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Nonlinear modified shock including effect of cosmic rays feedback
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It is believed that cosmic rays, whose energy is less than abdtf HY, originate in our galaxy, particularly in the shocks at
supernova remnants.

Fermi proposed first idea about acceleration mechanism of cosmic rays in 1949. His idea was statistical acceleration, and wx
called Fermi acceleration.

Diffusive shock acceleration (DSA) theory was proposed Bell (1978), Blandford and Ostriker (1978), in the end of 1970’s. It
solved an issue of Fermi’s theory that acceleration time was too long, and predicted that resulting energy spectrum of cosmic ray
was power law and its power index was about 2, which approximately corresponded to value of observations. So, DSA theory i
accepted as a standard acceleration mechanism of acceleration.

However, DSA theory predicts that maximum energy of cosmic rays at the supernova remnants is dbe@vitwBich is one
order of magnitude less than observation’s value. This issue is unsolved.

Nonlinear shock acceleration is one approach to this issue. In this mechanism, high-energy particles accelerated by DS
modify shock and enhance acceleration rate.

This idea was proposed at early 1980’s, and frequently discussed through numerical simulations in recent years.

In this research, we consider two-fluid model of background plasma and cosmic rays by defining cosmic ray pressure, an
obtain modified Rankine-Hugoniot relation by considering diffusion of cosmic rays around the shock. From this, we can confirm
that shock structure is changed as fraction of upstream cosmic rays increases in time asymptotic states. Additionally, at a certa
fraction, there are a few possible shock structures, so, we discuss stability of these structures by solving time-dependent flul
equations numerically.
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