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A B S T R A C T

Yb3+ doped phosphate glass and composites containing Yb2Si2O7, LiNbO3:Yb3+, and CaWO4:Yb3+ crystals 
embedded in phosphate glass were irradiated with a 3.5 MeV proton beam to investigate the impact of the ra
diation treatment on the Yb3+ spectroscopic properties. While the structure of the Yb3+ doped glass remained 
almost unaffected by the proton exposure, the irradiation was found to lead to structural changes in the com
posites, including defect formation and partial dissolution of the crystals with variations in the local environment 
of the Yb3+ ions. Micro-Raman spectroscopy revealed structural modifications induced by irradiation, including 
radiation-induced crystallization within the glass phase of the composite, as well as changes in the Raman spectra 
of the embedded crystals. Despite these microscopic changes, no visible alterations in transparency nor color
ation were observed, demonstrating the composites’ resistance to 3.5 MeV proton beam. The radioluminescence 
spectra were measured in-situ and changes in the spectroscopic properties were observed from all samples, with 
Yb3+ doped glass exhibiting the highest sensitivity with accumulated dose, followed by the composites prepared 
with CaWO4:Yb3+ and Yb2Si2O7. These results highlight the impact of proton irradiation on the structural and 
spectroscopic properties of Yb3+ doped crystals embedded in phosphate glass, demonstrating their potential for 
real-time radiation dosimetry.

1. Introduction

Ionizing radiation can induce light emission from materials, a phe
nomenon known as radiation-induced emission (RIE). This occurs when 
energetic particles traverse a medium, generating photons through 
processes like Cerenkov radiation and excitation of active doping cen
ters, leading to radioluminescence (RIL) [1–3]. While RIE can negatively 
impact the performance of optical fibers based devices in harsh envi
ronments, it also presents significant potential for radiation monitoring 
and dosimetry applications [4]. Optical fibers based devices that 
leverage RIE can provide effective measurements of radiation levels, 
making them particularly valuable in settings such as particle acceler
ators and medical radiotherapy (RT), including FLASH RT, where radi
ation exposure can reach significant levels and dependable real-time 
monitoring solutions are essential [5,6].

Rare-earth (RE) doped materials have gained attention in RIL-based 
dosimetry due to their strong luminescence properties and resistance to 
radiation-induced degradation [7–9]. Their role as optical activators 
helps mitigating the limitations of glassy scintillators, where structural 
defects can lead to non-radiative recombination and reduced light 
output [10,11]. Among them, Yb3+ is particularly advantageous due to 
its efficient emission in the near-infrared (NIR) range, exhibiting an 
emission line at approximately 975 nm, free from spectral superposition 
with unwanted luminescence, ensuring a high signal-to-noise ratio [12]. 
For instance, studies on Yb3+ optical fibers have further demonstrated 
excellent reproducibility in their linear RIL response with dose rate, and 
also high sensitivity, making them suitable materials for radiation 
dosimetry applications where precise and efficient signal detection is 
required [12–14].

Most studies on the photo-response of Yb3+ doped glasses have 
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