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[1] This paper presents results from a numerical study of nonlinear interactions between
ultra-low-frequency (ULF) electromagnetic waves and the magnetospheric-ionospheric
plasma at high latitudes. The study is motivated by observations of density cavities in
the ionosphere in regions of downward field-aligned current adjacent to auroral arcs. The
role of active ionospheric feedback in the development of intense, small-scale
electromagnetic waves with frequencies of 0.1–1 Hz is considered, together with the
effects of the waves on the ion dynamics. The numerical results are based on a reduced
two-fluid MHD model that self-consistently describes shear Alfvén waves, ion parallel
dynamics, and effects of ionospheric E-region activity and magnetosphere-ionosphere
feedback instability. Numerical simulations performed in dipole magnetic field geometry
with realistic parameters of the ambient plasma show that, under some conditions,
ionospheric feedback gives rise to intense ULF electromagnetic waves, which, via
the ponderomotive force, produce density cavities in the bottomside ionosphere (between
the E- and F-region peaks) and an associated upwelling of the topside ionosphere. The
simulated magnitude and spatial and temporal scales of the cavities match the
corresponding parameters of cavities observed with ground-based radars.
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1. Introduction

[2] Plasma density cavities with transverse width exceed-
ing 10 km, vertical extent greater than 100 km, and
depletions of 30–80% are frequently observed in the E-
and F-region ionosphere by incoherent scatter radars [Doe
et al., 1993; Shepherd et al., 1998; Aikio et al., 2004;
Paschmann et al., 2003]. These cavities typically form in
dark regions adjacent to discrete auroral arcs where field-
aligned currents are observed to flow downward into the
ionosphere. An example of a density cavity observed in a
downward current channel is shown in Figure 1 reproduced
from Aikio et al. [2004]. The left frame in the figure shows
an image of a discrete auroral arc taken by an all-sky camera
at time 23:35 UT on 6 February 2001 near the location of
the EISCAT radar (its location is marked with a triangle on
this image). The right frame in Figure 1 shows the electron
plasma density measured by the EISCAT radar during the
time interval when the arc was observed. The radar
measurements exhibit a deep density depletion in the bot-
tomside ionosphere that evolves on a timescale of the order
of 2 min. Broadband ULF oscillations in the electric field
were observed above the density cavity by the Cluster
spacecraft at a geocentric distance of 4.4 RE. Density cavities
with similar characteristics have also been observed at higher

altitudes on polar-orbiting satellites traversing the topside
ionosphere and low-altitude magnetosphere [Lundin et al.,
1994; Mishin and Förster, 1995; Chaston et al., 2000,
2006]. These mesoscale cavities are distinct from the smaller
scale lower-hybrid cavities that form at the ion gyroscale
[Shuck et al., 2003] and the Alfvén resonance cone cavities
that form at the electron inertial scale [Bellan and Stasiewicz,
1998]. They are also distinct from the higher altitude and
larger scale auroral cavities [Persoon et al., 1988;McFadden
et al., 1999] that are closely connected with upward field-
aligned currents, inverted V electron precipitation, and
quasistatic parallel electric fields.
[3] The mesoscale cavities observed in the topside iono-

sphere and low-altitude magnetosphere differ in several
respects from their counterparts observed in the lower
ionosphere. The higher-altitude cavities are thought to
evolve from small-amplitude density fluctuations (seed
perturbations) that structure and intensify Alfvén waves
propagating or standing along the cavity gradients. When
the wave amplitude in the gradient region becomes large
enough, an Alfvén wave ponderomotive force produces
further density cavitation. This mechanism can be very
effective when the Alfvén wave is an intense, resonant
oscillation such as the well-known field line resonance
(FLR) [Allan, 1993, 1994; Rankin et al., 1995, 1999;
Voronkov et al., 1997; Lu et al., 2002]. Given sufficient
time to develop (�10 min or longer), the shear Alfvén wave
of the FLR couples power into the MHD slow mode which
conveys plasma redistribution along the ambient magnetic
field. A secondary but potentially significant effect of phase
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