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Propagation of kinetic Alfvén waves in the ionospheric Alfvén
resonator in the presence of density cavities
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[1] Recent observations of particle distributions that are
narrow in pitch angle and broad in energy have suggested
that kinetic Alfvén waves are a significant contributor to
auroral particle acceleration. Oscillations at frequencies near
1 Hz are a natural consequence of the propagation of Alfvén
waves in the strongly varying Alfvén speed profile above
the auroral ionosphere, the so-called ionospheric Alfvén
resonator. These waves often propagate in the presence of
perpendicular density gradients at various spatial scales.
Simulations have been performed to study the evolution of
these fields including both parallel and perpendicular
inhomogeneity. Phase mixing at the boundaries of the
density cavity leads to small-scale Alfvén waves, which can
develop the parallel electric fields needed to accelerate the
Alfvénic aurora. These simulations verify the kinetic Alfvén
wave dispersion relation in the electron inertial limit, which
predicts that the perpendicular phase and group velocity of
these waves are in the opposite direction. In addition, the
results show that narrow spatial scales are favored by high
ionospheric conductance. Citation: Lysak, R. L., and Y. Song
(2008), Propagation of kinetic Alfvén waves in the ionospheric
Alfvén resonator in the presence of density cavities, Geophys.
Res. Lett., 35, 1.20101, doi:10.1029/2008GL035728.

1. Introduction

[2] Early models of auroral particle acceleration were
based on observations that upward quasi-static parallel
electric fields accelerate electrons downward and ions
upward to roughly the same energy [e.g., Mozer et al.,
1980]. However, increasing evidence, especially from the
FAST satellite, has shown accelerated auroral electrons
sometimes exhibit distributions that are narrow in pitch
angle and broad in energy, consistent with acceleration in
a time-varying parallel electric field [e.g., Chaston et al.,
2002], likely due to kinetic Alfvén waves that develop a
parallel electric field when they have a small perpendicular
wavelength [e.g., Lysak and Lotko, 1996]. Observations
show that such waves can drive bright, narrow auroral arcs
[Chaston et al., 2003] and can account for 25—-39% of the
total electron energy deposited in the ionosphere [Chaston
et al., 2007].

[3] The broad energy distributions seen in the Alfvénic
aurora require a parallel electric field that fluctuates during
the time that an electron passes through the auroral accel-
eration region. Since auroral acceleration is thought to take
place up to 1-2 Rg above the ionosphere and since a 100 eV
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electron traverses 1 R in about 1 second, wave fluctuations
in the 1 Hz range are necessary. Such waves are a natural
consequence of propagation in the ionospheric Alfvén
resonator [Polyakov and Rapoport, 1981; Lysak, 1991;
Trakhtengertz and Feldstein, 1991], a resonant cavity
formed by the sharp gradient in the Alfvén speed above
the ionosphere. This resonator has a characteristic frequency
of the order of 1 Hz, consistent with the requirement for
Alfvénic auroral acceleration. Thus, the existence of the
Alfvénic aurora supports the notion that the ionospheric
Alfvén resonator (IAR) is an essential feature of the auroral
acceleration process.

[4] Furthermore, it has been known for some time that
the auroral zone contains density cavities on a variety of
spatial scales [e.g., Persoon et al., 1988]. Recently, Chaston
et al. [2006] have presented observations from FAST
regarding the propagation of Alfvén waves in the presence
of such density cavities. They show that phase mixing at the
edges of the density cavity leads to a narrowing of the wave
structure. These narrow-scale Alfvén waves develop parallel
electric fields, leading to the acceleration of electrons and
ions.

[s] It is the purpose of this letter to present simulations of
the auroral flux tube that model the propagation of kinetic
Alfvén waves in the auroral acceleration region in the
presence of density cavities. While two dimensional simu-
lations of phase mixing have been previously presented
[Génot et al., 1999, 2004; Tsiklauri, 2007], our simulations
include both parallel and perpendicular density gradients in
a three-dimensional model. The next section will detail the
theoretical basis for the model. Section 3 will discuss the
simulation results. Discussion and conclusions will be
presented in the final section.

2. Model Description

[6] The model to be used is based on the three-
dimensional, linear model of the auroral flux tube presented
by Lysak and Song [2001]. In this model, the cold, two-fluid
equations are cast in a dipolar coordinate system and
coupled to a sheet ionosphere. The basic equations then
consist of Faraday’s Law, both the perpendicular and
parallel components of Ampere’s Law, and the electron
equation of motion:
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