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Differential kinetic physics of solar-wind minor ions
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The solar wind, although predominantly constituted of protons, is also made up of a finite amount of alpha
particles, together with a few percent of heavier ions. The kinetic properties of heavy ions in the solar wind are
known to behave in a well organized way under most solar-wind flow conditions: their speeds are faster than that
of hydrogen by about the local Alfvén speed, and their kinetic temperatures are more than proportional to their
mass. Preferential heating and acceleration of heavy ions in the solar wind and corona represent a long-standing
theoretical problem in space physics, and are distinct experimental signatures of kinetic processes occurring in
collisionless plasmas. However, due to very scarce measurements of heavy ions at time resolutions comparable
with their kinetic scales, energy partition between species in turbulent plasma dissipation is basically unexplored.
For the moment, most of the information comes from numerical simulations and a crucial support is given by
self-consistent, fully nonlinear Vlasov models.

Here, hybrid Vlasov-Maxwell simulations are used to investigate the role of kinetic effects in a two-dimensional
turbulent multi-ion plasma, composed of kinetic protons and alpha particles, and fluid electrons. The response of
different ion species to the fluctuating electromagnetic fields appears to be different. In particular, a significant
differential heating of alpha particles with respect to protons is observed, localized nearby the peaks of ion
vorticity and where strong deviations from thermodynamic equilibrium are recovered. Then, the understanding of
the complex process of particle heating results strongly related to the study of the non-Maxwellian features on the
three-dimensional ion velocity distributions. These numerical results highlight the importance for the future space
missions to provide detailed ion measurements to make a significant step forward in the problem of heating in
turbulent space plasmas.



