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The visualization experiment for extracting eigenvalue of MHD system velocity
Jacobian from large-scale M-I coupling simulation
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he Earth’s magnetosphere hosts diverse phenomena driven by solar wind interactions, yet many underlying mechanisms
remain unresolved. To address this, we focus on Alfvén waves, fundamental MHD modes that transport information and
energy along magnetic field lines. Alfvén waves can be categorized into shear Alfvén waves, oscillating perpendicular to the
field and propagating along field lines, and magnetosonic waves, spreading within the magnetic plane. In the magnetosphere,
they undergo mode conversion and resonance, contributing to auroral emissions, ionospheric current variations, and other
phenomena observed by ground-based and satellite instruments. Thus, visualizing and analyzing Alfvén waves is crucial for
understanding magnetospheric dynamics.

We employ the REProduce Plasma Universe (REPPU) code, a magnetosphere — ionosphere (M — 1) coupled simulation
developed by Prof. Takashi Tanaka at Kyushu University, to visualize Alfvén waves and examine their propagation. REPPU
solves the MHD equations in the magnetosphere and the Hall - Pedersen current system in the ionosphere on a unique
dodecahedral triangular mesh. The MHD calculations use a finite-volume scheme with TVD interpolation and Roe’s method.
A key point is that Roe’s method inherently performs eigen-decomposition of the flux Jacobian, where the eigenvectors
correspond to Alfvén wave modes. In this study, we extract these eigenvectors directly from the REPPU code and visualize
them, enabling a direct analysis of Alfvén wave dynamics.

In this presentation, we validate the new visualization approach and demonstrate Alfvén wave propagation under southward
IMF conditions as well as their response to high dynamic pressure IMF. These results provide new insights into energy
transport and disturbance propagation in the magnetosphere, offering a pathway toward clarifying the generation mechanisms
of geomagnetic activity mediated by Alfvén waves.
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