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[image: ]LaBr₃(Ce) detectors are widely used in gamma-ray spectroscopy owing to their superior energy resolution and high light yield. However, in high neutron-flux environments, intrinsic activation of the detector constituents results in a rapid increase in background radiation and degradation of spectral integrity, thereby impeding precise spectroscopic analysis. This study quantitatively evaluates the degradation and recovery kinetics of LaBr₃(Ce) performance following neutron irradiation and assesses its subsequent impact on the detection of the 1778.2 keV silicon (Si) prompt gamma-ray peak[1].Figure 1: Comparison of silicon (Si) prompt gamma-ray spectra in activated (red) and recovered (blue) states of the LaBr₃(Ce) detector following neutron irradiation.

Detector performance was monitored over a 25-day post-irradiation period using a ⁶⁰Co check source and intrinsic background analysis. During the initial "Activated Phase" (Days 3 to 18), the energy resolution at 1332.5 keV deteriorated from 3.4% to over 21.0%, while the background index (BgIdx) exhibited an approximately six-fold increase compared to the recovery state. In this period, the silicon peak at 1778.2 keV remained undetectable, as the signal-to-background ratio (SBR) approached 1 due to dominant activation-induced noise.
In contrast to the earlier phase, a distinct recovery of spectroscopic performance was observed as the cooling time progressed. Starting from Day 23, detector performance began to restore; by Day 25, the intrinsic background similarity reached 1.00 relative to the pre-irradiation state, and the energy resolution at 1461 keV recovered to 2.09%. During this recovery phase, precise detection and analysis of the silicon prompt gamma-ray peak, which had been previously obscured, became feasible again. These results delineate the operational constraints of LaBr₃(Ce) detectors in high-neutron environments and propose an optimal cooling time for reliable prompt gamma neutron activation analysis (PGNAA) in silicon-based applications.
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