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Cerium-doped garnets R₃Al₅O₁₂:Ce (R = Lu, Y, Tb) are widely used as scintillation and dosimetric materials due to their high light yield and fast response. However, their radiation stability of these compounds is strongly influenced by structural defects, particularly antisite defects and oxygen vacancies, which are commonly present in melt-grown crystals. In contrast, single crystalline films (SCFs) grown by liquid-phase epitaxy at lower temperatures in an oxygen-containing atmosphere are close to stoichiometric and nearly defect-free [1], making them suitable model systems for studying intrinsic radiation tolerance.

In this work, the effects of swift heavy ion irradiation on the structural and luminescent properties of Lu₃Al₅O₁₂:Ce, Y₃Al₅O₁₂:Ce , and Tb3Al5O12:Ce SCF scintillators were investigated. The samples were irradiated at 300 K with 147 MeV ⁸⁴Kr ions to fluences of 10¹² and 10¹⁴ ions/cm² using the DC-60 accelerator (Astana, Kazakhstan). Radiation-induced changes were studied by conventional structural and optical techniques (Raman, absorption, cathodo - and photoluminescence (CL and PL), scintillation light yield (LY) and decay kinetic under excitation by α-particles 239Pu source) as well as UV-VUV luminescence spectroscopy under synchrotron radiation (SR) excitation with energy in the 3.7–12.5 eV range at 13 and 300 K at P66 line at PETRA III storage ring at DESY, Germany.

Significant modifications of the structural and luminescent characteristics were observed after irradiation at a fluence of 10¹⁴ ions/cm². These changes are attributed to the formation of point defects and latent ion tracks, as confirmed by absorption, CL, and PL spectra. Track overlap begins at fluences around 10¹² ions/cm², and further fluence increase leads to bond breaking in the garnet lattice. High electronic energy losses result in strong local heating, facilitating the formation of self-trapped and localized excitons, antisite-related defects, and oxygen vacancies. Additional defect generation is associated with increased nuclear stopping near the end of the ion range.

SR-excited luminescence exhibits pronounced fluence-dependent changes in YAG:Ce, LuAG:Ce TbAG:Ce . In YAG:Ce, excitation SR at 6.9-7.8 eV in the exciton range at 13K leads to a strong enhancement of emission related to F⁺ and F centers at a fluence of 10¹⁴ ions/cm², while this emission is substantially suppressed at 300 K. This behaviour is not observed in LuAG:Ce SCF, where an increased Ce3+ PL intensity and a higher scintillation LY are detected. Furthermore, the Ce3+ decay kinetics in LuAG:Ce SCF become approximately three times faster than in YAG;Ce SCF. These results demonstrate distinct radiation response mechanisms in Lu- and Y-based garnet SCFs under swift heavy ion irradiation.
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