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Wakefield Acceleration in Relativistic Shock Waves
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Many particle acceleration mechanisms have been proposed to explain the origin of high energy cosmic rays. Among man
important acceleration processes in astrophysical plasmas, however, a wakefield acceleration has not been understood yet. A
the discovery of the theoretical concept of plasma wakefield acceleration by Tajima and Dowson (1979), the particle acceleratio
by an ultra-intense laser pulse has been widely investigated in laboratory plasmas. When an intense laser pulse of the transve
electromagnetic wave propagates through plasma, a longitudinal plasma wave can be excited by the ponderomotive force, whi
expels electrons from the region of high laser intensity. The phase velocity of the excited plasma wave, which is equal to the
laser pulse group velocity, is close to the speed of light in vacuum. The electric field associated with this fast plasma wave is the
able to accelerate particles efficiently.

In astrophysical plasmas, Chen et al. (2002) discussed the possibility by the wakefield acceleration of Alfven waves anc
suggested that the ultra-high energy cosmic rays may be generated by the wakefield acceleration. Lyubarsky (2006) argut
the large-amplitude precursor electromagnetic waves generated in relativistic shock waves, and suggested the electrostatic fie
generated by the large-amplitude electromagnetic waves accelerates particles. Hoshino (2008) extended the previous studies
demonstrated the efficient particle acceleration by the incoherent wakefields induced by the large-amplitude precursor electr
magnetic waves in the upstream region of a relativistic shock wave by using one-dimensional Particle-In-Cell (PIC) simulation.

In this study, we argue and demonstrate the wakefield acceleration in relativistic shock waves by using the PIC simulation
The wave coherency of the precursor wave, which is required for the ponderomotive force, is essential to the wakefield acceler:
tion. However, the previous one-dimensional simulations could not solve this subject. In this presentation, we will pay a specia
attention to the wave coherency in two-dimensional simulation and report my results.
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