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Nonthermal energetic particles in the universe or cosmic 
rays have been extensively investigated in space physics, 
astrophysics, and plasma physics, yet the origins of 
ultra-high energy cosmic rays have been an open 
problem so far. They are believed to be extra-galactic 
origins, and one of the possible candidates is wakefield 
acceleration due to the precursor electromagnetic (light) 
waves in the relativistic astrophysical shocks [1]. In the 
purely stochastic process or turbulent wakefield, it is 
predicted that an energy distribution function of 
accelerated particles is power-law with an index of -2 [2]. 
This has been numerically verified, and it universally 
produces power law spectra with an index of -2 
independent of the light and plasma parameters [3]. 
Using Gekko PW laser system we have experimentally 
shown that the large amplitude light pulse with large 
spatial scale compared with the plasma wavelength can 
produce power law tails in the energy distribution 
functions independent of plasma density, yet there were 
only three shots [4, 5]. Numerical simulations of 
relatively coherent cases show the injection of electrons 
into the wakefield due to the radiation pressure of local 

magnetic field excited by the Weibel instability [6], the 
relativistic harmonics can be used to identify the local 
plasma structures [7]. We have perform the turbulent 
wakefield experiment using 100 TW laser facility at 
National Central University in Taiwan [8].  
Another possible candidate for the high energy electron 
acceleration is the induced Compton scattering with 
extremely high brightness temperature, such as pulsar 
radiations [9]. We model the extreme condition with an 
intense laser. We will show the first experimental 
evidence of the induced Compton scattering in the 
extreme conditions.   
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