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Electron-beam instabilities in the foreshock of high
Mach number oblique shocks
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Motivated by simulations of non-relativistic high Mach number shocks in supernova remnants, we investigate
the evolution of relativistic electron beams in the extended foreshock of oblique shocks. The instabilities

mainly responsible for heating and scattering of shock-reflected electrons are identified in two-dimensional
particle-in-cell simulations of the foreshock region.

In their early stage, the observed electrostatic and electromagnetic electron-beam instabilities agree very well
with the predictions of linear dispersion theory for a wide range of angles between the background magnetic
field and the shock velocity. The subsequent nonlinear evolution of the simulations allows us to develop a
detailed model of the isotropisation of the reflected electron beams in the foreshock and estimate how far the
electron foreshock region reaches into the upstream depending on shock obliquity and Mach number.
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