Preface

The workshop on supersoft X-ray sources (and related objects) was held at the Max-Planck-Institut für extraterrestrische Physik (MPE) in Garching, Germany from February 28 to March 1, 1996. The decision to organise this workshop was made for three reasons. (1) With all of the ROSAT PSPC data being publicly available to every interested scientist, and with most of the relevant data (pointed observations of the Magellanic Clouds and the Andromeda galaxy and the all-sky survey data for a galactic population) being investigated, the number of expected discoveries of new supersoft sources along the previously used search strategies is small. (2) Since the community of scientists working actively in the field of supersoft X-ray sources is rather small, and since the work to be done, especially the optical identification and follow-up work, requires rare time on large telescopes, it seemed worthwile to bring all researchers in close contact to eventually combine the individual efforts. (3) With the variety of observational facts on supersoft X-ray sources and the establishment of links to rather diverse research areas it seemed appropriate to supply a forum for theoreticians to discuss new results, and to strengthen the connection between observers and theoreticians.

After the discovery of supersoft X-ray sources with Einstein Observatory observations, the ROSAT satellite with the MPE-built PSPC has discovered nearly three dozen new supersoft sources and has thus established luminous supersoft X-ray sources as a class of objects. Though many different classes of objects emit supersoft X-ray radiation (defined here as emission dominantly below 0.5 keV which corresponds to effective temperatures of the emitting objects below 50 eV), such as the Moon, single, nearby early type stars, single white dwarfs, central stars of planetary nebulae, PG 1159 stars, magnetic cataclysmic variables, some symbiotic binaries and a surprisingly large number of active galactic nuclei, the class of supersoft X-ray sources (as meant in these proceedings) is characterised by high bolometric luminosities (for galactic source standards) in the range 10^{36} −10^{38} erg/s. Optical observations have revealed the binary nature of several of these objects, supporting the idea that one deals with systems in which a white dwarf accretes matter at high rates from a more massive donor companion, and then burns it steadily on its surface.

The discovery of this class of objects has motivated substantial theoretical research, including population synthesis studies. Work has progressed on the study of the evolution of binary systems in which the donor is more massive than

VI the accretor, and on understanding the role that stellar winds may play in such systems. The unique features of accretion disks in which the luminosity from the central source provides more energy than the accretion itself have also begun to be studied. Understanding hydrogen burning on white dwarfs is of central importance to our understanding of supersoft sources. Theoretical studies have also linked supersoft sources to diverse astrophysical phenomena, including Type Ia supernovae and the planetary nebula luminosity function. All of this led to extensive discussions between the attendees throughout the workshop. Indeed, the principal aim of the workshop was the presentation and discussion of recent observational results, as well as their theoretical implications for basically all the above mentioned areas.

This workshop would not have been possible without the dedication of our secretary Lynn Falke. It is a pleasure to express our thanks to her and the other staff members of MPE for providing the appropriate environment and a friendly atmosphere for effective discussions during the workshop.

The Max-Planck-Institut für extraterrestrische Physik not only provided the logistical support but also funded all the expenses of the workshop including the printing of these proceedings. This put us in the position of not having to charge a conference fee. We thank all the participants for their lively and fruitful contributions which made the three-day workshop so successful.

Garching Scientific Organising Committee April 1996 J. Greiner F. Meyer J. Trümper

Contents

Part I Population Properties of SSS

On the Evolution, Numbers and Characteristics of Close-Binary Supersoft Sources R. Di Stefano, L.A. Nelson . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

White Dwarfs with H/He Burning as Supersoft X-Ray Sources M. Kato . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 Hot High-Gravity NLTE Model Atmospheres Applied to Supersoft Sources H.W. Hartmann, J. Heise . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 Luminous Supersoft X-Ray Sources in Globular Clusters R. Di Stefano, M.B. Davies . . . . . . . . . . . . . . . . . . . . . . . . . . 33

The Integrated X-Ray Spectrum of Galactic Populations of Luminous X-Ray Sources R. Di Stefano, C.M. Becker, G. Fabbiano . . . . . . . . . . . . . . . . . . . 37

Neutron Stars Can Do It Too if They Want to N.D. Kylafis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 SSSs as Progenitors of the BHCs W. Kundt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

Part II Winds and Accretion Disks in SSS

Simulation of the Visual Light Curve of CAL 87 S. Schandl, E. Meyer-Hofmeister, F. Meyer . . . . . . . . . . . . . . . . . 53

Accretion Disks in Supersoft X-Ray Sources R. Popham, R. Di Stefano . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

VIII

Part III X-Ray and Optical Observations of SSS

Supersoft X-Ray Sources in M 31 J. Greiner, R. Supper, E.A. Magnier . . . . . . . . . . . . . . . . . . . . . 75

X-Ray and Optical Observations of RX J0925.7{4758: Constraints on the Binary Structure C. Motch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 X-Ray Energy Spectrum of RX J0925.7{4758 with ASCA K. Ebisawa, K. Asai, K. Mukai, A. Smale, T. Dotani, H.W. Hartmann, J. Heise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 Optical Photometry of RX J0019.8+2156 over the Last Three Years T. Will, H. Barwig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 Phase Resolved UV Spectroscopy of RX J0019.8+2156 B.T. Gänsicke, K. Beuermann, D. de Martino . . . . . . . . . . . . . . . . 107

Optical Spectroscopy of RX J0439.8{6809 and 1E 0035.4{7230 A. van Teeseling, K. Reinsch, K. Beuermann, H.-C. Thomas, M.W. Pakull 115

Photometric Observations of Supersoft Sources in the LMC P.C. Schmidtke, A.P. Cowley . . . . . . . . . . . . . . . . . . . . . . . . . 123

Optical Light Curve and Binary Period of the Supersoft X-Ray Transient RX J0513.9{6951 C. Motch, M.W. Pakull . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 Non-LTE Model Atmosphere Analysis of the Supersoft X-Ray Source RX J0122.9�7521 K. Werner, B. Wolff, M.W. Pakull, A.P. Cowley, P.C. Schmidtke, J.B. Hutchings, D. Crampton . . . . . . . . . . . . . . . . . . . . . . . . 131

Implications of Light Metals (Li - Ca) on NLTE Model Atmospheres for Hot Stars T. Rauch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 Part IV Intrinsic Variability of SSS

The Long-Term X-Ray Lightcurve of RX J0527.8{6954 J. Greiner, R. Schwarz, G. Hasinger, M. Orio . . . . . . . . . . . . . . . . 145

IX Interpretation of the Long-Term Optical Variations of RX J0019.8+2156 F. Meyer, E. Meyer-Hofmeister . . . . . . . . . . . . . . . . . . . . . . . . 153

ROSAT Monitoring of the LMC Supersoft Transient Source RX J0513.9{6951 S.G. Schaeidt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159 Optical Variability of the LMC Supersoft Source RX J0513.9{6951 K.A. Southwell, M. Livio, P.A. Charles, W. Sutherland, C. Alcock, R.A. Allsman, D. Alves, T.S. Axelrod, D.P. Bennett, K.H. Cook, K.C. Freeman, K. Griest, J. Guern, M.J. Lehner, S.L. Marshall, B.A. Peterson, M.R. Pratt, P.J. Quinn, A.W. Rodgers, C.W. Stubbs, D.L. Welch . . . . . . . . . . . 165

Optical and X-Ray Variability of Supersoft X-Ray Sources K. Reinsch, A. van Teeseling, K. Beuermann, H.-C. Thomas . . . . . . . . 173

Part V Supersoft Sources as SN Ia Progenitors

Type Ia Supernovae and Supersoft X-ray Sources M. Livio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183 Luminous Supersoft X-Ray Sources as Progenitors of Type Ia Supernovae R. Di Stefano . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193 A New Model for Progenitors of Type Ia Supernovae and Its Relation to Supersoft X-Ray Sources I. Hachisu, M. Kato, K. Nomoto . . . . . . . . . . . . . . . . . . . . . . . 205

Transient and Recurrent Supersoft Sources as progenitors of Type Ia Supernovae and of Accretion Induced Collapse P. Kahabka . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215 Part VI Symbiotics and Other Related Systems

ROSAT Observations of Symbiotic Binaries and Related Objects K.F. Bickert, J. Greiner, R.E. Stencel . . . . . . . . . . . . . . . . . . . . 225

X X-Ray Properties of Symbiotic Stars: I. The Supersoft Symbiotic Novae RR Tel and SMC3 (=RX J0048.4{7332) U. Mürset, S. Jordan, B. Wolff . . . . . . . . . . . . . . . . . . . . . . . . 251

Multiwavelength Observations of the Symbiotic Star AG Dra During 1979{1995 R. Viotti, R. González-Riestra, F. Montagni, J. Mattei, M. Maesano, J. Greiner, M. Friedjung, A. Altamore . . . . . . . . . . . . . . . . . . . . 259

UV and X-Ray Monitoring of AG Draconis During the 1994/1995 Outbursts J. Greiner, K. Bickert, R. Luthardt, R. Viotti, A. Altamore, R. González-Riestra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267 A Candidate Isolated Old Neutron Star R. Neuhäuser, F.M. Walter, S.J. Wolk . . . . . . . . . . . . . . . . . . . . 279

A Systematic Search for Supersoft X-Ray Sources in the ROSAT All-Sky Survey J. Greiner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285 A Search for Optical Counterparts to Supersoft X-Ray Sources in the ROSAT Pointed Database C.M. Becker, R. Remillard, S.A. Rappaport . . . . . . . . . . . . . . . . . 289

Part VII Catalog of Supersoft X-ray Sources

Catalog of Luminous Supersoft X-ray Sources J. Greiner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299 Part VIII Appendix

Subject and Object Index . . . . . . . . . . . . . . . . . . . . . . . . . . . 341 Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349

List of Participants

Barwig, Heinz barwig@usm.uni-muenchen.de Universitätssternwarte München, Scheinerstraße 1, 81679 München, Germany Becker, Christopher cmbecker@space.mit.edu Massachusetts Institute of Technology, Center for Space Research, 77 Massachusetts Ave, Rm 37-432, Cambridge, MA 02139, USA Beuermann, Klaus beuermann@usw050.dnet.gwdg.de Universitäts-Sternwarte Göttingen, Geismarlandstraße 11, 37083 Göttingen, Germany Bickert, Klaus kfb@mpe-garching.mpg.de Max-Planck-Institut für Extraterrestrische Physik, Giessenbachstraße, 85740 Garching, Germany Di Stefano, Rosanne rdistefano@cfa.harvard.edu Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA Ebisawa, Ken ebisawa@lheavx.gsfc.nasa.gov USRA, NASA/GSFC, code 668, Greenbelt, MD 2020771, USA Friedjung, Michael friedjung@iap.fr Institut d’Astrophysique (CNRS), 98 bis Boulevard Arago, 75014 Paris, France Gänsicke, Boris boris@uni-sw.gwdg.de Universitäts-Sternwarte Göttingen, Geismarlandstraße 11, 37083 Göttingen, Germany Gonzalez-Riestra, Rosario ch@vilspa.esa.es IUE Observatory - VILSPA, P.O. Box 50727, 28080 Madrid, Spain Greiner, Jochen jcg@mpe-garching.mpg.de Max-Planck-Institut für Extraterrestrische Physik, Giessenbachstraße, 85740 Garching, Germany Haberl, Frank fwh@mpe-garching.mpg.de Max-Planck-Institut für Extraterrestrische Physik, Giessenbachstraße, 85740 Garching, Germany Hachisu, Izumi hachisu@chianti.c.u-tokyo.ac.jp Dept. of Earth Science and Astronomy, University of Tokyo, Komaba 3-8-1, Meguro-ku, Tokyo, Japan

XII Hartmann, Wouter w.hartmann@sron.ruu.nl SRON, Sorbonnelaan 2, 3584 CA Utrecht, The Netherlands van den Heuvel, Ed edvdh@astro.uva.nl Astronomical Institute and Center for High Energy Astrophysics, University of Amsterdam, Kruislaan 403, 1098 SJ Amsterdam, The Netherlands Jordan, Stefan supas058@astrophysik.uni-kiel.d400.de Institut für Astronomie und Astrophysik, Universität Kiel, Olshausenstraße 40, 24098 Kiel, Germany Kahabka, Peter ptk@astro.uva.nl Astronomical Institute and Center for High Energy Astrophysics, University of Amsterdam, Kruislaan 403, 1098 SJ Amsterdam, The Netherlands Kato, Mariko mariko@educ.cc.keio.ac.jp Department of Astronomy, Keio University, 4-1-1, Hiyoshi, Kouhoku, Yokohama 223, Japan Kundt, Wolfgang wkundt@astro.uni-bonn.de Institut für Astrophysik, Universität Bonn, Auf dem Hügel 71, 53121 Bonn, Germany Kylafis, Nikolaos D. kylafis@iesl.forth.gr University of Crete, Physics Department, P.O. Box 2208, 71409 Heraklion, Crete, Greece Livio, Mario mlivio@stsci.edu Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA de Martino, Domitilla ddm@vilspa.esa.es IUE Observatory - VILSPA, P.O. Box 50727, 28080 Madrid, Spain Meyer-Hofmeister, Emmi emm@mpa-garching.mpg.de Max-Planck-Institut für Astrophysik, Karl-Schwarzschild-Straße 1, 85740 Garching, Germany Meyer, Friedrich emm@mpa-garching.mpg.de Max-Planck-Institut für Astrophysik, Karl-Schwarzschild-Straße 1, 85740 Garching, Germany Motch, Christian motch@cdsxb7.u-strasbg.fr Observatoire de Strasbourg, 11, rue de l’Université, 67000 Strasbourg, France Mürset, Urs muerset@astro.phys.ethz.ch Institut für Astronomie, ETH Zentrum, 8092 Zürich, Switzerland Neuhäuser, Ralph rne@mpe-garching.mpg.de Max-Planck-Institut für Extraterrestrische Physik, Giessenbachstraße, 85740 Garching, Germany Pakull, Manfred pakull@cdsxb7.u-strasbg.fr Observatoire de Strasbourg, 11, rue de l’Université, 67000 Strasbourg, France Popham, Robert rpopham@cfa.harvard.edu Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA Rappaport, Saul A. sar@mit.edu

XIII

Massachusetts Institute of Technology, Center for Space Research, 77 Massachusetts Ave, Rm. 37-551 Cambridge, MA 02139, USA Rauch, Thomas supas074@astrophysik.uni-kiel.d400.de Institut für Astronomie und Astrophysik, Universität Kiel, Olshausenstraße 40, 24098 Kiel, Germany Reinsch, Klaus reinsch@usw050.dnet.gwdg.de Universitäts-Sternwarte Göttingen, Geismarlandstraße 11, 37083 Göttingen, Germany Ritter, Hans hsr@mpa-garching.mpg.de Max-Planck-Institut für Astrophysik, Karl-Schwarzschild-Straße 1, 85740 Garching, Germany Schaeidt, Stephan sgs@isow37.vilspa.esa.es Max-Planck-Institut für Extraterrestrische Physik, Giessenbachstraße, 85740 Garching, Germany Schandl, Susanne suh@mpa-garching.mpg.de Max-Planck-Institut für Astrophysik, Karl-Schwarzschild-Straße 1, 85740 Garching, Germany Schmidtke, Paul C. schmidtke@scorpius.la.asu.edu Arizona State University, Tempe, AZ 85287 - 1504, USA Southwell, Karen k.southwell1@physics.oxford.ac.uk Oxford University, Dept. of Astrophysics, Nuclear Physics Building, Keble Road, Oxford, England OX13RH Supper, Rodrigo ros@mpe-garching.mpg.de Max-Planck-Institut für Extraterrestrische Physik, Giessenbachstraße, 85740 Garching, Germany van Teeseling, André andre@uni-sw.gwdg.de Universitäts-Sternwarte Göttingen, Geismarlandstraße 11, 37083 Göttingen, Germany Thomas, Hans-Christoph hcthomas@mpa-garching.mpg.de Max-Planck-Institut für Astrophysik, Karl-Schwarzschild-Straße 1, 85740 Garching, Germany Trümper, Joachim jtrumper@mpe-garching.mpg.de Max-Planck-Institut für Extraterrestrische Physik, Giessenbachstraße, 85740 Garching, Germany Viotti, Roberto uvspace@saturn.ias.fra.cnr.it Istituto di Astrofisica Spaziale, CNR, Via Enrico Fermi 21, 00044 Frascati RM, Italy Werner, Klaus werner@astrophysik.uni-kiel.d400.de Universität Potsdam, Lehrstuhl Astrophysik, Postfach 601553, 14415 Pots- dam Will, Tobias will@usm.uni-muenchen.de Universitätssternwarte München, Scheinerstraße 1, 81679 München, Germany