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Optical depth for free - free

Clusters are optically thin in X - rays (in continuum)

Thomson optical depth
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Resonant scattering (absorption+emission)
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1) Abundant elements; He-like ions; maximal oscillator strength

2) Heavy elements have narrow lines (if no turbulent motions)

3) Product of density and size



Optical depth in lines

NGC4636; 0.6 keV M87; 1 - 3 keV Perseus; 3 - 7 keV

Gilfanov+, 1987
For Solar corona:

Elwert 1956, Acton 1978, Rugge & McKenzie 1985



Resonant scattering in clusters
(incomplete list)

Gilfanov+, 1987; Krolik & Raymond, 1988; Shigeyama 1998; 
Molendi+, 1998; Akimoto+, 1999; Kaastra+, 1999; 
Churazov+, 2001; Mathews+, 2001; Bohringer+, 2001; 
Sakelliou+ 2002; Xu+, 2002; Sazonov+,2002a; 
Sazonov+, 2002b; Kahn+, 2003;  Churazov+, 2004; 
Gastaldello & Molendi, 2004;  Sanders+, 2004; 
Sanders & Fabian, 2006; Molnar+, 2006; 
Werner+, 2009; Hayashi+, 2009; Zhuravleva+, 2010a,b; 



Impact on the surface brightness

Line is suppressed in the core

Photons are re-emitted at the outskirts



Spectral shape of the line

ASTRO-H

Core of the line is suppressed



Gas Velocities I
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FeXXV; 6.7 keV line; T=5 keV

Radiative width: 0.3 eV

Thermal width: 3 eV

Turbulence (300 km/s): 7 eV


