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Propagation direction of plasma waves is crucial for understanding the environment of the terrestrial inner magnetosphere.
Analyzing the propagation characteristics of plasma waves, which change under the influence of the medium during the prop-
agation process, leads to a better understanding of the three-dimensional plasma environment along the propagation paths.
Several methods have been proposed to determine the wave normal angle (WNA) of plasma waves using electromagnetic field
data obtained by scientific satellites. However, the estimation primarily requires the three components of the magnetic field.
If one component is missing due to sensor degradation or other issues, it becomes difficult to perform the estimation using
single plane wave models like the Means’ method or the SVD method, which assume all three magnetic field components
are available. Since October 2018, the Arase satellite has been unable to measure one component of the magnetic field due
to the degradation of the onboard triaxial search-coil magnetometer. Therefore, it is necessary to explore other methods for
estimating the WNA for the data measured after October 2018. This study aims to establish a reliable method to determine
the WNA in an environment under only four components of the electromagnetic field (two components of electric field and
two components of magnetic field) are available.

In this study, we evaluate the estimation accuracy of the MUSIC (Multiple Signal Classification) method by using the am-
plitude and phase information among electromagnetic fields calculated from the dispersion relation of plasma waves. Since
the MUSIC method can estimate the WNA using smaller number of components due to the estimation principle, it is expected
that it works with four components of the electromagnetic field. We apply this method to the waveform data measured by the
waveform capture (WFC), which is one of the receivers of the Plasma Wave Experiment (PWE) on board the Arase satellite.
We analyze the WNA of artificial signals from the NWC (North West Cape) transmitter in Australia and statistically evaluate
the propagation characteristics to verify the validity of the estimation results. First, we define the accuracy of the estimated
WNA as the angular width derived from the MUSIC spectrum in the zenith angle (0 ) and in the azimuth angle (¢). These
angular widths are determined within a range of -10 dB from the maximum value of the MUSIC spectrum. Next, using four
observation events of the NWC signal during periods when all five electromagnetic field components were available, we draw
scatter plots showing the absolute error between the four-component and five-component estimates on the horizontal axis and
the accuracy of the four-component estimates on the vertical axis. We then determine the threshold for the accuracy of the
four-component estimates that satisfies an absolute error within 10 degrees. Next, for events after October 2018, we derive
four-component estimates where the estimated error is within 10 degrees after applying the above-mentioned threshold and
investigate the relationship between amplitudes and WNAs, revealing a positive correlation between the signal amplitude and
the stability of the WNA. Finally, we determine a typical WNA by taking a moving average of the sum of squares of the am-
plitudes with a 5-degree interval and normalized it by the observation time length. Investigating the relationship between the
determined WNA and the magnetic latitude of the observation point, we find that the zenith angle ( 6 ) of the WNA decreases
from the transmission station towards the magnetic equator and then increases again towards the conjugate point.

In this presentation, we will show the statistical evaluation results of the estimation accuracy using the four electromagnetic
field components from the NWC transmitter signals, along with a comparison to simulations conducted using ray tracing.
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