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The acceleration of electrons to high energies in various astrophysical environments (e.g. supernova remnants, active galac
nuclei, jets in active galaxies) is a problem of considerable interest in astrophysics. Recent advances of observational techniq
have revealed that most of high energy astrophysical objects are strong sources of X-rays and gamma-rays. Although the
observations indicate the universal existence of nonthermal electrons, the physics of electron acceleration is poorly understoo
Collisionless shocks are the most likely origins of these high energy particles, since diffusive shock acceleration (DSA) theory
predicts a power-law energy spectrum which agrees well with observations. Therefore, collisionless shocks have attracted co
siderable attention for the production of energetic particles. For the DSA to work efficiently, however, the energies of acceleratec
particles should be much larger than the thermal plasma, since they are required to have sufficiently large velocity in order to b
scattered back and forth across the shock for many times. This, the so-called injection problem, is the most serious obstacle f
particle acceleration theory in collisionless shocks.

Recent computer simulation studies of collisionless high Mach number shocks have shown that energetic electrons can t
generated by the electron surfing mechanism on a fairly fast time scale through the strong plasma instabilities excited in thi
shock transition region (e.g. Shimada and Hoshino 2000, Hoshino and Shimada 2002), although their work is restricted to purel
perpendicular shocks.

Hence we have performed one dimensional electromagnetic particle-in-cell simulations of high Mach number quasi-perpendic
shock waves in order to extended their studies. The results show that energetic electrons are generated through the electron st
ing process in quasi-perpendicular shocks as well as purely perpendicular cases. In addition to this, we have found energet
electrons escaping to the upstream direction with larger energies than those of surfing accelerated electrons seen in purely p
pendicular shocks. Besides, their energies are larger than those of energetic electrons in the downstream. Consequently, t
cannot be explained by the leakage from downstream. Thus energetic electrons are considered to be accelerated in the transit
region, and preferentially reflected back to the upstream.

These results can be interpreted by the theory of drift acceleration(e.g. Wu 1984, Leroy and Mangeny 1984) combined witf
the surfing acceleration.

First the fraction of electrons are accelerated perpendicular to the magnetic field through the surfing acceleration at the leadir
edge of the transition region. Therefore their pitch angles approach to 90 degree. As a result, they are easily reflected by tt
mirror force around the magnetic overshoot. Since this reflection process itself is adiabatic, they are elastically scattered by th
shock. Hence, they gain energy in the observers frame.

In the classical theory of drift acceleration, as the shock angle approaches to 90 degrees, the acceleration efficiency improve
whereas the number of accelerated particles is reduced. In contrast, our simulation results depict that the preacceleration perp
dicular to the ambient magnetic field due to the surfing mechanism enhances the acceleration efficiency of the drift acceleratior
Because of this, electron acceleration efficiency in high Mach number quasi-perpendicular shocks will be higher than expecte
from the theories of the surfing and drift acceleration.
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