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INTRODUCTION:  Nuclear emulsion can be used as 
slow neutron detectors by combining it with thin layers 
including nuclide which convert neutrons to ionizing par-
ticles or adding such nuclide into emulsion layers. We 
conducted two experiments, Experiment 1 and 2, using 
the former and the latter type of detector, respectively.
The former type whose spatial resolution was estimated 
to be finer than 100 nm was developed [1]. It can be a
novel device for neutron imaging. In this detector, neu-
trons are detected by the emission of  particles or 7Li
nuclei from the neutron capture reaction, 10B+n 7Li,
by 10B in the converter layer. One can observe their tracks 
as series of silver grains under an epi-illumination optical 
microscope. The lengths of these tracks are approximate-
ly 5 and 2 m, respectively. In the Experiment 1, detec-
tors were produced by sputtering 10B4C (200 nm)-NiC-C
layers on Si substrate using ion beam sputtering system 
[2] at KURRI and applying the fine-grained nuclear
emulsion [3] at Nagoya University. We produced several
samples that recorded tracks at different densities of them
to develop track recognition method that can be applied
to various densities of tracks. The latter type of detector
can be used for fundamental studies of radiation therapies.
We are applying it to the study of the mechanism of pro-
ton boron capture therapy (PBCT). The therapy was pro-
posed to improve the dose concentration of proton cancer
therapy using 11B(p, )2  reaction. For the study, a fi-
ne-grained nuclear emulsion added of natural boron will
be developed for the detection of  particles emitted from
the reaction point. A uniformity of the distribution of the
boron has to be checked. In order to check it, Experiment
2 was conducted. Sodium pentaborate was added to fi-
ne-grained nuclear emulsion to introduce boron in it. The
emulsion was exposed to neutrons and tracks of  parti-
cles and 7Li from reaction 10B+n 7Li were counted.

EXPERIMENT 1: Neutron irradiations were con-
ducted at the CN3 beamline at KURRI. The detectors 
were individually packed in a light-tight film and placed 

directly downstream of the neutron guide tube. Irradia-
tions of 1000 s, 10000 s, and 25000 s were conducted 
under 1 MW thermal power of the reactor. The detectors 
were developed and observed under the microscope. 

RESULTS: 390 16 tracks per 100 m2 were observed 
in the sample for irradiation of 1000 s as shown in Fig.1.
Assuming a neutron flux of 7.6 105 /cm2/sec at the 
window of the neutron guide tube [4], the neutron con-
version efficiency was calculated to be approximately 
0.5%. We have scanned these detectors with an optical 
microscope to obtain a dataset of sample images. Using 
these images, we are developing image processing for 
track recognition.

EXPERIMENT 2:  The sample consists of fine-grained 
emulsion with Na2B10O16∙10H2O added by a concentra-
tion of 1 10-1 mol/L. The film was then exposed to 20 
meV neutrons at the CN3 beamline. The beam density 
was 5 108 /cm2. The exposed film was developed and 
observed under an epi-illumination optical microscope. 

RESULTS:  The frequency of the 10B+n 7Li reac-
tion in the exposed emulsion was expected to be 4 per 
100 100 m2 from the amount of sodium pentaborate 
and the reaction cross-section. The number of the candi-
date events was 3.1±0.6 per 100 100 m2, which was 
approximately consistent with the expected one. The re-
actions were distributed uniformly within statistical error 
along the depth in the emulsion layer. The results indi-
cated that sodium pentaborate is uniformly distributed. 
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Fig. 1.  One of the microscopic images of the detector 
that recorded tracks of  particle and 7Li from neutron 
absorption by 10B. The dimension of field of view was 50

50 m2. About 120 tracks were recorded in this area by 
1000 seconds of neutron irradiation. 
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