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Background:
The Earth's magnetosphere is a region of space dominated by Earth's magnetic fields.  Motion of energetic charged particles in this region is affected mainly by these magnetic fields and the induced electric fields.  Computer simulation of particle motion is an important tool for studying energetic particle fluxes in this region because direct observation of their paths proves to be very difficult.  Given initial conditions and data on the behavior of magnetic and electric fields, the simulation should be able to calculate and represent the motion of particles in the magnetosphere, which would assist in studying the behavior of charged particles in this region of space.

Description:
This project develops code for co-processing energetic particles with the MHD (Magnetohydrodynamics) evolution in a magnetospheric MHD code.  This particle-in-cell module would use the data about the magnetic and electric fields calculated from the MHD code to move a small population of approximately 1 million particles, neglecting their own fields and relativistic effects.  In regions where the field conditions satisfy certain constraints, such as the conservation of magnetic moment, calculations are done only on the particles' guiding centers, neglecting the fast gyration motion.  In regions where the approximations of the guiding centers’ motions break down, the gyration motion will be calculated at the cost of much higher run time.  At each time step, a set of particles would be injected with a spectrum of pitch-angles and energies at various source points on the fixed grid of the MHD code.  The position and velocity of these particles will be updated and recorded.  A simple visualization routine uses these data to give a graphical display of the fields and the particles’ paths.

