19-23 July
2010,

Paris, France

Active OB Stars:

Structure,
Evolution,
Mass-Loss, and

Critical Limits

Neiner
Wade
Meynet
Peters

Proceedings of the
International
Astronomical Union

CAMBRIDGE

19-23 July 2010,
Paris, France

ISSN 1743-9213

International Astronomical Union

TAU

CAMBRIDGE

UNIVERSITY PRESS

Proceedings of the International Astronomical Union

Active OB Stars:
Structure, Evolution,
Mass-Loss, and
Critical Limits

Coralie Neiner
Gregg Wade

Georges Meynet
Geraldine Peters



https://doi.org/10.1017/S1743921311012312

ACTIVE OB STARS: STRUCTURE, EVOLUTION, MASS-LOSS, AND
CRITICAL LIMITS

TAU SYMPOSIUM No. 272

COVER ILLUSTRATION: Logo of the TAUS 272, designed by Sylvain Cnudde

The logo is an abstract representation of an active OB star, with an equatorial
disk and a polar wind. It is reproduced with the permission of its author, who is
gratefully thanked.

Other pictures in this book have been taken by Francois Cochard and Olivier

Thizy. They are reproduced with the permission of their authors, who we thank
very much.

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

IAU SYMPOSIUM PROCEEDINGS SERIES
2010 EDITORIAL BOARD

Chairman
THIERRY MONTMERLE, TAU Assistant General Secretary
Laboratoire d’Astrophysique, Observatoire de Grenoble,
414, Rue de la Piscine, Domaine Universitaire,
BP 53, F-38041 Grenoble Cedex 09, FRANCE
thierry.montmerle@obs.ujf-grenoble.fr

Advisers
TAN F. CORBETT, IAU General Secretary,
European Southern Observatory, Germany

U. GROTHKOPF, European Southern Observatory, Germany
CHRSITIAAN STERKEN, University of Brussels, Pleinlaan 2, 1050 Brussels, Belgium

Members

TAUS269
C. BARBIERI, Universita di Padova, Dipto di Astronomia, Vicolo dell’Osservatorio 2, IT
35122 Padova, Italy
TAUS270
J. ALVES, Calar Alto Observatory, Centro Astrondmico Hispano Alemdn, ¢/ Jesus Durban
Remon 2-2, ES 04004 Almeria, Spain
IAUS271
A. SACHA BRUN, CEA/DSM/IRFU, Service d’Astrophysique, CEA Saclay, FR 91191
Gif-sur-Yvette, France
TAUS272
C. NEINER, GEPI, Observatoire Paris-Meudon, 5 place Jules Janssen, FR 92195 Meudon
Cedez, France
TAUS273
D. P. CHOUDHARY, CSUN, Physics-Astronomy Dept., 18111 Nordhoff St, Northridge, CA
91330-8268, USA
TAUS274
A. BONNANO, INAF, Osservatorio Astrofisico di Catania, Via S. Sofia 78, IT 95123
Catania, Italy
TAUS275
G. E. ROMERO, Instituto Argentino de Radioastronomia, CC 5, AR Villa Elisa (Bs As)
1894, Argentina
TAUS276
A. SOZZETTI, INAF, Osservatorio Astronomico di Torino, Strada Osservatorio 20, IT 10025
Pino Torinese, Italy
TAUS277
C. CARIGNAN, Université de Montréal, Dept. de Physique, CP 6128 Succ. A, CA Montréal
QC H3C 38J7, Canada

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

INTERNATIONAL ASTRONOMICAL UNION
UNION ASTRONOMIQUE INTERNATIONALE

International Astronomical Union

TAU

ACTIVE OB STARS:
STRUCTURE, EVOLUTION,
MASS-LOSS, AND CRITICAL

LIMITS

PROCEEDINGS OF THE 272th SYMPOSIUM OF THE
INTERNATIONAL ASTRONOMICAL UNION
HELD IN PARIS, FRANCE
JULY 19-23, 2010

Edited by

CORALIE NEINER

Observatoire de Paris-Meudon, France

GREGG WADE
Royal Military College, Canada

GEORGES MEYNET

Observatoire de Geneéve, Switzerland

and

GERALDINE PETERS
University of Southern California, USA

# CAMBRIDGE

) UNIVERSITY PRESS

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

CAMBRIDGE UNIVERSITY PRESS

The Edinburgh Building, Cambridge CB2 2RU, UnitedKingdom

40 West 20th Street, New York, NY 10011-4211, USA

10 Stamford Road, Oakleigh, Melbourne 3166, Australia

© International Astronomical Union 2011

This book is in copyright. Subject to statutory exception

and to the provisions of relevant collective licensing agreements,

no reproduction of any part may take place without

the written permission of the International Astronomical Union.
First published 2011

Printed in the United Kingdom at the University Press, Cambridge
Typeset in System BTEX 2¢

A catalogue record for this book is available from the British Library
Library of Congress Cataloguing in Publication data

This journal issue has been printed on FSC-certified paper and cover board. FSC is an

independent, non-governmental, not-for-profit organization established to promote the
responsible management of the world.s forests. Please see www.fsc.org for information.

ISBN 9780521198400 hardback
ISSN 1743-9213

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

Table of Contents

Preface ... xviil
C. Neiner and the SOC

Organizing committee . .. ... . XX

Conference photograph . ...... .. .. xxi

Conference participants. ... ... ... xxiii

Address by the Scientific and Local Organizing Committees................. XXV
C. Neiner

Part 1. OPENING THE SYMPOSIUM

Active OB Stars - an introduction ... ........... ... ... . . 1
D. Baade, T. Rivinius, S. Stefl, C. Martayan

Part 2. RAPID ROTATION AND MIXING
IN ACTIVE OB STARS

Section A. Review and contributed talks
Chairs: Georges Meynet and Geraldine Peters

Rapid rotation and mixing in active OB stars — Physical processes ........... 14
J.-P. Zahn

Mixing of CNO-cycled matter in pulsationally and magnetically active massive
B ATS . o o 26
N. Przybilla, M.-F. Nieva

3D MHD simulations of subsurface convection in OB stars.................. 32
M. Cantiello, J. Braithwaite, A. Brandenburg, F. Del Sordo, P. Kapyla,
N. Langer

Rotation rates of massive stars in the Magellanic Clouds. .. ................. 38

L. Penny, D. R. Gies

Interferometric studies of rapid rotators ............ ... . ... . ... ... . ... 44
M. Zhao, J. D. Monnier, X. Che

Effects of fast rotation on the wind of Luminous Blue Variables.............. 56
J. H. Groh
Massive stellar models: rotational evolution, metallicity effects............... 62

S. Ekstrom, C. Georgy, G. Meynet, A. Maeder, A. Granada

Testing models of rotating stars . ........ .. ... . . 73
A. Potter, C. Tout

Discussion — Rapid rotation and mixing in active OB stars.................. 79
G. J. Peters, G. Meynet

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

vi Contents
Section B. Posters

Radiation driven winds with rotation: the oblate finite disc correction factor . . . 83
I. Araya, M. Curé, A. Granada, L. S. Cidale

Where do Be stars stand in the picture of rotational mixing? ................ 85
P. Dunstall, I. Brott, P. L. Dufton, C. J. Evans
About the Luminous Blue Variable He3-519 ... ...... ... ... ... .......... 87

A. Hervé, J.-C. Bouret

Results from a recent stellar rotation census of Bstars ..................... &9
W. Huang, D. R. Gies, M. V. McSwain

Mass and angular momentum loss of fast rotating stars via decretion disks. . . .. 91
J. Krticka, S. P. Owocki, G. Meynet

Mass loss in 2D rotating stellar models .. .......... ... ... .. .. 93
C. Lovekin, R. Deupree

Models of classical Be stars with gravity darkening ............. ... .. ... 95
M. McGill, T. A. A. Sigut, C. E. Jones

Mixing in two magnetic OB stars discovered by the MiMeS collaboration. . . . .. 97
T. Morel

Evolutionary effects of stellar rotation of massive stars in their pre-supernova
ENVITONIMENES. .« o ot ettt e e e e e e e e e 99
B. Pérez-Renddn, H. Pineda-Ledn, A. Santillin, L. Herndndez-Cervantes

The Nitrogen Abundance in Be Stars Determined from UV Spectra .......... 101
G. Peters

Spectroscopic and interferometric approach for differential rotation in massive fast
TOLATOTS « o . e 103
J. Zorec, Y. Frémat, O. Delaa, A. Domiciano de Souza, P. Stee,
D. Mourard, L. S. Cidale, C. Martayan

Part 3. WINDS AND MAGNETIC FIELDS
OF ACTIVE OB STARS

Section A. Review and contributed talks
Chairs: Jean-Claude Bouret and Lydia Cidale

Observations of magnetic fields in hot stars. .. ........... ... ... ... ... ...... 106
V. Petit
The MiMeS project: overview and current status . ............ ... ... ...... 118

G. A. Wade, E. Alecian, D. Bohlender, J.-C. Bouret, D. H. Cohen, V. Duez,
M. Gagné, J. H. Grunhut, H. F. Henrichs, N. R. Hill, O. Kochukhov,

S. Mathis, C. Neiner, M. E. Oksala, S. P. Owocki, V. Petit, M. Shultz,

T. Rivinius, R. H. D. Townsend, J. S. Vink, the MiMeS collaboration

Modeling the magnetosphere of the B2Vp star c OriE. . ...... ... ... ... ... 124
M. E. Oksala, G. A. Wade, R. H. D. Townsend, O. Kochukhov, S. P. OQwocki

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

Contents vii

The rapid magnetic rotator HR 7355 .. ... .. ... . . . . . . 130
T. Rivinius, R. H. D. Townsend, S. Stefl, D. Baade

Structure in the winds of O-Type stars: observations and inferences .......... 136
A. W. Fullerton

Modeling the winds and magnetospheres of active OB stars ................. 148
R. H. D. Townsend

Dynamics of fossil magnetic fields in massive star interiors . ................. 160
S. Mathis

Magnetic Doppler imaging of early-type stars. ....... ... ... . ... ... ... ... 166

0. Kochukhov, T. Rivinius, M. E. Oksala, I. Romanyuk

Discussion — Winds and magnetic fields of active OB stars ... ............... 172
J.-C. Bouret, L. S. Cidale

Section B. Posters

Searching for massive star magnetospheres .. ........ ... ... ... ... . ... 176
D. Bohlender, D. Morin

A family of stable configurations to model magnetic fields in stellar radiation zones 178
V. Duez, J. Braithwaite, S. Mathis

The constant magnetic field of ¢! CMa: geometry or slow rotation? . .......... 180
C. Fourtune-Ravard, G. A. Wade, W. L. F. Marcolino, M. Shultz,
J. H. Grunhut, H. F. Henrichs, the MiMeS collaboration

Is the wind of the Oe star HD 155806 magnetically confined? ................ 182
A. W. Fullerton, V. Petit, S. Bagnulo, G. A. Wade, the MiMeS collaboration

The slow winds of A-type supergiants ... ........ ... .. ... . . .. 184
A. Granada, M. Curé, L. S. Cidale

Searching for magnetic fields in the descendants of massive OB stars.......... 186
J. H. Grunhut, G. A. Wade, D. A. Hanes, E. Alecian

A MiMeS analysis of the magnetic field and circumstellar environment of the weak-
wind O9 sub-giant star HD 57682 . ...... ... ... ... . .. 188
J. H. Grunhut, G. A. Wade, W. L. F. Marcolino, V. Petit, the MiMeS
collaboration

Discovery of the most rapidly-rotating, non-degenerate, magnetic massive star by
the MiMeS collaboration .. ........... ... 190
J. H. Grunhut, G. A. Wade, T. Rivinius, W. L. F. Marcolino,
R. H. D. Townsend, the MiMeS collaboration

The magnetic field of the B1/B2V star cLup.......... ... ... ... ... .... 192
H. F. Henrichs, K. Kolenberg, B. Plaggenborg, S. C. Marsden, 1. A. Waite,
G. A. Wade, the MiMeS collaboration

Rigid Field Hydrodynamic simulations of the magnetosphere of o OrionisE . . .. 194
N. R. Hill, R. H. D. Townsend, D. H. Cohen, M. Gagné

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

viii Contents

Magnetic fields of massive stars .. ... ... ... . 196
S. Hubrig, M. Curé, I. Ilyin, M. Schéller

Magnetic fluxes of massive stars: statistics and evolution. . .................. 198
A. F. Kholtygin, S. N. Fabrika, N. A. Drake, A. P. Igoshev

Line Profile microvariability and wind structure for OB stars................ 200
A. F. Kholtygin, S. N. Fabrika, N. Sudnik

The search for magnetic fields in mercury-manganese stars.................. 202

V. Makaganiuk, O. Kochukhov, N. Piskunov, S. V. Jeffers, C. M.
Johns-Krull, C. U. Keller, M. Rodenhuis, F. Snik, H. C. Stempels and
J. A. Valenti

Discovery of a strong magnetic field in the rapidly rotating B2Vn star HR 7355. 204

M. E. Oksala, G. A. Wade, W. L. F. Marcolino, J. H. Grunhut,
D. Bohlender, N. Manset, R. H. D. Townsend, the MiMeS collaboration

7 Sco: the discovery of the clones . ... ... ... ... . . . . . . 206

V. Petit, D. L. Massa, W. L. F. Marcolino, G. A. Wade, R. Ignace, the
MiMeS collaboration

Magnetic fields, winds and X-rays of massive stars in the Orion nebula cluster. . 208
V. Petit, G. A. Wade, E. Alecian, L. Drissen, T. Montmerle, A. ud-Doula

Magnetism of the He-weak star HR2949 .. ....... .. .. .. ... .. ... ... ... ... 210

T. Rivinius, G. A. Wade, R. H. D. Townsend, M. Shultz, J. H. Grunhut,
0. Stahl, the MiMeS collaboration

Searching for weak or complex magnetic fields in polarized spectra of Rigel . . .. 212

M. Shultz, G. A. Wade, C. Neiner, N. Manset, V. Petit, J. H. Grunhut,
E. Guinan, D. A. Hanes, the MiMeS collaboration

Line profiles of OB star winds using Monte Carlo method. .................. 214
B. Surlan, J. Kubdt

Monte-Carlo simulations of linear polarization in clumpy OB-star winds. . ... .. 216
R. H. D. Townsend, N. Mast

Influence of decoupling effect on the stellar wind variability ................. 218
V. Votruba, K. Sejnovd, P. Koubsky, D. Korédkovd

Of7p stars: a class of slowly rotating magnetic massive stars. . ............... 220

G. A. Wade, J. H. Grunhut, W. L. F. Marcolino, F. Martins,
I. D. Howarth, Y. Nazé, N. R. Walborn, the MiMeS collaboration

Magnetic fields in classical Be stars: results of our long-term program with FORS1
at the VLT Lo 222

R. V. Yudin, S. Hubrig, M. A. Pogodin, M. Schoeller

Measurements of magnetic fields in Herbig Ae/Be stars and stars with debris disks
at the VLT 8-m telescope: statistical results of our long-term program . . . . 224

R. V. Yudin, S. Hubrig, M. A. Pogodin, M. Schoeller, 1. Ilyin

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

Contents ix

Part 4. POPULATIONS OF OB STARS
IN GALAXIES

Section A. Review and contributed talks
Chairs: Hideyuki Saio and Gregg Wade

Massive stars in globular clusters: drivers of chemical and dynamical evolution . 227
T. Decressin

Populations of OB-type stars in galaxies . ........ ... . ... . . .. . .. 233
C. J. Evans
Populations of Be stars: stellar evolution of extreme stars................... 242

C. Martayan, T. Rivinius, D. Baade, A.-M. Hubert, J. Zorec

Infrared properties of active OB stars in the Magellanic Clouds from the Spitzer
SAGE SUIVEY . .ottt e 254
A. Z. Bonanos, D. J. Lennon, D. L. Massa, M. Sewilo, F. Koehlinger,
N. Panagia, J. T. van Loon, C. J. Evans, L. J. Smith, M. Meizner,
K. Gordon and the SAGE teams

The Ble] phenomenon in the Milky Way and Magellanic Clouds. ............. 260
A. S. Miroshnichenko, N. Manset, F. Polcaro, C. Rossi, S. Zharikov

Massive variable stars at very low metallicity? . ........ ... ... ... ... ... ... 265
D. J. Bomans, K. Weis

Discussion — Populations of OB stars in galaxies ......... ... .. ... ... ... 271
G. A. Wade, H. Saio

Section B. Posters

Evolutionary studies of Be star: 28Tau ... ....... ... . i 274
N. Ahmad, M. Z. Zainuddin, M. S. Yahya, P. P. Eggleton, H. L. Malasan

B stars in open clusters: fundamental parameters. ... ........ ... ... ... .... 276
Y. Aidelman, L. S. Cidale, J. Zorec, M. L. Arias

Analyzing the § Sco binary in anticipation of a disk-star collision............. 278
A. Ames, C. Tycner, R. Zavala

ArasBeam: when amateurs contribute to Be stars research .. ................ 280
F. Cochard, V. Desnouz, C. Buil

Spectrographs for small telescopes ... ....... ... . . 282
0. Thizy, F. Cochard

BeSS, the official Be Star Spectra database............................... 284
B. de Batz, C. Neiner, M. Floquet, F. Cochard

Multicolour studies of 3 Cephei stars in the LMC. . ........................ 286

C. A. Engelbrecht, F. A. M. Frescura, S. L. Moonsamy

Statistical search for Be stars candidates in the Small Magellanic Cloud . . .. ... 288
A. Garcia-Varela, Beatriz Sabogal, R. E. Mennickent

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

X Contents

Spectroscopic Ha and Hry survey of field Be stars: 2004-2009 .. .............. 290
E. D. Grundstrom, D. R. Gies, C. Aragona, T. S. Boyajian, E. V. Garcia,
A. N. Marsh, M. V. McSwain, R. M. Roettenbacher, S. J. Williams,
D. W. Wingert

Are the stellar winds in IC 1613 stronger than expected?. .. ................. 292
A. Herrero, M. Garcia, K. Uytterhoeven, F. Najarro, D. J. Lennon,
S. Simén-Diaz, N. Castro, J. Puls, J. S. Vink, M. A. Urbaneja, A. de Koter

Photometric and spectroscopic study of candidate Be stars in the Magellanic Clouds 294
P. KT, A. Subramaniam, B. Mathew, R. E. Mennickent, B. Sabogal

The VLT-FLAMES Tarantula survey. ... ........... .. 296
D. J. Lennon, C. J. Evans, N. Bastian, Y. Beletsky, I. Brott, M. Cantiello,
G. Carraro, J. S. Clark, P. A. Crowther, A. de Koter, S. E. de Mink,
P. L. Dufton, P. Dunstall, M. Gieles, G. Grafener, V. Henault-Brunet,
A. Herrero, I. D. Howarth, N. Langer, J. Maiz Apelliniz, N. Markova,
F. Najarro, J. Puls, H. Sana, S. Simon-Diaz, S. J. Smartt, V. E. Stroud,
W. D. Taylor, J. T. van Loon, J. S. Vink, N. R. Walborn

Variability of young massive stars in the Arches cluster..................... 298
K. Markakis, A. Z. Bonanos, G. Pietrzynski, L. Macri, K. Z. Stanek

Massive Oe/Be stars at low metallicity: candidate progenitors of long GRBs? .. 300
C. Martayan, D. Baade, J. Zorec, Y. Frémat, J. Fabregat, S. Ekstrom

IR mass loss rates of LMC and SMC O stars ............ ... ..., 302
D. L. Massa, A. W. Fullerton, D. J. Lennon, R. K. Prinja

A statistical study of galactic bright Be stars .. ........ ... ... ... ... ...... 304
A. S. Miroshnichenko

The e-MERLIN Cyg OB2 radio survey (COBRaS)......................... 306
R. K. Prinja and D. Fenech

A spectroscopic study of Be-like variable stars in the Small Magellanic Cloud . . 308
B. Sabogal, A. Garcia-Varela, R. E. Mennickent

The TACOB spectroscopic database of galactic OB stars.................... 310

S. Simén-Diaz, N. Castro, M. Garcia, A. Herrero

Part 5. CIRCUMSTELLAR ENVIRONMENT
OF ACTIVE OB STARS

Section A. Review and contributed talks
Chairs: Douglas Gies and Richard Townsend

Observations of circumstellar disks. .. ........... . i, 313
P. Stee

The circumstellar discs of Be stars. ............. .. i 325
A. C. Carciofi

Spatially resolving the wind and disk structures around active B-type stars . . . . 337
C. Tycner

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

Contents xi

High spatial resolution monitoring of the activity of BA supergiant winds .. ... 342
0. Chesneau, L. Dessart, A. Kaufer, D. Mourard, O. Stahl, R. K. Prinja,
S. P. Owocki

X-ray spectral diagnostics of activity in massive stars ...................... 348

D. H. Cohen, E. E. Wollman, M. A. Leutenegger

Activity of Herbig Be stars and their environment . ........................ 354
E. Alecian
Dust formation of Be stars with large infrared excess. ......... ... ... ... ... 366

C.-D. Lee, W.-P. Chen

Nebulae around Luminous Blue Variables — large bipolar variety ............. 372
K. Weis
Discussion — Circumstellar environment of active OB stars.................. 378

D. R. Gies, R. H. D. Townsend

Section B. Posters

Spectral variation of BU Tau ........ ... . . . 380
K. Annuk

FRACS: modelling of the dust disc of the Ble] CPD-57° 2874 from VLTI/MIDI
data . ..o 382
P. Bendjoya, A. Domiciano de Souza, G. Niccolini

The circumstellar environment of the FS CMa star IRAS 00470+6429 ......... 384

A. C. Carciofi, A. S. Miroshnichenko, J. E. Bjorkman

Analysis of the Balmer discontinuity behavior of Be stars by Monte Carlo method 386
A. Cruzado

Disk-loss and disk-renewal phases in classical Be stars — II. Detailed analysis of
spectropolarimetric data .. ..... ... .. . 388
Z. H. Draper, J. P. Wisniewski, K. S. Bjorkman, J. E. Bjorkman,
X. Haubois, A. C. Carciofi, M. R. Meade

Infrared continuum sizes of Be star disks. . ....... ... . . .. ... .. . ... 390
D. R. Gies, Y. N. Touhami, G. H. Schaefer

K- and L-band spectroscopy of Bestars . ........ ... . ... . . . .. 392
A. Granada, M. L. Arias, L. S. Cidale, R. E. Mennickent

Investigating the continuum linear polarization of Be stars.................. 394
R. J. Halonen, F. E. Mackay, C. E. Jones, T. A. A. Sigut

The dynamical evolution of Be star disks . ....... .. ... ... .. ... ... ... 396
X. Haubois, A. C. Carciofi, A. T. Okazaki, J. E. Bjorkman

Probing Be star disks: new insights from Ha spectroscopy and detailed numerical

models . . .. 398
C. E. Jones, C. Tycner, J. Silaj, A. Smith, T. A. A. Sigut
The inhomogeneous wind of the LBV candidate CygOB2 No.12 ............. 400

V. G. Klochkova, E. L. Chentsov, A. S. Miroshnichenko

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

xii Contents

Hydrodynamical simulations of Pinwheel nebula WR 104 ................ ... 402
A. Lamberts, S. Fromang, G. Dubus

Near-infrared excess and emission characteristics of classical Be stars ......... 404
C.-D. Lee, W.-P. Chen, D. Kinoshita

Resolving the dusty circumstellar environment of the Ale] supergiant HD62623
with the VLTI/MIDI . ... ... e 406
A. Meilland, S. Kanaan, M. Borges Fernandes, O. Chesneau, F. Millour,
P. Stee, B. Lopez

Imaging ”Pinwheel” nebulae with optical long-baseline interferometry......... 408
F. Millour, T. Driebe, J. H. Groh, O. Chesneau, G. Weigelt, A. Liermann,
A. Meilland

Images of unclassified and supergiant Ble] stars disks with interferometry. .. . .. 410

F. Millour, A. Meilland, O. Chesneau, M. Borges Fernandes, J. H. Groh,
T. Driebe, A. Liermann, G. Weigelt

Properties of the circumstellar dust in galactic FS CMa objects .............. 412
A. S. Miroshnichenko, R. O. Gray, K. S. Bjorkman, R. J. Rudy,
D. K. Lynch, A. C. Carciofi

Variability monitoring of OB stars during the Mons campaign . .............. 414
T. Morel, G. Ravw, T. Eversberg, F. Alves, W. Arnold, T. Bergmann,
N. G. Correia Viegas, R. Fahed, A. Fernando, L. F. Gouveia Carreira,
T. Hunger, J. H. Knapen, R. Leadbeater, F. Marques Dias, A. F. J. Moffat,
N. Reinecke, J. Ribeiro, N. Romeo, J. Sdnchez Gallego, E. M. dos Santos,
L. Schanne, O. Stahl, B. Stober, B. Stober, K. Vollmann, M. F. Corcoran,
S. M. Dougherty, K. Hamaguchi, J. M. Pittard, A. M. T. Pollock,
P. M. Williams

Effect of Be-disk evolution on the global one-armed oscillations . ............. 416
F. Oktariani, A. T. Okazaki

Spectrally and spatially resolved Ha emission from Be stars: their disks rotate
Keplerian. . . ... 418
R. D. Oudmaijer, H. E. Wheelwright, A. C. Carciofi, J. E. Bjorkman,
K. S. Bjorkman

Ha spectropolarimetry of GGCar ....... ... .. . . 420
A. Pereyra, F. X. de Araijo, A. M. Magalhdes, M. Borges Fernandes,
A. Domiciano de Souza

The spectral variations of MWC314 .. ... ... .. . .. 422
C. Rossi, A. Frasca, E. Marilli, M. Friedjung, G. Muratorio

Multi-epoch interferometric observations of the Be star ( Tau................ 424
G. H. Schaefer, D. R. Gies, J. D. Monnier, N. D. Richardson,
Y. N. Touhami, M. Zhao

Spectral synthesis for Be stars . ...... ... . 426
T. A. A. Sigut
Do the v Cas X-rays come from the Be Star? . ....... ... ... .. ... ... .. ... 428

M. A. Smith, R. Lopes de Oliveira

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

Contents xiii

The 2008+ outburst of the Be star 28 CMa — a multi-instrument study........ 430
S. Stefl, A. C. Carciofi, D. Baade, T. Rivinius, S. Otero, J.-B. Le Bouquin,
J. Fabregat, A. T. Okazaki, F. Rantakyré

Part 6. PERIODIC VARIATIONS AND
ASTEROSEISMOLOGY OF OB STARS

Section A. Review and contributed talks
Chairs: Juan Fabregat and Thomas Rivinius

Asteroseismic observations of OB stars .............. ... ... . . . ... 433
P. De Cat, K. Uytterhoeven, J. Gutiérrez-Soto, P. Degroote, S. Simdn-Diaz

Pulsations in Wolf-Rayet stars: observations with MOST ................... 445
A.-N. Chené, A. F. J. Moffat

Short-term variations in Be stars observed by the COROT and KEPLER space
TIESSIOTIS .+ v v o e e e e 451
J. Gutiérrez-Soto, C. Neiner, J. Fabregat, A. F. Lanza, T. Semaan,
M. Rainer, E. Poretti

Seismic modelling of OB stars. . ........ . . 457
M.-A. Dupret, M. Godart, K. Belkacem, A. Noels

Radial and nonradial oscillations of massive supergiants . ................... 468
H. Saio

The multiplicity of massive stars .. ........ ... 474

H. Sana, C. J. Evans

Evolutionary models of binaries .. .......... ... 486
W. van Rensbergen, N. Mennekens, J.-P. de Greve, K. Jansen, B. de Loore

Discussion — Periodic variations and asteroseismology of active OB stars . ... .. 492
T. Rivinius, J. Fabregat

Section B. Posters

Very massive binaries in R136 . ... ... . 497
A.-N. Chené, O. Schnurr, P. A. Crowther, E. F. Lajus, A. F. J. Moffat

Using the orbiting companion to trace WR wind structures in the 29d WC8d +
O8-9IV binary CV Ser ... ...t e 499
A. David-Uraz, A. F. J. Moffat

Spectroscopic follow-up of the colliding-wind binary WR 140 during the 2009
January periastron pasSage . . .. .. 501
R. Fahed, A. F. J. Moffat, J. Zorec, T. FEversberg, A.-N. Chené, F. Alves,
W. Arnold, T. Bergmann, L. F. Gouveia Carreira, F. Marques Dias,
A. Fernando, J. Sanchez Gallego, T. Hunger, J. H. Knapen, R. Leadbeater,
T. Morel, G. Rauw, N. Reinecke, J. Ribeiro, N. Romeo, E. M. dos Santos,
L. Schanne, O. Stahl, B. Stober, B. Stober, N. G. Correia Viegas,
K. Vollmann, M. F. Corcoran, S. M. Dougherty, J. M. Pittard,
A. M. T. Pollock, P. M. Williams

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

xiv Contents

Pulsations in massive stars: effect of the atmosphere on the strange mode pulsations 503
M. Godart, M.-A. Dupret, A. Noels, C. Aerts, S. Simon-Diaz, K. Lefever,
J. Puls, J. Montalban, P. Ventura

Non-radial pulsations in the Be/X binaries 4U 0115463 and SAX J2103.544545. 505
J. Gutiérrez-Soto, P. Reig, J. Fabregat, L. Fox-Machado

Non-radial pulsations in the CoRoT Be Star 102761769. ... ................. 507
E. Janot Pacheco, L. B. P. de Andrade, M. Emilio, J. Carlos Sudrez,
A. Jendreieck

Asteroseismology and rotation in the main sequence . ...................... 509
A. Jendreieck, E. Janot Pacheco, L. B. P. de Andrade, J. Carlos Sudrez

The WR/LBYV system HD 5980: wind-velocity - brightness correlations. . . ... .. 511
G. Koenigsberger, L. Georgiev, D. J. Hillier, N. Morrell, R. Barbd,
R. Gamen

Line profile variability and tidal flows in eccentric binaries . ................. 513

G. Koenigsberger, E. Moreno, D. M. Harrington

Fundamental parameters of 4 massive eclipsing binaries in Westerlund1....... 515
E. Koumpia and A. Z. Bonanos

The nature of the light variations of chemically peculiar stars CU Vir and HD 64740 517
J. Krticka, H. Markovd, Z. Mikuldsek, T. Liftinger, D. Bohlender,
J. Zverko, J. Zizriovsky

Long-term spectroscopic monitoring of LBVs and LBV candidates ........... 519
A. Lobel, J. H. Groh, K. Torres, N. Gorlova

HD 150136: towards one of the most massive systems?...................... 521
L. Mahy, E. Gosset, H. Sana, G. Rauvw, T. Fauchez, C. Nitschelm

The spectroscopic orbits and physical parameters of GGCar ................ 523
P. E. Marchiano, E. Brandi, M. F. Muratore, C. Quiroga, O. Ferrer,
L. Garcia

Ha emission variability in the v-ray binary LST +61303........... .. ... .. .. 525

M. V. McSwain, E. D. Grundstrom, D. R. Gies, P. S. Ray

Optical spectroscopy of DPVs and the case of LPAra...................... 527
R. E. Mennickent, D. Graczyk, Z. Kotaczkowski, G. Michalska, D. Barria,
E. Niemczura

An OB-type eclipsing binary system ALS1135........ ... ... . . o oo... 529
G. Michalska, E. Niemczura, M. Steslicki, A. Williams

Fast rotating stars resulting from binary evolution will often appear to be single 531
S. E. de Mink, N. Langer, R. G. Izzard

Emission features in a Ble] binary system V2028 Cyg. . ..................... 533
J. Polster, D. Korédkovd, V. Votruba, P. Skoda, M. Slechta, B. Kucerovd

The effects of p gradients on pulsations of rapidly rotating stars ............. 535
D. R. Reese, F. Espinosa Lara, M. Rieutord

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

Contents XV

Multiplicity in & Mg stars. ......... . 937
N. Remage Evans

Masses of the astrometric SB2 (OriA ... ... . . 539
T. Rivinius, C. A. Hummel, O. Stahl

The resonant B1IT 4+ B1II binary BI108 .. ... . ... .. ... . .. 541
T. Rivinius, R. E. Mennickent, Z. Kotaczkowski

The (B047)+06 system FN CMa: a case for tidal-pulsational interaction? . .. .. 543
T. Rivinius, O. Stahl, S. Stefl, D. Baade, R. H. D. Townsend, L. Barrera

Light curves of the Be stars of NGC3766 .......... ... ... . . ..., 545

R. M. Roettenbacher, M. V. McSwain

Spectral and photometric study of Be Stars in the first exoplanet fields of CoRoT 547
T. Semaan, C. Martayan, Y. Frémat, A.-M. Hubert, J. Gutiérrez-Soto,
C. Neiner, J. Zorec

Is macroturbulence in OB Sgs related to pulsations? .......... ... ... ... ... 549
S. Simén-Diaz, A. Herrero, K. Uytterhoeven, N. Castro, C. Aerts, J. Puls
SC3-63371 and SC4-67145: two wind-interacting A+B binaries. . ............. 551

M. A. Smith, R. E. Mennickent

Part 7. ‘NORMAL’ AND ACTIVE OB STARS
AS EXTREME CONDITION TEST BEDS

Section A. Review and contributed talks
Chairs: Marc Gagné and Eduardo Janot Pacheco

OB-stars as extreme condition test beds .. ....... .. ... .. i L 554
J. Puls, J. O. Sundquist, J. G. Rivero Gonzilez

Fundamental parameters of "normal” B stars in the solar neighborhood . . ... .. 566
M.-F. Nieva, N. Przybilla

Eruptive outflow phases of massive stars............... ... . ... 571
N. Smith
Massive stars at (very) high energies: y-ray binaries. .. ......... ... ... .... 581

G. Dubus, B. Cerutti

Modeling TeV ~-rays from LS 5039: an active OB star at the extreme......... 587
S. P. Owocki, A. T. Okazaki, G. Romero

Discussion — Normal and active OB stars as extreme condition test beds . ..... 593
M. Gagné, E. Janot Pacheco
Section B. Posters

Ion fractions and the weak wind problem ........ ... ... ... .. ... ... ... 600
M. J. Austin, R. K. Prinja

Investigation of X-ray transient CI Cam as an unique star with the Ble]
phenomenon . . ... .. 602

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

xvi Contents

E. A. Barsukova, A. N. Burenkov, V. G. Klochkova, V. P. Goranskij,
N. V. Metlova, P. Kroll, A. S. Miroshnichenko

1 Carinae long-term variability .. ....... .. ... . . 604
A. Damineli, M. Teodoro, M. F. Corcoran, J. H. Groh

Searching for emission line and OB stars in Cl11806-20 using a NIR narrow-band

technique. . . ... o 606
M. L. Edwards, R. M. Bandyopadhyay, S. S. Eikenberry, V. J. Mikles,
D.-S. Moon

The Chandra survey of Carina OB stars . ........ ... .. ... . ... . i, 608

M. Gagné, G. Fehon, M. R. Savoy, D. H. Cohen, L. K. Townsley, P. S.
Broos, M. S. Povich, M. F. Corcoran, N. R. Walborn, A. F. J. Moffat,
Y. Nazé, L. M. Oskinova

H, 19 in the galaxy M 33, a high-luminosity massive merging eclipsing binary. . . 610
V. P. Goranskij, E. Bersukova

The mysterious high-latitude O-star HD 93521: new results from XMM-Newton
ODbSEIVALIONS . . . . 612
G. Rauw, T. Morel

X-ray emission from hydrodynamical wind simulations in non-LTE models. . . . . 614
J. Krticka, A. Feldmeier, L. M. Oskinova, J. Kubdt, W.-R. Hamann

High-angular resolution observations of the Pistol star...................... 616
C. Martayan, R. Blomme, J.-B. Le Bouquin, A. Merand, G. Montagnier,
F. Selman, J. Girard, A. Fox, D. Baade, Y. Frémat, A. Lobel, F. Martins,
F. Patru, T. Rivinius, H. Sana, S. Stefl, J. Zorec, T. Semaan

Optical spectroscopic observations of the Be/X-Ray binary A0535+262/V725 Tau
during the giant outburst in 2009....... .. .. ... ... . . .. 618
Y. Moritani, D. Nogami, A. T. Okazaki, A. Imada, E. Kambe, S. Honda,
O. Hashimoto, K. Ichikawa

Determination of fundamental parameters and circumstellar properties for a sample
of Ble] Stars. . . ...t 620
M. F. Muratore, L. S. Cidale, M. L. Arias, J. Zorec, A. F. Torres

Overall properties of hot, massive stars in the X-ray domain ................ 622
Y. Nazé
The surprising X-ray emission of Oe stars.......... ... ... ... ... ... ... .. 624

Y. Nazé, G. Rauw, A. ud-Doula

The latest developments on Of?7p stars .......... .. ... ... . . . .. .. ... 626
Y. Nazé, A. ud-Doula, M. Spano, G. Rauw, M. De Becker, N. R. Walborn

Interaction between the Be star and the compact companion in TeV v-ray binaries 628
A. T. Okazaki, S. Nagataki, T. Naito, A. Kawachi, K. Hayasaki,
S. P. Owocki, J. Takata

X-Ray modeling of n Carinae & WR 140 from SPH simulations .............. 630
C. M. P. Russell, M. F. Corcoran, A. T. Okazaki, T. I. Madura,
S. P. Owocki

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311012312

Contents

Uniqueness and evolutionary status of MWC349A. .. ... ... ... .. ... ......
V. Strelnitski, K. Schwarz, J. Bieging, J. T. Fuchs, G. Walker

Interferometric survey of Be stars with the CHARA array ..................
Y. N. Touhami, D. R. Gies, G. H. Schaefer, N. D. Richardson,
S. J. Williams, E. D. Grundstrom, M. V. McSwain

~-ray production via IC scattering of the infrared excess from the Be-type star in
the binary system PSR B1259-63/SS2883 ... ....... .. ...
B. van Soelen, P. J. Meintjes

Non-thermal radio emission from colliding-wind binaries: modelling Cyg OB2 No. 8A
and NoO. 9 ...
D. Volpi, R. Blomme, M. De Becker, G. Rauw

Part 8. LAST MINUTE CONTRIBUTION

Equatorial mass loss from Be stars. ......... ... ... .. . . .
C. Georgy, S. Ekstrém, A. Granada, G. Meynet

Part 9. CLOSING THE SYMPOSIUM

Concluding Remarks .. ... .
A. Maeder

Author Index .. ... . e
Object INdexX . . . .ot

Subject Index . . ..o

https://doi.org/10.1017/51743921311012312 Published online by Cambridge University Press

xvii

632

634

636

638

640

642

652

657

663


https://doi.org/10.1017/S1743921311012312

xviil

Preface

Early-type (OB) stars dominate the ecology of the universe as cosmic engines via their ex-
treme output of radiation and matter, not only as supernovae but also during their entire
lifetime with far-reaching consequences. Active OB stars are massive and intermediate-
mass stars that display strong variability on various time scales due to such phenomena
as mass outflows, rapid rotation, pulsations, magnetism, binarity, radiative instabilities,
and the influence of their circumstellar environment. This concerns in particular classical
and Herbig Be, Bp, 8 Cep, Slowly Pulsating B Stars (SPB), Ble] and O stars, as well as
massive binaries such as the Be X-ray binaries and those that harbor O-type subdwarf
companions.

Research in the domain of active OB stars has been progressing very rapidly in the last
decade and is entering a new era thanks to the advent of new space and ground-based
instrumentation. Space asteroseismology (MOST, CoRoT, Kepler) allows us to study the
internal structure of massive stars and their rotation; efficient high-resolution spectropo-
larimetry (Narval, Espadons) provides clues about magnetic fields and the confinement
of the circumstellar environment; interferometry (e.g. VLTI, CHARA) allows us to probe
the shape of these environments and investigate differential rotation; multi-object spec-
troscopy on very large telescopes (e.g. GiraffeQVLT) allows us to study the effects of
stellar environment and evolution on the active OB stars and provides information on
the distribution of surface velocities and abundances; large galactic surveys (e.g. IPHAS,
INTEGRAL) allow the detection of large numbers of emission line objects and massive
X-ray binaries with great potential for studies of galactic structure. Active OB stars
studies have also taken a leap forward thanks to state-of-the-art modeling (Monte-Carlo
radiative transfer, asteroseismic models, models of magnetospheres, and disk models, in-
cluding rapid rotation effects, multi-dimensional calculations). Moreover, massive stars
are inherently extreme objects, in terms of rotation, mass loss, radiation fields and in
some cases magnetic fields, and thus can serve as testbeds for extreme conditions. From
a theoretical viewpoint, this is likely to be important for understanding the first massive
star generations in the universe and will provide strong clues on the physics of fast ro-
tation, which is a key ingredient in many current models such as the collapsars model
to explain the long soft Gamma Ray Bursts. Alternatively, B stars have historically pro-
vided the astronomical community with the best calibrations of fundamental parameters
for upper main sequence stars (e.g. To, log g, masses, radii, chemical composition). Since
activity of various types is commonplace in the B stars it is important to assess the un-
certainty in the parameters of upper main sequence stars that results from the presence
of stellar activity.

The major progress currently obtained in the field of active OB stars will thus help to
answer long-standing as well as new questions such as:

e What is the role of magnetic field, rotation, metallicity and mass loss in the evolution
of OB stars? In particular, how does it influence their late stages (neutron stars, black
holes, GRBs)? How do surface abundances evolve?

e What is the role of magnetic fields, rotation, and pulsations in the activity of OB
stars, in particular on their circumstellar environment? What is responsible for wind
clumping and the formation of a disk (Be phenomenon) or clouds?

e What is the internal structure of active and near-critically rotating OB stars? How
is the angular momentum transported? Is there a magnetic field, and is it of fossil or
dynamo origin?
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e Under what conditions do active OB stars become Be stars? What causes LBV
outbursts? What happens when a star reaches critical rotational velocity?

e What are the statistical properties of the various populations of OB stars? What is
the incidence of magnetic fields? What is the distribution of intrinsic velocities? What
are the properties of mass loss?

e How do recent advances in theory and computation of model atmospheres and syn-
thetic spectra, and in the observation of such spectra, make it possible to discover and
study new and puzzling phenomena in active OB stars and test theoretical models of
these phenomena?

In 1999, TAU Colloquium 175 held in Alicante (Spain) concentrated on “The Be Phe-
nomenon in Early-Type Stars”. In 2005, an international meeting held in Sapporo (Japan)
was dedicated to ” Active OB-stars: Laboratories for Stellar and Circumstellar Physics”.
In 2010 in Paris the IAU Symposium 272 was dedicated to discussion of the structure,
evolution, mass loss, and critical limits of early-type stars, four axes of research that
are currently providing important clues about the physics of these objects. The meeting
allowed fruitful exchange by bringing together scientists working in the fields of O stars,
B stars, Bp stars, Be stars and Herbig Be stars, at wavelengths that span the electro-
magnetic spectrum (especially X-ray, UV, optical, and IR) with emphasis on forefront
observational techniques (e.g. spectropolarimetry, interferometry, asteroseismology). The
meeting thus resulted in further important progress in our understanding of active OB
stars and gave rise to new projects that will be undertaken in the second decade of the
21st century.

The key topics of the IAU Symposium 272 were:

e the internal structure of active OB stars: pulsations, rotation, magnetism, transport
processes

e their evolution: stellar environment, formation, binaries, late stages (including mag-
netars and GRBs)

e their circumstellar environment: disks, magnetospheres, the Be phenomenon, wind,
clumping

e active OB stars as extreme condition test beds: critical rotation, mass loss, radiation
fields

e ‘normal’ OB stars as calibrators: fundamental parameters, astronomical quantities

e populations of OB stars: population studies, tracers of galactic structure, cosmic
history

The TAU Symposium 272 was held in Paris from July 19 to 23, 2010. We acknowledge
the financial support of our sponsors listed on page zzi of these Proceedings, as well as
the very active support of the members of the LOC in preparing the numerous details
associated with such a symposium. It is a great pleasure to acknowledge in particular
Michele Floquet, the co-chair of the LOC, for whom this symposium was a ”last hurrah”
before her retirement.

Coralie Neiner and the SOC members
Meudon, September 12, 2010
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Address by the Scientific and Local Organizing Committees
Dear colleagues,

It was a pleasure to welcome all of you to the 272dn Symposium of the International
Astronomical Union in Paris and to write on behalf of the Scientific and Local Organiz-
ing Committees. It has been a long time since our last meetings on active OB stars in
Alicante and Sapporo. We hope that, in this new occasion, the symposium fulfilled your
expectations, both scientifically and socially. We have counted on very active members of
the SOC, who prepared an ambitious scientific programme as well as interactive discus-
sions. Motivated people in the LOC also presented us with a pleasant social programme,
and we hope this will also contribute to nice memories of this symposium. I would like to
thank in particular the main members of the LOC Evelyne Alecian, Bertrand de Batz,
Michele Floquet and Bernard Leroy, as well as our secretaries Olga Martins and Annick
Oger. However, the success of this symposium mostly comes from all of you who con-
tributed in various ways by bringing your knowledge, results, questions, and answers to
a fruitful discussion. We thus thank all of you for your participation!

We are deeply grateful to several institutions for their financial and organizing support:
the International Astronomical Union, Région Ile de France, Institut National des Sci-
ences de I'Univers (INSU) du CNRS, Ministere de l’enseignement supérieur et de la
recherche, Programme National de Physique Stellaire (PNPS), GEPI laboratory, Scien-
tific Council of the Paris Observatory, A&A, and EDP Sciences.

Thank you very much!

Coralie Neiner, SOC chair and LOC member
Paris, 12 September 2010
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