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Cluster-size Dependence of Secondary-electron Yields

Emitted from Carbon Foils Bombarded with
62.5-keV/u C," Ions

K. Narumi, A. Chiba, K. Yamada, S. Matoba and Y. Saitoh

Department of Advanced Radiation Technology, TARRI, JAEA

A vicinage effect on secondary-electron (SE) emissions
from a solid induced by swift molecular/cluster ions is one
of the unresolved problems of atomic collisions in solids®.
In the previous report, we have observed thickness
dependence of SE vyields in the forward emission from
amorphous carbon foils bombarded with 62.5-250-keV/u
H,* and C," ions?. Internuclear-distance analysis of the
vicinage effect has demonstrated that the effect consists of
two contributions: One depends on the internuclear distance
and the other hardly depends on it. We have concluded
that the former can be attributed to the production process of
the three-step model of SE emissions from a solid®, which
is closely related to the energy deposition by a projectile.
On the other hand, the latter could originate from the
transport process. However, the vicinage effect which
originates from other processes except the production
process has not been demonstrated experimentally yet.
In the present study, we have observed cluster-size
dependence of SE yields emitted in the forward direction
from amorphous carbon foils bombarded with C," ions. It
demonstrates the vicinage effect attributed to other
processes except the production process.

62.5-keV/u C," ions (n =1-4) were incident on self-
supporting amorphous carbon foils of 1-80 pg/cm?
thicknesses, which were tilted by 45° to the beam axis. C,"
ions were supplied with the 3-MV tandem accelerator of
JAEA/Takasaki. SEs emitted in the forward direction from
a carbon foil were detected with a microchannel-plate
(MCP) detector placed at the lower side of the target holder
in parallel with the foil. Bias voltage of +0.7 kV was
applied to the entrance of the MCP detector in order to
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Fig. 1 Dependences of the ratio of the SE yields R, on the
foil thickness.

collect all SEs emitted in the forward direction. The pulse
height of the MCP-detector signal is proportional to the
number of the detected SEs.  Projectiles transmitted
through the foil were detected with a solid-state detector
(SSD) placed on the beam axis in the forward direction,
which made it possible to measure the energy and the
number of the transmitted particles. The acceptance angle
of the SSD was 7.6°. The signal from each detector was
stored in a PC in a list mode. In order to evaluate the
vicinage effect correctly, only MCP-detector signals
coinciding with the two-carbon signals from the SSD were
selected, and the pulse-height distributions of the
MCP-detector were measured. The SE yield per incident
projectile was defined as the most probable number of the
SEs. The vicinage effect was evaluated with the ratio of
the SE vyields R,=1v,/ny,, where y, and y; were SE yields
induced by bombardment with C,-cluster and monatomic
ions with the same velocity, respectively; then, the effect is
shown to be observed in the case that R, # 1.

Figure 1 shows that R, < 1 in all the cases measured, i.e.,
suppression of SE emission has been observed. The ratio
R, approaches 1 gradually as the target is thicker, whereas it
never reaches 1 within the thickness used in the present
experiments. Figure 1 also represents that the larger the
cluster size n is, the smaller the ratio R, is. This
cluster-size dependence of R, has been observed for at least
60 pug/cm? as obvious in Fig. 1.

Our previous internuclear-distance analysis has revealed
that the vicinage effect attributed to the production process
dominates at thin foils, and could diminish at approximately
30 pglem??. Thus, the contribution of the production
process to the effect could be excluded at the thicker foils.
On the other hand, the observed cluster-size dependence of
R, indicates that the vicinage effect originating from some
physical mechanism exists even at the thicker foils. This
supports our conclusion that the vicinage effect which
originates from other processes except the production
process is demonstrated experimentally.  For further
confirmation, theoretical study is necessary.
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Visualization of Interactions between Cluster Ion Beams

and Soft Organic Materials by Single Particle
Nanofabrication Technique

T. Sakurai @,
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Y. Saitoh ”, M. Omichi ® and S. Seki ¥

2 Department of Applied Chemistry, Graduate School of Engineering, Osaka University,
Department of Advanced Radiation Technology, TARRI, JAEA,
©) Center for Collaborative Research, Anan National College of Technology

We have so far found that high-energy particles penetrating into materials give their kinetic energy to a limited nm-sized
spatial area along their trajectories, affording insoluble nanogels (nanowires) via cross-linking of the materials. The
resulting nanowires can be isolated on the substrate by the subsequent development using organic solvent and visualized by

atomic force microscopy (AFM).
shape and size of the obtained nanowires.

This methodology motivated us to visualize cluster ion beam tracks by investigating the
Here we found that some of ethynyl-substituted m-systems provide nanowires by

Al cluster beam irradiation, where interactions between Al cluster ions and organic materials are clearly visualized.
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Fig. 1
350-nm
films.
irradiation of Al, (3.0 MeV) and Al; (4.5 MeV) ion
cluster beams, respectively. The films were prepared
by spin coating from THF solutions.

AFM topographic images of nanowires by SPNT of
thick  tetrakis(2,5-ethynylphenyl)porphyrin
The left and right images were obtained by

Benzene was
used for the development.
of split ion tracks.

Blue circles indicate a sign
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Change in Magnetic and Structural Properties of FeRh

Thin Films by Gold Cluster Ion Beam Irradiation
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Ordered FeRh alloy with B2 (CsCl-type) crystal structure
has considerably attracted scientific interests because of its
unique magnetic behavior of a first order phase transition
from antiferromagnetic (AF) to ferromagnetic (FM) near
room temperature’. Hereby, we revealed that the ion beam
irradiation induced the FM state in FeRh bulk and film
samples below room temperature where they were originally
in the AF state.

In the present studies, we have investigated the effect of
energetic cluster ion beam irradiation on magnetic and
structural properties of FeRh thin films. When a couple of
atoms constituting a cluster ion impinge on a very small
volume simultaneously, high-density energy deposition and
multiple-collision processes can be realized ?. Hence,
lattice defects, which are ascribed to the change in the
magnetic natures of FeRh, will be introduced in the FeRh
films in a different way from the case in the irradiation with
the conventional single ion beam.

FeRh thin films were deposited on the MgO (001)
substrate at 973 K by ion beam sputtering from a FeRh
target. The FeRh thin films were subsequently irradiated
with 5 MeV Au; cluster ion as well as 1.67 MeV Au, ion
beam at Japan Atomic Energy Agency (JAEA) -Takasaki by
using a 3 MV tandem accelerator. The irradiation was
performed at room temperature with the ion fluence of 3 x
10'? Au/cm?.

of the films were evaluated by X-ray magnetic circular

After the irradiation, the magnetic properties

dichroism (XMCD) at the synchrotron radiation facility
(KEK-PF), as well as by a superconducting quantum
interference device (SQUID) magnetometer.

Figure 1 shows the magnetic-hysteresis loops measured
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Fig. 1
Auj cluster ion and Au, ion.

M-H curves for the unirradiated and irradiated with

at 5 K for the unirradiated films and irradiated ones with the
Auj cluster ion and Au; ion with the ion fluence of 3 x
10" Au/em?.

ion fluence,

Even in the films irradiated with the same
the saturation magnetization of the film
irradiated with the Aus cluster ion (280 emu/cc) is larger
than that of the film irradiated with Au; ion (240 emu/cc).
Similar results have also been confirmed by the XMCD
Figure 2 shows the XMCD spectra at the Fe
The Fe
L, ;-edge spectrum for the film irradiated with Au; cluster
jon with the fluence of 3 x 10'? Au/cm® shows a larger
XMCD signal than that of the film irradiated with Au; ion
with the same fluence.

measurement.
L, ;-edge for the unirradiated and irradiated films.

This fact suggests that the surface
magnetization of the film irradiated with Aus cluster ion is
Cluster
ions can leave many displaced atoms on the surface

larger than that of the film irradiated with Au, ion.

compared to a single ion because cluster ion irradiation can
realize the processes of high-density energy deposition and
multiple-collision.  This is because cluster ion is composed
of a few atoms in a distance of a few angstroms.

These results show that cluster ion irradiation is better
than the single ion irradiation from the viewpoint of the
saturation magnetization, even if the same irradiation energy

is deposited in the films.
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Fig. 2 XMCD spectra for the unirradiated and irradiated
with Aus cluster ion and Au, ion.
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Secondary Ion Emission from Amino Acid Films

Irradiated with 5 MeV Cg, Ions
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National Institute of Advanced Industrial Science and Technology

There has been an increasing demand to extend
accessible mass range in secondary ion mass spectrometry
(SIMS) particularly for biological and biomedical molecular
imaging”. During the past two decades, various kinds of
large clusters, such as Cg ions, argon gas cluster ions, water
cluster ions, and metal cluster ions have been used as
primary ions. It was shown that these cluster ions enhance
emission of intact large molecular ions compared to
monatomic ion bombardment. In the present study, we
employ 5 MeV Cq,' ions to measure secondary ions emitted
in the forward direction from phenylalanine amino acid
films deposited on self-supporting amorphous SizNy
(a-SizNy) films. We found significant enhancement of the
intact phenylalanine ion yield and suppression of fragment
ions in the forward direction compared to the backward
direction.

Phenylalanine amino acid was purchased from Nacalai
Tesque (Japan) and used without further purification.
Self-supporting a-Si;N, films (1.5 x 1.5 mm?) of thickness
20-50 nm made by low pressure chemical vapor deposition
were purchased from Silson Ltd (Northampton, UK). Thin
films of phenylalanine (20-100 nm) were prepared on the
a-Si3N, films using vacuum evaporation.

A beam of 5 MeV Cq,' ions was produced by a 3 MV
tandem accelerator at JAEA/Takasaki. The beam was
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Fig. 1 Mass spectra for positive ions from phenylalanine

films on a-Si;N, films under 5 MeV Cg  ion
bombardment. The spectra observed in the forward
direction (solid line) and the backward direction (dashed
line) are shown.

collimated by an aperture (diameter Imm) and incident on
the phenylalanine/a-SizN, film from the a-SisN, side at 45°
with respect to the surface normal. The ions passing
through the film were detected by a silicon surface barrier
detector of 20 mm diameter which was placed about
110 mm downstream from the specimen. Positive
secondary ions emitted in the forward direction from the
phenylalanine films were accelerated by a mesh electrode
biased at -0.7 kV and detected by a micro-channel plate
(MCP) after traveling through a drift tube of 930 mm length.
The timing of the projectile and secondary ion signals were
measured by a 4ch TDC (WE7521: Yokogawa Electric
Corp., time resolution 5 ns) and the data was stored in a list
mode. We also measured the secondary ions emitted in the
backward direction from the phenylalanine film. In the
backward measurement, the drift tube and MCP were moved
behind the sample (135° with respect to the beam direction)
and the phenylalanine/a-SizN, film was rotated by 180° so
that the secondary ions emitted from the entrance surface of
the phenylalanine film can be measured.

Figure 1 shows the observed mass spectra of positive
secondary ions emitted in the forward (solid line) and
backward (dashed line) directions. In addition to a peak of
the protonated phenylalanine ions at m/z = 166, there are
many ions corresponding to the fragment ions. The yield
of the intact phenylalanine ion is 4.7 x 10~ ions/incident ion
in the backward direction. In the forward direction, the
yield is almost one order of magnitude larger than the
backward direction. It is also noteworthy that the yield of
the fragment ions are suppressed in the forward direction
compared to the backward direction. The forward to
backward yield ratio is about 0.2 for smaller fragment ions
and increases very rapidly with mass number. This
behavior can be qualitatively understood in terms of the
distribution of the deposited energy at the entrance and exit
surfaces . The present result demonstrates a large
advantage of the transmission SIMS using MeV Cg ions for
the analysis of biological materials.
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Utilization Status at TIARA Facility
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1. Research & Industrial Uses

There are four accelerators, cyclotron, tandem,
single-ended accelerators, and ion implanter, in the TIARA
Research activities for the
cyclotron for the past 5 years are shown in Fig. 1. Total
utilization time is ranging from 2,200 to 2,500 hours. This
time is equal to more than 95% of available time of the

cyclotron.

to meet various research needs.

Researches on “biotechnology and medical
application” account for the largest portion of total
utilization time each year. The trend of research activities
in the TIARA are slowly changing recently, where “base
technology” is in high demand. In contrast, researches on
“RI production and nuclear science” are decreased for the
past 3 years.

When we see the research activities for the three

electrostatic accelerators, the profile of total utilization time
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Fig. 1 Status of utilization for cyclotron for recent 5 years.
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Fig. 2 Status of utilization for three electrostatic

accelerators for recent 5 years.

is different from that of the cyclotron, as shown in Fig. 2.
The utilization time of “base technology” is increased year
by year and reached to about 50% of the total time.
Relatively lower energy irradiation probably meets demand
of researchers who study the fundamental phenomena of
materials under irradiation, elemental analysis and so on.
An increasing trend is also the case with “nuclear and fusion
materials”.

2. Fukushima Recovery

The TIARA facility contributes to Fukushima recovery in
a variety of fields through in-house researches as follows;

» Research on breakdown events of wide band gap
semiconductor in the space environment,

- Study of radiation effects on anti-radiation microbes,

« Study of nitride layer effect on breakdown of zircaloy
oxide layer.

Cyclotron is one of the key radiation-source machines to
understand radiation effects on semiconductor and to develop
robots for reactor decommissioning of Fukushima Daiichi
Nuclear Power Station. This research is also carried out
using the tandem accelerator and the ion implanter.
Researches on anti-radiation microbes using the cyclotron are
expected to create microbes which are able to enrich cesium
in the environment.

In addition to the in-house researches, collaboration
researches are progressing. For example, basic RI imaging
technology is studied to observe real-time phenomena of
cesium dynamics in plants. Positron-emitting isotope of
cesium-129 generated using the cyclotron through reaction of

2"(a, 2n)'*Cs was used for this imaging study.

3. The others

Eighth  Takasaki Advanced Radiation Research
Symposium was held on 11th to 12th in October, 2013 at
Takasaki City Gallery.
anniversary of the Takasaki Institute was programmed in the

Special session on the fiftieth

symposium. More than 500 participants discussed about
research topics such as radiation effect on organic and
inorganic materials, radiation-induced mutation, and
radiation degradation of pollutants.

Furthermore, the JAEA Takasaki annual report 2012
included in 164 research papers was issued the same as before.
About 600 books were distributed to relevant departments.

The second five-year plan for our institute covers the
period from 2010 to 2014.
user-friendly environment for researchers’ demand at the

TIARA facility.

We continue to provide
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Operation

The AVF cyclotron was smoothly operated in fiscal 2013.
The accumulative operation time was 72,097.9 hours and
the total number of experiments was 10,336 from the first
beam extraction in 1991 to March 2014.

Table 1 shows the statistics of the cyclotron operation of
fiscal 2013. For comparison, it includes the data in fiscal
2012. The total operation time amounted to 3,005.6 hours,
and monthly operation times are shown in Fig. 1. The
percentages of operation time of the year used for regular
experiments, facility use program and promotion of shared
use program, beam tuning, and beam development are
62.9%, 13.0%, 22.4%, and 1.6%, respectively. There was
only one cancellation of the experiments, which was caused
by a machine trouble.

Table 2 shows the operation time of the multi-cusp ion
source for H and D" production and two ECR ion sources
ions. The ECR ion sources are used

The Operation time of the OCTOPUS ion
source decreased, and the operation time of the
HYPERNANOGAN ion source and the multi-cusp ion
source increased compared to fiscal 2012.

for heavier
alternatively.

Fractional
distribution of major ions used for experiments is shown in
Fig. 2. The ratios of D, Ne and Metal increase compared to
fiscal 2012.

Table 1  Statistics for cyclotron operation.

2012 2013
Beam service time (h) 2398.5 2282.7
Machine tuning (h) 714.9 674.5
Beam development (h) 62.2 48.4
Total operation time (h) 3175.6 3005.6
Change of particle and/or energy 225 times 251 times
Change of beam course 273 times 267 times
Change of harmonic number 72 times 76 times
The number of experiments 547 548

500

Table 2 Operation times of ion sources.
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Fig. 1 Monthly operation times in fiscal 2013.

Ion source Operation time |Operation time
2012 (h) 2013 (h)
Multi-cusp 821.3 848.1
ECR (OCTOPUS) 1170.4 646.3
ECR(HYPERNANOGAN) 1833.9 2084.4
Others

Fig. 2 Ion species used for experiments in fiscal 2013.

Maintenance

The regular yearly overhaul and maintenance were
carried out. The major items follows:
1) Installation of a differential pumping port to guide bush in
order to drive the shorting plate of the RF system without
deteriorating the vacuum level, 2) Inspection of the
cryogenic pumps in the injections system, 3) Exchange of
cooling fans for power supplies, 4) Exchange of the
evacuation control sequencer units for the beam transport
system, 5) Routine maintenance of the power supplies,
6) Additional installation of the inverter control unit to the
secondary water cooling system for the ion sources and
injections system, 7) Exchange of HC rotary shutter in the
beam transport system, 8) Exchange of radiation monitor
system.

Technical Development

New beam acceleration tests were carried out for 40 MeV
D" and 385 MeV *°Ar'?*, which were needed for experiments.
Moreover, the current and energy of '2*Xe®" are significantly
improved; 30 nA and 660 MeV were obtained. Low
contamination rate was confirmed in the HYPERNANOGAN
ion source; 0.2 percent Cu ion for 520 MeV ¥Kr*** and none
of the other ions for 400 MeV *Kr'*".

In order to increase the transmission of heavy-ion beams
for uniform irradiation in the LB course, a vacuum pipe with
a large square section was installed. The detail is described
elsewhere in this annual report.

were as
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Operation of Electrostatic Accelerators
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1. Operations and Status

The operating ratio of 100% with respect to the research
utilization in fiscal year 2013 had been achieved, because
the serious troubles in any electrostatic accelerators were
avoided due to the appropriate repairs and maintenance.
The fiscal operating times of the 3-MV tandem accelerator,
the 400-kV ion implanter and the 3-MV single-ended
accelerator were 2,062, 1,866 and 2,320, respectively, in the
same levels with usual years. The monthly operating times
The scheduled
maintenances for about two weeks were carried out in
and March, respectively. The
accumulated operating time since starting the operation of

of these accelerators are shown in Fig. 1.

August, December
the tandem accelerator at 1991 had been achieved at
40,000 hours
accelerator in fiscal year 2011.
2. New Beam

There are few facilities in which the fullerene ion beams,

in October, following the single-ended

e.g., Cq and C;", are usable in a MeV energy region

through use of a tandem accelerator .

One of the reasons
for not popularizing the MeV energy fullerene ion beams is
difficulty in generating the negative fullerene ions using a
Cs sputter type ion source which is generally installed on
many tandem accelerators.

In the tandem accelerator in TIARA, a generation
technique of Cyy ions on the electron attachment basis is
being developed using the existing Cs sputter type ion
source (SNICSII, National Electrostatics Corp.). At the
current stage, intensity of the Cg ion beam which was
charge-exchanged by collision with the stripper gas and

350
@ Tandem O Single-ended OlImplanter
300
T I
8 250
=
@ 200 N N
£
8 150
©
8 100
(]
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Month
Fig. 1 Monthly operating times of electrostatics accelerators

in FY 2013.

which was accelerated by the tandem accelerator has
increased 1,000-fold as compared with that generated by a
conventional method. The provision of the enhanced
fullerene beam to several users has already been started.

3. Maintenance and Improvement

The renewal of incidental equipment and devices for the
electrostatic accelerators had been carried out in line with
the schedule of the governmental supplementary budget for
fiscal year 2013.

A SF¢ gas-recovery unit for the tandem accelerator was
fully-refurbished. The dilapidated unit, which had been
operating more than two-decade, had fears that the
deterioration of a compressor or a vacuum pump impairs the
gas-recovery ability and that the SFq gas, which is
greenhouse gas, leaks due to the deterioration of the
packing in the pipe joints. The new unit without the use of
Iubricating oil for the compressor and the vacuum pump
will contribute to more stable operation of the accelerator,
because of keeping a high purity of SF4 gas. In the ion
implanter, a booster power supply, an acceleration tube (see
Fig. 2), and sequence modules in a control system were
renewed. In the single-ended accelerator, an acceleration
tube and sequence modules in a control system were
exchanged for new ones; moreover, some instruments
installed on a SF¢ gas-recovery unit: a compressor, a
vacuum pump, solenoid valves, and a console, were
renewed. It is expected that the renewals of these

equipment lead to more stably providing the ion beams and

to safer operation.

Reference

1) B. Waast et al., Nucl. Instrum. Meth. Phys. Res. A 382
(1996) 348-56.

Fig. 2 Exchanging process of the acceleration tube on the
ion implanter.
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Operation of the Electron Accelerator and

the Gamma-ray Irradiation Facilities

T. Agematsu ™, H. Hanaya ¥, R. Yamagata ), H. Seito ”, Y. Nagao *, H. Kaneko ¥,
T. Yamaguchi b , I. Kawashima b), N. Yagi b), M. Takagi ® and S. Matsuzaki ®

% Department of Advanced Radiation Technology, TARRI, JAEA,
®) Takasaki Establishment, Radiation Application Development Association (RADA)

1. Operation

The electron accelerator and the gamma-ray irradiation
facilities were operated approximately smoothly.

The electron accelerator was on service as scheduled
9:00-17:30 on Monday and Friday, and 8:30-23:00 from
Tuesday to Thursday, to satisfy users’ demand for operation
time; however, the service time on Thursday was shortened
to 9:00-17:30 since June 2013 for effective operation in
consideration of users’ demand. As shown in Fig. 1, the
annual operation time of the electron accelerator in FY 2013
has increased to 1,242 h as compared with that in FY 2012
because longer-time irradiation increased in the
materials-for-space research field.

The ®Co gamma-ray irradiation facilities consisting of
three buildings with eight irradiation rooms cover a wide
dose-rate range from 10" to 10* Gy/h. The annual
operation times for the first, the second cobalt irradiation
facilities and the food irradiation facility are 18,900 h,
11,804 h and 6,587 h, respectively, as shown in Fig. 2.

2. Maintenance
2.1 Electron accelerator

The SF¢ gas withdrawal system, which broke down in
October 2012, was renewed in February 2014. This
renewal enabled to open the accelerator vessel, and damaged
coupling part of the Motor-Generator rod in the accelerator
vessel was replaced to new one. The PLC (Programmable
Logic Controller) of the accelerator’s control system was
renewed in February 2014. A cooling tower of the water
cooling system for the accelerator was renewed in June
2013. The air-conditioning system for the accelerator’s
building was renewed in January-March 2014.
2.2 Gamma-ray irradiation facilities

The periodical maintenance check mainly on mechanical
system for radiation source transportation is performed
every year on one of three gamma-ray irradiation facilities
in turn. The maintenance check of the food irradiation
facility was done in November 2013 with suspension of
operation for fifteen days.

The new ®’Co sources, whose total radioactivity was
4.44 PBq, were loaded into the irradiation room No.2 in the
first irradiation facility and the irradiation rooms No.5 and
No.6 in the second irradiation facility to increase the area of
high dose-rate fields.

The 600-m’ water storage tank was installed on the south
side of the first irradiation facility in November 2013.
Before the maintenance check of each facility, the water

pool of the each facility has to be evacuated. This tank
enabled to store the evacuated water without drainage and to
re-store the water quickly to the pool without production of
newly refined water, and furthermore, to shorten the
suspension period of operation. This storage tank will be
used for three gamma-ray irradiation facilities.

The air-conditioning systems for the first and the second
irradiation facilities were renewed with the intermittent
suspension period of operation between January and March
2014.

Following jobs were carried out using mainly the
intermittent suspension periods of operation in January and
February 2014. The PLCs of the irradiation control system
in the first and the food irradiation facilities were renewed.
The radiation monitoring systems for irradiation rooms in
the first and the food irradiation facilities were renewed.
Large-sized LEDs of the radiation monitoring system for the
controlled areas were repaired. The water treatment system
was renewed partly.

Electron accelerator

1400
1200
1000
800
600
400
200

Operation time (h)

2009 2010 2011

Fiscal year

2012 2013

Fig. 1 Annual operation time of the electron accelerator.

Gamma-ray irradiation facilities
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Fig. 2 Annual operation times of the ®°Co gamma-ray
irradiation facilities.
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® Takasaki Establishment, Radiation Application Development Association (RADA)

The electron accelerator and the three gamma-ray
irradiation facilities were operated for various research
subjects according to the operation plan in FY 2013.

The irradiation time and the number of research subjects
for each facility in FY 2013 are shown in Table 1. The
accelerator mainly served for graft-polymerization for new

2012 for each facility.

Among these research subjects, 47 and 91 ones
respectively performed at the electron accelerator and the
gamma-ray irradiation facilities were relevant to recovery
from the Fukushima Daiichi nuclear disaster.

material development, radiation effect study on
semiconductors and various experiments of
visiting users. The first cobalt irradiation

facility mainly served for radiation-resistance

Table 1

for each facility in FY 2013.

The irradiation time and the number of research subjects

testing of cables used in nuclear power plants Facility || Electron accelerator Gamma-ra'y' i'rradiation
and nuclear reactor facilities with a long facilities
irradiation  period. The second cobalt Irradiation| Research | Irradiation | Research
irradiation facility, involving the irradiation | Research fields time (h) | subjects time (h) | subjects
room No.6 operated on hourly schedule, mainly | Material processing 104.1 149 4991.5 303
served for development of new functional | Heat-resist material 119.5 36 0.0 0
materials and other research subjects of visiting | Materials for space 843.9 145 15263 40
users. The food irradiation facility mainly | wNyclear facilities 17.4 5 55436.2 126
served for development of detection method for | gpvironment 0.0 0 0.0 0
irradiated foods and radiation resistance testing Resources & 00 o 2038 o
at lqwer dose rates. Bio-technology . .

Figure 1 shows the number of research 5 G hiloay 92.6 5 1043.0 23
'subJects for each research field in each facility Toint use 643 2 271234 194
in FY 2009-2013. The number of research Total aL7 362 904193 708
subjects in FY 2013 is kept constant from FY ota . .

Electron Accelerator Gamma-Ray Irradiation Facilities
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Fig. 1 The number of research subjects (FY 2009-2013).
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Radiation Control in TIARA

Safety Section

Department of Administrative Services, TARRI, JAEA

1. Individual monitoring
(1) Individual monitoring for the radiation workers

Table 1 shows a distribution of effective dose of the
radiation workers in FY 2013. The effective dose values of
almost all radiation workers were below the detection limit
(0.1 mSv).

The maximum dose was 0.3 mSv/y due to the overhaul of
the TIARA AVF cyclotron.

Table 1 Distributions of the effective dose of the radiation
workers in FY 2013.

Number of persons in each period
Items
Ist 2nd | 3rd 4th Annual
quarter | quarter| quarter| quarter
Distributi HE < 0.1 610 578 588 624 779
stribution range — —
of effective dose O1=HE=10 ! > 2 ! 8
1.0 <HE =50 0 0 0 0 0
HE:Effective dose[ 5.0 <HE= 150 | 0 0 0 0 0
) 150 < HE o] o o] o] o
Total number of persons (A) 611 583 590 625 787
Exposure above pzzgr:r (OBf) 0 0 0 0 0

1 mSv

B)/(A)x1000%) | 0 0 0 0 0
Mass effective dose (Person*mSv) | 0.1 0.8 0.2 0.1 1.2

Table 3 Monitoring results of released radioactive gases
and dust in FY 2013.

Periods Ist 2nd 3rd 4th
Items
Maximum
Ay concentration

Nuclide Total

quarter quarter quarter

<1.4x107*[<1.4x10*| <1.4x10™| <1.5x10™

quarter

Activity | 2.1x107 0 2.1x10% | 2.0x10° | 4.3x10°
Maximum 4 4 4 4

i |concentration <1.4x107*[<1.4x10™]| <1.4x10™*[<1.5x10
Activity | 2.0x10% | 4.6x107 | 8.4x107 | 4.4x10" | 3.7x10°
Maximum 4 -4

BN concentration <1.4x10 <1.4x10
Activity | 53x10"| —— 1.8x10" | —— 7.1x10’
Maximum

10 -10) -10) -10
7, |concentration|<6:2x10"]<5.9x10™]<5.9x10 <5 3x10

Activity 0 0 0 0 0
Unit : Bg/cm” for

aximum concentration, Bq for Activity.

3. Monitoring for external radiation and surface
contamination

External radiation monitoring was routinely carried out
in/around the radiation controlled areas and surface
contamination monitoring was also carried out. Neither
unusual value of dose equivalent rate nor surface
contamination was detected.

Figure 1 shows a typical example of distribution of the
dose equivalent rate in the radiation controlled area of the
cyclotron building.

Mean dose (mSv) 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Maximum dose (mSv) 0.1 0.3 0.1 0.1 0.3

*1 The dose by the internal exposure was not detected.

(2) Individual monitoring for the visitors and others

Table 2 shows the number of persons who temporary
entered the radiation controlled areas. The effective dose
of all persons was less than 0.1 mSv.

Table 2 The number of persons who temporary entered the
radiation controlled areas in FY 2013.

Periods st 2nd 3rd 4th Total

quarter | quarter | quarter | quarter
Numberof 1/l g6 | 1379 | 1936 | 5025
persons

2. Monitoring of radioactive gas and dust

Table 3 shows the maximum radioactive concentrations
and total activities for radioactive gases released from the
stack of TIARA, during each quarter of FY 2013.

Small amount of *'Ar, ''C and "N were detected for
some time during operation of the cyclotron or experiment,
but the particulate substances (*°Zn, etc.) were not detected.

&5
0.3 08

///////4

Fig. 1 Dose equivalent rate distribution in the radiation
controlled area of the cyclotron building.
Measurement date : 20th ,25th and 26th March 2014,
Measuring position : Indicated with X (1 m above floor),
Unit : uSv/h.
(The values are not indicated if less than 0.2 uSv/h.)
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Radioactive Waste Management in TTARA

M. Nabatame and T. Hosoi

Department of Administrative Services, TARRI, JAEA

1. Radioactive wastes management

The radioactive wastes generated in TIARA are managed
by Utilities
radioactive wastes are the solid ones generated from

and Maintenance Section. The main
research experiments and the maintenance of the cyclotron.
Other radioactive wastes are the liquid ones, which is mainly
inorganic waste fluids generated from research experiments
and the air-conditioning machines in the controlled area.
The wastes are managed according to their properties.

2. Solid radioactive waste

Table 1 shows the amounts of solid wastes at various
properties and kinds generated in each quarter of FY 2013.
The main solid waste is

generated from research

experiments and the maintenance of the cyclotron.

Combustible
clothes, etc.

wastes are rubber gloves, paper,
Incombustible wastes are metal pieces, the

glasses, and contaminated parts.

3. Liquid radioactive waste

Table 2 shows the amounts of liquid wastes generated in
each quarter of FY 2013.
inorganic waste water generated from chemical experiments

Most of liquid waste was

and condensed water from operation of air conditioning
units installed in each room of the first class controlled area.
The largest quantity of waste water in summer season (2nd
quarter) is mainly due to condensed water.  After treatment
by evaporation of liquid residue, inorganic water is reused in
the radiation controlled area. Only small amounts of

concentrated liquid are generated from the evaporation.

Table 1 Radioactive solid wastes generated in FY 2013.
Amounts Amounts of generation in each period (m’) Number of
1st 2nd 3rd 4th package
Ttems quarter quarter quarter quarter Total /drum
Category A* 0.06 0.44 0.42 0.36 1.28
1)Combustible 0.06 0.30 0.24 0.16 0.76 SH*
2)Incombustible 0 0.14 0.18 0.20 0.52 0
Compressible 0 0.14 0.18 0.20 0.52 Rl
Filters 0 0 0 0 0 0
Incompressible 0 0 0 0 0 0
Ion exchange resin 0 0 0 0 0 0
Category B* 0 0 0 0 0 0
* defined by dose at the outer surface of container : (A) < 2 mSv/h = (B),
** 200-liter drum.
Table 2 Radioactive liquid waste generated in FY 2013.
Amounts Amounts of generation in each period (m3) Number of
Ist 2nd 3rd 4th package
Items quarter quarter quarter quarter Total /drum
Category A* 8.65 22.99 4.38 3.79 39.81
1)Inorganic 8.65 22.99 4.38 3.79 39.81 treatment
2)Organic 0 0 0 0 0 0
Organic 0 0 0 0 0 0
Oil 0 0 0 0 0 0
3)Sludge 0 0 0 0.1 0.1 1
4)Evaporation residue 0 0 0 0.1 0.1 1
Category B* 0 0 0 0 0 0

* defined by concentrations in Bq/cm® (B, v) : (A) < 3.7x 10 = (B) < 3.7x10%.
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H. Yoshida, D. Ushijima and K. Shidomi

Department of Advanced Radiation Technology, TARRI, JAEA

1. Introduction

The facilities of JAEA are widely opened to users in
universities, public institutes, industries, etc. FACILITY
USE PROGRAM started in 2006, which is the system of
facility use for the user’s service on fee-charging basis.
The open used facilities in Takasaki are Co-60 Gamma-ray
Irradiation  Facilities, Electron Accelerator, TIARA
(Takasaki Ion Accelerators for Advanced Radiation
Application), and some of the off-line analysis instruments.

In this program, the Research Proposals are examined
carefully every half year from the standpoint of the
availability and the validity of the experimental plan by the
special committee. The facility usage fee has revised in
FY2013. The details of the fee consist of handling fees,
the irradiation fee, the expendables fee, radioactive waste
disposal expenses and the additional charge. In case of
Non-proprietary research, the users, who are exempted from
the irradiation fee, should report the experimental results to
JAEA. The reports are opend to the public by the annual
report. Users of universities can also apply to the facility
usage through another program operated by The University
of Tokyo. Such applications are accepted as priority case.
Table 1 shows main classification of FACILITY USE
PROGRAM.

Table 1 Main Classification of FACILITY USE
PROGRAM.
Purpose Research and Development Except
R&D
Cla§51ﬁc General Priority Commercial
ation case
Result Non- Proprieta
U proprietary prictary
Referee Yes No
Charge* A B C

*A = handling fees + the expendables fee + radioactive
waste disposal expenses,
B = handling fees + the irradiation fee,
C = handling fees + the irradiation fee + depreciation.

2. Use in FY2013

There were 21 applications of Research Proposals in
FY2013 at Takasaki Institute, and 17 of them were as
Non-proprietary use. Including the users from priority case
and others, 310 applications from 76 users are accepted.
Table 2 and Fig. 1 show user’s classification for each
facility and distribution of classification for FACILITY USE
PROGRAM.

Table 2 User’s classification for each facility.

User z 2|8 g —_
21, 2Eg B
s Y .=Z8|2 ° o
Facility 2 S EE s F
S5 |E7E 8§
AVF cyclotron 7131|1424
é 3MYV tandem accelerator 4 0 1 5
é 3MVsingle-ended accelerator 1 0 2
400kV ion implanter 1]101]0
Co-60 gamma-ray
irradiation facilities 4 413038
Electron accelerator 1 0 516
Total for each classification 18 7 | 51 |76

100%
90%
80%
70%
60%
50%
40%
30%
20%
10% g

0% 1 L

0% -

TIARA Co-60 Gamma-ray Electron Acc
(96) 193 @D
O Non proprietary & Proprietary
B priority case B Except R&D

Fig. 1 Distribution of classification for FACILITY USE
PROGRAM. The number of theme for each facility is
shown in parentheses.

3. Public Relations

The information, such as an outline of this system,
guidelines for applicants, format of download etc. can be
found on JAEA website as follows:

http://sangaku.jaea.go.jp/3-facility/01-intro/index-02.html.

The “Advanced-research base common use and a
platform formation enterprise”, which is one of the
subsidiary project of Ministry of Education, Culture, Sports,
Science and Technology (MEXT) has been cooperated from
FY2013. This project intends that industrial users promote
shared use of facilities, which accelerates the whole activity
of science technology from basic research to innovation
creation.

An outline of this project can be seen on website as

follows: http://www.taka.jaca.go.jp/innovation/index.html
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Department of Advanced Radiation Technology, TARRI, JAEA

“Project for Creation of Research Platforms and Sharing
of Advanced Research Infrastructure” which is subsidized
by the Ministry of Education, Culture, Sports, Science and
Technology (MEXT) has been started in FY2013. The aim
of this project is to promote utilization of irradiation
facilities in Takasaki Advanced Radiation Research Institute
(TARRI) with providing technical support and reasonable
irradiation charges for external users. Four irradiation
facilities having some irradiation sources are applicable to
various commercial purpose (Table 1).

Outline of user support

New users and users who are not familiar to irradiation
facilities frequently face various problems at an early stage
such as operation of equipment, experimental plan,
evaluation of results, schedules and so on. On this project,
we clear these problems and provide technical support for
all irradiation facilities practically. We help users to
prepare samples, operate equipment, and evaluate results.
These services are provided to meet user’s demands.

There are two plans for irradiation on this project. A
trial use is available free of charge to applicants which use
our facilities for the first time. The other is non-proprietary
use. Users of companies and institutes can use our
facilities with the reduction of charge on condition of
opening their experimental reports on website within two

Table 1
Research Infrastructure at TARRI.

years after the project is over. The charge is about 10% of
proprietary-use charge for external users in case of AVF
cyclotron. For example, the engineer who plans to process
the novel materials by irradiation can check the possibility
of processing on the trial use. After the effectiveness of
irradiation is confirmed, investigation under appropriate
conditions might be continued on non-proprietary use.

In FY2014, we will start the new irradiation plan that
applicants can use our facilities confidentially.  The
companies whose targets are research and development of
new materials, electronic devices and biological resources
are expected in this plan.

Public relations

As one of the publicity activities for this project, we
introduced the irradiation facilities of TARRI at some
exhibitions to be held in Japan. In addition, we visited
11 public exhibitions for gathering information about
demands in public companies. As a result of these public
relations, the nine applicants had contacted to this project
and we consulted them about using irradiation facilities.

List of irradiation facilities covered by Project for Creation of Research Platforms and Sharing of Advanced

Irradiation sources

Examples for application by commercial users

TIARA
AVF cyclotron,
3MV tandem accelerator
3MV single-ended accelerator
400kV ion implanter

Ton-beam mutagenesis for plant and microbial
PIXE (particle induced X-ray emission) and PIGE
(particle induced gamma-ray emission) analysis
in the micrometer range

Development of functional materials

Micro processing by proton beam writing
Evaluation of electronic devices under radiation
environment

Electron accelerator

Development of functional polymers
Processing of organic materials

Cobalt-60 gamma-ray irradiation facility

Evaluation of radiation resistance
Sterilization

Positron beam facilities

Detection of voids inside material
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beams using multipole magnets in TIARA,
JAEA”

10th Annu. Meet. Part. Accel. Soc. Jpn. (2014)
138-42 [in Japanese].

13C063 4-36,4-37 C

Y. Yuri, T. Ishizaka, T. Yuyama,

L. Ishibori and S. Okumura

“lon-Irradiation Response of Gafchromic Films

and their Application to the Measurement of the
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Transverse Beam Intensity Distribution”
Proc. North Am. Part. Accel. Conf.
NA-PAC’13 [Pasadena, USA] (2013/09-10)
1388-90.

13C064 5-03 T,S,I
TP EAIL T Zdh, hE E=AT

AT YN Sio NS AT 5
wox EE e E 2 HAR BAA.

i AL A BRAT Wi —HE,

Ve P, KA M RE FE

“TIARA HENEZROTLIR”

%5 26 [B1[ 27 LI ER o OV O &0 T D
WFgEes A4 [1IUTE] (2013/07) 79-81.
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Appendix 2

List of Related Patents

13PAT001 1-03
DRI ZEE] L BT TE L SR 5N
PR #Ad T (JAXA)

[ TNA X NIED Z > F R
Feer o« FrRFER 5339282 &

e%H 2013458 H 16 A

13PAT002 1-24
KA BEZ. HHE ET. IUHE e, F R

(L7 Tkt - 577 JERET0)

[ R DRI 5 15 & BERep B B3 77 1%
A ONHERER L 2 N TR e & B A A
A KRR O AR 5 )

Ve - FFETE 5424297 5
$%H 2013412 A6 H

13PAT003 1-42
A A I B i, /il BERR
(7 IR - E7- v —2A) |
B FHe, BB AL in L LR ik
(W& A~ T3)
(7 = A AREEMEN L O ORIE 5]
HIRER 5« FFfE 2013-269281 75
HFEH @ 20134512 A 26 H

13PAT004 1-42
ER AT, BN, CE i, B R,
A FER (R8s - &2 —2) |
WA FHIE, BT AL b i, LR ik
(W& A~ T3
ANION CONDUCTING ELECTROLYTE
MEMBRANE AND MANUFACTURING
METHOD THEREOF |
HIFETE 5 US 2013/0280626 Al

HFEH : 2013410 A 24 B

13PAT005 2-03
g KBRS, WA BB, EH ES.
efl w—. e BEZ (R - &17v
— )

[ & JE iS4 ]

HREZE 5« %FE 2013-065992 7

HREH 2013453 A 27 H

13PAT006 2-03
e BEAE, Wl BB, OREE EAT.
A & fn e (R - &1
— )

(AR DB WA B OV DREE 15
BERFH  FFEFES 8476188
BekH 1 20134E7 H 2 H

13PAT007 3-32
i B, A FnsE (RO - &1 e —
L) L BRHE REE., fER s, EpE EE (B
F&5K)

(USRS T RE 22 SEFEAR T Lu oD )y RS AL
%]
FEFE B« FraFES 5376130 7
S H 2013410 H 4 A

13PAT008 4-03
A HER, MR sE. EHEAL R R
HE - B e —2) B B, L A (KRB
PN

[F 7 7 A= R OEORIEE)
Feerd T« FrEFERS 5419001

B3 H : 2013411 H 29 H

-211 -



JAEA-Review 2014-050

13PAT009 4-07
H A &, s ST, A H— (R
M- BT E—L)

(TENT 7 ARACT AT T ) F a—7 O
sk
e &5 FERTFES 5322054 5
B3 H : 2013427 H 26 H

13PATO010 4-09
ek B, = R (BEBK - L% |
B IEAL A R, 2R R (50T 705
fi§ - |7 E—2L)

(95 RS O RGE T
FERFA 7S RFRFES 5331961 5
HEkH 12013428 4 9 H

13PATO11  4-28
FEH BAR, f8 E, BE R, LA iz,
Itk BU=, ZH R (RF I - &2 —
)

U Mg HE ) s AR D B3 5 1% |
5« FFfE 2014-036368 75

HIFEH @ 2014 F4-2 A 27 H

13PATO012 4-37

[ERE: VNI 11T AN EE a1/
AR AT, AT (R R - s |
A RERR, A1 R, )& it 7B HER(R
T - e —L) L Al T
R NE—, BI Bi= (HHELE) .

(S AMEE S T 7 4 NV AOBYE iR L%
MRS T 7 4 v I
ABRFE S« FFBA 2013-227548 5
ZNBHHE 2013411 A 7 H

13PATO13  4-39
T Both EIE M L S (50T 0B -
R EFAIT)

(77— ROAWED DAL T E—
DARTTIE ]

HFEZ 5« HFFE 2014-058079 =

HEEH : 201443 A 20 H

13PATO014 4-44

T WE— (PERAIT) | i B—. el —HE,

TEE Foh, (iH £ U5 - SiRaT)
- MriEds L ORE -

HFEZ 7 - FFFE 2013-104507 75

HREH 2013455 A 16 H
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Appendix 3
List of Related Press-release and Television Broadcasting

13NP001 1-08
TAXYEREAOVTE LV Ea—2DFEE]
AR R g BT —§T EICE I~ & 11
WT SAADFER - ' Ea—T T
DFEBUTHIE~

201441 A 29 H 7'V A%,

TR PE ST . A T R L e

13NP002 2-03
BIBRME I TR S LR T LRI R
[ S5 Mgk D18 B oD HEHE L [7) 1 F 7= K D 22
DREPR  — 8 5 FORIERR) AR T HE e L 72
Ty AR E R KE DT =X — R BREER
(2D

2014 43 A 27 B L ARE,

13NP003 2-04
JELT- TR R R T
(R 7Kk 2 D TR A M O B3 &) (E[R] B

FEH)
[ ¢ i dnl D A8 Bl D HEME (1) 1F 72 76 /K & D
PHE |

2014 4E 3 A 27 H7LA%E

R IpEEET, R, BT TS,
= = — 2 GBI |24k,

NHK @ &5 CHik,

13NP004 4-03
RBR L SR T A | Bl g 13 v 2 75 P
AR HAL KT

[BE R KA FF O R — M2 R
DA-RDTE R ]

2014 4 4 A 25 A (L AEITIAR) |
WoEfEEk4 A 28 H,

- 213 -



JAEA-Review 2014-050

Symbol used in the Appendix 1 to 3

An example of symbol expression is written as following.

4

[y
W
&
|i—t
o
N
=

%
|~

o © © o6 ©

Number of last two orders in fiscal year

® ©

Kind of publication
J  Publication in Journal
C : Publication as Proceedings
NP : Press-Release (Newspaper)
TV : Television Broadcasting
PA: Patent
@ Consecutive numbers for the kind of publication
@-® Paper number
@ Classification number of research field
1: Space, nuclear and energy engineering
2 . Environment conservation and resource exploitation
3 : Medical and biotechnological application
4. Advanced materials, analysis and novel technology
® Consecutive number every research field
® Accelerators or irradiation facilities utilized for the research
: AVF Cyclotron
: 3 MV Tandem Electrostatic Accelerator
1 3 MV Single-ended Electrostatic Accelerator
1 400 kV Ion Implanter
: 2 MV Electron Accelerator

: Co-60 Gamma-ray Irradiation Facilities

O H "= n 3 Q

: Off-line (Research without the utilization of irradiation facilities)
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Appendix 4 Type of Research Collaboration and Facilities Used for Research

Type of Research o T Type of Research o T

Paper Collaboration”! Irradiation Facilites Paper Collaboration”! Irradiation Facilites
No.  [Joint | Entr. [ Coop. [JAEA[ Ext. No.  [Joint [ Entr. | Coop. [TAEA] Ext.

Res. | Res. Resl.) Inter. | Use CIT|S|T|E|G Res. | Res. Resl.) Inter. | Use CIT|S|T|E|G
101 | @ ©|©|0|0 1-48 (J ©|0©
1-02 [ ] ©|©|0|0 1-49 [ ] ©|©
1-03 | @ ©
1-04 o ©|© © 2-01 o ©
1-05 | @ © 2-02 [ ©
1-06 ® |© 2-03 o ©
1-07 | @ © 2-04 ® ©|©
1-08 | @ © 205 | @ ©
1-09 | ® ©|© 2-06 | @ ©
1-10 o ©| 2-07 o ©|0
1-11 ® ©| 208 | ® ©
1-12 o © 2-09 | @ ©
1-13 (J ©
1-14 o ©| 3-01 o ©|0
1-15 ® ©| 3-02 ® ©
1-16 o ©| 3-03 o ©
1-17 (J ©f 3-04 | @ ©
1-18 o ©| 3-05 o © ©
1-19 ® ©| 3-06 | ® ©
1-20 o ©| 3-07 | ® ©
1-21 [ ©f 3-08 | ® ©
1-22 o ©| 3-09 | ® ©
1-23 ® © 3-10 | @ ©
1-24 o ©| 3-11 o ©
1-25 (J ©| 312 | ® ©
1-26 o ©| 3-13 | @ ©
1-27 ® ©| 3-14 | @ ©
1-28 o ©f| 3-15 | @ ©
1-29 [ ] ©]| 3-16 | ® ©
1-30 | @ ©f 3-17 | @ ©
1-31 ® @O0 3-18 ® ©
1-32 [ Q|©|© 3-19 | @ ©|©
1-33 [ ] ©|0|0 3201 @ ©|0
1-34 o ©|©|0 3-21 o ©
1-35 ® @O0 3-22 ® ©
1-36 o ©|O|O 3-23 o ©
1-37 o © 3-24 o ©
1-38 o ©|0|o 3-25 o ©
1-39 ® ©| 3-26 ® ©
1-40 o © 3-27 o ©
1-41 (J © © 3-28 (J ©
1-42 | @ ©| 3-29 o ©
143 | @ ©| 330 | ® ©
1-44 o © 3-31 o ©
1-45 (J ©|©|332]| @ ©
1-46 | @ ©| 333 | @ ©
1-47 | @ © © 3-34 | @ ©
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Type of Research

Irradiation Facilites

Type of Research

Irradiation Facilites

Paper Collaboration”" Paper Collaboration”"
No. i No. i

o | res | Ren imer | vee | €| TS| 1| E|G e | Rex | Ren Jmter | Lo | €| ]S | 1] E|G
3-35 o © 4-20 [ ©
3-36 o © ©] 4-21 o © ©
3-37 ([ © 4-22 o ©
3-38 o © 423 | @ ©
3-39 ([ © 424 | @ ©
340 | @ © 425 | @ © ©|©
341 | @ © 426 | @ ©
3-42 o © ©| 4-27 [ ©
3-43 o © ©| 4-28 o ©
344 | @ © ©| 4-29 [ ©
3-45 ([ © ©| 4-30 ([ ©
3-46 ® o 4-31 ° ©
3-47 o © 432 | @ ©|©
3-48 o ©| 4-33 o ©|0
3-49 ([ © 4-34 o ©|©
3-50 o © ©| 4-35 o ©
3-51 ([ © ©| 4-36 o ©
3-52 o © 4-37 o ©
3-53 ([ © 4-38 o ©
3-54 | @ © 4-39 [ ] ©|©|0

4-40 [ © ©|©

4-01 ® ©|© 4-41 OOL ©
4-02 ®|O 4-42 @OL
4-03 o © 4-43 o ©
4-04 o © 4-44 o © ©
4-05 ®|O 4-45 (] ©
4-06 ®|O © 4-46 o ©
4-07 o © © 4-47 o ©
408 | @ ©|© 448 | @ ©
4-09 o ©|©
410 | @ ©|© 5-01 ©|0|0|0
411 | @ © 5-02 ©
4-12 ([ © 5-03 ©|©|0
4-13 ® © 5-04 ©|0
4-14 ([ © 5-05 ©|©
4-15 o © 5-06 ©|0|0|0
4-16 ([ © 5-07 ©|©|0|0
4-17 | @ © 5-08 ©|0|©|0(©|0
4-18 ] © 5-09 ©| 00|00
4-19 @ ©| Total | 64 | 2 17 1 66 | 11 |74 |37 (35129 (26 |48

" Type of Research Collaboration

Joint Res. : Joint research with external users

Entr. Res. : Research entrusted to JAEA
Coop. Res. : Cooperative research with plural universities
through The University of Tokyo
JAEA Inter. : JAEA internal use
Ext. Use : Common use based on two programs of
"JAEA-facility-use" and "Creation of Research

Platforms and Sharing of Advanced Research
Infrastructure" supported from MEXT

"2 Utilization of Trradiation Facilities
C : AVF Cyclotron

T :3 MV Tandem Electrostatic Accelerator

S : 3 MV Single-ended Electrostatic Accelerator
I:400 kV Ion Implanter

E : 2 MV Electron Accelerator

G : Co-60 Gamma-ray Irradiation Facilities

OL : Off line (Research without the use of irradiation

facilities)
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Appendix 5 Examples of Typical Abbreviation Name for Organizations
in Japan Atomic Energy Agency (JAEA)

@ Directorate, Center, Institute, etc.

QuBS (&7 — 20 T ) : Quantum Beam Science Directorate

NSED (5171 H:8 T 502850 M) : Nuclear Science and Engineering Directorate

FRDD (£t 5072 B 755 F) : Fusion Research and Development Directorate

GIRDD (HJ 2L 553w 72 B %558 FH) « Geological Isolation Research and Development Directorate

ANSRD (KA 7 )3 A7 L0F5EBA 59 ) : Advanced Nuclear System Research and Development
Directorate

NCBD (37 = RHEEESFT) : Nuclear Cycle Backend Directorate

NSRC (Z 25874 —) : Nuclear Safety Research Center

NFCEL (B8 A 27 v T4 927T) : Nuclear Fuel Cycle Engineering Laboratories

NERCC (51 )=/ % — HfgdifE-+ % —) : Nuclear Engineering Research Collaboration Center

NHARC (J5i1 717k 38 - B0 #fF52£ % —) : Nuclear Hydrogen and Heat Application Research Center

J-PARC (J-PARC &> %—): J-PARC Center

TARRI (5% &1 HAFZEFT) : Takasaki Advanced Radiation Research Institute

NSRI (51 B4 92FT) : Nuclear Science Research Institute

ORDC (K¥EAFFERH £ % —) : Oarai Research and Development Center

KPSI (B97E Y FBL=A0FFEFT) : Kansai Photon Science Institute

@ Division, Unit, Department, etc.

B — DERBTIE, BREE - BERR T U — MBI =
= Environment and Industrial Materials Research Division, QuBS, JAEA

- B E— NS, B - S A SR T B AR = > b
= Medical and Biotechnological Application Division, QuBS, JAEA

- B E— LSRRI, & B ARPEERN - S dEs e = > b
= Materials Science Research Division, QuBS, JAEA

C B E— LSRR, V=P IS A EIRIE L = > b
= Laser Application Technology Division, QuBS, JAEA

< JRA TR TSR BREE - B R = B
= Division of Environment and Radiation Sciences, NSED, JAEA

C R EMET NIRRT R - MBS = b
= Division of Fuels and Materials Engineering, NSED, JAEA

T IERETERSEEM, JRTLEa= o b
= Division of Chemistry for Nuclear Engineering, NSED, JAEA

- A IFZE BRI, ITER P2y 7 ha=v k
= ITER Project Unit, FRDD, JAEA
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- R A FIEBHRY . N~ VAT AEATBE = b

= Tokamak System Technology Unit, FRDD, JAEA

- REWIZERIER . Sy EBTBA 7Y =7 ha=y b

= Rokkasho BA Project Unit, FRDD, JAEA

- et AR R v 2 —

= Advanced Science Research Center, JAEA

< R RFRIERT. B R B

= Department of Radiation Protection, NSRI, JAEA

< JRF SRR, RS EIRBR R KRR T — A

= Fukushima Project Team, NSRI, JAEA

- KUEAFZEBFE & > & —. s BRI

= Experimental Fast Reactor Department, ORDC, JAEA

- RUEAFIEBRFE & o & — . f& BB BB

= Fukushima Fuels and Materials Department, ORDC, JAEA

< JRF SRR BRI SR 2 —  OKFEFHIFZEBASE ==k

= Hydrogen Application Research and Development Division, NHARC, JAEA
- R RS T IERT . O ik B A Y R

= Department of Advanced Radiation Technology, TARRI, JAEA

- J-PARC B % — INEEHRT 1 BV 3

= Accelerator Division, J-PARC, JAEA

“JPARC b Z— BET AV a

= Safety Division, J-PARC, JAEA

AR 2 — BOKIF RIS SE = b

= LWR Long-term Reliability Research Unit, NSRC, JAEA

- MU AFZERFE AR, MR AL oy BT ZEPH R~ = » b

= Geological Isolation Research Unit, GIRDD, JAEA

R A 2V TEETRRIT, YA 7 L TR

= Nuclear Cycle Engineering Department, NFCEL, JAEA

c BERER A 7 VTSR, TV R =0 AREHE B v 2 —
= Plutonium Fuel Development Center, NFCEL, JAEA

BN A 2 VTR, LR BR S o 2 —

= Tokai Reprocessing Technology Development Center, NFCEL, JAEA
< BEBREE A 7 VPSR, R S T B AR

= Department of Fukushima Technology Development, NFCEL, JAEA
« WHARIF A1 27 DAFFERATEERM  RBHA BB = = » |
= Fast Reactor Fuels and Materials Technology Development Unit, ANSRD, JAEA
oSy gy RIEER. Sy s =y RERES= v b

= Nuclear Cycle Backend Technology Development Unit, NCBD, JAEA
BB HEE

= Industrial Collaboration Promotion Department, JAEA
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