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Revealing Collisionless Heating of Electrons at the
Supernova Remnant Shock Wave with X-Ray
Spectroscopy of Non-Equilibrium Plasmas

Hiroya Yamaguchi

abstract:  Although collisionless shocks are ubiquitous in astrophysics,

their fundamental properties are still poorly understood. In particular,

the process known as collisionless electron heating is one of the main
open issues in astrophysical shock physics. Here we present Suzaku
deep observations of Tycho's supernova remnant, revealing the first
robust evidence for efficient collisionless heating of electrons at the
reverse shock of a young supernova remnant. This discovery has been
achieved by the detailed spectroscopic diagnostics of non-equilibrium
plasmas using our state-of-the-art atomic physics models. We detect Fe

Kp (3p—1s) fluorescence emission at ~7.1 keV, which is expected

only from low-ionization plasma where Fe ions still have multiple 3p

electrons. Comparison with our hydrodynamical simulations requires
the electron temperature at the reverse shock front to be more than

10 keV, about 1,000 times higher than expected from Coulomb colli-

sions alone.
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