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I1. Numerical method

\drift, the VDF remains a displaced Maxwellian all along the TD.

This paper examines the velocity distribution function (VDF) of a hydrogen plasma injected into
a steady state magnetic field distribution of a 1D tangential discontinuity (TD). In our model, the
magnetic field changes his orientation and magnitude from By at the "left" hand side of TD to B,

at the "right" hand side. We used two prescribed electric field distributions: (i) a uniform electric
field equal to E=B XV, where V| is the initial bulk velocity of the two species and (ii) a non-

uniform electric field that is everywhere perpendicular to B and has a magnitude that satisfies the
conservation of zero order drift: ExB/B2=const. The electromagnetic field is unidimensional. The
initial VDF of the two populations is described by a displaced Maxwellian. The particles are
injected from sources aligned along x-axis. The solution of the Vlasov equation is constructed
using characteristics method. We reconstructed VDF for protons and electrons inside/outside the
TD and we evidenced the effects introduced by the non-uniformities of the electromagnetic field.
In the case of an uniform electric field perpendicular to a unidirectional magnetic field, a broad-
ening of the VDF in the perpendicular direction is illustrated when the particles cloud moves in an
increasing magnetic field. In the case of a non-uniform electric field conserving the zero order

III. Simulation setup

e

dfi
t

Method to solve:

prescribed) .

dr

numerical integration of the characteristics
(Speiser et al., 1981; Lyons and Speiser, 1982; Williams and
Speiser, 1984; Curran et al., 1987; Curran and Goertz, 1989).
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Equation to solve: the Vlasov equation for the velocity distribu-
tion function (VDF) of each component species:
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Approximation: rarefied and non-diamagnetic plasma cloud.
(The self-consistent perturbation of the TD magnetic field due to
the incoming VDF, is neglected. Electric and magnetic fields are

Numerical algorithm: fifth order adaptive Runge-Kutta-Cash-

Code: C language, using MPI. The simulations were done on a
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Magnetic field distribution:
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where B, B, represent respectively the magnetic

field at x=-c0 and x=+o0; L is the scale length of the
TD; erfc is the complementary error function.
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FElectric field distribution:

Two stationary E-field distributions were tested:
= Case A: a uniform electric field given by
E=B,xV,=const.

= Case B: a non-uniform electric field conserv-
ing the zero order drift,Ug=const., given by
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Initial and reconstructed VDF

The particles were injected from sources aligned along x axis, velocity ini-
tialization being done according to a displaced Maxwellian distribution:
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The VDF is reconstructed at different moments of time, inside/outside the
TD by applying the Liouville theorem that says that along each particle's
orbit:

Thus in any moment later to the injection, when the particle 'a" has the
velocity v,=(v,y, V
velocity in (Vuy tdvy, Vutdvy, vy, +dv,) is equal to the initial probability
density, P, that corresponds to the initial velocity of the particle, v,

PvaO(XO9YO’Z05V0xaV()y9VOZ) = Pva(X:yaZansVyavz)

v,,) to have the
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IV. Case A: Uniform electric field. Antiparallel magnetic field distribution
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V. Case B: Non-uniform electric field conserving the zero order drift. Sheared magnetic field distribution
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