
implications of the magnetized turbulence. 
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PIC simulations of relativistic magnetized plasmas 
 
This talk will summarize several recent results from the PIC simulations of strongly 
magnetized relativistic plasmas. These include particle acceleration in EM-dominated 
expansion, collisions of relativisitic plasmas, relativistic Weibel and 2-stream instabilities, and 
magnetic turbulence cascade. We will present results of both 2.5-D and 3-D PIC simulations. 
The radiation power output of some of these plasmas will also be discussed. 
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The solar system: a laboratory for the study of the physics of particle acceleration 
 
A remarkable variety of particle acceleration occurs in the solar system, from lightning-
related acceleration of electrons to tens of MeV energy in less than a millisecond in planetary 
atmospheres; to acceleration of auroral and radiation belt particles in planetary 
magnetospheres; to acceleration at planetary bow shocks, co-rotating interplanetary region 
shocks, shocks driven by fast coronal mass ejections, and at the heliospheric termination 
shock; to acceleration in magnetic reconnection regions in solar flares and at planetary 
magnetopause and magnetotail current sheets. These acceleration processes often occur in 
conjunction with transient energy releases, and some are very efficient, with the accelerated 
particles containing ~10-50% of the total energy released. Others are highly selective; for 
example, the acceleration in 3He-rich solar particle events enriches 3He by a factor of up to 
10,000 or more relative to 4He. Unlike acceleration processes outside the solar system, the 
accelerated particles and the physical conditions in the acceleration region can be studied 
through direct in situ measurements, and/or through detailed imaging and spectroscopy. Here 
I review recent observations of these acceleration phenomena, our current understanding of 
the physics involved, and the applicability to particle acceleration elsewhere in the universe. 
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Stochastic particle acceleration 

 
Free energy dissipation in collisionless astrophysical plasmas is mediated by turbulence 
and/or plasma waves. Waves have been introduced to scatter particles in the diffusive shock 
models and to induce anomalous viscosity for magnetic reconnection. Waves can also 
selectively accelerate some of the background particles to high energy through resonant wave-
particle interactions, which corresponds to the stochastic particle acceleration. There are 
increasing pieces of evident for such interactions in space and solar physics observations. In 
this talk, major achievements of this theory in explaining observations will be reviewed. We 
will also discuss what needs to be done to build more realistic and testable models. 
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Magnetic reconnection at the termination shock in a striped pulsar wind 
 
As the plasma is sharply compressed at the shock front, one can expect forced reconnection of 


