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Abstract: To obtain an epithermal neutron field suitable for the performance validation of neutron
detectors used in boron neutron capture therapy (BNCT), a beam shaping assembly (BSA) based
on a deuterium-deuterium (D-D) neutron source was designed based on Monte Carlo simulation
and a multi-objective optimization algorithm. First, the Geant4 code was used to calculate the
interaction of 200 keV deuteron ions with a deuterated titanium target for determining the
characteristics of the neutron source. Second, multi-objective optimization of the D-D neutron
source-based BSA was conducted by using the MCNP6 code combined with a genetic algorithm to
maximize the epithermal neutron flux and minimize the fast neutron contamination and thermal
neutron fraction. Finally, a three-dimensional water phantom was employed to evaluate
distribution characteristics of the beam. The results show that the epithermal neutron flux after

optimization reached 2, 65X 10° /(ecm® * s), the fast neutron contamination was reduced to 5.5 X
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107" Gy « cm®, and the thermal neutron fraction was 0. 013 4, all better than the expected

values. The neutron field at the exit of the BSA exhibited good symmetry and directionality in

spatial distribution. This study is intended to provide reliable experimental conditions for the

development and calibration of detectors, providing an idea for the miniaturization design of

BNCT devices.

Keywords: deuterium-deuterium neutron source; Monte Carlo simulation; genetic algorithm;

epithermal neutron field; beam shaping assembly
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