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Large-Scale Collision-Free Instability of Two-Dimensional Plasma Sheets
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The stability of a two-dimensional plasma sheet with a small field component parallel
to the normal direction of the sheet is studied by means of the energy principle of colli-
sion-free kinetic theory. Numerical computation~how that, depending on the parameter
regime, unstable perturbations exist. The mode resembles a tearing mode. The typical
wavelength along the main magnetic field direction is comparable with the scale length of
the equilibrium.

PACS numbers: 52.35.+g, 52.30.+r

Sudden changes in the topology of magnetic
fields (reconnection) has been suggested to pro-
vide, under suitable conditions, a powerful mech-
anism to release free energy from magnetized
plasma in the laboratory, ' in space, ' ' and near
stars. ' Although a substantial amount of knowl-

edge has been accumulated on this topic, a num-
ber of basic questions have remained open.

The present paper deals with generalized (two
dimensional) collision-free plasma sheets. Since
the strictly one-dimensional ease, in which elec-
tron Landau resonance dominates, is reasonably
understood, "we concentrate on the two-dimen-
sional case where a magnetic field component
B, normal to the current sheet (Fig. 1) is suffi-
ciently large to suppress electron Landau reso-
nances. In addition, we are motivated to study
this case by the fact that the near-Earth geomag-

netie tail, where space craft provide in situ ob-
servations, falls into that regime. Here, one of
the important problems is to identify the elemen-
tary plasma processes that govern the observed
dynamic characteristics occurring in connection
with geomagnetic activity.

In the literature two main branches of approach
can be distinguished: (a) The undisturbed etluilib-
rium is quiet in the sense that noise from miero-
instabilities does not play a significant role: The
plasma is collision free even on large space and
time scales, ' ~"" (b) Microinstabilities, e.g. ,
the Sower-hybrid drift instability, lead to suffi-
ciently pronounced transport phenomena, such
that the plasma behaves as a dissipative fluid on
large scales. ""

Since the respective domains of applicability
of these two types of processes are not yet clear,
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The corresponding curves c and d are discontin-
uous at e, =O'. At this value the electron gyro-
radius in the plasma sheet is equal to the radius
of curvature of the magnetic field lines. There-
fore the magnetic moment is conserved for e,
& b' only, which leads to a rapid change of stabil-
ity properties at s, =b'. (A more exact treatment
would replace the jumps at e, = b' by a smooth
transition. ) In each regime, W,' and W, ~ are
seen to become less stabilizing with decreasing

This behavior was expected by earlier esti-
mates using the energy principle. "

The answer to the principal question, whether
the equilibrium considered is unstable, is ob-
tained from curve d. Negative values correspond-
ing to unstable equilibria are found in both the
adiabatic and in the nonadiabatic electron regime.
(Positive values do not safely prove stability
since the number of grid points is small. )

The computed minimizing modes have the shape
of tearing modes" as can be seen from Fig. 3.
The characteristic length in the x direction is an
order of magnitude larger than the length scale
for the magnetic field variation along x. Similar
results were obtained for the equilibrium param-
eter (e.g. , with a ratio of ion and electron tem-
peratures more realistic for the magnetosphere).

We emphasize that self-consistency of the equi-
librium requires that the z dependence of B, be
taken into account. This is particularly impor-
tant, because the stability properties crucially
depend on the dependence of B, on z. For in-
stance, if B, has no zero in the entire domain
considered, then I, is positive for all trial func-
tions such that the equilibrium is stable. " (This
fact illustrates that it is problematic to approx-
imate B, by a constant, as done in some of the
ea,rlier approaches. ' ~ ")

Our method, although it provides a correct sta-
bility criterion, does not allow detailed conclu-
sions about the instability mechanism. However,
because of the geometry of the mode and from
the various runs, we have the impression that
the instability process requires nonadiabatic
ions (whereas electrons may be adiabatic as evi-
dent from Fig. 2). Therefore we feel that it is
appropriate to label the instability as an ion-
tearing mode. We are, of course, at present not
able to decide what type of resonance process (if
any) dominates.
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