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In modern technologies such as nuclear fusion diagnostics and high-energy physics experiments, dielectric and optical materials are routinely exposed to intense ionizing radiation. This exposure leads to the formation of radiation-induced defects that degrade optical transparency and modify luminescence characteristics, including light yield and decay kinetics. A detailed understanding of these effects is therefore essential to ensure the reliable operation of optical components and scintillators in extreme radiation environments.
This talk provides a comprehensive overview of radiation-induced phenomena in functional dielectric and optical materials used in nuclear fusion applications (Al₂O₃, MgAl₂O₄, MgF₂, diamond) and in scintillators relevant to high-energy physics (Y₃Al₅O₁₂, Gd₃Ga₅O₁₂, LYSO, BaMgF₄, PbF₂, PbWO₄). The materials were irradiated with neutrons and swift heavy ions to simulate realistic operating conditions. A pronounced and stable radiation-induced absorption in the visible spectral range is observed, showing a clear correlation with irradiation fluence. This absorption is attributed to the formation of multiple types of structural point defects created by particle radiation.
Special emphasis is placed on synchrotron-based vacuum ultraviolet (VUV) excitation spectroscopy as a powerful tool for probing radiation damage and luminescence behavior in optical materials and scintillators. Experimental studies performed at the MAX IV synchrotron (FinEstBeAMS beamline) and DESY (P66 beamline) demonstrate the capability of this technique to resolve radiation-induced changes in materials such as LaAlO₃, PbWO₄, PbF₂, Y₃Al₅O₁₂, and LYSO.
Finally, the effects of swift heavy ion irradiation on luminescence excitation spectra are discussed, with particular attention to modifications over a broad spectral range, including the VUV region. The physical origins of these irradiation-induced changes in single crystals are analyzed, providing valuable insights for the development of radiation-hard optical and scintillator materials for nuclear fusion and high-energy physics applications [1–5]
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