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INTRODUCTION:  BNCT is a promising cancer 
therapy which kills tumor cells while suppressing expo-
sure dose to normal tissues. Normally, the neutron field 
of BNCT has an energy distribution spreading within 
thermal and fast regions in addition to epi-thermal region. 
Because fast neutrons are harmful to the human body, we 
must measure the fast neutron flux intensity to evaluate 
the exposure dose of the patient accurately. However, it is 
quite difficult to know the intensity directly and accu-
rately because there is no suitable neutron spectrometer 
or no activation material covering epi-thermal or fast 
neutrons separately. We are therefore developing new 
monitors to precisely measure the absolute integral flux 
intensities of fast neutrons (10 keV ~ 1 MeV). [1] In the 
previous research using the developed detectors to meas-
ure the fast neutron flux intensity, the experimental value 
was underestimated by about 87 % compared to the cal-
culated value. [2] This is because the sensitivity of the 
previous monitor below 10 keV is not perfectly zero, and 
the epi-thermal neutron contribution in the neutron spec-
trum in KUR, Kyoto University, is so large. Therefore, 
the objective of this study is to modify the monitor to 
improve its sensitivity and validate it experimentally.  

Fig. 1  Comparison of sensitivity between previous moni-
tor and modified monitor. 

EXPERIMENTS:  According to the previous study, to 
extract the fast neutron flux intensity, two detectors are 
used. One of them has a small block-like B4C in a cubic 
PE and a GaN foil covered with a Cd sheet at the center 
of the cubic PE (B4C type). The other one consists of a 
cubic PE surrounded by a B4C sheet and a GaN foil cov-
ered with a Cd sheet placed at the center of the cubic PE 
(PE type). In addition to the above, we designed the de-
tectors by using a 10B neutron shield to suppress the mon-
itor’s sensitivity below 10 keV. The modified monitor can 
estimate the absolute fast neutron flux intensity by mak-
ing difference of the two 72Ga activities created via 
71Ga(n, γ)72Ga reaction. Fig. 1 shows the comparison of 

sensitivities between the previous monitor and modified 
monitor. In this study, the performance of the fast neutron 
monitor was verified experimentally at KUR. Epi-thermal 
neutron irradiations were carried out for 50 min in 1 MW 
operation for each detector. 

RESULTS:  From Fig. 1, the monitor’s sensitivity be-
low 10keV is successfully improved (suppressed to be 

0) by the revision using a 10B neutron shield. The im-
proved monitor was tested at KUR. The activities of 72Ga 
in the monitors were measured just after their irradiations 
using an HP-Ge detector. The absolute fast neutron flux 
was deduced from the obtained activities with the im-
proved sensitivity shown in Fig. 1. The results are sum-
marized in Table 1. In the table, the nominal value means 
the value formally evaluated at KUR. 

Table 1  Absolute fast neutron flux intensity obtained 
by the improved monitor. 

Experimental 
value (E) 

Nominal 
value (C) C/E 

72Ga activity*1 [Bq] (1.44 0.03)x102   
72Ga activity*2 [Bq] (1.48 0.04)x102   

fast [n/cm2/sec] 3.52x107 1.08x107 0.31 
*1 For the PE type detector.
*2 For the B4C type detector. 
*3 The estimated error is about 38 % 

From Table 1, the experimental value is larger than the 
nominal value by the C/E value of 0.31, while in the pre-
vious result the C/E value was 7.8. This means, the result 
was surely improved, however, it is still largely different 
from the nominal value. Consequently, though the moni-
tor was modified, the monitor was confirmed not to be 
able to measure the fast neutron flux intensity properly. 
This is due to incoming scattered neutrons during irradia-
tion, i.e., neutrons are scattered on the wall of the irradia-
tion window and enter the detectors from outside of the 
collimator. Scattered neutrons cause an error of activity 
of the GaN foil and it leads to a large error between the 
experimental and nominal values. Now we are making 
further revisions of the design to shield scattered neu-
trons. 
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INTRODUCTION: For boron neutron capture therapy, 
measurement of beam fluence spatial distribution is re-
quired for quality assurance in the irradiation field. This 
study investigated the use of the multi polymer gel de-
tector system which consists of gels including different 
beam component converters. The preliminary selection of 
converter nuclide for epithermal neutrons is reported. 

EXPERIMENTS: As an initial candidate, the 
33S(n, )30Si reaction was considered based on the work 
of Porras [1] which showed a dose increase from the epi-
thermal neutron component. As a method, the cross sec-
tion library JENDL-4.0 was surveyed for the reactions 
with high cross section for epithermal neutrons [2]. Of 
particular interest were reactions that produced charged 
particles such as (n,p), (n, ), and (n,t) which result in 
charged particles depositing energy in the polymer gel 
detector. The data in Fig. 1 is an example of the cross 
section used in this study. 

33S(n, )30Si
65Zn(n, )62Ni
65Zn(n,p)65Cu
35Cl(n,p)35S
1H(n, )2H

Fig. 1 Cross section used in this study. 

RESULTS: The maximum of the cross section at each 
energy region of thermal (-0.5eV), epithermal 
(0.5eV-10keV), and fast (10keV-) is shown in Fig. 2, 
from the survey of nuclear reactions. The ratios of the 
cross section at the epithermal region in Fig. 2 to those at 
other regions are shown in Fig. 3. The reactions 
65Zn(n, )62Ni, 65Zn(n,p)65Cu, and 35Cl(n,p)35S were se-
lected as the candidates to enhance the epithermal neu-
tron sensitivity of the gel detector. This is because their 
epithermal neutron cross sections in Fig. 2 and cross sec-
tion ratios in Fig. 3 were comparable to those of 
33S(n, )30Si. 

The nuclide 65Zn with a half life of 244 days does not 

exist in nature, among the candidates selected. It should 
be produced by the neutron induction to 64Zn (natural 
abundance: 49%). However, the reactions 65Zn(n, )62Ni 
and 65Zn(n,p)65Cu have a wide peak over 100 eV and low 
cross section at thermal and fast regions from Fig. 1, and 
they are expected to efficiently enhance the influence of 
epithermal neutrons than other candidate nuclides. 
Therefore, we decided to investigate 65Zn as a promising 
option as well as 33S and 35Cl, apart from the convenience 
in practical use. 

Fig. 2 Maximum cross section in energy range 

Fig. 3 Ratio of maximum cross section in epithermal 
region to that in other regions 
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