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Towards the Application of Tensor Network Methods to Two-Fluid Models
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This presentation reports on the application of tensor networks to two-fluid plasma, with the development of a multi-fluid
simulator aimed at reproducing the magnetosphere-ionosphere coupling system, where weakly ionized and fully ionized
plasma regions strongly interact.

The tensor network method was originally developed to efficiently extract essential dynamics from quantum many-body
systems with vast degrees of freedom by focusing on the hierarchical structure of information, enabling realistic computa-
tional feasibility. However, it has recently gained attention not only in quantum applications but also in the development of
methods for efficiently solving fluid turbulence cascades with multiscale interactions (Gourianov et al., 2022) and kinetic
plasmas (Ye et al., 2022).

These applications utilize tensor networks based on the widely used multigrid method in numerical calculation. This ap-
proach efficiently handles phenomena at various scales and applies appropriate mathematical processing to the information
exchanged between scales, leading to computational acceleration.

In this study, we focus on applying tensor networks as a tool for efficiently managing the multiscale nature of waves aris-
ing from multi-fluid plasma dynamics. This presentation will discuss the research background, explain the tensor network
method employed, and review previous studies (Ye et al., 2022) and future prospects.
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