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Optimization Design of Epithermal Neutron Field Based on D-D Neutron Source
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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 using Monte Carlo simulation and a multi-objective optimization algorithm. First, the
neutron source characteristics were determined by calculating the interaction of 200 keV deuteron ions with a
deuterated titanium target using the Geant4 code. Second, with the objectives of maximizing the epithermal neutron
flux and minimizing the fast neutron contamination and thermal neutron fraction, the BSA based on the D-D neutron
source was optimized using the MCNP6 code combined with a genetic algorithm. Finally, the beam distribution
characteristics were evaluated using a three-dimensional water phantom. The results show that the optimized
epithermal neutron flux reaches 2.65x10° cm2-s”!, the fast neutron contamination is reduced to 5.5x1013 Gy-cm?2, and
the thermal neutron fraction is 0.0134, all of which are better than the expected indicators. The neutron field at the exit
of the BSA exhibits good symmetry and directionality in spatial distribution. This study provides reliable experimental
conditions for the development and calibration of detectors and lays the foundation for the miniaturization design of
BNCT devices.
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Fig.12 Beam parameters variation with collimator lower
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Fig.16 Spatial distribution characteristics of neutron flux in

the 3D water phantom
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