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Study on the development of alpha-particle detectors with energy discrimination
and position detection

Summary

Plutonium dioxide (PuQOs2) is used in nuclear facilities such as mixed oxide fuel
facilities for fast breeder or light-water reactors. In these facilities, an alpha
radiation survey meter with a ZnS(Ag) scintillator is normally used for detecting
PuO2 contaminations. Since both 222Rn (radon) and its progeny emit alpha
radiation, it i1s necessary to be able to distinguish PuO2z from the radon progeny:;
however, the alpha radiation survey meter does not have this ability. Therefore,
instead of the alpha radiation survey meter, a silicon surface barrier detector
(SSBD) with high energy resolution is used to distinguish PuOs from the radon
progeny. However, if the concentration of the radon progeny is too high, the
discrimination between PuOgz and the radon progeny is difficult even with the
SSBD. Another method to distinguish PuO2 from the radon progeny is to determine
the two-dimensional distribution of the alpha radiation by ZnS(Ag)
autoradiography. However, a contaminated sample must be removed from the
place where the contamination was found, which requires considerable effort and
time. Therefore, to enable the instant identification of any PuOz contamination at
a working site, we developed an alpha radiation detector with energy
discrimination and position sensitivity based on a new light sensor with high light
detection efficiency, namely, a silicon photomultiplier (SiPM).

First, to select a scintillator with high pulse height and high energy resolution for
alpha-particles, we measured the pulse height and the energy resolution of four
scintillators: GdzSi2O7:Ce (GPS), GdsAlaGas012:Ce (GAGG), ZnS(Ag), and a plastic
scintillator combined with an SiPM array. Next, we developed an alpha radiation
detector with energy discrimination and position sensitivity using GAGG and
SiPM arrays and evaluated its pulse height and energy resolution. Then, we
developed a large alpha radiation detector with energy discrimination and position
sensitivity using through silicon via (TSV)-SiPM array and evaluated its pulse
height and energy resolution.

The comparison of the four scintillators with SiPM showed that the energy
resolution of the GAGG (13.0%) was the highest among the four scintillators. The
pulse height of the ZnS(Ag), which was 10 times higher than that of the plastic
scintillator, was the best among the four scintillators. We, therefore, developed an

alpha radiation detector with energy discrimination and position sensitivity using
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a GAGG scintillator and a SiPM array. The newly developed detector had a spatial
resolution of 0.625 mm and an energy resolution of 13.0% Full width at half
maximum (FWHM). The spatial and energy resolutions were superior to an alpha-
particle imaging system, which combines a plastic scintillator and position
sensitive photomultiplier tube. Then, we developed a large alpha-radiation
detector with energy discrimination and position sensitivity using the TSV-SiPM
array. This detector had a spatial resolution of 0.625 mm and an energy resolution
of 13.8% FWHM.

The developed detector has high spatial resolution and high energy resolution and
enables the precise detection of PuOz in the presence of the radon progeny. For
instance, the detector enables the instant detection of PuOgz on a filter paper
without the wait for the radon progeny decay. The instant detection of PuQOgz will
make it possible to take immediate action for the protection of workers against

internal exposure.
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