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Dipolarization fronts (DFs) are fast Earthward
propagating plasma structures with spatial gradients (in
the frame moving with the front) of the order of the ion
gyroradius or smaller. Broadband, mostly electrostatic,
wave power is observed at the front and complex
nonlinear electromagnetic waves behind the front. DFs
are thought to be formed in the magnetotail due to
magnetic reconnection, which is often observed to be the
result of thin current sheets with plasma gradients on
scales smaller than the ion gyroradius. In this paper, we
describe new semi-analytic equilibrium solutions to the
Vlasov-Maxwell set of equations with a finite number of
undetermined parameters that includes a self-consistent
electric field perpendicular to the front [1-2]. The scale
size of this electric field can be shorter than (or of the
order of) the ion gyroradius so that the ions do not

experience the full E x B drift while the electrons do.
This strongly sheared flow can drive many different
kinds of instabilities, in particular the electron ion-hybrid
instability (EIH) [3]. We use multi-satellite data from
the Magnetospheric Multiscale Spacecraft (MMS) to
determine the most-likely parameters for the kinetic
equilibrium solutions and use this as a basis for further
theory, simulation, and observations. In particular,
these kinetic equilibria are used to study the generation
of waves through linear theory, and nonlinear particle-in-
cell simulation. In the linear theory, we find the
possibility of driving waves near the lower-hybrid
frequency over a large bandwidth where the free energy
comes from the inhomogeneous electric field and not the

density gradient as in the lower-hybrid drift instability.
These predicted linear waves agree with the frequency of
waves seen in satellite observations. In the particle-in-
cell simulations, we see the generation of the waves
predicted by linear theory, the production of long-lived
vortices in the nonlinear state, and the tendency for the
density profile to be maintained even in the presence of
this turbulence. Finally, we point out that in certain
regimes the new equilibrium is a generalization of the
Harris equilibrium with perpendicular sheared flows and
we study the unstable eigenmodes of the equilibrium
related to thin current sheets with sharp gradients. We
discuss the implications of these new sources of free
energy on magnetic reconnection and the formation of
dipolarization fronts.
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