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Search for low-energy cosmic rays and their origin
by a new method using X-ray observations
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Cosmic rays (CRs) are a major component of the Galaxy and thought to be accelerated in supernova remnants. Since low-
energy (< 10% eV) CRs lose their energy via ionization, they are believed to have a strong influence on the chemical
abundance in molecular clouds and on star and planet formation. However, the information on the low-energy CRs has
been very limited. We have demonstrated a new method of measuring low-energy CRs using the following physical
processes: low-energy CRs ionize molecular clouds and create the neutral Fe Ka line at 6.4 keV. In this study, we
systematically searched supernova remnants for the particle-induced neutral Fe Ka line, and the number of samples in
which neutral Fe Ka line was found continues to increase. Next step is comparison with other wave lengths. Since the
energies of CRs that mainly contribute to the ionization rate, neutral Fe Ka line, and gamma-ray emission are different,
the measurement of the three observables provides the information of broad CR spectra. However, the number of samples

where the three observables are observed are limited. We began measuring the ionization rate at supernova remnants

where both the neutral Fe Ka line and gamma-rays were detected.
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Figurel. Schematic figure of cosmic rays accelerated
at a shock of a supernova remnant and molecular
clouds. High-energy cosmic rays escape from the
shock and interact with the molecular clouds to emit
gamma-rays whereas low-energy cosmic rays are
confined in the shock and emit neutral Fe Ko when the
shock interacts with the molecular clouds.
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Figure 2. Comparison between the neutral Fe Ka line
luminosity and 0.1-100 GeV gamma-ray luminosity
(Shimaguchi et al. in press.).
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