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Context

Solar Energetic Particles (SEPs) are high-energy ions and electrons emanating from
the Sun, accelerated impulsivly at the sites if magnetic reconnection in the solar
corona or gradually, at the shock of a Coronal Mass Ejection (CME) during its
propagation through the heliosphere (Reames+ 1999). Once energized, SEPs trace
path along the interplanetary magnetic field lines, drifting due to gradients and
curvature of the magnetic ficld and the presence of an electric ficld {Dallat 2015).
Due to the turbulence in the solar wind, these particles experience diffusion both in
velocity space (parallel diffusion) and in real space (perpendicular diffusion).
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Model & numerical set-up
Solar wind 3D MHD simulation

Simulation domain :
- Sun centerd spherical grid
- Size: 144 x 48 x 128 in[r, 6, ¢
-Boundaries: r € [0 14 14] AU

Test Particles propagation

- Integrate relativistic Guiding Center equations
and use (E, B,U) from MHD simulation.
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Numerical integration of the ideal MHD equations

using the MPI-AMRVAC code
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Particles crossing the inner boundary or the surface 0.’
r =5 AU are re-injected back at the same initial E t=30h
position with the same initial conditions. e
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Scatter plot : particles color-coded with

Statistically steady their enrgy
distribution at t = 7h In the present configuration,
Vg is oriented opposite to the curvature

vector (b - V)b and to the magnetic field
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Adiabatic cooling
Energy as a function of age for
electrons near r = 1 AU when
scattered in the solar wind movin,
frame and with the absence of drifts
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The next step is to see how energetic
particles are accelerated by a CME.

This PhD work is connected to
current space missions

as Solar Orbiter (ESA)

and Parker Solar Probe (NASA).

This study has important
implications for Space Weather.
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