Growth and Characterization of  Radioactive source doped CeBr₃ Crystal Scintillators
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Cerium bromide (CeBr₃) crystal scintillators have attracted significant attention for γ-ray spectroscopy due to their excellent scintillation performance such as a high light yield of approximately 60,000 photons/MeV, a fast decay time of about 20 ns, and an emission peak around 380 nm.  Owing to its low intrinsic background, in contrast to LaBr₃:Ce scintillators containing radioactive ¹³⁸La, CeBr₃ is particularly suitable for gamma-ray spectroscopy in space missions and rare nuclear process experiment. The source as a detector technique offers a novel approach to radiation detection by embedding a radioactive source within the scintillator, enabling self-detection, self-calibration, and enhanced signal detection efficiency [1,2]. This method eliminates the need for external detectors, improves sensitivity in low-background environments. The radioactive source doped CeBr₃ crystal scintillators were developed for the Global Rare Anomalous Nuclear Decay Experiment (GRANDE) [3]. We will present the growth and scintillation performance of intrinsic CeBr₃ and CeBr₃ crystals doped with three radioactive isotopes, 139Ce, 57Co and 44Ti. The CeBr3 powder was loaded into a quartz ampoule coated with radioactive isotopes under a nitrogen (N2) environment. The powder was dried at 110–150°C under a 10−7 torr vacuum for 12 hours and then torch-sealed for growth.  Special care should be taken for the preparation of radioactive source in the quartz ampoule for the successful growth of the radioactive source doped CeBr₃ crystal. Crystal was grown using the two zone Bridgman technique with a monitoring window. The growth rate was carefully controlled to maintain a stable interface, with a temperature gradient of 10–20°C/cm. The as-grown crystal was cooled to room temperature over three days.  Major scintillation characteristic including light yield, energy resolution, decay time, and non-proportionality of grown crystals are measured and compared.
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