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Editorial on the Research Topic
Radiation detection and measurement in neutron capture therapy

Boron Neutron Capture Therapy (BNCT) is now becoming popular and crucial as a
new radiation therapy for cancers worldwide. BNCT can kill tumor cells by alpha and
lithium particles emitted by a neutron-10B nuclear reaction. The charged particles have a
range of around 10 µm, which is a similar size to a human body cell. Consequently, BNCT
has a clear advantage of selectively killing tumor cells compared to other radiation therapies.
In Japan BNCT systems are more and more accelerator based, not requiring building a
nuclear reactor. Furthermore, Japan is the first country where BNCT is approved and
covered as a cancer therapy by the public health care system. Soon, not only in Japan but
also in other countries BNCT has a good chance to become one of the promising choices we
can select as a reliable cancer therapy.

The other side of radiation therapy is that radiation has an adverse effect on the human
body, making the detection and measurement of radiation during BNCT crucial for the
introduction of the therapy on the global scale. This is however not as straightforward as for
other radiation therapies, because BNCT uses neutrons, especially epi-thermal neutrons, which
have otherwise not been used for clinical applications before. Additionally, high-energy gamma-
rays are created at the same time, forming the mixed field of neutron, secondary neutrons and
gamma-rays as well as secondary gamma- andX-rays, to which the patient is exposed during the
treatment. This is completely different from other radiation therapies.

The present Research Topic includes various techniques to measure the radiation field, or
part of it for BNCT. For neutrons this includes thermal energies up to several tens of MeV, and
gamma-rays up to 10 MeV, which require different measurement techniques depending on the
type of radiation and its energy. The physical quantities of interest are neutron source intensity,
neutron flux intensity on the surface of the beam shaping assembly as well as on the patient,
boron imaging, treatment effect (local boron dose), exposure doses due to neutron and gamma-
ray and activation of materials in the facility. This Research Topic encompasses both theoretical
and experimental studies related to BNCT. It includes the design, validation, and
characterization of targeted neutron sources, both accelerator-based and reactor-based,
utilizing various detectors. Additionally, the topic addresses the treatment and dosimetry
aspects of BNCT within the field of nuclear medicine.

To date, four papers have been published in this Research Topic, focusing on:
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(1) Boron imaging via autoradiography
(2) Neutron source intensity measurements
(3) BNCT dosimetry
(4) Neutron-induced radioactivity

Espain et al. group in Argentina has been studying boron
imaging by autoradiaogaphy, which allows to predict the
treatment effect, i.e., local boron dose. They have shown that a
quantitative autoradiographic technique can be used to measure the
boron concentration in the sample by counting the nuclear tracks on
the detector. However, this method requires rapid measurements of
the boron distribution after irradiation, which has so far not been
possible. Thus, they developed a new methodology that allows a
rapid and easy determination of boron concentration and
distribution in a tissue section by simply measuring grey levels.
These are later converted to optical density values, which are then
correlated with boron concentration values. In order to validate the
technique, consecutive sections of several tissue samples were
analyzed by the conventional counting method and correlation
shown. The image analysis and boron concentration estimation
can be carried out in under 15 min, which is a crucial time limit for
BNCT, as the boron concentration should be shorter that than the
typical length of a treatment sessions. Portu’s method is expected to
be well received in the boron imaging community of BNCT.

Tamaki et al. group at Osaka University, Japan, has developed
the neutron intensity monitor with isomer production reaction for
p-Li source. In their paper, the source neutron intensity of a p-Li
neutron source was able to be determined by three foils depending
on measuring purposes, in an accelerator designed for BNCT:

107Ag: Most convenient in a short measuring time.
115In: Highest measuring accuracy
189Os: Only available for backward angle

They have also pointed out that experimental tests show that the
activation reaction cross section data of JENDL-A-96 should be
improved for 107Ag and 115In, while IRDFF was acceptable, for real
applications of BNCT.

Measurement of the absolute source term is fundamentally
important, especially for accelerator-based neutron sources for
BNCT, as an absolute and calibrated reference for all
downstream detector is needed.

(3) Dosimetry is of fundamental importance for BNCT. The
Bikchurina et al. group of the Budker institute of Nuclear Physics, in
Russian federation, developed various diametrical methods for
accelerator-based neutron source, VITA, for BNCT. Practically, it
contains four diagnostic methods, that is, compact neutron detector,
cell dosimeter, promptγ-ray spectroscopy and epithermal neutron
flux monitor. The compact neutron detector measures the spatial
distribution of boron dose and gamma-ray dose in air and in a water
phantomwith a resolution of 1mm. The cell dosimeter measures the
sum of fast neutron and nitrogen doses using cell cultures irradiated
with gamma-rays and mixed radiation of neutron and gamma-ray.
By protecting an HPGe detector properly, it became possible to
utilize the prompt γ-ray spectroscopy for real-time measurement of
the boron dose during the therapy. The epithermal neutron flux
monitor can measure the epithermal neutron flux. It was concluded
that it is desirable to use all the developed methods in therapeutic

facilities for treatment planning and evaluation of its results. These
results would be valuable for other BNCT facilities as well
as for VITA.

(4) Finally, Capoulat and Kreiner group for BNCT in Argentina,
explored radio-activities induced by neutrons in accelerator based
neutron sources for BNCT in various BNCT facilities around the
world. Naturally, it is essential to minimize the production of
residual radioactivity to the lowest possible level, particularly in
hospitals. They assessed quantitatively the residual radioactivity in
various facilities, taking into account both primary and secondary
activations. The primary activation mainly arises from the
interaction of the proton or deuteron beam and the neutron-
producing target. The secondary activation results from neutron-
induced reactions with elements exposed to neutrons in a beam
shaping assembly (BSA). To assess the activations, they evaluated
the representative group with respect to the target-BSA
configurations. Regarding the target activation, our findings
indicate that 9Be targets impinged by protons of less than
10 MeV represent the cleanest, while 7Li targets bombarded with
protons lead to the highest activation levels. As for the BSA
activations, the neutron energy is a crucial factor. In the case of
standard BSA materials, higher neutron energy results in increasing
the number of radioactive products. Additionally, his groups
findings suggest that radioactivity induced by impurities and
minor components in alloyed materials cannot be neglected and
must be taken into account in radioactivity calculations.

In summary, this research provides a comprehensive analysis of
activation of the commonly used targets and BSAmaterials, aimed at
contributing to the optimization of accelerator-based neutron
sources, especially for determination of 9Be or 7Li which is the
most important issue in the BNCT community.

In the present Research Topic, we focused on measuring
techniques for BNCT as few Journals to feature this field. We
hope this Research Topic could become a seed to grow and
enhance the research of this field. By exposing these new results
to wider audiences of scientists, we hope to stimulate more research
that improves technology for future BNCT facilities.
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