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Study on direction finding method based on dispersion relation of plasma waves

and application to the data observed by Arase

#Keisuke Komat®, Yoshiya Kasahara, Yuji Tanaka),Shoya Matsudd,Mamoru Ot&),Fuminori Tsuchiy&,
Atsushi Kumamot® ,Ayako Matsuok®&

(IKanazawa Univ{2ISAS/JAXA, 3 Tohoku Univ.{*Kyoto Univ.

Various plasma waves observed in the inner magnetosphere are important factors that cause changes in the space plasma
environment. The direction of plasma waves is one of the important features, and it is an important clue for the investigation of
generation region and propagation path of the waves from in situ observations by scientific satellite. There are various methods
for direction finding. In this study, we particularly focus on the method using integration kernel, which are theoretically
derived from the dispersion relation of plasma waves. The advantage of the method is that the propagation direction can be
estimated from the combination of electric and magnetic wave field data even though the three-dimensional magnetic field
data cannot be obtained. Various algorithms have been proposed and evaluated using pseudo data, but there are only severa
examples applied to the actual observation data.

In this research, we adopted a method named MUSIC (Multiple Signal Classification) method, which is one of the direction
finding algorithms using integration kernel. We applied this method to the waveform data measured by the waveform capture
(WFC), which is one of receivers of the Plasma Wave Experiment (PWE) on board the Arase satellite. The waveform consists
of two components of electric field and three components of magnetic field. First, a correlation matrix, called spectral matrix,
was generated from the waveform data. Next, an integration kernel for whistler mode wave was calculated from plasma
frequency and cyclotron frequency at the observation point. The plasma frequency and the cyclotron frequency were derived
from the data obtained by the high frequency receiver (HFA) and the magnetic field analyzer (MGF) on board the Arase,
respectively. Finally, the MUSIC algorithm was applied to the spectral matrix combining with the integration kernel, and
propagation direction of the observed plasma wave was derived.

In this presentation, we mainly report the evaluation results of the absolute direction using a spectral matrix combining
with electric and magnetic field components, and the precision of the direction finding results under the restricted number of
magnetic field components.
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