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1 Abstract

In this paper we investigate the anisotropy of velocity distribution functions their trajectories are integrated numerically. We use the Liouville theorem to
(VDF) of a collisionless plasma convecting in non-uniform distributions of the "propagate” an initial VDF along the numerically integrated trajectories and
electromagnetic field. The VDF is reconstructed in various spatial regions by to reconstruct it at the right side of the transition region. We consider a narrow
integrating numerically the characteristics of the stationary Vlasov equation. The transition, where the magnetic field varies rapidly over distances of the order
method 1s applied to simulate the interaction between an electron and a proton of the Larmor radius, as well as an adiabatic variation of B. The numerical
cloud and a non-uniform, sheared distribution of the magnetic field with a results illustrate the contribution of the charge-dependent gradient-B drift on
superimposed electric field. We consider a non-uniform distribution of the shaping the overall dynamics of the ensemble of particles as well as on
electric field that conserves the zero order drift. The fields are steady-state and imprinting anisotropies of the VDF inside the propagating beam. Our
one-dimensional (depend on x only). The variation is concentrated in a limited numerical solutions suggest that the velocity filtering due to the grad-B drift
region, like in kinetic tangential discontinuities. Test-particles (protons and may perhaps contribute to the formation of nongyrotropic velocity distribution
electrons) are injected from sources aligned along the x-axis with initial velocities functions observed 1n space plasma. The solutions are compared with simu-
distributed according to a displaced Maxwellian with an average velocity 1/, #0; lations and experimental data obtained in the tail of the Earth's magnetosphere.

2 Numerical Modeling

The evolution of f,(r,v,9), the velocity distribution function (VDF) of The magnetic field i1s typical for a one-dimensional tangential The initial velocity distribution function of species ¢, injected at the
cach component species ¢, is described, in the absence of binary discontinuity (TD) as described by kinetic models. The magnetic field "left hand side" of the TD, is described by a displaced Maxwellian with
collisions, by the Vlasov equation: is stationary, depends only on x-coordinate and its tangential a bulk velocity, V), parallel to the positive x-axis and perpendicular
component varies between two asymptotically states as described by: both to the discontinuity surface and the asymptotic field By:
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In the stationary case (d/d/=0) the characteristics of the Vlasov where L represents the characteristic scale length of the discontinuity; "

equation coincide with the trajectories of the particle with mass 7, B, and B, denotes the values of B at x =—oo ("left hand side") N, and T, are the initial density and temperature of species a. The
bJ

and charge g, moving in the electromagnetic field given by E(r) and particles are injected from NN sources aligned along x-axis; # particles

respectively at x =+oo ("right hand side"); e7fr is the complementary

B(r). Thus the characteristics of the Vlasov equation can be obtained .
error function.

from each source. The phase space 1s fairly well sampled when the total

by solving the equation of motion: number of injected particles is of the order of 10°.
dr g dr The electric field is non-uniform and is everywhere normal to the | | | |
—=—"“(E+—XxB) magnetic induction B. The parallel component of the electric filed is The VDF is reconstructed at different moments of time by applying
dt’ m, dt everywhere equal to zero. The electric field intensity is computed such the Liouville theorem: 4f/ dr=0 along each particle’s orbit.
that the zero order (or electric) drift, Up, is conserved:
It must be mentioned that the magnetic and electric fields used to The numerical method of integration is based on a Cash-Karp Runge-
integrate equation of motion are due to external distributions only, the E(x)=Bx)xU, Kutta fifth order algorithm with adaptive step size. The numerical
self-consistent contribution of plasma being neglected. codes have been developed on a Linux cluster running MPI.

3 Results
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In this paper we discuss results obtained for an adiabatic discontinuity, ) e ) 10’ ] | I | I I
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4 Discussion & Conclusions of protons is shown for the mesh defined in figure 3. Note the formation of a void of
particles in the central region of the V' DFE (row C in all panels). Non-gyrotropic
Figure 2 shows that the proton cloud penetrates the TD and moves as regions close to the lateral wings of the cloud. The area of the void distributions are observed at the frontside of the clond. The three panels correspond fo
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such into the "right hand side" region. The dynamics of the proton formed in the space of perpendicular velocities varies with the distance three asymptotic magnetic fields: 30 T (top), 60 nT(middle) and 90 nT (bottom).
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