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In magnetic confinement fusion, achieving efficient power generation requires increasing plasma density,
temperature, and energy confinement time. However, Tokamak and Stellarator types have experimentally observed
limits to density increases. They are approaching these limits, which results in increased plasma radiation, leading to
phenomena like "radiative collapse” and eventual destruction. Radiation-induced energy loss from the plasma is also
linked to impurity transport to walls. Continuous measurement of plasma radiation and its spatial distribution
through tomography is essential to sustain high-performance plasma and elucidate impurity transport mechanisms.

Various instruments like high-speed cameras and bolometers are used for plasma radiation measurements. High-
speed cameras capture rapid phenomena with high resolution but lack coverage across all electromagnetic wave
wavelengths. On the other hand, Bolometers measure radiation across essentially all wavelength ranges but have
limitations in time and spatial resolution. This study focuses on developing visible light tomography using a high-
speed camera in a small Tokamak (PHiX) and 3D tomography using bolometer measurements in a Large Helical
Device (LHD) for higher-temperature plasma generation.

The paper is structured into six chapters, starting with the research background, previous studies on radiation in
magnetic confinement fusion plasmas, and the positioning of this research. It then covers the physics of plasma
radiation, explaining the principles shared by high-speed cameras and bolometers. The third chapter delves into
tomography principles, addressing the reconstruction of radiation distribution as an inverse problem. The fourth
chapter presents the results of 2D visible light emission distribution reconstruction in PHiX, emphasizing the
importance of considering reflected light.

Chapter five discusses the 3D radiation distribution reconstruction in LHD using bolometer measurements,
showcasing the success of the proposed method in reducing artifacts and obtaining accurate results. Finally, chapter
six summarizes the new insights gained and outlines prospects and remaining challenges in this research.
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