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Radio-frequency plasma sources utilize high-frequency electrical power in the MHz range to ionize the background neutral
gas. Among these sources, the helicon plasma source can generate high-density and low-temperature plasma relatively easily
compared to other plasma sources. Therefore, it has been widely used in the fields such as electric thrusters, nuclear fusion
plasma, and space plasma simulation experiments. However, helicon plasma has a density limit, and even if the supplied
power is increased, the density remains around 10'°~2°m~=3, This is thought to be due to the depletion of neutral particles
in the high-density plasma region. Neutral depletion is considered to be the primary factor that determines the density
limit of helicon plasma and has a significant effect on the plasma confinement performance in nuclear fusion and the thrust
performance of electric thrusters. Therefore, understanding the fundamental processes of plasma-neutral fluid interactions
is an important research topic for improving the performance and expanding the applications of helicon plasma sources.
To accurately analyze these interactions, two-fluid calculations that solve for electrons and ions separately are required. In
high-density regions, the Newton method, which is based on implicit methods, is frequently employed. However, achieving
efficient parallelization is challenging, and computational costs remain a significant bottleneck in numerical calculations.

In this study, we aim to accelerate plasma two-fluid calculations using PINNs(Physics-Informed Neural Networks), with
the objective of clarifying the interactions between plasma and neutral fluid in high-density plasma regions. PINNs are
machine learning methods that incorporate physical laws, and have attracted attention as efficient approaches for solving
partial differential equations. By employing automatic differentiation to search for solutions and executing computations
with multiple GPU parallel cores, it is expected that the bottleneck of conventional numerical calculation methods will be
eliminated, thereby enhancing computational speed. In this presentation, we discuss the calculation model currently under
development, with a specific focus on how the evaluation method of the loss function and the setting of boundary conditions
affect calculation accuracy.
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