
Study of the dynamics of electrons in Earth’s radiation belts as 

observed from the Moon using synchrotron radiation

This research explores an innovative approach to remote sensing based on cyclo-synchrotron emissions generated by trapped electrons at radio

wavelengths. Although these emissions are undetectable from the ground due to ionospheric absorption (below 10 MHz), they could be observed from

space, particularly from the near side of the Moon. In addition to current in-situ measurements, which are limited in both space and time, these synchrotron

observations could provide a comprehensive view of the radiation belts and help improve our understanding and modeling of them.
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Context

Modeling of cyclo-synchrotron emission

This work was carried out as part of Gwendoline Marc’s PhD thesis, funded by ESA and ONERA.
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Development of  an inversion method enabling the 3D reconstruction of electron distributions from 2D images 
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Given the ill-posed nature of this problem, several strategies have been explored, including
regularised inversions and a non-linear reformulation. To stabilise the inversion and reduce its
dimensionality, we have developed a method based on principal component analysis (PCA)
based on a long-term simulation of Salammbô model (1979-2025). This approach enables the
accurate reconstruction of electron distributions under various geomagnetic conditions.
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