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Development of Absolute Epi-thermal and Fast
Neutron Flux Intensity Detectors for BNCT
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BNCT is a promising cancer therapy which kills tumor cells while suppressing exposure dose to normal tis-
sues. Normally, the neutron field of BNCT, which is produced by a nuclear reactor or an accelerator-based
neutron source, has an energy distribution spreading within thermal, epi-thermal and fast neutron regions.
Because epi-thermal neutrons are generally used for BNCT, we must measure the epi-thermal neutron flux
intensity to evaluate the therapeutic effect and patient’s exposure dose. In addition, we also have to mea-
sure the fast neutron flux intensity to evaluate the exposure dose that may be harmful to the human body.
However, it is quite difficult to measure such intensities directly and accurately because there is no suitable
neutron spectrometer and no activation material covering epi-thermal or fast neutrons separately. The objec-
tive of this work is hence to develop new detectors to precisely measure the absolute integral flux intensities
of epi-thermal and fast neutrons.
An epi-thermal neutron detector we develop controls its sensitivity by using cadmium and polyethylene. A
fast neutron detector controls by using cadmium, B4C and polyethylene. The shape of the epi-thermal neutron
detector is a cube, each side of which is 5.52 cm covered with a cadmium sheet. However, the epi-thermal
neutron detector is a little sensitive to fast neutrons. To clarify the fast neutron contribution, we develop the
fast neutron detector. To extract only fast neutrons, the fast neutron detector consists of two sub-detectors,
and the fast neutron intensity is estimated by making difference of the two sub-detectors. The shape of one
of them is a cube covered with polyethylene with a side of 4.4 cm and that of the other is a cube covered with
B4C with a side of 4.6 cm. Moderated neutrons are measured by activation reaction of 71Ga (n, γ) 72Ga of a
GaN foil positioned at the center of the detector. Design calculations were carried out by MCNP5.
After fabricating the detectors, in order to test the performance of the epi-thermal and fast neutron detectors,
verification experiments were conducted at KUR, Kyoto University and FNL facility, Tohoku University, re-
spectively.
As the result, the epi-thermal neutron flux intensity could be measured with an error of 3.9 % by correcting the
high energy neutron contribution with the calculated value. The fast neutron flux intensity could be measured
accurately, that is, the experimental and calculated values agree well within the error range.
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