Evaluation of the Detector Response Linearity of Halide Scintillators for Spectrometric Determination of the Dose Rate
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The spectrometric determination of dose rates using scintillation detectors is a highly effective method for estimating both ambient dose rates and specific nuclide contributions from measured energy spectra. While NaI(Tl) scintillators are widely used due to their technical stability, their limited energy resolution hinders the efficient identification of specific radionuclides released from nuclear facilities, such as 131I, 134Cs, and 137Cs. Consequently, various halide scintillators, including LaBr3(Ce) and CeBr3, have emerged as superior alternatives. Owing to their excellent counting efficiency and energy resolution, these detectors are increasingly deployed in mobile radiation monitoring systems across diverse platforms, including vehicles, backpacks, and unmanned aerial vehicles (UAVs). The dose rates from measured energy spectra are typically achieved by deriving detector response functions via Monte Carlo simulations to calculate Spectrum-to-Dose conversion factors, known as the G(E) function, of scintillators used. However, it is critical to evaluate the performance limits of the G(E) function, specifically to define the applicable dose rate range. In high-dose-rate environments, spectral distortion caused by random summing (pulse pile-up) and rapid degradation of energy resolution due to excessive scattered gamma-rays may occur. Therefore, it is necessary to assess whether such distortions lead to significant deviations in the calculated dose rate using the G(E) function. In this study, linearity evaluations were conducted for environmental radiation monitoring systems based on various halide scintillators from irradiation experiments using a 137Cs source. The applicable dose rate range for each scintillator was determined by comparing the reference irradiated dose rates with those calculated from the measured energy spectra. This comparison established the linear range within which dose rates can be evaluated with a defined level of accuracy. Finally, ground-based gamma-ray spectrometry was performed to verify the practical applicability of the system for determining dose rates and the radioactivity of detected gamma nuclides in environmental settings.
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