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Prediction of plasma parameters in MHD phenomena by using PINNs
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In space, satellite observations can access to microstructure of plasma phenomena. The MMS (Magnetospheric Multiscale)
mission, for instance, utilizes a formation flight of four satellites to measure microscale spatio-temporal structure of a plasma.
To discuss the physics of plasma phenomena, numerical simulations are commonly used for the comparison with the obser-
vational data [1,2]. In this way, the boundary conditions and initial conditions are set to be consistent with the observed data.
In this case symmetry and/or planarity of the system are often assumed. However, in reality, there are observational data that
cannot be explained solely by comparison with such simplified systems, and there may be still yet-to-be unexplained physics.
While attempts have been made to reconstruct the two-dimensional structure of plasma directly from observational data, they
assume that the plasma is in equilibrium [3,4]. However, actual plasma phenomena are multidimensional and dynamic so that
it is difficult to reconstruct such spatio-temporal evolution from the observation data.

With the recent advancements in Al research, a method called Physics-informed Neural Networks (PINNs) has been pro-
posed [5]. In this approach, unknown physical parameters are predicted from limited data to satisfy the governing equations
describing physical phenomena. As a first step of this study, by using numerical simulations, we use the PINNs to predict
spatio-temporal structures of MHD phenomena such as magnetic reconnection and magnetic turbulence. By using the ob-
served data as a training data, the parameters apart from the observation points are predicted to satisfy the MHD equations.
In this approach, the unknown parameters can be predicted without setting the initial and boundary conditions explicitly.
Therefore, if this method is established, it is expected to greatly contribute to understand spatiotemporal behavior of MHD
phenomena. In our presentation, we discuss the development status of the prediction model and prospects.
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