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Fig. 1 Schematic diagram of the PGNAA system
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Table 1 Mass,size, characteristic gamma rays and associated cross sections of the hafnium sample
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Table 2 Parameters used in the activation of indium foils
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Table 3 Thermal and epithermal neutron fluxes measured using indium activation foils
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Fig. 2 Neutron energy spectrum of Hf sample
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Fig. 3 Prompt gamma-ray energy spectra of Hf and blank samples
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Table S Important parameters in peak fitting process
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Abstract: Plate-type nuclear fuel is extensively employed in small modular reactors, where the incor-
poration of neutron poisons into fuel elements enhances fuel utilization efficiency. Hafnium (Hf), a
commonly used neutron poison, is widely applied in nuclear fuel assemblies. To ensure the operational
safety, the accurate quantification of neutron poison content is of great significance. In this study, the
detection of Hf was investigated using Prompt Gamma-ray Neutron Activation Analysis(PGNAA). A
PGNAA system comprising a D-T neutron generator and a high-purity germanium detector was estab-
lished to measure Hf plate samples. The system achieved a mass detection limit of 3.89 g for Hf. Fur-
thermore, a Monte Carlo simulation model of the measurement system was developed to calculate the
characteristic gamma rays induced by neutron excitation. The calculated results deviate from the ex-
perimental measurements by less than 10%, thereby validating the model’s reliability. These findings
provide both experimental and theoretical support for the application of PGNAA technology in meas-
uring Hf content in nuclear fuel elements.

Key words: Prompt Gamma-ray Neutron Activation Analysis(PGNAA); hafnium; D-T neutron generator;

Monte Carlo simulations; neutron poisons; plate-type nuclear fuel



