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The evaluation of the characteristics of the neutron imaging detector

Institute of Laser Engineering &,

Yasunobu Arikawa@, Takahiro Nagai?, Hiroaki Inoue?, Masaru Utsugi@

The neutron imaging detector has been developed for shadowgraph image for large size infra-structures. The
detector consists with a neutron scintillation pixel array made by a fast response liquid scintillator filled in the
aluminum-hanicam plate, an optical relay lens and a time-gated image intensifier CCD camera. L-band linac was
used to generate pulsed x-rays to demonstrate the detectors. Electron beam was injected into a lead plate to
generate pulsed a high energy x-ray. The x-ray shadowgraph image of the 10-cm sized heavy iron construction
was clearly observed, and 10-ns fast gating was also demonstrated.
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Post-growth control of the response times of bulk ZnO single crystals by gamma-ray irradiation

Institute of Laser Engineering

Kohei Yamanoi™, Melvin Empizo, Ren Arita, Keisuke Iwano, Yuki Iwasa, Yasunobu Arikawa,
Nobuhiko Sarukura, Takayoshi Norimatsu

Hydrothermal-grown bulk ZnO single crystals are investigated before and after gamma-ray irradiation. The irradiation
does not alter the optical transparency in the visible region. The gamma-rays only induce modified near-band-edge (UV)
emission with blue-shifted peaks and shortened response times. The response times shorten by 140 to 440 ps from the
initial values before irradiation. We attribute these observations to the creation of shallow defects by gamma-ray
irradiation. Our results present a possible control of the response times with post-growth radiation treatment. Bulk ZnO
single crystals with improved response times as fast as 400 ps are useful for relevant scintillator-based applications.

Zinc oxide (ZnO) is a 11-VI semiconductor compound
which can be used in a variety of optoelectronic
applications. Due to its wide and direct band gap (3.3 eV
or ~ 380 nm) and large exciton binding energy (60 meV),
ZnO can sustain intense and efficient short wavelength
near-band-edge excitonic emission at room and even
higher temperatures. We have previously reported
excellent scintillation properties of hydrothermal-grown
ZnO.! The ZnO crystal has a fast response time of about
1.0 ns irrespective of the optical excitation source. ZnO
response times can be further improved by impurity
doping with the introduction of additional quenching
channels or by the possible use of nanostructures which
maximize the oscillator strength. Exploring other methods
to control response times, effects of radiation
environments are of particular interest. Exposure to high
energy and ionizing radiations results to altered structural,
optical, and electrical properties. Electron and proton
irradiations of bulk ZnO crystals have already been
investigated and provide not only insights on ZnO
applications but also information on defects — their
creation and manifestations.

In this regard, we present our results on the gamma-ray
irradiation of bulk ZnO single crystals. The ZnO samples
grown by the hydrothermal method are irradiated with 10
to 150 kGy radiation doses. The gamma radiation only
induces modified near-band-edge emission of the ZnO
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crystals. We offer the creation of shallow defects on the
crystals as an explanation of our observations. These
results provide an alternative method to improve ZnO
response times for scintillator applications with
post-growth radiation treatment.

Bulk ZnO single crystals were sliced from a large boule
grown by the hydrothermal method. Samples with 10 x 10
x 0.5 mm® dimension and (0001) orientation were then
polished on both sides to have a mirror finish. The crystals
were irradiated with gamma-rays carrying 1.17 to 1.33
MeV energies from a %Co source. The %Co source was
calibrated with water and had a dose rate of 71.1 Gy/h at
1.0 m. Absorbed doses of 10, 50, 100, and 150 kGy were
applied on the ZnO crystals at room temperature and
ambient atmosphere. The optical properties of the bulk
Zn0O before and after irradiation were investigated using
optical transmission and photoluminescence (PL)
spectroscopies. All of the measurements before and after
irradiation were conducted at room temperature. The
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Fig. 1 Optical transmittance spectra of the bulk ZnO single crystals
before and after (a) 50 and (b) 100 kGy gamma-ray irradiation



characterizations of the irradiated samples were done
immediately after radiation treatment to prevent any
absorption relaxation and room-temperature annealing
effects.

The typical optical transmission spectra of the bulk ZnO
single crystals before and after gamma-ray irradiation are
shown in Fig. 1 (a) and (b). Similar to the sample color, no
noticeable change in transmission is observed after
irradiation. Both non-irradiated and irradiated crystals
have the same absorption edges (393 nm) and visible
region transparency (~ 100 %). Gamma-ray irradiation
does not affect the optical properties of the bulk ZnO
single crystals in the visible region.
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Fig. 2 Spectral and temporal profiles of the room temperature
near-band-edge emissions of the bulk ZnO single crystals before
and after (a and c) 50 kGy and (b and d) 100 kGy gamma-ray

irradiation. The arrows indicate the change after irradiation

The spectral and temporal profiles of the near-band-edge
emissions of each sample before and after irradiation are
depicted in Fig. 2. The UV emissions around 380 to 390
nm correspond to the near-band-edge emission of ZnO.
The characteristic emissions of the samples change after
irradiation. Electron and proton-irradiated ZnO crystals
also exhibit modified near-band-edge emissions. After
gamma-ray exposure, the emission peaks are blue-shifted
by 6 nm (177 eV), while the spectral linewidths about 17
nm (73 eV) are not significantly affected. Moreover, the
response times of the ZnO crystals before and after
irradiation are determined by double exponential fitting of
the decaying part of the temporal profiles. The fast
component is ascribed to free excitons, while the slow

component is ascribed to free and trapped -carriers.
Gamma-ray exposure has shortened both the fast and slow
components of the response times by 140 to 440 ps. The
shift in the emission peak is almost the same for different
radiation doses.

Bulk ZnO single crystals are expected to have excellent
optical band-to-band transitions. The room temperature
wide scan PL spectra of the samples (not shown here) do
not exhibit any defect-related emissions in the visible
wavelengths. Gamma-ray irradiation of the ZnO crystals
does not cause any detrimental effects such as decreased
optical transmittance or visible absorption bands as
compared to gamma-irradiated undoped and doped ZnO
thin films and ZnO-based scintillation glasses. Without
any observed inherent defects, the band-to-band transitions
are the only ones being altered by the gamma-ray
irradiation. We attribute the modified near-band-edge
emission to the radiation-induced shallow defects. Since
gamma-rays carry substantial energy, they can create
defects on the crystals. These shallow defects can serve as
carrier traps or nonradiative recombination centers leading
to shortened response times. An increased radiation dosage
creates more defects on the crystal. This explains why the
response times are shorter for ZnO crystals irradiated with
a higher dose. Moreover, the blue-shift of the emission
peaks can be ascribed to band-bending and screening
effects due to the built-in electric field created by the
trapped carriers.

We presented the improvement of the response times of
bulk ZnO single crystals by post-growth radiation
treatment. The crystals were irradiated by gamma-rays at
room temperature and ambient atmosphere. Gamma-ray
radiation only induced modified near-band-edge emission
with blue-shifted peaks and shortened response times.
After irradiation, the response times improved by around
140 to 440 ps. The altered optical properties were
attributed to the creation of shallow defects after
irradiation. Realizing scintillator-based applications, these
results nevertheless provide another way to improve ZnO
response times by post-growth radiation treatment rather
than the preparation with intentional doping or the use of
micro/nanostructured crystals.
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Development of dosimetry method of the radiations based on the yield of DNA lesions
Kikuo Shimizu?, Sachiko Tojo®, Youichirou Matuo®, Ryuto Nakashima®

Radioisotope Research Center?, Research Laboratory for Quantum Beam Science®, RINE. University of Fukui®,

Graduate School of Science and Engineering, Kinki University ¢

The biological dosemeter that measures biological responses to ionizing radiation is useful for radiation
protection. We are aiming at developing novel dosimetric system using DNAs based on radiation biology
and molecule biology. Quantitative PCR (Real-time PC) is used to amplify and quantify a radiation
irradiated DNA molecules. The DNA molecules irradiated with ionizing radiation suffer damages such as
strand brakes and oxidation of base, and this Real-time PCR method is based on the fact that such DNA
lesions caused by ionizing radiation block DNA synthesis by DNA polymerase, resulting in a decrease in
the amplification of a damaged DNA template compared with that of non-damaged DNA templates. In this
study, the protocol of PCR was refined in order to improve the sensitivity and reproducibility.

In order to know which damage was effective for block of DNA polymerase reaction, we also examined
the amount of 7, 8-dihydro-8-oxoguanine (8-0xoG) which were produced by v ray and carbon ion particle.
The amounts of 8-oxoG produced by v ray and carbon ion particle was about the same. This means that
blocking effect on PCR of high LET radiation such as carbon ion particles results from DNA strand breaks,
not base damages such as 8-0xoG.
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Study of Irradiation Effect on Insulation Material for Superconducting Magnet of Nuclear Fusion Reactor

Graduate School of Engineering?

Shigehiro Nishijima2”, Yoko Akiyama®, Fumihito Mishima?, Tomohiro Takahashi?, Koji Kobayashi?,

Organic polymeric materials are used for the insulation material in the nuclear reactor. They are the most
sensitive to radiation among the constituent materials of the nuclear reactor, and it is necessary to improve the
radiation resistance. The insulation material is fabricated by impregnating the resin into the layers of polyimide
films and glass cloths. Cyanate ester resin is to be used for the matrix because of its high radiation resistance. In
this study, the composites fabricated with cyanate ester were degraded by gamma-ray irradiation, and
interlaminar shear test was performed at the liquid nitrogen temperature. Based on the results, the fracture

mechanism of the composite material was discussed.
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