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ABSTRACT 
 
 
The paucity of observations of slow mode shocks has been one of the mysteries of space plasma physics.  
Magnetohydrodynamic theory predicts that the slow shock pairs should be generated by magnetic reconnection in the 
Earth magnetotail.   The solution of the Rieman problem guarantees the existence of slow forward and reverse shock 
pairs. The aim of the present work is to analyze the kinetic nonlinear evolution of the slow wave.  Two steps are 
considered: 
 
(i) We first solve the perturbed plasma fluid equations, and obtain the linear dispersion relation of the slow wave. 

Using the perturbed fluid equation, we obtain the consistent linear relation between the perturbed magnetic 
field and the plasma density. 

 
(ii) Kinetic and nonlinear effects of the slow waves dynamics are analyzed with the help of a 1-2/2-dimensional 

electromagnetic full particle code. Our simulation system is one-dimensional in space (in x) and three-
dimensional in velocity space, with periodic boundary conditions.At the initial time of the simulation, we load 
the particles with sinusoidal density perturbation in space (in x) with consistent sinusoidal magnetic field in z.  
The initially loaded wave density amplitudes are 10 to 30 % of the background plasma density.  The magnetic 
field perturbation phase are 180�shifted from the density perturbation profile as a slow wave nature.  They 
are small enough so that the simulations can be started quietly.  In addition, in order to let the wave to 
propagate in one direction, slow wave speed is added to both ions and electrons as the drift velocity in whole 
simulation system at initial time. This will enable the slow wave propagate in one direction. The size of the 
simulation domains and simulation parameters are carefully chosen to let the slow waves propagate at least 
over one wave period, and 4 to 8 slow waves can be generated in the simulation domains.  At the same time, 
after the consistent slow wave perturbations are loaded (the small amplitude sinusoidal magnetic field and 
density perturbations), we analyze the subsequent time evolution of the slow waves.  The main difficulty of 
the slow wave simulation is its slow nature in a full particle code. It is necessary to load the waves with energy 
huge enough to be above numerical noise level.   

 
Slow wave speeds differ because the leading waves change the Alfven, sound, and fluid speeds. Thus, the trailing wave 
overtakes the leading waves and nonlinear evolution of slow wave occurs. If collisionless slow wave damping rate is 
smaller than the wave steepening rate, it is possible to observe the nonlinear evolution of the slow wave in our full 
particle simulation similar to that observed in previous hybrid simulation results [1]. Some kinetic aspects of the 
nonlinear evolution of the slow waves will be discussed. 
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