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Cosmic-ray Escape from Supernova Remnants in Circumstellar Media  with
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It is believed that cosmic rays(CRs) below 3 PeV are accelerated by the diffusive shock acceleration (DSA) in supernova
remnants (SNRs). In the DSA, the acceleration time depends on the angle between the shock normal direction and the
magnetic field. It is suggested that perpendicular shocks rapidly accelerate CRs to PeV without upstream magnetic field
amplification. In addition to acceleration, CR escape is important to determine the maximum energy and energy spectra of
CRs. Previous studies about CR escape applied the diffusion approximation. Under the diffusion approximation, we cannot
solve the gyration, which is important for the rapid perpendicular shock acceleration. Therefore, the escape process from
perpendicular shocks is still unknown.

In this study, we performed test particle simulations to investigate the escape process from core-collapse SNRs in
circumstellar media with Parker-spiral magnetic field. As for the upstream region of core-collapse SNRs, we consider the
Parker-spiral magnetic field and the current sheet. The shape of the current sheet depends on which the rotation axis and
the magnetic axis of progenitors are aligned or misaligned. We showed that Injected particles concentrate on the equator or
poles while drifting on the shock surface, and escape to the far upstream region along the equator or poles. Furthermore, we
showed that there are two types of maximum energy. One is given by the characteristic length scale of the wavy current sheet.
The other is given by the drift on the shock surface between the equator and pole. We revealed that the maximum energy
becomes about 10-100 TeV. We will report the escape process from SNRs in the circumstellar medium and the escape-limited
maximum energy.
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