Spectral Catalogue of Multiply and Highly Charged Ions for Astrophysical Diagnostics in the Extreme Ultraviolet

P. Beiersdorfer^1, G. V. Brown^1, S. M. Kahn^2, D. L. Liedahl^1, S. B. Utter^1 1Lawrence Livermore National Laboratory 2Columbia University

With the launch of the Extreme Ultraviolet Explorer (EUVE) in 1992, the extreme ultraviolet spectral region from 70 to 400 Å has been opened to stellar astrophysicists for high-resolution exploration. It was immediately apparent that EUVE could provide superb spectra of stellar coronae for deriving densities, abundances, and, very importantly, the coronal temperature structure not provided by any other means (Dupree et al. 1993, Brown 1994, Vedder et al. 1994, Mewe et al. 1995). The diagnostic opportunities are the result of the wealth of emission lines that mark the extreme ultraviolet spectral region. In particular, the region contains rich line emission from virtually all charge states of iron, i.e., transitions of the type 3ℓ-nℓ^′ of the ionization states Fe ix–Fe xvii and transitions of the type 2s-2p, of the ionization states Fe xviii-Fe xxiv. These provide line diagnostics for the transition region (T ≤ 5 × 10^5 K), the “quiet” corona (T ≈ 1-2 × 10^6K; e.g. Fe ix-Fe xii), active regions (T ≈ 2-5 × 10^6 K; e.g. Fe xiv-Fe xx), and flares (T ≥ 10^7 K; e.g. Fe xxi-Fe xxiv). The analysis of EUVE spectra is, however, not without problems. In fact, the spectra, especially those in the short wavelength band 70-180 Å, cannot be properly fitted without making controversial assumptions about the completeness of the available line lists covering the intermediate charge state iron ions. We are addressing this controversy by establishing a definitive spectral catalogue of the intermeditate ionization states of iron in the extreme ultraviolet based on measurements carried out under precisely controlled laboratory conditions using the LLNL Electron Beam Ion Trap facility. The measurements are providing a complete line list, wavelength assignments, line intensities, and branching ratios, including the contributions from weak, unresolved lines to the overall flux level. These measurements support the development of reliable modeling codes for the analysis of data from present and future space astrophysics missions sensitive to extreme ultraviolet radiation. References:

Brown, A. 1994, in Cool Stars, Stellar Systems, and the Sun, Eight Cambrigde Workshop, J.-P.

Caillault (ed.), ASP Conf. Series, 64, 23. Dupree, A.K., et al. 1993, ApJ. (Letters), 418, L41. Mewe, R., et al. 1995, A&AS, 296, 477.

Vedder, P. W., et al. 1994 in Cool Stars, Stellar Systems, and the Sun, Eight Cambrigde Workshop, J.-P. Caillault (ed.), ASP Conf. Series, 64, 13.

Acknowledgments:

Work was performed at Lawrence Livermore National Laboratory under the auspices of the US DOE under contract W-7405-ENG-48 and supported by NASA Ultraviolet, Visible, and Gravitational Astrophysics Research and Analysis Program grant NAG5-6731.