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7. Fundamental Technology Center

Dr Nishimura received a Ph. D. from the University of Tokyo in 1984 for his
study on the biokinetics of radiocobalt in rats. He has 30 years of experience in
research on biokinetics of radionuclides in experimental animals. He has also
studied how to reduce radionuclide concentrations in animals and humans using
natural chelating agents such as chitin and chitosan. He was a group leader of the
Environmental Radiation Protection Research Group from 2005 to 2006. Since
April 2006 he has been Director of the Fundamental Technology Center.

: y_nishim@nirs. go. jp

The Fundamental Technology Center performs
advanced research and development necessary to
support the activities of NIRS. It manufactures major
pieces of research equipment for the Institute and
ensures the safety of laboratory apparatuses. The
Center consists of one office, tow departments and
seven sections (Fig. 13). The Planning and Promotion
Office is responsible for planning and promotion of work
in the Center, and it promotes common use facilities.
The Office sponsors technical meetings to combine and
improve the technical foundations of NIRS.

The Department of Technical Support and
Development consists of three sections: (1) Technical
advancement of radiation systems section ; (2)
Radiation measurement research section ; and (3)
Laboratory animal sciences section. The Department

of Safety and Facility Management consists of four
sections : (1) Radiation safety section ; (2) Specific
laboratory management section ; (3) Safety control
section ; and (4) Facility management section. This
department promotes improvements in : (1) the
handling of radioactive substances and nuclear
materials ; (2) safety measures used in the control of
radiation generators such as HIMAC ; (3) control of
radioactive wastes and dangerous substances ; and (4)
safety of the working environment for NIRS employees.
It also maintains the facilities and equipment necessary
for safety assurance. This department has instituted
the plan for the facilities and equipment to be set up and
used over the next 10 years and it now implements the
effective use of the facilities and equipment over the
planned timeframe.

Yoshikazu Nishimura, D.V. M.,
Ph. D.,
Director, Fundamental Technology Center
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Fig. 13. Organization of Fundamental Technology Center
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7.1. Study of Radiation Measurements

Dr. Uchihori received a Ph.D. from Osaka City University in 1995 for his study
on cosmic-ray physics at a high mountain and deep underground. He joined
extremely high energy cosmic-ray experiments as a fellow in Institute for Cosmic
Ray Research, Tokyo University . In 1996, he moved to NIRS and worked on space
radiation protection and measurement. He worked in the MEXT (Ministry of
Education, Culture, Sports, Science and Technology) in FY 2006 and in the planning
section in NIRS.

: uchihori@nirs. go. jp
Yukio Uchihori, Ph.D.
Senior Researcher, the Radiation
Measurement Research Section

NIRS Researchers in radiation biology and physics
need reliable dosimetery or measurement data in the
radiation field. The Radiation Measurement Research
Section supports their activities using both
conventional and the latest radiation detectors. Section
members also propose research topics in new radiation
fields like micro-beam and low dose neutron facilities to
NIRS biologists and physicists.

Several detectors have been developed using
leading-edge techniques and calibrated in various
radiation fields like HIMAC, cyclotrons, neutron fields,
and so on. Not only detectors themselves but also
analysis methods including hardware, software, and
simulation codes, and electronics have been developed.

Dosimetery of space radiation is another research
objective and several detectors for space radiation
measurements were developed. In collaboration with
the Institute of Bio-Medical Problems (IBMP), Russian
Academy of Science, there were several opportunities
to measure space radiation in the International Space
Station (ISS). Also, an international intercomparison
program of space radiation detectors, the ICCHIBAN
(InterComparison for Cosmic-rays with Heavy Ion
Beams At NIRS) Project, continues to understand and
standardize detectors for space radiation dosimetery.

1) Passive detectors (Nakahiro Yasuda, Iva Jadrnickova)
a) Development of the fluorescent nuclear track

detector technique
A new optical, non-destructive method of detecting

and imaging individual heavy charged particle tracks
using fluorescent nuclear track detectors (FNTDs)
is being investigated as a possible spectroscopic
technology for heavy charged particles of low and
high linear energy transfer (LET). The technique
uses new luminescent aluminum oxide single

crystals having aggregate oxygen vacancy defects
and doping with Mg (Al2O3 : C, Mg) in combination
with laser scanning confocal fluorescence
microscopy. Major advantages of Al2O3:C, Mg FNTD
over conventionally processed CR-39 plastic nuclear
track detectors include superior spatial resolution, a
wider range of LET sensitivity, no need for post-
irradiation chemical processing of the detector and
the capability to anneal and reuse the detector.
Spectroscopic capabilities of this new method were
demonstrated for energetic heavy ions of LET∞H2O
ranging from 2 to 8700 keV/ m. The new technology
is intended for use in neutron detection and
dosimetry, proton and heavy ion radiobiology, and
space radiation dosimetry as well as in nuclear and
particle physics research.

b) Polyvinyltoluene scintillators for relative ion
dosimetry
We have developed a dosimeter prototype, devoted

to ion beam dosimetry, and tested it with helium,
carbon and neon ions having an equivalent range in
water of 150 mm. A polyvinyltoluene-based plastic
scintillator is used to convert the deposited energy
into scintillator ; a measurement probe and a long
optical fiber guide the light to a photon counting unit.
Using 10 - 40 m thick scintillators, we showed that
the dosimeter gain is enough to provide useful
measurements. The ion-induced scintillation can be
interpreted using a model taking into account the
energy deposited by secondary electrons. For
practical purposes, it was shown that a linear
relationship can be established between the
scintillation signal and the relative dose.

c) Gold deposition development method for a nuclear
emulsion in charged particle detection
The gold deposition development method instead
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of the normal development method was applied to a
nuclear track detector by using silver halide
photography. Fine tracks formed by spherical gold
grains were observed without any filaments. The
grain size does not depend on the initial size of the
silver halide crystals but only on the deposition
period. This implies that the grain size can be
adjusted to a size similar to the resolving power of an
optical microscope in spite of the use of an ultra-fine
crystal emulsion. As a consequence, charge
resolution becomes higher compare to traditional
silver halide photography. In addition, the developer
used in the gold deposition method does not contain
harmful organic reagents, and it contains a lower
amount of inorganic salts than normal developers.
The solution can be safely handled and the disposal
treatment of the solution is easy.

d) Determination of dosimetric and microdosimetric
characteristics onboard the ISS
Cosmic radiation represents an important health

risk for astronauts. To estimate the radiation onboard
spacecraft, it is necessary to obtain the data on dose
distribution under real space flight conditions at
various locations in the spacecraft. Several
measurements were performed in the Russian
Service Module onboard the ISS from 2004 to 2006.
Usually, the combination of TLDs and track etch
detectors (TEDs) is used to obtain total values of
absorbed dose and dose equivalent ; TLDs are for the
measurement of low-LET radiation dose, and TEDs
determine the LET spectra of particle fluxes and
measure the dose and dose equivalent from high-
LET radiation (above 5 keV/ m). We have studied
the variation of dose quantities and LET spectra in
various compartments of the Service Module and on
the surface as well as in a tissue-equivalent spherical
phantom. The absorbed dose, dose equivalent, and
quality factor as well as the contribution of low-LET
and high-LET components of the radiation vary with
the position of the detector ; the differences were
observed to be up to factor of 2. During the evaluation
of the detectors we also obtained additional, new
results related to evaluation of TEDs that could be
important especially for some inter-comparison of
results measured with TEDs.

2) Neutron detectors (Masashi Takada)
Neutron detectors have to discriminate neutrons

from -rays because -rays contaminated neutron
fields. Liquid scintillators have been used to measure
fast neutrons ; however, it is difficult to handle the
detectors due to the use of xylene-based scintillators.
Here, the characterization of pulse shapes of plastic
scintillators, which are used normally for radiation

measurements, has been studied. Pulse shapes of
incident charged particles were measured at HIMAC
and the NIRS cyclotron facility. Signals from 3 mm thick
plastic scintillators detecting heavy charged particles
were measured using a new data acquisition unit with
12-bit FADC and 500 MHz sampling speed. For the
signal measurements, particle species, incident
energies and applied high voltages were varied to find
pulse-shape dependence on incident particles. Signal-
charge ratio of the signal tail to peak was observed to be
dependent on deposited energy in the scintillators ;
however, the ratio dependences were also dependent
on applied voltage. Next, it is planned to analyze pulse
shapes will be analyzed to find the possibility of particle
identification using a plastic scintillator.

3) Scintillation detector (Hidehito Nakamura)
The improvement of sensitivity in clinical PET/

SPECT imaging should lead to reductions in injected
dose of radiopharmaceuticals and acquisition time.
CROSS (Correlation Response Observatory for
Scintillation Signals) aims to realize high sensitivity, i.
e., high signal-to-noise (SN) ratio, high energy, time
and position resolution, by building an organic
scintillator as the main component into the clinical
SPECT/PET scanner.

The CROSS-mini as a test module was developed to
archive high sensitivity (Fig. 14). A plastic scintillator
plate as an organic scintillator and two NaI(Tl) plates
as an inorganic scintillators are adopted in the CROSS-
mini. Each plate is 62 × 62 × 10 mm3. The plastic
scintillator plate (BC-408) is provided by Saint Gobain.
The NaI(Tl) plates were newly developed by OKEN
and NIRS. The top and bottom large surfaces of each
plate are coated with laminated aluminum (100 nm in
thickness) to reflect scintillation photons. The
scintillation photons can be measured on the other 4
sides. The CROSS-mini is configured by interlaminating
the plastic scintillator plate and the NaI(Tl) plate at
each coated surface.
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Fig. 14. Photograph of CROSS-mini. The data
acquisition system by ASIC and FPGA is mounted into
CROSS-mini.

Fig. 15. Photograph of a detector package in the Space-
Intercomparison experiment.

4) ICCHIBAN program (Yukio Uchihori, Nakahiro
Yasuda, Hisashi Kitamura)

Within the ICCHIBAN project, the 2nd Space-
Intercomparison experiment was carried out at the
Russian Service Module in the ISS in collaboration with
IBMP. Passive detectors (e. g. thermo luminescent
detectors (TLDs), optical simulated luminescent
detectors (OSLs), and track-etch detectors (CR-39)),
for space radiation work at 13 institutes and
universities in 10 countries were sent to NIRS and
packed in an aluminum box (Fig. 15). The box was
launched as Russian Progress Space Cargo and attached
on a wall in the ISS for 6 months. It was later returned
to earth by a Russian Soyuz Space Ship and dismantled.
The detectors in the box were delivered to their
participants and analyzed by them. The data will now
be gathered by NIRS and discussed in an international
workshop in the near future. This project helps us to
compare their detectors from various institutes and to
understand the space radiation field in the ISS. The
results will support not only Japanese space activities
but also astronauts' and cosmonauts' activities from
other countries as well.

1) M. Akselrod, E. Benton, N. Yasuda et al., Nucl.
Inst. and Meth. B247, 295-306, 2006

2) D. Broggio, R. Barillon, N. Yasuda et al., Nucl.
Inst. and Meth. B254, 3-9, 2007

3) K. Kuge, N. Yasuda, H. Shibuya et al., Radiat.
Meas. 42, 1335-1341, 2007

4) M. Takada, T. Nakamura, Rad. Prot. Dos.
126,178-184, 2007

5) H. Nakamura, H. Ejiri H. Imaseki et al., J. Phys.
Soc. Jpn. 76,114201-1-114201-9, 2007


	7. Fundamental Technology Center
	7.1. Study of Radiation Measurements




