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Generation of cosmic-ray protons at collisionless shocks via hybrid
particle-in-cell simulations
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Particle-In-Cell

The computational speed of the particle-in-cell-type plasma simulation codes

is accelerated by using the counting sort algorithm and the array-particle data structure.
Large-scale two-dimensional particle-in-cell simulations are carried out by using the improved code
for studying non-stationarity of perpendicular shocks called the reformation. The result implies
that the existence of the reformation is controlled by types of micro-instabilities at the shock
transition layer.
One- and two-dimensional particle simulations are also carried out on the development of a
large-amplitude whistler-mode waves in the shock transition layer. Relativistic electron
acceleration is found in the 1D run. On the other hand, a rapid decay of whistler-mode waves through
a new instability is found in the 2D run, which suppress the relativistic electron acceleration.
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