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Abstract

The Self-Powered Neutron Detector (SPND), as a core component of reactor core monitoring systems, has
long been utilized for neutron flux measurement due to its advantages of requiring no external power supply
and compact size. However, existing SPND technologies exhibit limitations in neutron spectrum detection. To
address this, this study proposes a novel neutron spectrum detection method based on a moderated-layer struc-
ture. Combining theoretical modeling and numerical simulation, the physical mechanism of the self-powered
neutron spectrum detection assembly was systematically analyzed. A polyethylene-moderated neutron spec-
trum detection module was designed, comprising four SPNDs with varying moderator thicknesses (0 cm, 2
cm, 5 cm, and 8 cm). A three-dimensional geometric model was established using the Monte Carlo simula-
tion method to calculate the response function matrix of the detection assembly across the neutron energy
range of 1x107°-10 MeV. Numerical results demonstrated that detectors with different moderator thicknesses
exhibited selective sensitivity to neutrons in specific energy regions. To validate the feasibility of spectrum
unfolding, an inversion algorithm based on the response matrix was developed and tested using three typi-
cal neutron spectra: a thermal neutron spectrum, a pressurized water reactor (PWR) spectrum, and a mixed
spectrum. Simulation results showed that the maximum relative deviation between the unfolded spectrum
components and preset values was less than 3.5%, confirming the effectiveness of both the detector design
and the unfolding algorithm. Error analysis indicated that deviations primarily originated from suboptimal
moderator thickness configurations and insufficient detector units. The proposed SPND-based spectrum de-
tection method provides a new technical pathway for real-time in-core neutron spectrum monitoring. Future
work should focus on increasing the number of detectors, employing high-temperature-resistant moderator
materials, and implementing advanced unfolding algorithms to enhance computational stability and achieve
higher-resolution spectrum detection.
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