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Development of Space-Weather-Aware Satellite Charging Analysis Platform

based on Code-to-Code Coupling Framework
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Space is filled with ionized gas referred to as a plasma originating from the solar wind and ionosphere. The satellite
surfaces that are in contact with the plasma collect electric charges of electrons and ions and get charged electrically.
Although the satellite equilibrium potential is determined by the current balance onto the satellite among charged particle
species, space environmental disturbances such as solar flares and magnetic storms perturb the balance significantly and
cause anomalous charging. A number of satellites suffered from such anomalous charging, including the total loss of the
U.S. communications satellite Galaxy-15 due to enhanced hot electron inflows associated with a magnetic storm. The precise
predictions of satellite have been one of the social significances as one component of space weather forecasting. In this study,
we develop a simulation platform that couples the dynamics of the Earth’s magnetosphere and satellite charging phenomena
based on our in-house code-to-code coupling framework named CoToCoA (Code-To-Code Adapter). In this method, two
physical models with different spatial/temporal scales, i.e., a global MHD simulation of the Earth’s magnetosphere and a
satellite charging analysis based on the OML (Orbital Motion Limited) theory, are coupled with each other by exchanging
appropriate physical information. They can be executed as a single MPI parallel program that encompass the above model
calculations as its subcomponents. It is expected that the approach enables us to analyze satellite charging phenomena in
consideration of magnetospheric environmental changes as well as to achieve efficient use of modern supercomputers.The
major research target is to clarify how the satellite potential responses to the changes in plasma environmental and sunlight
conditions in a few seconds to a few hours in order to clarify environmental conditions that may cause satellite anomalies.
This presentation will focus on our approach and its validity for coupling magnetospheric MHD calculations with satellite
charging calculations, which involve totally different time scales.
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