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Anomaly detection in Hisaki EUV spectroscope images caused by energetic proton
from the Earth’s radiation belt
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Since the Earth radiation belt was discovered in the late of 1950s., many satellites conducted plasma measurements to study
the production, transportation, and loss processes of high-energy particles. Particles in the radiation belts are trapped by the
Earth’s intrinsic magnetic field and enter the upper atmosphere over the regions connected to the radiation belts via magnetic
field lines. To detect the signal from the Earth radiation belt, we used the data from the Hisaki space telescope, which was
launched in September 2013 and continuously observed the solar system for 10 years. The orbital altitudes are 950 km at
perigee and 1,150 km at apogee, the orbital inclination from the equator is 30° . In Hisaki, the EUV spectroscope named
EXCEED consists of a 20 cm off-axis parabolic mirror and spectrometer with a diffractive grating and microchannel plate
(MCP) photon detector. The spectral region on the MCP is limited to the center. Therefore, the dark counts in the other area
can be used as the monitor of the Earth’s radiation.

The sudden increase in the dark count rate (2- 5 times larger than the nominal period) was detected several times. In
addition, we tried to solve the response anomaly detection problem to detect small enhancements that are hard to find by
visual inspection. We applied multiple regression for the time series of the dark counts with the variables of the satellite
geometric parameters. As a result, the data points outside the confidence interval of the fitting were newly detected as minor
anomalies. To determine if the anomaly events were caused by solar wind disturbance, we include the feature of Disturbance
Storm-Time (Dst) index in the regression model.
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