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Spatio-temporal evolution of electron phase space density in the radiation belt-
plasma sheet transition region during substorm
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For the rebuilding of radiation belts, two theories, the internal acceleration theory and the external supply theory, have
been proposed as mechanisms, and in both theories, the phase space density (PSD) of electrons in the transition region
between the radiation belt and the plasma sheet is important. To understand the fluctuations in the PSD of electrons, it
is necessary to track a large number of electron orbits. However, in the transition region between the radiation belt and
the plasma sheet, the curvature radius of the magnetic field lines is close to the cyclotron radius, so the bounce-averaging
approximation or the gyrocenter approximation may not always be applicable. To track electron trajectories, it is necessary
to solve the equations of motion sequentially, but the characteristic timescale of large-scale geomagnetic disturbances such as
substorms (100 — 1000 seconds) is long compared to the cyclotron period (0.1 milliseconds), making this computationally
challenging. Furthermore, since the global magnetohydrodynamic (MHD) simulation REPPU uses an unstructured grid,
complex interpolation calculations are required to obtain the magnetic and electric fields at arbitrary positions and times.
Therefore, we significantly reduced the time required for interpolation calculations by pre-assigning the fields to a simple
orthogonal coordinate grid. In this study, we focused on the time period when magnetic dipolarization associated with
substorms occurred, placed test particles on concentric circles at the magnetic equatorial plane and a geocentric distance of
7 RE, and traced them backward in time. Assuming a distribution function at the simulation boundary, we reconstructed the
PSD using the phase space mapping method. As a result, we confirmed that the PSD of electrons with energies below 60
keV increased in a relatively wide region on the night side, and that the PSD of electrons with specific energies about 100
keV increased selectively in a narrow region around midnight. Upon examining the acceleration process along the electron
trajectory, we found that the first adiabatic invariant is generally conserved from the far side of the plasma sheet to 7 RE,
but since the trajectory depends on the gyro phase, the gyro-center approximation cannot be applied, and it is possible that
two different types of acceleration are occurring. We will examine the spatio-temporal evolution in the PSD of electrons
associated with substorms from the perspective of their dependence on energy, pitch angle, and gyro phase, and discuss the
details.
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