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Development of the magnetospheric plasma distribution model for the study of
the characteristics of dispersive Alfven waves
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We develop the “Plasma Distribution Solver (PDS),” a theoretical model that determines magnetospheric plasma profiles
along a magnetic field line, and investigate the characteristics of dispersive Alfven waves (DAWSs) by using PDS. Results
observed by NASA’s spacecraft Juno have attracted attention to the role of DAWs in the electron acceleration process in
planetary magnetospheres. The characteristics of DAWs are determined by the Alfven speed, and the ratio of plasma pressure
to magnetic pressure, i.e., the plasma beta. We need a model that precisely obtains the field-aligned number density and
pressure profiles to understand the electron acceleration process by DAWs.

Previous studies proposed theoretical/empirical models to calculate magnetospheric plasma profiles along a field line [e.g.,
Angerami and Thomas, 1964]. However, the number density distribution is determined under the assumed plasma temperature
profile. There is no theoretical model to obtain the number density and pressure profiles that are mutually consistent with
each other, which is realized by the developed PDS.

We develop PDS based on the Static Vlasov Code (SVC) [Ergun et al., 2000; Su et al., 2003; Matsuda et al., 2010]. SVC
is a theoretical model to calculate the plasma number density profiles by integrating the velocity distribution function over
the velocity space. In this calculation, SVC considers the accessibility over the velocity space and the spatial variation of the
volume element in the velocity space [e.g., Persson, 1966], while the value of the velocity distribution function is assumed to
be conserved along the particle’s path [Chiu and Schultz, 1978]. We revised SVC and reconstructed it to PDS by considering
the appropriate spatial variation of the velocity distribution function and that of the volume element in real space along a field
line. We obtain the plasma profiles in the Jupiter-Io system using PDS and compare those calculated by SVC. The results show
that the characteristics are different between the PDS and SVC results. In particular, the minimum number density is located
at lower latitudes in the PDS result than in the SVC result, which can influence the consideration of the dominant regions
of kinetic/inertial Alfven waves regarding the characteristics of DAWSs. The difference obtained indicates a typical example
caused by the different treatment of the velocity distribution function in PDS and SVC. Besides, we introduce the details
of the method and results of PDS and discuss the comparison with SVC and discuss the spatial change of characteristics of
DAW: clarified from the PDS results.
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