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Abstract

This paper proposes a design scheme for a photoneutron source based on a compact 7 MeV electron linear
accelerator, which addresses the need for the online measurement of the neutron poison concentration. The
structure of the beryllium neutron conversion target is designed as a ®160 mm x 40 mm cylinder, and its
position relative to the solution to be measured is optimized through Monte Carlo simulations, so that the
number of neutrons entering the solution per unit flux reaches 1.4x10-5 n/e. Simulation results show that the
photoneutron source achieves a single-pulse neutron yield of 9.3x107 n/s. The proportion of neutrons with
the energy below 1 MeV accounting for 89% of the total, of which 17.8% will undergo radiative capture in
typical gadolinium solutions. The proportion of neutrons entering the solution to be measured during the
accelerator beam pulse period is 94.7%, and the deviation of neutron lifetime measurement caused by the
broadening of the source is no more than 1.12%. The temperature and stress levels of the target materials are
within the safe range, thereby satisfying the criteria necessary for ensuring long-term stable operation. This
design provides a feasible neutron source for the online measurement of the neutron poison concentration,
thereby demonstrating its promising application potential.
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