Radiation-Induced Structural, Optical, and Luminescent Changes in Gd₃Ga₅O₁₂ under Swift Heavy-Ion Irradiation
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The structural, optical, vibrational, and luminescent responses of Gd₃Ga₅O₁₂ (GGG) single crystals to swift heavy ion irradiation were systematically investigated to elucidate defect formation mechanisms and their impact on optical and mechanical properties. Single crystals were irradiated with 147 MeV Kr and 231 MeV Xe ions over a wide fluence range (10¹¹–10¹⁴ ions/cm²). Room-temperature optical absorption measurements reveal a stepwise redshift of the fundamental absorption edge and the progressive formation of a broad sub-band-gap absorption tail between 4.4 and 5.3 eV, attributed to the accumulation of F- and F⁺-type oxygen-vacancy centers and increasing structural disorder. Low-temperature (13 K) photoluminescence spectra show a dominant broad emission band near 2.4 eV, accompanied by an irradiation-induced band at ~2.75 eV whose width and intensity increase with fluence, indicating the formation of vacancy-related defect complexes. Correspondingly, excitation spectra evolve from band-edge-dominated excitation in pristine crystals to defect-tail-mediated excitation in heavily irradiated samples.

[bookmark: _GoBack]Raman spectroscopy demonstrates that the garnet crystalline topology is preserved up to the highest fluences, with all fundamental vibrational modes remaining observable and no secondary crystalline phases detected. However, progressive lattice disorder is evidenced by significant mode broadening (FWHM increase of 20–100%), intensity reduction, and low-frequency shifts due to phonon–defect scattering. High-frequency Ga–O stretching modes exhibit the highest radiation resistance, while low-energy translational modes involving Gd³⁺ ions show pronounced degradation. Complementary nanoindentation measurements reveal substantial radiation-induced softening, with hardness decreasing by up to ~60% at the highest fluences, consistent with overlapping ion tracks and partial amorphization of the near-surface region. These results provide a comprehensive spectroscopic and mechanical picture of ion-track-induced disorder in GGG and identify the defect states governing its luminescence and structural relaxation under extreme irradiation conditions [1-3].    
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