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Prevention of Acts of Nuclear/Radiation Terrorism at Large Public Events

— Development of Detection Equipment to Estimate the Direction of Incoming Neutrons —
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Fig.1 Detection equipment comprising rod-shaped detectors
and a neutron scatterer

Plastic scintillation detectors are installed on the front and back
sides of a polyethylene neutron scatterer. Measurements are
conducted while rotating the setup in increments of 10° with
respect to the radiation source. This figure represents the setup
facing the 90° direction. When the setup is rotated from 0° to 90°,
the solid angle viewed from the radiation source increases for the
front detector, resulting in an increase in its counts, and the count
at the back detector decreases as it is obscured by the scatterer.

One of the challenges in ensuring nuclear security for
large-scale public events such as the Olympics and for large
commercial facilities is preventing acts of terrorism involving
nuclear and radioactive materials. Various radiation detection
devices are being developed to prevent the entry of nuclear
and radioactive materials into the venues of such event or
their surroundings, and to rapidly detect and respond to such
incidents if they occur.

Some nuclear materials and industrial radiation sources emit
high-energy neutrons. They have high penetration capability,
making shielding more difficult than in the case of other types
of radiation. This capability also limits the ways in which such
materials can be concealed. Therefore, detecting high-energy
neutrons may be an effective approach to detect such emitters.
We are working on the development of the technology to
rapidly estimate the direction from which high-energy neutron
radiation is being emitted coming and to enable more rapid
responses.

There are several types of neutron detectors, each with
different characteristics, such as the energy that they can
detect. For example, the commonly used *He detectors are
excellent at detecting thermal neutrons (low-energy neutrons);
however, when high-energy neutrons have to be measured, it
is necessary to reduce the energy of these neutron by using
a moderator. Therefore, it becomes difficult to determine the
direction of the incoming neutrons, and the neutrons scattered
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Fig.2 Count comparison of the two detectors and the
ratio of the counts

As the rotation angle increases, neutron counts of the front
detector () increase, and those of the back detector (A)
decrease because the latter is obscured by the scatterer. The
ratio of counts of the two detectors (@) increases linearly with
the rotation angle. This relationship implies that the direction
of the neutron source can be estimated from the count ratio.

by the surrounding material may be detected. Hence, the *He
detectors are not well suited for locating radiation sources
emitting high-energy neutrons. In contrast, plastic scintillation
detectors cannot detect thermal neutrons, but they can directly
detect high-energy neutrons. These detectors can detect direct
neutrons coming from a source but cannot detect scattered
neutrons. Therefore, by using an asymmetric detector to impose
a direction dependency on counting, the direction of incoming
neutrons can be estimated. We built a rod-shaped plastic
scintillation detector. The measurement setup is illustrated in
Fig.1. The setup comprises two rod-shaped detectors—one
on each side of a neutron scatterer. When this setup is rotated,
differences arise in the counts at the two detectors, and by
comparing these differences, the direction of the incoming
neutrons can be estimated. Through an experiment of counting
neutrons by rotating the setup in steps of 10°, we obtained
the measurement results shown in Fig.2. Furthermore, by
determining the ratio of counts at the two detectors, we can
directly estimate the direction from 10° to 80°. By using this
measurement setup, it is possible to simultaneously detect
neutron radiation sources and estimate their direction, thereby
shortening the time required to detect radiation sources
employed for terrorist purposes.
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