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Revealing energy injection and the durability of cosmic-ray acceleration at shocks o
f supernova remnants
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Production of Galactic cosmic rays requires some pre-acceleration process prior to
Fermi acceleration at shocks of supernova remnants. To reveal the process, we focus on the ionization eff
ect of thermal gas by supra-thermal particles which appear in a pre-acceleration process. We calculated X-
ray spectra from thermal gas that interacts with supra-thermal particles. With these calculations we exami
ned X-ray spectra of recombining plasma in supernova remnants, because the ionization effect by thermal pa
rticles would be negligible in this type of plasma. We found no significant observational evidence of ioni
zation effect by supra-thermal particles in the spectra, because the X-ray spectra are suffered by strong
recombination effect for a long time after the possible acceleration and ionization in the early stage of
evolution. On the other hand, we found a different X-ray diagnostic with high-resolution spectrometer on t
he next X-ray satellite ASTRO-H to detect supra-thermal electrons.
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