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Acceleration of the cosmic rays at SNR shocks in the Sedov phase
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Galactic cosmic rays (CRs) are believed to be produced at supernova remnant (SNR) shocks and the maximum energy react
up to 10°-°eV. The most plausible mechanism for the particle acceleration at the shock front is known as the Diffusive Shock
Acceleration (DSA) process, in which the particles gain energy by bouncing back and forth across the collisionless shock front
According to DSA, the energy spectrum of CRs may be written by a power law with its index solely determined by the shock
compression ratio. In the limit of a strong shock such as those of SNRs, the compression ratio approaches to the constant valt
predicting a universal power-law index 2 as the CR source spectrum. Since the difference from the observed power-law inde
2.7 of the galactic CRs may be attributed to propagation effect of CRs, DSA has been widely accepted as the standard theory |
CR acceleration.

In this study, by adopting the Sedov solution as a more realistic model for evolving shocks with finite size, we investigate the
energy spectrum of CRs accelerated by DSA. In a previous study, the power-law index of the energy spectrum is investigate
with Monte Carlo simulations by changing the mean free path freh®2 cm to 10%cm. The index was predicted to be 3.4 that
is much softer than the observation (Takaharal986). In order to bridge the gap between observations and theory, we incorpore
phenomenologically several other effects in the diffusion coefficient in our model: the energy dependence of the diffusion
coefficient, the increase in the gas compression due to back reaction from CRs, and the magnetic field amplification. During
the Sedov expansion, the size of the shock wave becomes large, while the shock speed is decelerated. Then the accelerat
efficiency may become worse. However, if the effects of the nonlinear shock and the magnetic field amplification are taken intc
account, the effective diffusion coefficient may decrease. As a result, the overall acceleration efficiency may be enhanced. Th
primary purpose of this study is to discuss quantitatively whether we can explain the observed CRs spectrum by the SNR shoc
scenario with the above phenomenological model.
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