arXiv:astro-ph/0010659 v1 31 Oct 2000

Astronomy & Astrophysics manuscript no. (will be inserted by hand later)

High-resolution spectroscopy of the low-mass X-ray binary EXO 0748−67

J. Cottam^1, S. M. Kahn^1, A. C. Brinkman^2, J. W. den Herder^2, and C. Erd^3

1 Columbia Astrophysics Laboratory, Columbia University, 550 West 120th Street, New York, New York 10027, USA 2 Space Research Organization of the Netherlands, Laboratory for Space Research, Sorbonnelaan 2, 3584 CA Utrecht, The Netherlands 3 Astrophysics Division, Space Science Department of ESA, ESTEC, 2200 AG Noordwijk, the Netherlands

Received ¡date¿ / Accepted ¡date¿

Abstract. We present initial results from observations of the low-mass X-ray binary EXO 0748−67 with the Reflection Grating Spectrometer on board the XMM-Newton Observatory. The spectra exhibit discrete structure due to absorption and emission from ionized neon, oxygen, and nitrogen. We use the quantitative constraints imposed by the spectral features to develop an empirical model of the circumsource material. This consists of a thickened accretion disk with emission and absorption in the plasma orbiting high above the binary plane. This model presents challenges to current theories of accretion in X-ray binary systems.

Key words. stars:individual:EXO 0748−67 – binaries: eclipsing – X-rays:stars

1. Introduction

X-ray spectroscopic observations should provide a useful probe of the accretion processes in low-mass X-ray binaries (LMXB’s). The continuum emission from the bright central source is reprocessed as the photons are absorbed and re-emitted in the surrounding material. The details of the resulting X-ray spectra are extremely sensitive to the physical conditions in the plasma and therefore provide an excellent way to constrain the circumstellar environment and the mass flow that fuels the X-ray emission. Previous observatories have not had the spectral resolution necessary to resolve the discrete structure in the X-ray spectrum. The Reflection Grating Spectrometer (RGS) on the recently launched XMM-Newton Observatory provides both a high resolving power and a large effective area making it uniquely sensitive to the diagnostic spectral features, particularly in the soft X-ray band that contains transitions from highly ionized charge states of the most abundant elements.

In this letter we present the results of RGS observations of EXO 0748−67, a highly variable LMXB that was first discovered with EXOSAT (Parmar et al. 1986). Analysis of the EXOSAT light curves, which show deep eclipses with a 3.82 hour orbital period and a complex dipping structure, led to a derived inclination angle of 75^∘ − 82^∘ (Parmar et al. 1986). The detection of type I

Send offprint requests to: jcottam@astro.columbia.edu

X-ray bursts confirmed that the compact object is a neutron star (Gottwald et al. 1986). Observations with both ASCA (Thomas et al. 1997) and ROSAT (Schulz 1999) revealed structure in the soft X-ray spectrum, but the limited spectral resolution of these instruments made it impossible to distinguish whether this was due to absorption or emission features. In the RGS observations that we present below, we find a spectrum that is rich in discrete structure including absorption and emission from ionized oxygen, nitrogen, and neon. We use the available spectral diagnostics to construct a quantitative empirical model of the circumsource flow.

2. Data Reduction

The RGS covers the wavelength range of 5 to 35 Å with a resolution of 0.05 Å (roughly constant across the band) and a peak effective area of ∼ 140 cm^2 at 15 Å. A complete description of the instrument can be found in den Herder et al. (2001). EXO 0748−67 was observed repeatedly during both the comissioning and calibration phases of the mission. We have chosen the two longest exposures for this analysis; the first was 49.3 ks on 2000 March 28, and the second was 44.8 ks on 2000 April 21. The raw data were processed with the development version of the XMM-Newton Science Analysis Software (SAS). The spectra were extracted by first applying a 30^{′′} wide spatial filter to the CCD image. The surviving events were then plotted in dispersion channel vs. CCD pulse-height