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Numerical Experiment of Two Colliding Oblique Shocks
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Mechanisms of the particle acceleration at a collisionless shock have been intensively studied analytically, numerically, anc
observationally. Most of the previous studies assume that energetic particles interact with a single shock. However, shock wave
are ubiquitous in space, and two shocks frequently come close to or even collide with each other. For instance, it is observed th
a CME (coronal mass ejection) driven shock collides with the earth’s bow shock [H. Hietala et al., 2011], or interplanetary shocks
pass through the heliospheric termination shock [J. Y. Lu et al., 1999]. Colliding shocks are observed alspoin high power lase
experiments [T.Morita et al., 2013]. The energy of self-emission from a plasma is increased during the shock-shock interactions
However, detailed structures of such colliding shocks and the accompanied particle heating/acceleration processes are still r
clear.

Here, we perform one dimensional full Particle-in-Cell (PIC) simulations to examine colliding two oblique shocks. In partic-
ular, the following three points are discussed in detail.

1. Energetic electrons are observed upstream of the two shocks before their collision. These energetic electrons are efficient
accelerated through multiple reflections at the two shocks (Fermi acceleration). Moreover, a part of the accelerated electrons a
further energized by interacting with increasing magnetic field during the collision, or as they continue to be trapped at the shocl
surface after the collision.

2. Before the two shocks collide, large amplitude waves are excited by electrons flowing into the upstream via the electron fire
hose instability [X. Li et al., 2000]. The waves scatter the electrons in such a way that the average pitch angle increase. Thos
electrons can be easily reflected when they encounter the shock, leading to even more enhanced abundance of the energ
electrons upstream. This implies that the self-generated waves give a positive feedback to electron acceleration in convergir
two shocks.

3. After the two shocks collide, we find that downstream plasma density and pressure are lower than the values estimated fro
MHD theory. The reason is that energetic electrons upstream affect the shock structures. Fluid quantities of the shocks obtaine
from the PIC simulation are compared with MHD theory to discuss the effect of the back-reaction of accelerated electrons to the
collision of the shocks.
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