Bulgarian Branch, Bulgarian National Astronomical Observatory, P.O. Box 136, 4700 Smoljan, Bulgaria

Time-series of Hα spectra with relatively high resolution in wavelength (R = λ/δλ of 15 000 to 22 000)
and time (∆t =1d ) of the late-type O supergiant α Cam are analysed in terms of line-profile variability
(lpv). The spectra cover an interval of one year, from February 1998 to February 1999. The analysis
provides clear evidence of a continuous deep seated wind activity traced by variations in the Hα emission and He I λ6678.15 absorption lines. The observations indicate that the wind is not smooth but
perturbed starting from its base up to velocities of ∼500 km s−1 . The character of the medium-term
(days) variations found in Hα changes between epochs, and appears to require explanation involving
different kinds of wind perturbations. In particular, we found that in June and July, 1998 as well as
in February, 1999 the lpv of Hα was dominated by low-amplitude (≤ ±10% ) variations in line flux
which usually occupy the central part of the profile symmetrically with respect to the line center while
in December, 1998 and January, 1999 the variations were organised in two wave-like modulations that
run from “red” to “blue” and back to “red” within the profile (between ±300 km s−1 ) being most of
the time in antiphase. The timescale of variation, revealed via Fourier analysis, is respectively ∼7 and
∼10 days. Significant variations in emission equivalent width (up to 35%), closely linked to those in
the line profile, are also noted. Short-term (3 to 4 days), low-amplitude (≤22% ) variation in mass
loss rate which recurs on a timescale of ∼7 days giving rise to the formation of outward accelerating
consecutive shells or/and blobs was suggested to explain the lpv of Hα in June–July, 1998 and in
February, 1999. Whereas the variability pattern observed in December – January, 1999 seems to be
qualitatively consistent with a model involving two rotationally modulated wind perturbations, one of
enhanced density and another of reduced density with respect to the mean, which are not symmetric
about the center of the star. Strange-mode oscillations or radial fundamental pulsation are discussed
as possible mechanisms generating the established wind variability.
Accepted by A&A
Preprints from ROZHEN@MBOX.DIGSYS.BG

Multicomponent radiatively driven stellar winds
III. Radiative-acoustic waves in a two-component wind
Jiřı́ Krtička1,2 and Jiřı́ Kubát2
1

Ústav teoretické fyziky a astrofyziky PřF MU, Kotlářská 2, CZ-611 37 Brno, Czech Republic

2

Astronomický ústav, Akademie věd České republiky, CZ-251 65 Ondřejov, Czech Republic

We study stability of isothermal two-component radiatively driven stellar winds against onedimensional perturbations larger than the Sobolev length, and radiative-acoustic waves in such stellar
winds. We perform linear perturbation analysis in comoving fluid-frames of individual components and
obtain dispersion relation in the common fluid-frame. For high density winds the velocity difference
between velocities of both components is relatively small and the wind is stable for radiative-acoustic
waves discovered originally by Abbott, in accordance with the previous studies of the one-component
wind. However, for such high density winds we found new types of waves including a special case of
5

”frozen-in” wavy patterns. On the other hand, if the velocity difference between wind components
is sufficiently large (for low density winds) then the multicomponent stellar wind is unstable even
for large scale perturbations and ion runaway occurs. Thus, isothermal two-component stationary
solutions of the radiatively line driven stellar wind with an abrupt lowering of the velocity gradient
are unstable.
Accepted by Astronomy & Astrophysics
Preprints from krticka@physics.muni.cz

Light variations of massive stars (α Cyg variables). XVIII.
The B[e] supergiants S 18 in the SMC and R 66 = HDE 268835 and
R 126 = HD 37974 in the LMC
A.M. van Genderen1 and C. Sterken2
1

Leiden Observatory, Postbus 9513, NL-2300RA Leiden, The Netherlands

2

Vrije Universiteit Brussel, Pleinlaan 2, B-1050 Brussels, Belgium

We discuss photometric monitoring (V BLU W system) of three B[e] supergiants. All three objects
appear to be variable. They are subject to two (R 66 and R 126 in the LMC) and three (S 18 in
the SMC) types of light oscillations which range from a few days to years, and are probably due to
pulsations. We argue that a classification as α Cyg variables is justified. Their classification as mixed
B[e]/S Dor variables is less certain, though not impossible at all. Also based on other cases, a strong
B[e]–S Dor variable connection seems to be present.
Accepted by A&A
Preprints from genderen@strw.leidenuniv.nl

The ever challenging emission-line binary β Lyræ
Petr Harmanec1,2
1

Astronomical Institute of the Charles University, V Holešovičkách 2, CZ-180 00 Praha 8, Czech Republic

2

Astronomical Institute of the Academy of Sciences, CZ-251 65 Ondřejov, Czech Republic

A brief history of investigations of β Lyr, an emission-line binary and one of the first ever discovered
Be stars is presented. A rather fast progress in the understanding of this enigmatic object during
the past fifteen years is then discussed in some detail. The current picture of β Lyr is that it is an
eclipsing binary in a stage of mass transfer between the components. The mass-losing star is a B6-8II
object, with a mass of about 3 M , which is filling the Roche lobe and sending material towards
its more massive companion at a rate of about 2 × 10−5 M yr−1 . This leads to the observed rapid
increase of the orbital period at a rate of 19 s per year. The mass-gaining star is as early B star with
a mass of about 13 M . It is completely hidden inside an opaque accretion disk, jet-like structures,
perpendicular to the orbital plane and a light-scattering halo above the poles of the star. The observed
radiation of the disk corresponds to an effective temperature which is much lower than what would
correspond to an early B star. The disk shields the radiation of the central star in the directions
along the orbital plane and redistributes it in the directions perpendicular to it. That is why the
mass-losing star appears brighter of the two in the optical region of the spectrum. At present, rather
6

reliable estimates of all basic properties of the binary and its components are available. However, in
spite of great progress in understanding the system in recent years, some disagreement between the
existing models and observed phase variations still remains, both for continuum and line spectrum,
which deserves further effort.
Accepted by Astronomische Nachrichten
Preprints from hec@sunstel.asu.cas.cz
or by anonymous ftp to astro.mff.cuni.cz,
directory hec, file beta2001.ps or beta2001.ps.gz

Properties and nature of Be stars. 21. The long-term and the
orbital variations of V832 Cyg = 59 Cyg
P. Harmanec1,2 , H. Božić2,3 , J.R. Percy4 , S. Yang5∗ ,
D. Ruždjak3 , D. Sudar3 , M. Wolf1 , L. Iliev 6 ,
L. Huang7 , C. Buil8 , P. Eenens9
Astronomical Institute of the Charles University, V Holešovičkách 2, CZ-180 00 Praha 8, Czech Republic
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4

Erindale College and Department of Astronomy, University of Toronto, Mississauga, ON L5L IC6, Canada,

5
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Dept. of Astronomy, University of Guanajuato, 36000 Guanajuato, GTO, Mexico

An analysis of numerous homogenized UBV photoelectric observations and red spectra of the Be star
V832 Cyg from several observatories led to the following principal findings:
1. Pronounced long-term light and colour variations of V832 Cyg result from a combination of two
effects: from the gradual formation of a new Be envelope, and from an asymmetry and a slow revolution
of the envelope (or its one-armed oscillation). The colour variations associated with the envelope
formation are characterized by a positive correlation between brightness and emission strength, typical
for stars which are not seen roughly equator-on.
2. The V magnitude observations prewhitened for the long-term changes follow a sinusoidal orbital
light curve with a small amplitude and a period of 28d.1971 which is derived from observations spanning
43 years. This independently confirms a 12-year old suggestion that the star is a spectroscopic binary
with a 29-d period. V832 Cyg thus becomes the fifth known Be star with cyclic long-term V/R
variations, the duplicity of which has been proven, the four other cases being ζ Tau, V923 Aql, γ Cas
and X Per. Therefore, the hypothesis that the long-term V/R variations may arise due to the attractive
force of the binary companion at certain phases of the envelope formation is still worth considering as
a viable alternative to the model of one-armed oscillation.
3. We have shown that the RV and V /R variations of the Hα and He I 6678 emission lines are all
roughly in phase. In particular, the He I 6678 emission also moves with the Be primary which differs
from what was found for another Be binary, ϕ Per.
4. We derived the orbital elements and found that in spite of the remaining uncertainties, the basic
physical properties of the 28d.2 binary are well constrained.
7

5. The light minimum of the orbital light curve occurs at elongation when the Be star is approaching
us and the object becomes bluest in (B − V ) and reddest in (U − B) at the same time. This may
indicate that a part of the optically thick regions of the envelope is eclipsed at these orbital phases.
Accepted by A & A
Preprints from hec@sunstel.asu.cas.cz

XMM-Newton Detection of Hard X-ray Emission in the
Nitrogen-type Wolf-Rayet Star WR 110
Stephen L. Skinner1 , Svetozar A. Zhekov2,3 Manuel Güdel4 , and Werner Schmutz5
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We have used the excellent sensitivity of XMM-Newton to obtain the first high-quality X-ray spectrum
of a Wolf-Rayet (WR) star which is not known to be a member of a binary system. Our target, the
nitrogen-type star WR 110 (= HD 165688) was also observed and detected with the VLA at four
different frequencies. The radio flux density increases with frequency according to a power law Sν ∝
ν +0.64±0.10 , in very good agreement with the behavior expected for free-free wind emission. The radio
data give an ionized mass-loss rate Ṁ = 4.9 × 10−5 M yr−1 for an assumed spherical constant-velocity
wind.
The undispersed CCD X-ray spectra reveal strong emission lines from He-like ions of Mg, Si and S. The
emission measure distribution shows a dominant contribution from cool plasma with a characteristic
temperature kTcool ≈ 0.5 keV (≈6 MK). Little or no excess absorption of this cool component above
the value expected from the visual extinction is present. We conclude that the bulk of the cool plasma
detected by XMM-Newton lies at hundreds of stellar radii or more if the wind is approximately
spherical and homogeneous, but it could lie closer to the star if the wind is clumped. If the cool
plasma is due to instability-driven wind shocks then typical shock velocities are vs ≈ 340 - 550 km
s−1 and the average filling factor of X-ray emitting gas in the wind is no larger than f ∼ 10−6 .
A surprising result is the unambiguous detection of a hard X-ray component which is clearly seen in
the hard-band images and the spectra. This hard component accounts for about half of the observed
flux and can be acceptably fitted by a hot optically thin thermal plasma or a power-law model. If
the emission is thermal, then a temperature kThot ≥ 3 keV is derived. Such high temperatures
are not predicted by current instability-driven wind shock models and a different mechanism is thus
required to explain the hard X-rays. We examine several possible mechanisms and show that the hard
emission could be accounted for by the WR wind shocking onto a close stellar companion which has
so far escaped detection. However, until persuasive evidence for binarity is found we are left with the
intriguing possibility that the hard X-ray emission is produced entirely by the Wolf-Rayet star.
Accepted by ApJ
Preprints from: skinners@origins.colorado.edu
or by ftp to: ftp origins.colorado.edu,
username:ftp, cd pub/skinners/, get wr110 final.ps.gz
or on the web: astro-ph/0203270
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Mass-Loss Rate Determination for the Massive Binary V444 Cyg
using 3-D Monte-Carlo Simulations of Line and Polarization
Variability
R. Kurosawa1 , D. J. Hillier1 and J. M. Pittard2
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Department of Physics & Astronomy, The University of Leeds, Woodhouse Lane, Leeds LS2 9JT, UK

A newly developed 3-D Monte Carlo model is used, in conjunction with a multi-line non-LTE radiative
transfer model, to determine the mass-loss rate of the Wolf-Rayet (W-R) star in the massive binary
V444 Cyg (WN5+O6). This independent estimate of mass-loss rate is attained by fitting the observed
He I 5876 Å and He II 5412 Å line profiles, and the continuum light curves of three Stokes parameters
(I, Q, U ) in the V band simultaneously. The high accuracy of our determination arises from the use of
many observational constraints, and the sensitivity of the continuum polarization to the mass-loss rate.
Our best fit model suggests that the mass-loss rate of the system is ṀWR = 0.6 (±0.2)×10−5 M yr−1 ,
and is independent of the assumed distance to V444 Cyg. The fits did not allow a unique value for
the radius of the W-R star to be derived. The range of the volume filling factor for the W-R star
atmosphere is estimated to be in the range of 0.050 (for RWR = 5.0 R ) to 0.075 (for RWR = 2.5 R ).
We also found that the blue-side of He I 5876 Å and He II 5412 Å lines at phase 0.8 is relatively
unaffected by the emission from the wind-wind interaction zone and the absorption by the O-star
atmosphere; hence, the profiles at this phase are suitable for spectral line fittings using a spherical
radiative transfer model.
Accepted by Astronomy & Astrophysics
Preprints from kurosawa@phyast.pitt.edu
or on the web at http://www.phyast.pitt.edu/∼kurosawa

Kinematical structure of Wolf-Rayet winds.
I. Terminal wind velocity
A. Niedzielski and W. Skórzyński
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Toruń Centre for Astronomy, N. Copernicus University, ul. Gagarina 11, 87-100 Toruń, Poland

New terminal wind velocities for 164 Wolf-Rayet stars (from the Galaxy and LMC) based on the P
Cygni profile of1550 C IV resonance line were derived from the archive high and low resolution IUE
spectra available form the INES database. The high resolution data on 59 WR stars (39 from the
Emis
Galaxy and 20 from LMC, Tables 1 and 2) were used to calibrate the empirical relation (λAbs
min -λpeak )
vs. terminal wind velocity, which was then used for determinations of the terminal wind velocities
from the low resolution IUE data. We almost doubled the previous most extended sample of such
measurements (Rochowicz and Niedzielski 1995). Our new measurements, based on high resolution
data, are precise within 5-7%. Measurements, based on the low resolution spectra suffer formal errors
of ∼40-60%. A comparison of the present results with other determinations suggest higher precision
of ∼20%. We found terminal wind velocities for the Galactic WC and WN stars correlating with the
WR spectral subtype. We also found that the LMC WN stars have winds slower than their Galactic
counterparts, up to two times in the case of the WNE stars. No influence of binarity on terminal wind
velocities was found. Our extended set of measurements allowed us to test applicability of the radiation
driven wind theory to the WR stars. We found that, contrary to OB stars, terminal wind velocities of
the WR stars correlate only weakly with stellar temperature. We also note that the terminal to escape
9

velocity ratio for the WR stars is relatively low: 2.55±1.14 for the galactic WN stars and 1.78±0.70
for the galactic WCs. This ratio decreases with temperature of WR stars,contrary to what is observed
in the case of the OB stars. The presented results show complex influence of chemical composition on
the WR winds driving mechanism efficiency. Our kinematical data on WR winds suggest evolutionary
sequence:WNL→WNE→WCE→WCL.
Accepted by Acta Astronomica
Preprints from aniedzi@astri.uni.torun.pl

Far Ultraviolet Spectroscopic Explorer Atlas of OB Stars in the
Magellanic Clouds
Nolan R. Walborn1 , Alex W. Fullerton2,3 , Paul A. Crowther4 , Luciana Bianchi3,5 ,
John B. Hutchings6 , Anne Pellerin7 , George Sonneborn8 , and Allan J. Willis4
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An atlas of the 900–1200 Å region in the spectra of 47 OB stars in the Large and Small Magellanic
Clouds, observed at high resolution by the Far Ultraviolet Spectroscopic Explorer, is presented and
discussed. The systematic trends in the numerous stellar-wind features in this region, some from
species (and ionizations) not represented at longer wavelengths, are charted as a function of the
optical spectral types. The FUSE sample is by far the most powerful to date for that purpose. A
special effort has been made to verify the spectral types of all stars included in the atlas, in a number
of cases with new optical observations that are also illustrated, to avoid uncertainties from that source
in the stellar-wind trends. A new O2 star has been found in the process. Most of these stars have
been previously observed at longer ultraviolet wavelengths by the Hubble Space Telescope, and in the
optical from the ground with high-resolution, digital instruments; thus very comprehensive physical
modeling of these OB atmospheres and winds now becomes possible. This atlas will serve as a guide to
the FUSE Magellanic Cloud OB database for that purpose. The Magellanic Cloud sample provides a
very important complement to the FUSE database of Galactic OB counterparts (Pellerin et al. 2002),
both because the lower extinction and interstellar H2 absorption toward the Cloud stars allow a much
clearer view of the stellar spectra below 1100 Å, and because of the metallicity differences among
the three galaxies. In particular, most wind features in the SMC spectra are seen to be significantly
weaker than those in the LMC, at the same spectral types.
Accepted by Astrophysical Journal Supplements
Preprints from walborn@stsci.edu
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The Massive Wolf-Rayet Binary SMC WR7
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We present a study of optical spectra of the Wolf–Rayet star AzV 336a (= SMC WR7) in the Small
Magellanic Cloud. Our study is based on data obtained at several Observatories between 1988 and
2001. We find SMC WR7 to be a double lined WN+O6 spectroscopic binary with an orbital period of
19.56 days. The radial velocities of the He absorption lines of the O6 component and the strong Heii
emission at λ4686Å of the WN component describe antiphased orbital motions. However, they show
a small phase shift of ∼ 1 day. We discuss possible explanations for this phase shift. The amplitude
of the radial velocity variations of He ii emission is twice that of the absorption lines. The binary
components have fairly high minimum masses, ∼ 18 M yr−1 and 34 M yr−1 for the WN and O6
components, respectively.
Accepted by MNRAS
Preprints from virpi@fcaglp.unlp.edu.ar
or by anonymous ftp to 163.10.4.152 file:

pub/virpi/smcwr7.ps.gz

Tomographic Separation of Composite Spectra. X. The Massive
Close Binary HD 101131
Douglas R. Gies1 and Laura R. Penny2
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We present the first orbital elements for the massive close binary, HD 101131, one of the brightest
objects in the young, open cluster, IC 2944. This system is a double-lined spectroscopic binary in an
elliptical orbit with a period of 10.15952 ± 0.00014 days. It is a young system of unevolved stars (approximately 2 million years old) that are well within their critical Roche surfaces. We use a Doppler
tomography algorithm to reconstruct the individual component optical spectra, and we apply well
known criteria to arrive at classifications of O6.5 V((f)) and O8.5 V for the primary and secondary,
respectively. We compare the reconstructed spectra of the components to single star, spectrum standards to determine a flux ratio of f2 /f1 = 0.52 ± 0.08 in the V -band. Both components are rotating
faster than synchronously. We estimate the temperatures and luminosities of the components from the
observed spectral classifications, composite V magnitude, and cluster distance modulus. The lower
limits on the masses derived from the orbital elements and the lack of eclipses are 27M and 16M for
the primary and secondary, respectively. These limits are consistent with the somewhat larger masses
estimated from the positions of the stars in the Hertzsprung-Russell diagram and evolutionary tracks
for single stars.
Accepted by ApJ
Preprints from gies@chara.gsu.edu
or on the web at http://xxx.lanl.gov/abs/astro-ph/0202510
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Wind Accretion and Binary Evolution of the Microquasar LS 5039
M. V. McSwain1 and D. R. Gies1
1
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There is much evidence to suggest that stellar wind capture, rather than Roche lobe overflow, serves as
the accretion mechanism onto the compact secondary object in the massive X-ray binary LS 5039. The
lack of significant emission combined with only a modest X-ray flux provide observational evidence that
no large-scale mass transfer is occurring (consistent with our estimate of the radius of the O6.5 V((f))
optical star that is smaller than its critical Roche radius). Here we determine the mass loss rate of the
optical star from the broad, residual emission in the Hα profile. Using a stellar wind accretion model
for a range in assumed primary mass, we compute the predicted X-ray luminosity for the system.
We compare our results to the observed X-ray luminosity to determine the mass of the compact
object for each case. The companion appears to be a neutron star with a mass between 1 and 3M .
With our new constraints on the masses of both components, we discuss their implications on the
evolution of the system before and after the supernova event that created the compact companion.
The binary experienced significant mass loss during the supernova, and we find that the predictions
for the resulting runaway velocity agree well with the observed peculiar space velocity. LS 5039 may
be the fastest runaway object among known massive X-ray binaries.
Astrophysical Journal, 568, L27
Preprints from gies@chara.gsu.edu
or on the web at http://xxx.lanl.gov/abs/astro-ph/0201457

Wind variability of B supergiants
R.K. Prinja1 , D. Massa2 and A.W. Fullerton3,4
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We present the most suitable data sets available in the International Ultraviolet Explorer (IU E) archive
for the study of time-dependent stellar winds in early B supergiants. The UV line profile variability
in 11 B0 to B3 stars is analysed, compared and discussed, based on 16 separate data sets comprising
over 600 homogeneously reduced high-resolution spectrograms. The targets include ‘normal’ stars
with moderate rotation rates and examples of rapid rotators. A gallery of grey-scale images (dynamic
spectra) is presented, which demonstrates the richness and range of wind variability and highlights
different structures in the winds of these stars. This work emphasises the suitability of B supergiants
for wind studies, under-pinned by the fact that they exhibit unsaturated wind lines for a wide range
of ionization.
The wind activity of B supergiants is substantial and has highly varied characteristics. The variability
evident in individual stars is classified and described in terms of discrete absorption components,
spontaneous absorption, bowed structures, recurrence, and ionization variability and stratification.
Similar structures can occur in stars of different fundamental parameters, but also different structures
may occur in the same star at a given epoch. We discuss the physical phenomena that may be
associated with the spectral signatures. The diversity of wind patterns evident likely reflects the role
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of stellar rotation and viewing angle in determining the observational characteristics of azimuthally
extended structure rooted at the stellar surface.
In addition, SEI line-synthesis modelling of the UV wind lines is used to provide further information
about the state of the winds in our program stars. Typically the range, implied by the line profile
variability, in the product of mass-loss rate and ion fraction (M yr−1 qi ) is a factor of ∼ 1.5, when
integrated between 0.2 and 0.9 v∞ ; it can however be several times larger over localised velocity
regions. At a given effective temperature the mean relative ion ratios can differ by a factor of 5.
The general excess in predicted (forward-scattered) emission in the low velocity regime is discussed
in terms of structured outflows. Mean ion fractions are estimated over the B0 to B1 spectral classes,
and trends in the ionic ratios as a function of wind velocity are described. The low values obtained
for the ion fractions of UV resonance lines may reflect the role of clumping in the wind.
Accepted by A&A
Preprints from rkp@star.ucl.ac.uk

The effect of binarity and metallicity in the spectra of WC and WO
stars
L. Norci1 , R. F. Viotti2 , V. F. Polcaro2 , and C. Rossi3
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A statistical analysis of the width and equivalent width (Wλ ) of the main emission lines common to
the WC and WO stars is made, based on an extensive set of spectral data. Up–to–date spectral types
and binarity information has been used from Van der Hucht (2001) and Breysacher et al. (1999).
To define the trends in Wλ , equivalent width ratios, and line widths over the WC and WO classes,
we derive median values of these parameters for galactic and non–galactic single–spectrum stars of
different spectral class. The most noticeable features are: (1) substantially smaller Wλ (C IV 581 nm)
values for galactic WO and WC4 stars, compared to non–galactic objects; (2) smoothly increasing
values of Wλ (O V 559 nm) towards early WC and WO stars, galactic as well as non-galactic; (3) a
decrease in Wλ for the 465 nm blend at early WC and WO for both the galactic and non–galactic
stars; (4) a marked increase in C IV 581 nm and O V 559 nm line widths for the galactic WO stars.
The observed differences between galactic and non–galactic WCE/WO stars suggest environmental
influences; it is argued that differences in stellar wind structure, in combination with the ambient
metallicity, may be the cause of the anomalies. Variation of the 465 nm blend profiles indicates a
substantial contribution of the He II 468 nm for the WCE and WO stars. A few comments are added
on WC and WO carbon abundances in relation to the evolutionary status of these objects. We also
give an estimate of the OB/WR continuum flux ratio in composite–spectrum systems.
Accepted by Revista Mexicana de Astronomı́a y Astrofı́sica
Preprints from uvspace@ias.rm.cnr.it
or on the web at http://ftp.ias.rm.cnr.it/pub/uvspace/wowc.ps.gz
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The magnetic field and wind confinement of θ1 Orionis C
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We report the detection, through spectropolarimetric observations, of a strong dipolar magnetic field of
presumably fossil origin at the surface of the very young O star θ1 Ori C. The Stokes V signatures we
detect are variable with time, the variations being consistent with rotational modulation. A detailed
modelling of our observations indicate that this dipole field has an intensity of 1.1 ± 0.1 kG and is
inclined at 42 ± 6◦ with respect to the rotation axis (assumed to be inclined at 45◦ to the line of sight).
We find in particular that the positive magnetic pole comes closest to the observer when the variable
Hα emission component observed on this star reaches maximum strength. This discovery represents
the first definite detection of a magnetic field in an O star, as well as the first detection of a fossil field
in a very young star.
We also investigate in this paper the magnetic confinement of the radiatively driven wind of θ1 Ori C
in the context of the Magnetically Confined Wind Shock model of Babel & Montmerle (1997a). In
the case of θ1 Ori C, this model predicts the formation of a large magnetosphere (extending as far
as 2 to 3 R∗ ), consisting of a very hot postshock region (with temperatures in excess of 10 MK and
densities of about 1011 cm−3 ) generated by the strong collision of the wind streams from both stellar
magnetic hemispheres, as well as a dense cooling disc forming in the magnetospheric equator. We find
that this model includes most of the physics required to obtain a satisfactory level of agreement with
the extensive data sets available for θ1 Ori C in the literature (and in particular with the recent X-ray
data and the phase-resolved spectroscopic observations of UV and optical wind lines) provided that
the mass-loss rate of θ1 Ori C is at least 5 times smaller than that predicted by radiatively driven
wind models. We finally show how new observations with the XMM or Chandra spacecrafts could
help us constrain this model much more tightly and thus obtain a clear picture of how magnetic fields
can influence the winds of hot stars.
Accepted by MNRAS
Preprints from jean-francois.donati@obs-mip.fr
or on the web at webast.ast.obs-mip.fr/people/donati

FUSE Observations Towards
the Pole-On Be Star HR 5223
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New spectra have been obtained for the pole-on Be star HR 5223 (HD 120991) using the Far Ultraviolet Satellite Explorer (FUSE). We give a complete description of the far-UV spectral range (920 to
1180 Å). The spectra are affected by strong blends with interstellar lines and molecular bands that
also significantly lower the energy distribution of the star. We produce a synthetic spectrum of the
interstellar medium (ISM) to determine the column densities of several elements (H2 , H i, N i , O
i ...) seen towards HR 5223 and to disentangle the components due to the ISM, the photosphere
and/or to the circumstellar envelope. The line identification list is available at the CDS. Using the
obtained column densities, we determine the reddening of the star due to the ISM only and locate
the star relative to the nearby IS clouds. The fit of the dereddened UV flux distribution with models
that account for the gravitational darkening due to the stellar fast rotation allowed us to estimate the
stellar fundamental parameters (Teff = 22000 K; log g = 3.7) and its distance (d = 834±20 pc). The
distance obtained, which has to be considered as the most accurate available at the moment, is in
agreement with the characteristics of the ISM matter distribution that affects the observed spectrum
of the star and with the detecting limits of the HIPPARCOS satellite.
To appear in A&A, 385, 986 (2002)
Reprints from yves.fremat@obspm.fr
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Dynamical Simulations of Magnetically Channeled Line-Driven
Stellar Winds: I. Isothermal, Nonrotating, Radially Driven Flow
Asif ud-Doula1 and Stan Owocki1
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We present numerical magnetohydrodynamic (MHD) simulations of the effect of stellar dipole magnetic
fields on line-driven wind outflows from hot, luminous stars. Unlike previous fixed-field analyses,
the simulations here take full account of the dynamical competition between field and flow, and
thus apply to a full range of magnetic field strength, and within both closed and open magnetic
topologies. A key result is that the overall degree to which the wind is influenced by the field depends
2 R2 /Ṁ v ), which
largely on a single, dimensionless, ‘wind magnetic confinement parameter’, η∗ (= Beq
∞
∗
characterizes the ratio between magnetic field energy density and kinetic energy density of the wind.
For weak confinement η∗ ≤ 1, the field is fully opened by the wind outflow, but nonetheless for
confinements as small as η∗ = 1/10 can have a significant back-influence in enhancing the density and
reducing the flow speed near the magnetic equator. For stronger confinement η∗ > 1, the magnetic
field remains closed over a limited range of latitude and height about the equatorial surface, but
eventually is opened into a nearly radial configuration at large radii. Within closed loops, the flow
is channeled toward loop tops into shock collisions that are strong enough to produce hard X-rays,
with the stagnated material then pulled by gravity back onto the star in quite complex and variable
inflow patterns. Within open field flow, the equatorial channeling leads to oblique shocks that are
again strong enough to produce X-rays, and also lead to a thin, dense, slowly outflowing ‘disk’ at
the magnetic equator. The polar flow is characterized by a faster-than-radial expansion that is more
gradual than anticipated in previous 1D flow-tube analyses, and leads to a much more modest increase
in terminal speed (< 30%), consistent with observational constraints. Overall, the results here provide
15

a dynamical groundwork for interpreting many types of observations – e.g., UV line profile variability;
red-shifted absorption or emission features; enhanced density-squared emission; X-ray emission – that
might be associated with perturbation of hot-star winds by surface magnetic fields.
Submitted to ApJ
Preprints from http://www.bartol.udel.edu/∼owocki/preprints/MHD pap1 apj.pdf
or http://xxx.lanl.gov/archive/astro-ph

Tomographic Separation of Composite Spectra. IX. The Massive
Close Binary HD 115071
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We present the first orbital elements for the massive close binary, HD 115071, a double-lined spectroscopic binary in a circular orbit with a period of 2.73135 ± 0.00003 days. The orbital semiamplitudes
indicate a mass ratio of M2 /M1 = 0.58 ± 0.02 and yet the stars have similar luminosities. We used
a Doppler tomography algorithm to reconstruct the individual component optical spectra, and we
applied well known criteria to arrive at classifications of O9.5 V and B0.2 III for the primary and
secondary, respectively. We present models of the Hipparcos light curve of the ellipsoidal variations
caused by the tidal distortion of the secondary, and the best fit model for a Roche-filling secondary
occurs for an inclination of i = 48◦ 7 ± 2◦ 1. The resulting masses are 11.6 ± 1.1M and 6.7 ± 0.7M
for the primary and secondary, respectively, so that both stars are very overluminous for their mass.
The system is one of only a few known semi-detached, Algol-type binaries that contain O-stars. We
suggest that the binary has recently emerged from extensive mass transfer (possibly through a delayed
contact and common envelope process).
Submitted to ApJ
Preprints from gies@chara.gsu.edu
or on the web at http://xxx.lanl.gov/abs/astro-ph/0201480
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XMM observations of the WR+O system Gamma Velorum
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We present XMM-Newton observations of the system γ Velorum at the two phases 0.1 and 0.4. The
variation of the hard X-rays are interpreted as due to occultation by the WR wind. From a comparison
of the observed intensity ratio to one predicted by an unclumped wind model we derive a clumping
factor of 16 for the WR wind. We unequivocally identify two X-ray emitting regions: The shock zone
of colliding stellar winds with temperatures up to 25 MK and a photoionized region with Te < 60 kK.
The revealing detection of the photoionized region is a narrow radiative recombination continuum of
C vi at 25.3 Å. We suspect that shocks intrinsic to the stellar wind are a third type of X-ray source
in the system and we tentatively identify the Ne ix line at 13.5 Å with this region.
To appear in: F. Jansen (ed.), New Visions of the Universe in the XMM-Newton and
Chandra Era, 2002, ES SP-488, in press.
Preprints from w.schmutz@pmodwrc.ch
or by anonymous ftp to ftp.pmodwrc.ch, directory: werner, file: tdumm-b1.ps or tdumm-b1.pdf
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