Design and Development of a ZnS:Ag-based Fast-Ion Loss Probe for the Compact Helical Device
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With the steady advancement of magnetic confinement fusion devices, including tokamaks and stellarators, the realization of deuterium–tritium fusion power is becoming increasingly attainable. To sustain stable and efficient burning plasmas, a comprehensive understanding and accurate diagnosis of energetic particles (EPs) behavior are essential for optimizing plasma performance.
The Compact Helical System (CHS), a stellarator originally operated by the National Institute for Fusion Science, is now being upgraded following the planned shutdown of the Large Helical Device (LHD) at the end of 2025. The upgraded device, referred to as the Compact Helical Device (CHD), is scheduled to begin operation in late 2026.
Scintillator-based diagnostics have been extensively applied on CHS and LHD for direct measurements of escaping energetic ions. In particular, ZnS:Ag scintillators are widely used due to their high light yield for impact of energetic ions, robustness under harsh plasma environments, and cost-effectiveness. For instance, a ZnS:Ag scintillator-based lost-fast-ion probe (SLIP) was first implemented on CHS in 1997 to detect escaping beam ions’ energy and pitch angle [1-2], and was subsequently utilized as a magnetic spectrometer to investigate energetic-ion transport due to magnetohydrodynamic instabilities in CHS [3] as well as in LHD [4-5]. In addition, ZnS:Ag scintillators have been successfully applied in imaging neutral particle analyzer (INPA) to diagnose confined EPs [6] and EP transport due to energetic-particle-driven resistive interchange.
Motivated by these experiences, the development of ZnS:Ag-based fast-ion loss diagnostics is being continued for CHD. This work aims to improve the understanding of EPs confinement in CHD plasmas characterized by three-dimensional magnetic field structure, and the design and development progress of the SLIP for CHD will be presented.
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