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Solar cell degradation of Arase satellite and proton radiation belt
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Solar cells mounted on any satellites are most susceptible to effect of abundant space radiations. In the terrestrial
magnetosphere, solar protons, trapped protons, and trapped electrons cause degradation of the solar cell. In this study, we
report initial analysis of solar cell output variation of Arase satellite (launched on the 20th December 2016) orbiting in the
inner magnetosphere.

The perigee and apogee of the Arase satellite are about 440 km and 32,000 km, respectively. Based on the predicted orbit, we
calculated the radiation flux at the satellite by using NASA’s space radiation models. Fig. 1 shows the calculation result of > 6
MeV trapped protons from the AP8 model. Proton energy 6 MeV corresponds to the thickness of cover glass of the satellite
solar cell 300 um. The integrated flux over 1 month, from January 2017 through December 2018, shows periodic oscillation
with about 9.5 month period. Intervals of passing through and of avoiding the heart of the radiation belt appear alternately
following the perturbation of the satellite orbit. Green, red and blue lines are from the APBMAX model, a wider and a
narrower distributions along the field line, respectively. The blue and red lines give the largest and smallest amplitude due to
the difference in spatial extent of the trapped protons. Therefore, a similar oscillation is expected in the degradation rate of the
solar cells, and the spatial extent of radiation belt protons in the direction of the field line can be investigated from the
amplitude of the oscillating degradation rate.

We have been making initial analysis of data until May 31, 2017. Fluctuations probably due to temperature effect seems to
dominate, and no significant degradation of solar cells has yet been detected. The proton flux in Fig. 1 shows a low level of
radiation dose until May 31, which will increase in July and August leading to large degradation of the solar cells. We will
seek any correlation of solar cell output to trapped proton flux during the interval.
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Figure 1. Expected > 6 MeV proton flux at the Arase satellite. Green, red and blue lines are from the APBMAX model, a wider and a
narrower distributions along the field line, respectively.



