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1.  Introduction

Incideni  ions passing through 2 matter are
slowed down by electronic and nuclear interaction
with target aioms. = For ion irradiation of a polymer,
its chemical siructure is inevitably changed by the
interaction. 'The effect of cluster ion irradiation is
different from thai of single ion irradiation in local
energy deposition density because the constituent
atoms originating from the same cluster
simultaneously impact on a very small region.
Therefore, cluster ion irradiation of a polymer is
expected to provide unique chemical modification.
In this paper, of FTIR

measurements for

we present results
single-ion and cluster-ion
irradiated polycarbonate (PC). The measurements
were carried out to study chemical modification by

the irradiations .

2. Experimental

Various single ions (B, C*, Si*, and Cu" ions at
energies between 0.19 MeV and 2.255 MeV) and
cluster ions (0.19MeV/atom-C,", C¢' and Cg,
0.3MeV/atom-C," and C¢") were imadiated on
amorphous polycarbonate (PC) films with a thickness
of 100 2 m and a density of 1.2 g/cm’. Cluster ion
irradiation was carried out at JAERI/Takasaki .

Attenuated total reflectance (ATR) Fourier
transform infrared (FT-IR) spectroscopy was

employed to sensitively detect chemical modification

*

of the sample surface. All measurements were
carried out on a Bio-Rad FTE-40 spectrometer at a
resolution of 4 cm’ employing a 45° cut ZnSe
internal reflection element. 128 scans were
collected and the signals were averaged to reduce

spectral noise.

3. Results and discussion

ATR-FTIR spectra for unirradiated and 0.19
MeV/atom-C,, (n=1, 8)-irradiated PC are shown in
Fig. 1. The specira are normalized to the intensity
of the 1504 cm™ band (due to aromatic C-C), which
is little affected by ion irradiation . Characteristic
changes in Fig. 1 are: (a) formation of the broad band
between 2500 and 3650 cm”, with a peak around
3420 cm?, for the

enhancement in the intensity at 2930 cm™ for the

irradiated samples, (b)

C;'-irradiated sample. The broad band (a) mainly
corresponds to hydroxyl OH species and the peak at
2930 cm™ (b) is assigned to CH, stretching mode.
The spectra for irradiated PC around the
wavenumber region, where the characteristic changes
(a) and (b) were observed, consist of the several band
contributions. We paid atiention to three major
peaks due to OH, CH. asymmietric stretching and
CH; asymmetric stretching and evaluated these peak
intensities, /o, Icmo. /oms, by the following way; (1)

the broad OH intensity /oy was determined as the
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peak intensity at 3420cm” and (I ) the peak
intensities of /oy, and Icys were calculated based on
least-squares analysis by approximating the band
between 2900 — 3000 cm’ with two Lorentzian
functions (for CH, asymmetric stretching at 2930
cm” and CH; asymmetric stretching at 2968 cm™)
after subtraction of the broad OH band contribution
from the spectrum.

unirradiated JL

{OF C, —irradiated
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Fig. 1 ATR-FTIR spectra for unirradiated and 0.19 MeV/atom
-C,'(n=1, 8)-irradiated PC.
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Fig2 Aoy, 4 Icm and 4 Iom, as a function of effective

electronic energy deposition. The lines through the data points

are a guide for the eye.

Chemical change by single-ion irradiation on
PC is dominated by the electronically deposited

energy density . We plotted A4low, 4lcm, and

Al (difference in Iog, Icm, Icms between the
irradiated and unirradiated samples) as a function of
the electronically deposited energy density calculated
by TRIM in Fig. 2. In this plot, depth and
wavelength dependent amplitude of the evanescent
The data for

the cluster ion irradiated samples are not included in

wave was taken into consideration.

Fig. 2 because TRIM is not applicable to cluster ions.
This figure shows that (1) the CH, bond is not
formed in the deposition energy rahge studied and (2)
the formation of the OH and decomposition of the
CH; in PC structure progress with increasing the
density of energy deposition on the sample.

\ As the enhancement of A /oy is well correlated
with the deposited energy density for single ion
irradiation, we use A4Ioy instead of the energy
density for comparing the data for cluster and single

jon irradiation with each other. Plots of 4 /- and

Alcys versus A lgy, including the data of the cluster

ion irradiated samples, are shown in Fig. 3. dIcgs
systematically decreases with 4 /oy, and all the data
fall on a single line. Thus there is no effect specific
to cluster irradiation in the relation between the
dissociation of CH; and the formation of OH. In
contrast, no simple correlation is observed between
Al and Al the data for 0.19MeV/atom-Cg'
and 0.3MeV/atom-Cs irradiated samples are
anomalously deviated upward.

A radial size of the track for carbon cluster was
reported to be comparable to that for single carbon in
the region close to the surface . The radial energy
distribution for 0.19MeV-C,” is calculated to be
similar to that for 0.3MeV-C,” using an equation

proposed by Tombrello ®. Taking the similar radial
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track size and the additive' rule of the individual
cluster constituents to the electronic stopping  into
is the threshold value of
anomalous CH, formation around 2.2-2.8 keV/nm for
0.19MeV/atom-C,, (-1465 and 0.3MeV /atom-C,
@-146) irradiation to PC. High energy density of
0.19MeV/atom-C;* and  0.3MeV/atom- Cs'

irradiation is probably responsible for the anomalous

consideration, there

chemical bond formation.
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Fig. 3 Algp and Alcys as a function of Aloy.  Algy, for
0.19MeV/atom-Cs' and 0.3MeV/atom- Cs* is anomalously
enhanced and the formation of CHj is non-linear with respect to

A4 Ioy and the cluster number.
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1. Introduction

Silica glass is a widely used optical
material for telecommunications.
Microbeam technique with MeV order
ions is one of the promising approaches
to modify the optical properties of

micrometer-scale structures of silica
glass for optical waveguides.

The objective of this research is the
formation and evaluation of
three-dimensional microstructures on
silica glass formed by ion microbeam
irradiation. Formation mechanisms and
evaluation techniques of the
micrometer-scale have been
studied to understand the
effects induced by ion microbeam. We

also

structures
radiation
discuss the possibilities of
application for the fabrications of optical
devices such as gratings on optical planer
circuits.

2. Experimental Procedures

Samples are high-purity silica glasses
with dimensions of 3X3X 10 mm? and 10
X 10 X 1 mm?. The H* and Si’* ions,
accelerated at energies of 1.7 MeV and
18 MeV respectively, were implanted into
using 3 MV

the silica samples

% % %k ok

single-ended and 3 MV
accelerators equipped with a microbeam

tandem

line (TIARA, JAERI Takasaki, beam
diameter: ~ 1 um). Radiation effects
induced by ion microbeam were
investigated by means of a
micro-photoluminescence (PL)

spectroscopy, an atomic force microscopy
(AFM), and an optical microscopy. A
micro-PL spectrometer system equipped
with an Ar’ ion laser (488 nm) was used
for the mapping of the PL at 650 nm,
which is due to nonbridging oxygen hole
centers (NBOHCs : = Si - O- , the
symbol “ - “ denotes an unpaired spin).
Topological changes of the silica surface
and ion-implantation-induced refractive
index changes were measured by an AFM

(a) 1.7 MeVH"
Fig. 1 Optical transmission images of the

SRS i o

(b) 18 MeV Si**

cross sections parallel to the incident
planes of ion microbeam.
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and an optical microscopy, respectively.

3. Results and discussion
3.1. Refractive
induced by ion microbeam irradiation
In our previous experiments, 2.47 MeV
H' ions were implanted into the core of
optical fibers made of silica glass. The

index change

refractive index change at the projected
range of ions, or at the core of fibers, was

observed cross-sectional

through
observation by an optical microscope".
For a further possibility to apply this
technique to planar optical waveguides,
we have studied radiation effects on bulk
(a) and (b)
respectively show optical transmission
images of the cross sections, for the
sample irradiated with 1.7 MeV H" ions

(dose:1X 10" jons/cm?) and the one with

silica glass. Figures 1

18 MeV Si’* ions (dose:1 X 10' jons/cm?).

Irradiation width of ions microbeam was
20 pm,

As can be seen as bright regions in Fig.
1 (a), we observed a weak refractive
index change at trajectories of H' ions,
together with a strong refractive index
change at the projected range. It is
considered that the weak refractive index
change is associated with electronic
excitations, which have been regarded as
a cause of defect generation in silica
glass. Observation of such refractive
index changes even at the trajectory can
be attributed to the fact that the dose of
lons was about one hundred times as
large as that in our previous study .

As shown in the optical microscope
image shown in Fig. 1 (b) for Si’" ions,
there is an area with higher refractive
index, which is visible as a bright region

from the surface to the projected range of

the ions. Since the projected range
becomes shorter with increased ion mass
for a given acceleration energy, the
deposited energy per unit length becomes
larger for heavy-ion irradiation than light
ions. It is therefore considered that a
uniformly bright region with a higher
refractive index was observed throughout
the tracks of ions for the case of heavy
ions such as Si’* even for a relatively

lower dose as large as 10" cm™.

3.2 Evaluation of the local structures of
ion implanted silica

In addition to the
refractive-index

observed
changes, the
densification of silica can induce
structural changes at the surface of silica,
which can be observed as a step with
height at the
surface”. We irradiated ion macrobeam
(2MeV, H) over the area at the half of a
silica plate with dimension of 10 X 10

’, with a thickness of 1

mm®,
Structural changes across the interface of

nanometer-scale silica

min.

irradiated and non-irradiated

were studied by AFM.
The result of the AFM measurement is

regions

shown in Fig. 2. As shown in Fig. 2, there
exists a step with a height about 18 nm
across the interface of irradiated and
which is

non-irradiated regions,

Nonirradiated {Inteface |Irradiated

< o

4 -

Depth [nm]
S

10 20 30
x [pum]

U
N

Fig.2 Profile measured by AFM of silica
surface across the radiation interface.
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accompanied by a transition region
gradually decaying with a width ~20 um:

Irradiatetg -

interface

500 BL
DEPTH INTENSITY
(zm) (ARB. UNITS)
5 X (¢ m)
(a)
Nonirradiated irradiated
h Transition g
/;\ Pro_]egt% Range
PL Peak
Compacted Regibn

—_—D X

. (b)
Fig.3 (a) Depth distribution of the PL
intensity at 650 nm at the radiation
interface, and (b) a schematic illustration
of the
irradiated and nonirrdiated regions.

radiation interface between

The PL mapping measurement of this
transition region was carried out, as
shown in Fig. 3 (a).The maximum of the
PL intensity can be observed at the
interface regio'n. From the existence of
such an enhanced PL intensity at the
interface, the buildup of stress is
suggested at the interface plane. Such an
interfacial stress is expected due to the
significant compaction at the projected
range. It is suggested here that the
generation of NBOHC, which is an origin
of the 650 nm PL, was promoted at the
site of the radiation interface. Based on
these
illustration of the radiation interface is
shown Fig.3 (b).

observations, a schematic

3.3 Application of ion microbeam
irradiation to the fabrication of optical
elements

On the basis of the result of Fig. 1, we
further discuss a possibility of the ion
microbeam irradiation to the fabrication
of optical elements. The MeV-order H'
ion irradiation has been used for writing
gratings at the core of optical fibers,
since it can induce refractive index
changes at the projected range, or at the
depth of up to a hundred pm ) On the
other hand, for the case of heavy-ion
irradiation, refractive index increases can
be made not only at the projected range,
but at the trajectory of ions from the
surface to several pm in depth.

It is implied here that together with a
precise beam scanning technology of ion
TIARA,

heavy-ion irradiation can be applied to

microbeam  developed  at

the fabrication of functional optical
elements on planar optical waveguide
structures with a thickness below 10 pm.
Aiming at the development of the

heavy-ion microbeam technique for

optical elements on planar optical
waveguides, evaluation of the radiation
effects with micromeier-scale dimensions,
will be made on the basis of the AFM and
micro-PL

measurements techniques

developed in this study.
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1. Introduction

Heavy metals are generally toxic to plants
and animals including humans and heavy metal
contamination of soils and water is a worldwide
problem. Appropriate techniques for protection
and remediation of environment are thus needed
to be developed.

We have been investigating performances
of wvarious sorbents for removing and
decontaminating heavy metals in soils and water.
A synthetic mica named Na-4 mica and apatite
Na-4
mica has high ability to sorb heavy metal cations
such as Ra, Cd, and Pb"?.

layered structure and immobilizes heavy metal

are promising sorbents for heavy metals.
This clay has a
cations in the interlayer of the layered structure.

Apatite  (Cas(PO,):(OH, F)) is
phosphate mineral with very low solubility and

a calcium

the heavy metals sorbed on apatite form
phosphate minerals with very low solubility™ .
However, the performances of those sorbents in
sorption and removal of heavy metals were
investigated under limited conditions.

The objectives of this study are to get
better understanding of 1) performance of those
sorbents in removing and decontaminating
heavy metals from water and 2) sorption
behavior of heavy metals on solids. For these
purposes, this study investigated uptake of heavy
metals on Na-4 mica, apatite, and their mixture
by a combination of batch type sorption
experiments and micro-proton-induced X-ray

emission (micro-PIXE) analysis. The spatial

ek

resolution of the micro-PIXE analyzing system
developed in the TIARA facility, JAERI is less

than 1 um in diameter », which allows us to
highly

element-mapping and is thus

obtain sensitive  two-dimensional
suited for
investigating distribution of elements sorbed on
a mixture of solids. 4

This study chose Ba and Cd as objective
elements. Ba was used as a simulant of Ra.
Ra is a radioactive nuclide contained in wastes
generated through refinement of uranium and
Cd was

used as a representative of non-radioactive toxic

rare earth elements from their ores.
heavy metals.

2. Experimental

Na-4 mica was prepared as described
elsewhere”. The synthetic apatite used was
fine powder of calcium phosphate (Wako Pure
Ltd.)

hydroxyapatite (Cas(PO,);OH) composition and

Chemical  Industries, having a
structure.

Ba and Cd solutions were prepared by
dissolving BaCl, or CdCl, in 1x10*M NaClO,
solution to have a Ba or Cd concentration of
1x10™ M.

For the uptake experiments, the starting pH
of 4 ml aliquots of the Ba solution in a
centrifuge tube was adjusted at 5. Similarly,
the starting pH of the Cd solution was adjusted
at 3. At those pHs, Ba and Cd exist as cation.
After the pH adjustment, a weighed amount

(20mg) of the sorbent was added to the solution.
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After a prescribed period of time of the contact
at room temperature, the solid and liquid phases
The Ba and
Cd concentrations in solutions were measured

were separated by centrifugation.
by an inductively coupled plasma atomic
Uptake of
Ba and Cd was determined as the distribution
coefficient, K7 (ml/g), defined as the ratio of the

emission spectrometer (ICP-AES).

amount of the Ba or Cd sorbed per gram of solid

to the amount of the Ba or Cd remaining per ml
The higher the Kg value, the

higher the uptake of the element.

of solution.

The solid separated from the solution was
washed with purified water. Then, the spatial
elemental distribution of a portion of the solid
phases spread on a glassy carbon plate was
measured by the micro-PIXE analyzing system
in the TIARA facility, JAERL

3. Results and Discussion

After 24 hours equilibration, the K of Ba
for Na-4 mica (4.6x10* ml/g) was two orders of
magnitude higher than that for apatite (4.4x10°
ml/g). Figure 1 shows the distribution of Si, Ba,
and Ca of the mixture of two sorbent contacted
with a Ba solution, where Si is the component of
Na-4 mica and Ca is that of apatite. The region
where Ba was detected is in good agreement
with the detected,

indicating that most of Ba was taken up by the

region where Si was

This result is
consistent with what is expected from the Ky

Na-4 mica in the mixture.

values of Ba for the two sorbents.

After 24 hours equilibration, the X7 of Cd
for Na-4 mica (8.4x10° ml/g) was one order of
magnitude higher than that of apatite (8.2x10*
ml/g). Figure 2 shows the distribution of Si,
Cd, and Ca of the mixture of Na-4 mica and
apatite contacted with a Cd solution, where Si is
the component of Na-4 mica and Ca is that of
apatite. The region where Cd was detected is
in good agreement with the region where Ca was

‘detected, indicating that Cd was selectively

taken up by the apatite. This result obtained by
micro-PIXE analysis is inconsistent with what is
expected from the above Ky values for Na-4
mica and apatite. As shown in Fig. 3, the
uptake of Cd by apatite is more rapid than that
by Na-4 mica. The sorption of Cd on apatite is
It is thus believed that Cd was

taken up by the apatite

irreversible®.
in the mixture
immediately after the introducing the mixture
into the solution and thereafter most of the taken
up Cd remained on the apatite (little fraction of
the Cd on the apatite was re-sorbed onto the Na-
4 mica in the mixture).

The following conclusions may be drawn.
Na-4 mica is excellent in removal of Ba (Ra)
from solution and superior to apatite in K7 of Cd
at sorption equilibrium,
be a better sorbent for Cd than Na-4 mica
because the uptake is more rapid than Na-4 mica.

Apatite however may

K of element for solid at sorption equilibrium is
not the only factor to determine sorption and
distribution of the element on between solid
Kinetics  and

mixtures  (e.g. . soils).

(inreversibility of the sorption are also
important factors. Elemental mapping using
micro-PIXE is convenient and powerful method

for study on sorption of elements on solids.

Future Plan

Natural minerals such as clays and iron
minerals are also candidates of sorbent for heavy
metals. . Chemical conditions of surrounding
environment such as pH and coexisting anions
determine chemical forms of heavy metals such
as Cd. These are the subjects to be investigated

in future studies.
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Fig. 1 Distributions of Si (Na-4 mica), Ba, and Ca (apatite) in the mixture of Na-4 mica and

apatite obtained by micro-PIXE. The above pictures indicate the same region of the mixture

spread on a carbon plate. A brighter region shows higher concentration of a given element.

Fig. 2 Distributions of Si (Na-4 mica), Cd, and Ca (apatite) in the mixture of Na-4 mica and

apatite obtained by micro-PIXE. The above pictures indicate the same region of the mixture

spread on a carbon plate. A brighter region shows higher concentration of a given element.
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Fig. 3 Kinetics of Cd uptake by Na-dmica
and apatite.
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1. Introduction :

In the TIARA facility, compounds
labeled  with  shori-lived  positron
emitters such as '"C, "N and '8F, and
the concomitant instrument, that is, the
positron  emitting tracer imaging
system" (PETIS), are available to the
biological researcher as tools for
visualizing physiological functions of a
living plant.

In plant physiology, it is particularly
important to know behavior of various
nitrogen compounds as nutrients needed
for growth of a plant. The “N(t;,;=10
min)-labeled nitrate("’NO;) as a
radiotracer is valuable for this aim. Our
earlier work illustrated that **NO;™ can
be produced using the '*O(p,a)"’N
nuclear reaction on natural pure
water.?) In proton-irradiated water the
major chemical species observed are
NO;, ""NO, and NH,*. To obtain
’NO; of high radiochemical purity,
3NH,* can be separated from irradiated
water using a cation exchange resin.
However, it is difficult to separate
13NO, from irradiated water. Therefore,
irradiated water is required to have
high radiochemical purity of ">’NO;".

Dose effects of "N  product
distribution in irradiated water were
observed in several studies.>® In
general, with increasing dose, the
proportion of the higher oxidation state
(*’NO5") increases at the expense of the
lower oxidation states (’NO,", *NH,").
This dose effect is observed only in
low dose region of about 0.3 pA-h. The
highest >’NO5” yield in pure water is 85
+5% in high dose region of about 30
nA-h.

In this paper, we report the results of
our studies of a method for direct
in-target production of >’NO;  in low
dose region. The parameter investigated
for its effect on the N product

distribution
chiamber.

is maierials of a target

2. Experimental
Irradiation

Using the AVF cyclotron, we can
produce >N by bombarding the target
of natural water with protons. Our
system has been characterized by the
method of transport of water target.”
Instead of transporting through a long

tube (45 mx2), our water target
contained in a metallic vial is
transferred semi-automatically by a

small truck beiween the irradiation port
and the hot cell. The target vial is
loaded with 6 ml of the target water,
through which a stream of oxygen is
bubbled in advance, kept in a
refrigerator to freeze the water, and
housed in an Al holder. The target set
at the irradiation port is preceded by a
100 pm Ti vacunm isolation window
and helium cooling is done between the
two windows (vacuum and target). The
incident energy on target is estimated
to be 16 MeV for primary proton
energy of 20 MeV. All irradiations
were carried out with integrated beam
currents of 1 pA X 8§ min, that is,
approximately 0.1pAh.

Target vial

Four different body material and
window-foil combinations with the
same dimensions were used for the
present experiments. The inside of a
target body is 15 mm in diameter and
46.5 mm deep, and the foil thickness
was 0.1 mm. The water was sealed with
a silicon cap. These combinations
included: (1) an aluminum body with an
aluminum foil; (2) a titanium body with
a titanium foil; (3) a silver body with a
silver foil; (4) a platinum-plated nickel
body with a platinum-plated nickel foil.
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Product identification

The N species were analyzed by
radio-HPLC. Conditions were:
Shimadzu Shim-pack IC-Al column,
4X250 mm, 3.5 mM Phosphate buffer,
pH=6.7, 1.5 ml/min, Shimadzu SPD-6A
uv spectrophotometric detector coupled
to Packard Radiometric Flo-One/beta
Model A-500 radioactivity detector,
210 nm. Retention times of the
radiolabeled products were compared
with the calibrated retention times of
known standards.

3. Results and Discussion

From Fig. 1, one can note that *NO;”
and *NO, were main products, and the
yield of >NH,* was negligible. This
indicates that the *NH,* was
effectively oxidized even in low dose
irradiation, because 1in the reaction
mechanism proposed by Tilbury and
Dahl, and Mahmoud et al.9 NH,* is
initially produced, and then oxidized
successively into N0, and ’NO;.
This  distribution of ’N-labeled
compounds can be changed
dramatically when a small amount of
ethyl alcohol is added to a water target
as a radical scavenger to produce
mainly BNH,*, as described
elsewhere.®

For the production of NOj, the
silver target body has yielded the
largest yield of 92%; this value is at
the same level with that in high dose

100~

Arbitai unit

10
Retention time / min

region.”” Meanwhile, the Pt-plated Ni
target body has yielded the lowest yield
of 56%. These results suggest that some
catalytic effects contribute to the
oxidation of °NO,".
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6.2 Dose Effects of the Production Yield of Endohedral
33X e-Fullerene by Ion Implantation

S. Watanabe, N. S. Ishioka , H. Shimomura” {-I Muramatsu_, T. Sekine”
Department of lon-Beam-Applied Biology, JAERI , Faculty of Education, Shinsyu

. ., k%
University

1. Introduction
The endohedral radioisotope-fullerene has been
produced by using

nuclear-reaction~recoil processes. Products by these

arc-discharge or

methods are mixtures of different species of
fullerenes with different encapsulated radioisotopes.
endohedral

radioisotope-fullerene has a possibility of being new

However, considering that the
radiopharmaceuticals, a product containing one
species of endohedral fullerene in high purity is
desired. We have recently reported a production
method to resolve this problem, confirming that by
ion implantation endohedral **Xe-fullerene can be
produced [1]. To achieve more efficient production
of endohedral 133Xe-ﬁlller¢ne, conditions of the ion
implantation, especially ion dose, has to be studied.
In the present paper, we describe dose dependence
endohedral
BXe-fullerene from Cg and Cp targets in

on the production wyeld of
connection with amorphization of fullerene

molecules.

2. Experimental [1]

Fullerene targets for ion implantation were made
by vacuum evaporation of Cs or Cz on Ni foils.
Implantation of *Xe ions into the targets was
carried out with an isotope separator [2] at
acceleration energies of 38 keV. Doses were in the
rage of 1x10" to 1x10™ cm™. After ion irﬁplantation,
the fullerene part on the target was dissolved in

o-dichlorobenzene. The solution was filtered
through a millipore filter to remove insoluble
materials. The filtrate was analyzed by high
performance liquid chromatography (HPLC) with a
Cosmosil Buckyprep column. Elution was done
with o-dichlorobenzene at a flow rate of 1 ml/min.
The concentration of fullerene in the effluent was
continnously monitored by a UV detector. The
effluent after UV measurement was coll§cted n
glass vials each for | min until 20 min and the '*Xe
radioactivity: in each vial was measured by y-ray
spectrometry.

3. Resuits and Discussion
133Xe
radioactivity implanted into a target with correction

3¥%e dose was obtained from the

for its decay during a period of measurement,
storage and irradiation. Because in a '>Xe beam spot
area XeH' ions are considered to be implanted
together with >Xe' ions, the number of implanted
2XeH" ions was estimated from the observed beam
current of '"Xe* ions and the "XeH/¥Xe
radioactivity ratio. The resulting *>XeH dose found
to be one tenth of the *Xe dose is included into the
133Xe dose in the following discussion.

Figure 1 shows elution curves of *Xe and Cg
obtained from the Cy, sample bombarded with *Xe
ions at a dose of 2.0x10” cm® The strong
correlation observed between the Cg and Xe

peaks corroborates the formation of "Xe@Cs).
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HPLC data obtained from the other samples also
corroborate the formation of *Xe@Cey/C. In order
to evaluate the efficiency of the formation of
P Xe@Ce/Cr, the yield of Xe@Cs/Cr, was
defined as a percentage of the radioactivity of
P Xe@Ces/Cro to that of *Xe implanted into the
target. The radioactivity of ""Xe@Cq/Cro was
obtained from the sum of the '*Xe radioactivities in
the fractions from 3 to 10 min. The yields of
¥ Xe@Cea/Cro were plotted as a function of *Xe
dose in Fig. 2. The yields of '*Xe@Cs/Cro were
found to decrease with mcreasiﬁg dose. Because an

mcrease of the dose leads to an increase of the

number of damaged fullerene molecules as reported -

by Kastner ef al. [3] from their Raman spectra
measurements of fullerene targets bombarded with
energetic-ions, those dose dependences of the
production yields can be ascribed to amorphization
of *Xe@Cs/Cr. The slopes of the straight lines,
which were fitted by the method of least-squares on
log-log scales, are -0.7240.0] and -0.69+0.06 on
133X@Cw and "*Xe@Cr, respectively. The fact
that both slopes obtained are almost the same
suggests that the amorphization process does not
differ very much between “Xe@Ce and
133 Xe@Cro.

From comparison between both lines one can note
that the yield of *Xe@C is about twice as large as
that of '*Xe@Cs, for the same dose. Because solid
Ce and Cy have almost the same density, the yield
of 133Xe@C7o per Cy molecule is twice more than
that of Xe@Ce per Ceomolecule. Assuming that
there is no difference between the amorphization of
*Xe@Cs and that of "Xe@Cr, a possibie
explanation for this difference is that Cyo has a higher

probability of encapsulating a *Xe ion into its cage
than Cg. This is partly suppofted by the fact that a Cy,
molecule has 25 six-membered rings and a Cg

molecule 20 six-membered rings.
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7.1 Development of High-Energy Heavy lon Microbeam

& Single lon Hit System

T. Kamiya*, M. Oikawa*, W. Yokota*, Y. Kobayashi**, T. Funayama**
Advanced Radiation Technology Center, JAERT*

Department of Radiation Research for Environment and Resources,

JAERT**

1. Intreduction
In TIARA facilities
Takasaki, a

of JAERI
focusing and scanning
high-energy heavy ion microbeam system
of AVF

cyclotron was required for an application

on the wvertical beam line

of biomedical science, such as radio
microsurgery with a spatial resolution of
! pm level. A collimate type microbeam
and single ion hit system has been
developed on another beam line (HZ
course) of the cyclotron machine [1], and
individual cell irradiation experiments
have already been started using the
system [2]. However, this existing system

has limitation in the spatial resolution and

irradiation speed of 10 pm and 2 sample

positions per minute, respectively due to
the collimate type microbeam forming and
stage manipulate type sample positioning,
although a fully automated single ion hit
technique is applied to the system. The
new system consisting of a two step slit
system in object slits and divergence
defining slits, a quadruplet quadrupole
magnet system, and XY scanning coils
was designed to irradiate sample positions
in a spatial resolution of 1 pm with a
irradiation speed of more than 1000
positions per minute. In consideration of
chromatic aberration in lens focusing, it
is necessary to minimize the energy
spread AE/E of 10™ or less for 10 MeV/u

class heavy ion beams from the cyclotron
machine. To make the high voltage in
acceleration phase as constant as possible,
a flat top acceleration technique was
introduced into the cyclotron RF system
[3]. Besides, in
high-speed single ion irradiation of over

order to realize
1000 positions per minute, a real-time
single ion hit position detecting system
was also designed.

This report describes an outline of
results of a

the system and shows

preliminary experiment.

2. Detail of high-energy heavy ion

microbeam system

The microbeam system is installed on
HX course in heavy ion room 2. The
conceptual scheme of the microbeam line
is shown in Fig. 1. A beam from the
cyclotron is bended doWn by a 90 degree
vertical deflection magnet, and lead into
the microbeam line. The microbeam line
vertical and going-down is suitable to
irradiate biological samples, which are set
in the atmosphere just outside of a thin
film. The slit systems are also shown in
Fig. 1. The micro slits are composed of
two wedged shape slits crossing
perpendicularly to each other on the beam
axe, while the divergence defining slits
are composed of ordinary four slit chips.

The motion control of each slit was made
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Fig. 1. Schematic of Microbeam System on the HX Course.

by stepping motor drived precise stage.
The beam diagnostic system consists of a
beam viewer and a Faraday cup installed
on the same rod manipulated by a two step
pneumatic actuator. We chosen CaF,(Eu)
scintillator as the beam viewer, which has
a high luminous efficiency of 50,
comparing with that of Nal(Tl) 100, so
that lower current beam profiles can be
observed by the high sensitivity camera.
The focusing lens is quadruplet
quadrupole magnet as shown in Fig. 2.
The bore

quadrupole magnet is 15 mm, and the

radius of the quadruplet
mechanical pole length is 150 mm. The
working distance is 300 mm, and the
demagnification factors in horizontal and
vertical planes are 5. Air-core coils are
used as the beam scanner, which has been
designed to irradiate I mm X1 mm area of
a sample in maximum for the highest
rigidity of beams.

3. Outline of the real-time single ion

hit detection system

In actual cell irradiation experiments,
it is necessary that efficient detection of
ion hit position for each cell be made for
precise estimation of radiation effect. A
real-time hit position detection is also
required for high-speed single ion hits to

Fig. 2. Quadruplet Quadrupole Magnet.

a large number of target positions. Fig. 3
show an outline of the system, which we
are developing. It consists of an optical
microscope and super high sensitivity
CCD camera to observe weak scintillation
lights induced by single ion injections, as
well as samples image. By super imposing
single ion hit position to the sample
image, irradiated positions of the sample
can be obtained. Back ground noises can
be filtered out with single ion detection
signals by secondary electrons from the

‘beam exit window, which single ion pass

through.

4. Experiment and resul¢s

As a preliminary experiment of
real-time single ion hit position detection,
sensitivity CCD
camera combined with a scintillator plate

we examined a high

to observe single ion hits at the collimate
type system (HZ course). In this method,
it is essential that a camera be higher
scintillator have

sensitive and plate

higher luminous efficiency, colorless
transparency and no deliquescency. A
dual mode CCD
(C4884-30, Hamamatsn

combined with an image intensifier unit
(C8600-02, Hamamatsu photonics) and

peace of sapphire plate with a thickness

cooling camera

photonics)
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Fig. 3. Conceptual Scheme of The Real-Time Single lon Hit Position Detection System.

of 1 mm were used in this experiment. Fig.
4 shows a 100 ms exposed photo image of
scintillation by about 100 Ar ions with
energy of 460 MeV. A black spot at the
center indicates beam spot by the ions.
The number of 100 for 460 MeV Ar ions
seems to be a detection limit with this
combination of the camera and the

scintilator.

5. Summary

A focusing high-energy heavy ion
microbeam system has been designed and
under installation to the vertical beam
line of TIARA AVF cyclotron accelerator.
A
detection system has also been designed

real-time single ion hit position
and preliminary experimenis using super
high sensitivity CCD camera system and a
sapphire plate were performed at HZ
course. From the result of this experiment,
a perspective of real-time single ion
obtained, if a

detection could be

scintillator

Fig. 4. Super High Sensitivity CCD
Camera Image of Scintillation by about
100 Ar Jons with Energy of 460 MeV,

with luminous

efficiency, such as CaF,(Eu) and more

higher

sensitive CCD camera system will be
used.
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7.2 Simultaneous Ma%ping of Fluoride Both in the Tooth and in the
Dental Material Filled in a Cavity of the Tooth using PIGE

H. Yamamoto, Y. Iwami, S. Ebisu, M. Nomachi*, Y. Sugaya*, K. Yasuda**, T.
Kamiya***, T. Sakai***, and M. Oikawa***

Graduate school of Dentistry, Osaka University
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1. Introduction

In the dental field, the tactic of ‘prevention
before treatment” has been reconfirmed once
again for the minimal intervention of tooth.
Following the tactic, the role of fluoride (F) in
the prevention of the tooth caries is attracting
the more attention than before. Nevertheless,
the characterization of the F in the tooth has
been far from the quantitative one.

We have tried, as one of the F characterizing
method, to establish a quantitative
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Fig.] F and Ca distribution. Material ; the
conventional GIC (Base Cement) The cement
contains F necessarily included through the
fabrication process, and releases the fluoride
gradually after hardening in acid-base reaction. The
hardening takes time.
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determination of F amount in a tooth with
using PIGE. Today, a various kinds of
F-releasing dental materials, such as a)
conventional ~glass-ionomer cement (GIC)
(Base Cement, Shofu), b) resin-modified GIC
(GC Fuji T1 LC, GC), c) glassi-ionmer based
resin -~ composite (Reactmer, Shofu), d)
compomer (Xeno CF, Sankin), €) F-releasing
resin composite (Teethmate F-1, Clearseal F,
Kuraray), are developed. These materials
release F gradually after applying in a tooth.
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Fig2 F and Ca distribution. Material : the
resin-modified GIC (GC Fuji I LC). To reduce
water sensitivity in the hardening of the
conventional GIC and: increase the hardness, resin
composite which cures by the visible ray is mixed in
the conventional GIC. The hardening of the surface
layer is early.
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The paper reports the quantitative simultaneous
measurements of F and Ca amounts in a tooth
and F-releasing material filled in the cavity in a
tooth.

2.Experimenal procedure
2. 1 Experimental sei-up

The experimental facility of the 1.7 MeV
proton beam acceleraied by the TIARA
single-ended accelerator at JAERI-Takasaki,
was used for this work. Precise conditions of
the measurement conditions. were already
published in the previous report .

2.2 Specimens

Class V cavities were prepared at the
cement-enamel junction in the buccal face of
extracted human teeth and the cavities were
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Fig3 F and Ca distribution. Material : the
glass-ionomer based resin composite (Reactmer). In
order to force the characteristic of the conventional
GIC and reinforce the disadvaniage of GIC, the
cement is the mixture of glass-ionomer phase and
resin.

filled with the F-releasing materials mentioned
above (a-e).

The precise pre-treaiment of the specimens
were -the same as previous experiments and
precisely described in the previous reports ",
3. Results and Discussion

In Fig.1-6 are shown the obtained results as
the 2D mapping form.

Firstly the F penetration from the F-releasing
materials to the teeth was observed in all cases.

Secondarily the aspects of both F
localization in the F-releasing materials and F
peneiration to the tooth were somewhat
different depending on the kind of releasing
materials. As for the resin-modified GIC (GC
Fuji I LC), large amount of F was
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Figd F and Ca distribution. Material : the
compomer (Xenc CF). In order to add the
characieristic of F-releasing in the conventional
GIC, the part of conventional GIC is included for
the resin composite.
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located homogeneously in the material and
high concentration F was observed at the
surface of cavity dentin wall (Fig.2). The F
concentration decreased rather steeply from the
surface toward the inner part of the tooth. As
for the Base Cement and Clearseal F, the F
distribution  was  inhomogeneous  and
distributed like an island in the material (Fig.1,
6). The F distribution in the tooth showed the
equal tendency to the above case. In the case of
Teethmate F-1 (Fig.5), F distribution in the
material was rather smooth, but in the tooth it
showed rather unique or somewhat curious
feature. That is to say the F concentration was
the highest at the dentin surface. In the both
sides of the surface, one side of which made of
F-releasing material and the opposite side was
the tooth, F concenirations were lower than that
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Fig.5 F and Ca disiribution. Material : the
F-releasing resin composite (Teethmate F-1). This

resin composiie contains methacryloyi
F-methylmethacrylate  copolymer and releases
fluoride by hydrolysis.

of at the dentin surface. Therefore it looks like
a kind of mountain rage is running alongside
the dentin surface. The phenomenon is
different from the anticipation deprived from
the simple Fuck’s diffusion model in the solid
and no satisfactory explanation was obtained
yet.

4, Acknowledgements

We would like to thank members of TIARA,
JAERT TAKASAKI for operating the

accelerator facility.

References
1) M. Nomachi et al., TTARA Ann. Rep. 2000,
JAERI-Review 2001-039 (2001) 244-246

2) H.Yamamoto et al, Oper. Dentistry 25
(2000) 104~112

o~
- 120 A @
£ 1= §
s 100 \...4,‘.“‘ . 1300 ?
c - 250 2
§ 8 7 20 £
40 y 15¢
10¢
Y e, -
RIS o
0 &
o A 40 80 B0 00 120 140 180 8
Position( grm})
- F
* Ca

Fig6 F and Ca distribution. Material : the
F-releasing resin composite (Clearseal F). The resin
contains the same co-polymer with that of Teetmate
F-1 and NaF in a capsule type.

— 260 —



JAERI-Review 2002-035

7.3 Development of In-Air Micro-PIXE Analysis System
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Advanced Radiation Technology Center, JAERI**

1. Introduction

Accelerating heavy-charged particles like
protons or o particles by an accelerator at
several MeV and irradiating a sample, we
observe characteristic x-rays of elements
contained in the sample. Since the cross
sections of characteristic x-rays are very large
(1000b~10000b), we can use these x-rays to
analyze trace elements. This method is called
PIXE (Particle Induced X-ray Emission)
analysis method and all elements ( except for
the light clements hydrogen ~oxygen) can be
simultaneously detected with high sensitivity.
Therefore PIXE is widely applied to medicine,
biology, engineering, environmental science,
archeology and so on. Moreover, focusing the
beam spot within 1um, then scanning the
surface of the sample and recording the beam
position when the charactenistic x-ray is
detected we obtain the spatial distribution of
elements in the sample. We are now
developing a micro-PIXE system at the
Division of Takasaki Ion Accelerators for
Advanced Radiation Application (TIARA) in
JAERI' . Since this system takes pictures of

elemental distributions, we call it a Micro-

PIXE Camera.
In a micro-PIXE aunalysis, Volatile elements
can not detected because samples are usually
irradiated in the vacuum and the volatile
elements evaporate. This is serious in the
case of biomedical samples that contain
some important volatile elements. To
analyze biomedical raw samples, we
developed a micro-PIXE analysis system in
which the target is set up in air and be
cooled by helium gas. We call this system

In-Air Micro-PIXE. The target cooling

reduces the damage to target samples from

beam heating. When the biological sample is
irradiated in vacuum, it shrinks due to beam
heating, its shape is deformed and the

. correct distribution of elements can not be
obtained®. These problems are resolved by
the In-Air micro-PIXE Camera®.

The measurement of the spatial distribution
of elements in a cell is one of the most useful
applications. Target preparation techniques of
cellular samples for the In-Air Micro-PIXE
Up to the

present, we established the technique for single

Camera are under development.
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cells which are incubated on a Mylar film of
4pum thickness. Here, we report on the target
preparation techniques for tissue slices.
2. Experiment and results

We cxamined three techniques for target
preparation of tissue slices:

1. cellular fixation with acetic acid ethanol

2. freeze-drying

3. drying in air

The tumor cells of AHIO0%A were
subcutaneously planted into the back of
Donryu rats. A week after implantation,
bromodeoxyuridin (BrdU) (0.5ml/rat) was
administered the rats 3 times with the interval
for 6 hours. The rats were sacrificed by an over
dose of anesthesia and immediately their tumor
tissue and liver were removed and frozen with
liquid No.

10 pm thick slices with a microtome.

The frozen sections were cut into

1) Target preparation based on the
cellular fixation with acetic acid ethanel
The frozen slices were placed on a 4um thick
Mylar film, soaked in 5% acetic acid ethanol,
then removed after one minute and dried in air.
Figure 1 shows the PIXE spectrum of the tissue
slice. Though the element S, P, and Ca are
observed, electrolytic elements like K and Cl
can not be detected and Br is also missing.
The elemental maps of the tissue slice are
shown in Fig.2. The positions where P is highly
concentrated do not correspond to those of S.
2) Target preparation based on the freeze
drying method
We placed the frozen slices on the 4um thick
Mylar film, placed the sample on the copper
stage of a Peltier element cooled to ~10°C, and
dried in vacuum for two days gradually heating

the copper stage to room temperature. The

sample was removed after 12 hours and
irradiated:

Figure 3 shows the PIXE spectrum of the
sample in the case of the freeze drying method.
We can recognize some elements contained in
the tissue slices. Figure 4 shows the maps of P
and S. In contrast to Fig.2, the high density
positions of P coincide with those of S.

3) Target preparation based on drying in air

The frozen slices were placed on the 4pm
thick Mylar film, put on the copper stage,
thawed quickly, and dried in air. As shown in Fig.
5, the PIXE spectrum is equivalent to that of
Fig.3. However, the structure of the distribution
of P is different from that of S (see Fig.6).

3.Conclusion

Three methods of target preparation for tissue
slices were examined. Qur previous result” of
single cells showed that the peak position of P
corresponds to the nucleus and that S is
distributed around the nucieus. This result just
coincides with that of Fig.4. We conclude that,
as far as target preparation for fissue shices is
concerned, freeze-drving can be used.

The medical applications based on the present

method are now being developed.
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7.4 Preliminary Study on Quantitative Elemental Analysis
for Environmental Samples Using Micro-PIXE

M. Kasahara, C~ J. Ma, Y. Inoguchi,

T. Kamiya®, T. Sakai", M. Oikawa” and T. Sato”
Graduate School of Energy Science, Kyoto University
Advanced Radiation Technology Center, JAERIT

1. Infroeduction

Investigation of the physicochemical proper-
ties of individual atmospheric pollutants like
individual particles and individual raindrops is
an essential prerequisite for understanding their
sources, properties, and changes. Because the
analysis of these samples as bulk phase leads to
a loss of detailed information.

Micro-Particle Induced X-ray
(PIXE) is one of the most powerful micro-
analytical techniques. Its greatest advantage is
excellent sensitivity. Also it has the merit of
being a multielement non-destructive technique
with a wide range of elements for various
samples. Till now, the experimental results

Emission

about the individual environmental specimens
using micro-PIXE have been reported’?.
However, as the defective points of this
micro-PIXE, quantitative elemental analysis is
not generalized. One of the reasons is the
difficulty of preparing of standard samples.
Therefore, in this study, we made an attempt to
prepare several standard samples for the
subsequently quantitative analysis of individual
environmental samples

2. Experimental procedure

To prepare the standard samples with uniform
thickness, Si, KCl, CaF,, and Fe reagents were
deposited on polycarbonate substrate film by
vacuum evaporation system (Sinkukiko Co.
VPC-1100). Fig. 1 illustrates the diagram of
vacuum evaporation systeni.

Micro-PIXE measurements were performed

Censer of film thickness
{

Y
= :-Substrate film

A @j']ﬁorr

:Vapor of
reagent

: Shelter

v L]

L : Reagent basket

LI

Fig. 1 Diagram of vacuum evaporation system.

with a scanning 2.6MeV H' micro beam
accelerated by 3MV single-end accelerator. To
apply this quantitative elemental analysis
method using micro-PIXE, individual small
sized raindrops, namely, drizzle droplets were
collected. For the purpose of sampling of
individual drizzle droplets, collodion film
method introduced by our laboratory was
applied®. Fallen drizzle droplets were allowed to
settle on the surface of collodion film (130+10

_pm) without bounce off.

3. Results and Discussion

From the analysis of standard samples, it
was possible to resolve each elemental peak
corresponding to channel number of micro-
PIXE spectrum without concerns about filter
rupture and blank concentration of contami-
nations. Fig. 2 shows an example of micro-
PIXE spectrum of Ca standard sample.
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Channel number

Fig. 2 An example of micro-PIXE spectrum of
Ca standard sample.
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After analysis of these standard samples, each
element calibration curve was successfully
plotted by mass thickness (pg cm?) and peak
counts (counts nC*) obtained from 2.6 MeV H'
micro beam”. Calibration curves for K and Cl

were drawn by three nointe mace thicknecs, And
v Y hree n mase s, Angd

those of Si, Ca, and Fe were plotted by two
points mass thickness. Fig. 3 shows the
calibration curve of each element plotted by

mass thickness and peak count.
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Fig. 3 Calibration curve of each element plotted by mass thickness and peak count.
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In the Fig. 3, every plotted point is lying on
the straight line showing good correlation coeffi-
cient between mass thickness and peak count.
Furthermore we made certain of the hich degree

of analytical accuracy from the analysis of
standard samples.

As shown in Photo 1, by collodion method, a
drizzle droplet was successfully replicated on

the collodiog

222

flm

=

Photo 1 Digital microscopic image of a drizzle
droplet replica formed on collodion film.

Ca distribution and micro-PIXE spectrum of a
whole single drizzle droplet are shown in Figs 4
and 5, respectively. Ca was found to be quite
distributed at rim portion of a droplet.

Fig. 4 Ca maps obtained by micro-PIXE analysis
on a drizzle droplet. Scanning area is 580 pm X
580 pm.

Channelnumber

W2t 1 EiE

Fig. 5 Micro-PIXE spectrum of a whole single
drizzle droplet collected on the collodion film.

(V18412

Also other soil originated components like K
and Fe formed significant peaks with that of S.
Kuroiwa (1961)"') observed the chemucal compo-
sition of the residues from cloud droplet. His
observations implied that particles derived from
soil account for about 28 % of the residue left by
evaporated cloud droplet. It is therefore,
suggested that cloud condensation nucleation
was mainly initiated from soil components in
our sampling periods. '

We attempt to calculate the mass thickness and
mass of each element retained in individual
drizzle droplets using each element calibration
curve, sample’s net counts, and micro beam
scanning area. Each elemental mass in a single
drizzle droplet (300 pm diameter) is ranged from
0.1 ng 10 0.i9 ng.

Further studies such as increasing the kind of
standard samples and applying to this quantita-
tive analysis to other elemental samples are in
progress.
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7.5 Application of In-Air Micro-PIXE Analysis System to the Study
of Metabolic Function in the Cell

K. Kubota*, H. Fukuda*, K.Ishii, A Tanaka, S Matsuyama, H Yamazaki,
T Kamiya**, T.Satoh**, T.Sakai** M Oikawa** K.Arakawa** M.Saidoh**
Department of Quantum Science and Energy Engineering, Tohoku Univ.

Institute of Development, Aging and Cancer, Tohoku Univ.*
Advanced Radiation Technology Center, JAERT**

1. Introduction

Recently, we have developed in Air micro-
PIXE Camera'™ in Takasaki Ion Accelerators for
Advanced Radiation (TIARA), that enables
analysis of tracer elements distribution with high
spatial resolution of below 1 micron in samples
placed w room air condition. Analysis of
elemental distribution in a cell is difficult, and
some technical developments for cultured cells
have already been achieved by us™®. Cells
cultured on a thin membrane was processed for
target sample together with the membrane, and
PIXE was carried out in-air condition, resulted in
successful measurement of elemental distribution
with 10g level of sensitivity and 0.2micron
level of spatial resolution™”.

In addition to the analysis of cultured cells,

there may be a need for analysis of tissue samples

obtained from living subjects especially in the
field of biology and medicine. A new target
preparation method has also been developed for
sliced section of animal tissue by us®. Here we
reported the results of PIXE analysis of
experimeﬁtal tumor tissue transplanted in rats

using our new methods.

2, Target preparation

In order to identify the location of nuclei in
tissue sampiles, we have injected
bromodeoxyuridine to rats intravenously.
Bromodeoxyuridine is incorporated into DNA
synthesis in the nuclei, and the nuclei labeled
with bromine can be deiected by PIXE. One
week after (transplantation of AHI109A(rat
hepatome cells) in the back of Donryu rats
subcutaneously, rats were killed by overdose of
anesthesia. Solid tumors of lcm diameter were
excised, frozen by liquid nitrogen, thin sectioned
by crio-microtome. Ten and 3Omicron thick
sections were mounted on 4micron thick Mylar
film, fixed with 3% acetic acid ethyl-alcohol, and
freeze-dried for the target of PIXE. Because 10
micron thick sections may destruct the cell
structure by cutting the middle of cell, 30 micron

samples were prepared to preserve the whole cell

structure.

3. Results of PIXE analysis

The target samples prepared as above have
been set at the target holder of in-air micro PIXE
camera and bombarded with proton micro-beam
of 2.6 MeV. The area of 45micron square was

scanned. Figure 1 shows the photograph of 10
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micron section after irradiation observed by
phase-contrast microscope. We distinguished the
cellular region from the empty region by this
figure. In the characteristic X-ray spectrum, the
elements P, S, Cl, Ca, K, and Br were identified.
Figure 2 shows the elemental maps for these
elements, where the cellular regions recognized
by Fig.l are surrounded with the blue line.
Distribution of phosphorus was localized both in
10 and 30 pm sections. Other elements were
distributed surrounding the high concentration
area of phosphorus. The counts of both zinc and
bromine were too low to form any specific
localization within the tissue. There is a tendency
that higher concentration of bromine was
observed in the same area of high phosphorus
concentration. The samples of 30 micron were

cracked during the ion bombardment.

4. Discussion

In this experiment, clear images of the cell
as seen in previous single cell experiments were
not observed. We considered for this reason that
the cell structure was destructed by cutting the
middle of cell because of 10 pum thickness. In this
experiment, therefore, 30 pum section samples
were also prepared to preserve the whole cell
structure. However, the results of 30 pm sections
were the same as 10 pum sections. We observed
10 pm sections after beam irradiation by a
phase-contrast microscope (see Fig.1). As the
results, the areas of elements distribution were
corresponded to the area of viable cancer cells.
When we used the elements distribution image of
single cells as the reference, the localized
distribution of phosphorus was considered to
delineate the shape of nuclei of individual cancer

cells.

A little of bromine distribution was observed
in the area of nuclei in this experiment. In
cultured cell, bromine will be transferred to the
cell directly from the medium through the cell
membrane, while in the tumor tissue in vivo, the
delivery of bromine to cancer cell depends on the
blood flow to the tumor and on the micro
circulation within the tumor tissue. In addition,
the growth fraction of in vivo tumor tissue seems
to be lower than that of cells in vitro. That will
affects the incorporation rate of bromodeoxy-
uridine into the tissue. As the results of these
factors, the amount of bromine detected seems to
become small. A little but definite counts of
bromine were recorded, it suggested that if we
can use a large field of view X-ray detector that
has the sensitivity of 10 times higher than that of
the current system, we can analyze the specific
localization of various metal compounds within
tissue samples. That may open a new possibility

of PIXE analysis for biological samples,

.especially for tissue localization study of metal

compound given in vivo.
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Fig.1 Photograph of the 10 pum tissue slice of AH109A tumor after beam irradiation
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Fig2 Elemental maps of P, S, Cl, Ca, K, and Br in the 10 pm tissue stice. The tissue was freeze-dried under vacuum.
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7.6 Development of a Large-Solid-Angle Multi-Element
Detection System for High-Sensitivity Micro-PIXE

Analysis

T. Satoh*, T. Kamiya*, T. Sakai*, M. Oikawa*, K.

Ishii**, S.

Matsuyama** and H. Yamazaki**
Advanced Radiation Technology Center, JAERI*

Department of Quantum Science and Energy Engineering,

University**
1. Intreduction

Since detection efficiency is strongly
limited in the micro-PIXE analyzing system
using a single X-ray detector, a few hours
are required in order to measure the
distribution of trace elements in a single
cell. Moreover, biological samples such as
cultivation cells require very low irradiation
intensity. Therefore, reduction in
measurement time is an important problem
which should be solved for application to
medicine, biology and so on.

The purpose of this development is
enlarging solid angle of an X-ray detector
and reducing measurement time by about
1/10. The easiest method of enlarging a
solid angle is bringing a large sensitive area
detector close to a sample as much as
possible. Our large solid angle detector is
realized by placing many minute detection
devices in a same vessel. The counting rate
of back-scattered protons per detection
element is small despite lack of a passive
absorber. It appears possible that X-rays
from the very small quantity of elements

contained in a cell could also be detecied.

2., Experiment

A new detection apparatus consists of a
multi-element  detector (EPIX 60-26,
EURISYS MEASURES Co., Ltd.), built-in
preamplifiers with active reset system, main
amplifiers (Model 572, EG&G ORTEC),

Tohoku

multiplexers (MR476, Seiko Instruments
Inc.), analog-to-digital converters (2201A,
Laboratory Equipment Co., Ltd.) and a data
acquisition controller (NT-2400, Laboratory
Equipment Co., Ltd.). The details of the
multi-element detector are shown in Fig. 1
and Fig. 2.

The detector elements are arranged in the
shape of a pentagonal pyramid and fully
cover the sample. On each one detection
side, 9 detector elements are arranged. The
entire detection system consists thus of 45
detector elements. The micro beam
irradiates the sample through the center of
the pentagonal pyramid and X-rays emitted
from the sample are detected in close to &
geometry.

Since the detector consists of many
detection elements, it is difficult to prepare
all circuit systems. In this system, outputs
of the main amplifier from four elements
are inputted into one ADC by using a
multiplexer router. Since a signal to
indicate a detection element is sent to a
list-memory from a router, energy signals
from four elements is simultaneously
measured by one ADC. The irradiation
position of micro-beam is simultaneously
sent to the list-memory from a beam

position controller.
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Fig. 1
multi-element detector (side view).

Fig. 2
multi-element detector (front view).
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Micro-beam is irradiated through a ¢4
central pipe to a sample. Titanium grids
support beryllium windows.
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Moreover, an output signal from a
preamplifier of each detection element is
branched to

measurement,

two. One is for X-ray

and another is for RBS

measurement (Fig. 3).

Fig. 4 Photograph of a mosquito’s leg by a
light microscope.

We performed micro-PIXE analysis of a
leg joint of a mosquito by using this system.
A proton micro beam with the energy of 2.0
MeV from the single-ended machine was
used for that analysis. Figure 4 shows a
photograph of a mosquito’s leg by a light
microscope. This sample was inserted into
two sheets of PET film with a thickness of
4um, and these are set on the atmoéphere
side of the acrylics holder. Micro beam was
irradiated to the sample after it came to the
atmosphere through the PET film.

3. Results and Discussion
Figure 5 shows micro-PIXE spectrum of
the mosquito’s legs. Since energy resolution

List
Hemory

Detector|
No.

Energy Position|

ORTEC SEIKO
572 WR476

RBS measurement

Data
Acquisition
Contoroler

Another WCA —{i

Fig. 3 Block diagram of measurement system.
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of this system was not best (FWHM:
300eV), peaks of each characteristic X-rays
cannot be divided easily.

PIXE
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Fig. 5 Micro-PIXE spectrum of the

mosquito’s leg.

However, spatial distribution of potassium
was obtained from counts corresponding to

the energy of characteristic X-rays as in Fig.

6. The scanning area is 280 X 240 pm?®. It
is visually confirmed that legs of

mosquitoes are hollow.

Fig. 6 Distribution of K in the mosquito’s
leg. The center of leg is a slightly darker
than the outline because mosquito’s legs are
hollow.

Figure 7 is obtained from RBS spectrum. It
means spatial distribution of some light

elements, C, N, O and so on. It seems to be
uniform everywhere because the sample
wrapped in PET film. Most of RBS thought
to be occurs in PET. So in order to take an
image of RBS, a sample must be placed into

a vacuum.

Fig. 7 RBS image of the same sample in
case of Fig. 6. It is distributed uniformly
because of PET covering the sample.

4. Conclusion

The large solid angle detector system was
developed for reduction of the measuring
time of micro-PIXE analysis. The spatial
distributions of some elements which exist
in the living body, such as sulfur and
potassium, were measured although there
was the problem on the energy resolution of
the detector. For analysis of trace elements,
improvement of the energy resolution is
required.

It also turns out that measurement of RBS
is possible with the system. But there must

be a sample into a vacuum.
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7.7 Analysis of Arsenic Around an Arsenic Mine by u-PIXE

T. Ohnuki*, F. Sakamoto**, N. Kozai***, M. Samadfam***,
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1. Introduction

The monitoring for chemically hazardous

elements is important to protect the threat of
the human health. Usually the concentrations
of hazardous elements are measured in soils,
rocks, plants, and groundwater and surface
water”. Especially biomat and lower plants
of lichens and mosses are used because of their
ability to accumulate hazardous elements. So
far the concentrations of hazardous elements in
the lower plants have not beenm measured
directly. =~ One may dissolve the biomat and
lower plants using appropriate methods to
provide for the measurements using induced
coupled plasma mass spectroscopy (ICP-MS)
and induced coupled plasma atomic emission
microscopy (ICP-AEM).
dissolving process is complicated and time
and the information of the
chemical forms is lost during the dissolving

However, the
consumable,

process.

Particle induced X-ray emission (PIXE) is
one of the possible methods detecting elements
in the level of ppm®. If we use probe beams
of um order or less in diameter, hazardous
elements as well as other elements distribution
in a lower plant sample can be determined with
such spatial A light ion
microbeam system® with the spatial resolution
of less than 1 pm was constructed on a beam
line of 3 MV single-ended accelerator in the
TIARA facility at Japan Atomic Energy
Research Institute (JAERI). And the in-air

resolution.

p-PIXE analyzing system was developed on
the TTARA facility for chemical analysis with a
sub-micron level spatial resolution”. Thus,
mapping of hazardous elements of ppm level is
available by u-PIXE.

Arsenic is a poison and one of the hazardous
elements known to be carcinogenic to man”.
We have applied the p-PIXE technique to
monitor As in biomat formed in As mine water,
and in the lower plants of lichen and mosses

around an abandoned As mine.

2, Site and samples
Abandoned As mine is located in
Gunma-prefecture, Japan. The entrance of

the mine was closed by concrete wall. Three

- foliose lichens were sampled from the rock at

approximately 1.5 m from the closed entrance.
Two mosses were collected from the different
One was collected from the rock
where the lichen was collected from, and the
other was

positions.

from the concrete wall at
approximately 3 m downstream from the mine
water discharge position. The moss on the
concrete wall was collected at the surface
water level. The biomat was sampled in the
surface water at 0.3 m downstream from the
mine water discharge position.

As references, moss and lichen were
sampled on rocks at distance of 5 to 10 m from
the closed entrance. They are called the
reference moss and lichen in the present paper.

The concentration of As in the mine water
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discharge was approximately 9.4x10” mole-L™
measured by ICP-MS.

3. Experimental

The lichens, mosses and biomat samples
were directly attached on the sample folders
for p-PIXE analysis. The samples were
initially checked by optical microscope (OM).
A Proton beam with the energy of 2.6 MeV
from the single-ended machine was used for
in-air u-PIXE abalysis developed at TIARA
facility in Japan Afomic Energy Research
Institute®, so that the proton penetrates info the
lower plants and biomat exiting elements both
on the surface and internal region of the lower
planis and biomat.
approximately 1| pm in diameter.  The
maximum scanning area for the p-PIXE
analysis system was 740 x 760 pm®.

4. Results and Discussion

The spatial distribution of As in the lichen
on the rock at 0.3 m from the closed entrance
obtained by pu-PIXE analysis is shown in Fig.
1(A). In p-PIXE analysis the scanning area
for the measwrement is 740 x 760 pm’.
Bright regions in Fig. 1 show the existence of
As. Figure 1(A) indicates that As is localized
on and/or in the - lichen. The spatial
distribution of As in the area shown as white
rectangular (160 x 180 um?) in Fig. 1(A) is
shown in Fig. 1(B). The spatial distribution
of As in Fig. 1(B) is more clearly recognized
than in Fig. 1(A). This reveals that focus of
the p-PIXE analysis on the area where As is
localized gives more precise spatial
distribution. These show that the
measurement in a wide area, for instance
740x760 pm’ area, followed by the focus of
the measurement on the restricted area where
As is localized, is an advantage of the u-PIXE
analysis.

The beam spot was

The p-PIXE spectrum of the reference
moss sampled from the concrete wall at
approximately 5 m from the closed entrance is
shown in Fig. 2(A).
the reference moss.

Arsenic is not detected in
The u-PIXE spectrum of
the lichen sampled at approximately 5 m from
the closed entrance also gives no As peak.
These suggest that background level of As
concentration in lower plants is below the
detection limit of u-PIXE analysis. Note that
the Ti peak observed in the spectrum comes
from glue of sample seal.

The p-PIXE spectra of the lichen (Fig. 2
(B)) and moss (Fig. 2 (C)) collected at
approximately 1.5 m from the closed entrance
show that the peaks of As as well as Fe, S and
Si are detected. This indicates that lichen and
moss around the closed entrance accumulate
not only As, but also Fe, Si and S containing
compounds. Since no As is detected by the
mosses and lichen collected at approximately 5
m from the closed entrance, As in the mosses
and lichen near the closed entrance -are
probably originated from the mining area.

Spatial distributions of As, Fe, K, Ca, S
and Si in the lichen sample collected from the
rock at approximately 1.5 m from the closed
entrance were obtained by the u-PIXE analysis
(figure not shown). The distribution of As
does not correspond to Fe, K, Ca, S and Si.
But, Fe, K, Ca, S and Si are detected in the
region where As is detected. Similar results
are obtained for the moss collected on the rock
at approximately 1.5 m from the closed
entrance. The Si distribution corresponds to
the Ca distribution indicating that Si and Ca
are originated from silicate minerals. The Fe
distribution corresponds to the S distribution
indicating that Fe containing compound is
originated from iron-sulfur containing minerals.
These indicate that in the lichen and moss As is

accuinulated with silicate - minerals - and
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iron-sulfur compounds.

The p-PIXE spectrum of the biomat (Fig. 2
(E)) indicates that the biomat contains As as
well as Fe, Ca, S and Si. The p-PIXE
spectrum of the moss collected from the
concrete wall (Fig. 2(D)) indicates that the
moss contains As as well as Fe, Ca, S and Si.
The spatial distributions of As, Fe, Caand S in
the biomat sample obtained by u-PIXE shows
that the distribution of As does not correspond
to S and Ca, but to Fe. These show that As
accompanies Fe containing compounds.

These results indicate that p-PIXE is
effective method to measure arsenic in lower
plants. We have a plan to examine the
migration behavior of arsenic around arsenic
mine.

Fig. 1
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Distributions of As in e same ichen on the rock collected at approximately 1.5 m

from the closed entrance. The scanning areas in u-PIXE analysis are 740x760 um?2 for (A)
and 160x180 pm2 for (B) being the same area surrounded by white line in (A).

L] 5080 10006 15000
Energy (eV)

Fig. 2 Micro-PIXE spectra of reference moss (A), lichen (B) and moss (C) on the rock 1.5 m

from the closed entrance, moss (D) on the concrete wall at the level of surface of the surface

water and biomat (E) collected at 0.3 m from the mine water discharge position.

For u-PIXE measurements the proton beam is focused on the area where As is
“detected, and the scanning areas differ among the samples.
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8.1 Effects of Neutron Energy and Added Aerosol on Radioactive
Aerosol Formation under High Energy Neutron Irradiation

K. Sato’, H. Noguchi', A. Endo", Su. Tanaka™, T. lida™" S. Furuichi"™, Y.

kR o ok

Kanda and Y. Oki

Departmenf of Health Physics", Advanced Radiation Technology Center”, JAERI

ek

Graduate School of Engineering, Nagoya University ™,

Radiation Science Center, High Energy Accelerator Research Organization™

Research Reactor Institute, Kyoto University

1.Introduction

In the air of accelerator and target
rooms at proton accelerator facilities, air-
borne radionuclides such as radioactive
aerosols or gases are produced'™. The
radiation protection against internal ex-
posure due to the inhalation of induced
airborne radionuclides is one of important
problems for radiation safety at the ac-
celerator facilities. For the assessment of
internal doses due to the inhalation of
airborne radionuclides, parameters such
as a deposition rate in the respiratory tract
and biokinetic models should be deter-
mined. The parameters are affected by the
physicochemical properties such as parti-
cle size and chemical forms of airborne
radionuclides. It is therefore important to
clarify the mechanism of the radioactive
aerosols formation which has a direct in-
fluence on the physicochemical proper-
ties.

We have already reported that the for-
mation of *2Cl and *°Cl aerosols (*%Cl
aerosols for short) due to an irradiation of
high energy neutron (65MeV) to argon
(Ar) gas can be explained by attachment
of the radionuclides onto added di-octyl
phthalate (DOP) aerosols®. It is however
important to confirm whether the radio-

active aerosol formation is affected by
neutron emnergy and the physicochemical
properties of aerosols or not, since the
kinds of the aerosols and radiation energy
are not uniform at the proton accelerator
facilities. In the present study, the effects
of neutron energy and added aerosols on
the formation mechanism of radioactive
aerosols formed by neutron irradiation
have been examined.

2.Experimental methods

The experiment was carried out using
LCO course in light-ion room 3 of TIARA.
The
quasi-monoenergetic neutrons source fa-

neutrons  are  generated by
cilities. Fig.1 shows the diagram of the
experimental setup. It consists of an

atomizer, an irradiation chamber, and two

i-(, _Ar gas )
DOP or NaCl

I Atomizet* }Q—- solution

Irradiation chamber

Neutrons beam .
(b 30cm X 100¢

Acrylic window

Fig. 1 Diagram of the experimental setup.
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particle analyzers: a scanning mobility
particle sizer (SMPS) (TSI SMPS 3936)
and electrical low pressure
(ELPI) (DEKATI ELPI-2000).

Firstly, the irradiation chamber (di-

impactor

ameter 30cm and length 100cm) that was
placed in the beam axis was filled with
high-purity (>99.995%) Ar gas. DOP or
NaCl aerosols were then introduced to the
irradiation chamber. The DOP aerosols
were generated by introducing a
2-propanol solution containing DOP to
the atomizer (TSI 3075). In the case of
NaCl aerosols, a NaCl solution instead of
the 2-propanol solution was used.

The Ar gas containing the aerosols was
with the 45MeV

quasi-monoenergetic neutron beam for

irradiated

100 min. A neutron fluence rate in the
monoenergetic peak at the acrylic window
of the irradiation chamber was 1.9X10*
cm? - s7!. After the irradiation, the aerosol
particles were collected from the irradia-
tion chamber. The size disiribution of

aerosol particles was measured with ELPI.

Then, the number size and activity size
distributions of collected aerosol particles
were analyzed. The number size distribu-
tion of collected aerosol particles on the
each collection plates was measured using
the electrometer of ELPI. To obtain the
activity size distribution, the collection
plates were removed from the impactor
stages of ELPI after sampling, and the
radioactivities of the collection plates
were measured by a gas-flow counter. The
v-spectrum of the collection plates was
also measured

using a germanium

semi-conductor detector.

3. Results
Fig.2 shows the y -ray spectrum of the

collection plates of ELPI. The **Cl and
3CI respectively formed from the (n, 2np)
and (n, np) reactions of *’Ar were ob-

served.

10 | U S BCl_ ___ 4]

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Energy (keV)

Countslghannel
°~

Fig. 2 Gamma-ray spectrum of the col-
lection plates of ELPI after the irradia-

tion of 45 MeV neutrons.

To study the effects of neuiron energy
on the formation mechanism, the number
size and activity size distributions of **Cl
aerosols were analyzed after the irradia-
tion of 45MeV quasi-monoenergetic neu-
trons to Ar gas containing DOP aerosols
(Fig. 3). In addition, an activity size
distribution was calculated by using the

S e e e e R aa s
O : Number
® © Activity

1.0F

distribution of 38Cl aerosols

| Measured activity size
distribution of 33Cl aerosols

i

‘ ]
i

H

%

| Fitted number size
== distribution of 38C1
: aerosols

G
\( ¢ Cakulated activity size
1

0.5

dN or dA / dlog{d)

00 A X g aldan v Y
0.1 1 10

Particle diameter d (um)

Fig. 3 Particles size distribution of 3*Cl
attached DOP aerosols produced under

the irradiation of 45MeV neutrons.
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simple attachment model® and the number
size distribution. Similarly to the results?
of 65MeV quasi-monoenergetic neutron
irradiation performed in 2000, the activity
size distribution of *®Cl aerosols meas-
ured by ELPI was in good agreement with
the calculated distribution assuming the

attachment of **CI and *°Cl to DOP aero-

sols. The result indicates that the forma-
tion mechanism of **Cl aerosols is not
affected by a neutron energy (45 and 65
MeV).

Whether physicochemical properties of
added aerosols influence the attachment
model or not, was examined by using
NaCl aerosols instead of DOP aerosols
(Fig. 4). As a result of irradiation of 45
MeV neutrons to Ar gas containing the
NaCl aerosols, the formation of the **Cl
aerosols was also found. Assuming **ClI
aerosols formation due to the attachment
of **Cl and *°Cl formed by neutron irra-
diation to the NaCl aerosols, the activity
size distribution of 38C1 aerosols was es-
timated by using an attachment coeffi-
cient and the number size distribution of

Y OvVTNy YTV T{
O * Number
@  Activil
10k Yy B Measured activity size
’ ¢ distribution of 38Cl acrosols
¥
1]
_— t
% b .| Cakulated activity size
o Y* distribution of **Cl acrosols
T
S~
<
3 o5} ] -
£
e H
z2 [
o 3
%
3
: 1

Fitted number size
distribution of *8Cl
aerosols

01 1 10
Particle diameter d = (um)

Fig. 4 Particles size distribution of **Cl

attached NaCl aerosols produced under

the irradiation of 45MeV neutrons.

NaCl aerosols. The formation of 33Cl
the
attachment model as well as the case of
DOP aerosols.

The present results showed that the

aerosols could be explained by

formation mechanism of radioactive aero-
sols in high energy neutron fields was not
affected by the
neutron "and the physicochemical proper-

irradiation energy of
ties of added aerosols.

Summary

The effects of a neutron irradiation en-
ergy and physicochemical properties of
added aerosols on the formation mecha-
nism of **Cl aerosols were examined by
using the quasi-monoenergetic neutron
source of TIARA. Similarly to the result”
of 65MeV quasi-monoenergetic neutron
irradiation, it was found that *®Cl aerosols
were formed under 45MeV neutron irra-
diation by the attachment of **Cl and *°Cl
to DOP aerosols. When the NaCl aerosols
were added instead of the DOP aerosols,

_ the formation of **Cl aerosols could be

explained by the same attachment model
as that used for the DOP aerosols.
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8.2 Development of a Bragg Curve Spectrometer (BCS) for Fragment
Spectroscopy in Neutron and Proton Induced Reactions

M. Hagiwara*, M. Hosokawa* M. Baba*, T. Sanami**, M. Takada***, and

S. Tanaka****

Cyclotron and Radioisotope Center, Tohokun University*, Radiation Science Center, High

Energy Accelerator Research Organization**, National Institute of Radiological Sciences™**,
Advanced Radiation Technology Center, JAERI****

1. Introduction

Charged-particle production reactions for
energetic  neutrons
fundamental role in
energetic hadrons. We have measured cross

and protons play a
radiation = effects by

sections for light charged-particle (p, d, t, «)
production reactions of accelerator materials for
40-75 MeV neutrons at TIARA"?.

For charged-particles heavier than lithium
isotopes, i.e., fragments, data are very sparse
despite of their importance in radiation damage
and single event upset (SEU) due to a large local
ionization density.

Direct fragment detection is rather difficult
due to a lower yield, large energy loss in
samples and large energy variation with

emission angle. Furthermore, theoretical
calculation treating fragment production is rather
ambiguous yet. Therefore, it is important to
establish efficient experimental methods for
fragment detection.

A Bragg curve spectrometer (BCS) is a gas
ionization chamber which enables particle
identification and energy measurement of
fragments with a single counter”. It has been
utilized widely in heavy ion induced reactions
but there has

neutron-induced reactions. We have developed

been no application to

BCS and applied successfully to neutron

induced-reactions.

2. Bragg Curve Spectrometer (BCS)
Figure 1 shows a schematic diagram of

BCS. It is a cylindrical gridded ionization
chamber (GIC). The cathode-grid distance is 27
cm, the grid-anode distance is 0.5 cm. Wire
radius and spacing of the grid are 0.lmm and
Imm, respectively. Guard ring electrodes are
arranged in 3 cm steps to obtain a uniform
electric field between the anode and grid. The
chamber is filled with a Ar + 10%CH, gas at a

pressure of 2.7x 10" Pa (200 Torr).

Sample Ar+10%CH4 gas
30mm diam. g /ll}ﬂ Forr
/ | ]
- 3 m
: thriftlte anode by Effield ']
bl VT
" . | |
Neotrdh dist. | 7 Ringg pepk ~ 7.
Tlenvy ion toajectoy

FYNlZ T
c.nmi..; Plate  Fleld shape rings Crid s shield auaiie Anode Plate

Produce drift F field
0.15Viem/Torr from E field of cathad-grid

Fig.1 Schematic diagram of BCS

Ionized electrons drift to the anode by the
electric field keeping a distribution of a Bragg
curve. From the anode, a signal with a
time-reversed form of the Bragg curve is
obtained. Therefore the fast part of the anode
signal is proportional to the Bragg peak that is
proportional to the square of the atomic number
of the fragment, and the integration of whole the
the  total

proportional to the fragment energy®. Therefore,

anode signal represents charge
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the BCS method provides the data of energy and
the atomic number of the fragments using only
the anode signal.

To apply BCS to neutron- induced reactions,
we set a sample inside the chamber to decrease
the energy loss and make larger the solid angle.
In this case, however, there arise problems of 1)
backgrounds due to neutron irradiation of the
chamber and the counting gas®, and 2) distortion
of anode signal due to angler spread. To solve 1),
we adopted tight neutron collimation, thin
high-Z electrodes and an additional shield
electrode in front of the chamber with the same
potential as the cathode*”. For 2), the signal of
large emission angle could be eliminated by use
of the cathode signal having angle-dependence®.

To prove the proper operation of BCS, the
following tests were performed: 1) the saturation
property by using *'Am o source”, and 2)
particle identification and the Z resolution for
fragments by 86 MeV o particle-induced
reactions on carbon at NIRS (National Institute
of Radiological Sciences) cyclotron. In the 2-nd
experiment, fragments from lithium to carbon
could be separated clearly each other.

The energy and Bragg peak signals are
obtained by
respectively, with a long time constant (6 psec)

shaping the anode signal,
and a short time constant (0.25 or 0.5 psec). To
reduce background events and dead time of
ADC, only coincidental data between anode and
cathode were accumulated. Signals are collected
as a two-dimensioned data by the KODAQ

system™ for CAMAC handling.

3.Application to Neutron-induced Reactions
The experiment for neutron-induced reaction
was performed at the mono-energetic LCO
course of TIARA (Fig.2). Neutrons produced by
the "Li(p,n) reaction were collimated by a ~3 m
long neutron collimator, and ~60 cm long

additional collimator to prevent neutron hitting

of the BCS structures. The peak neutron energy
was ~65 MeV ” and a proton beam current
was ~1 pA.

Fragments from carbon were measured using
samples, 100 pm and 200 pum thick. Foils of
nickel 100 pm, and alominum 6 pum were
employed too for study of backgrounds. Each
sample was set on the cathode plate inside BCS.

s :

BC'S Chamber
et

Neutron Beam

.
Proton A
Beam F 1

—] |
7

Neutron Monitor

Fig. 2 Experimental arrange at TIARA"

Beam Dump

Figure 3 shows the two-dimensional
spectrum for energy vs Bragg peak in neutron-
induced reaction in a 200 pm carbon sample.
Figure 4 shows energy spectra for each particle.
The spectrum was obtained by only ~4 hour’s
irradiation owing to large solid angle of BCS.
The two-dimensional spectrum shows that

fragments heavier than a particle are separated
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Fig. 3 The two-dimensional spectra for energy
vs Bragg peak in the carbon 200 pm sample
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Fig. 4 The energy spectra of each observed
particle for Carbon 200 um

distinctly, although the data contain backgrounds
in lower pulse-height region. The energy spectra
of lithium and boron for each sample are shown
in Figs. 5 and 6.

The results for two carbon samples show
almost same values probably due to much
shorter range of fragments than carbon thickness.
The yields for nickel and aluminum samples are
similar in magnitude and much smaller than
those for carbon, and will represents
approximately the backgrounds from materials
other than samples.

Therefore, if backgrounds can be reduced
further, this technique will be applied usefully
for fragment detection in neutron and proton
induced reactions in ten’s of MeV region. We are
planning to extend the dynamic range of the
pulse-height spectrum both to higher and lower

energy region by using data correction method.
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8.3 Response of Personal Dosimeters to High-Energy Neutrons

K. Oda*, T. Sawamura**, J. H. Kaneko**, Y. Nakane***,
S. Tsuda**** and Y. Yamaguchi****
Department of Nuclear Engineering, Kobe University of Mercantile Marine*,

Department of Quantum Energy Engineering, Hokkaido University**,
Center for Neutron Science, JAERT***, Department of Health Physics, JAERI¥#**

1. Imtroduction

In recent years, accelerated proton beam and

neutron beam have been widely utilized for a
variety of up-to-date applications to material
science, environment science, life science,
medical cancer therapy, efc. A great number of
accelerator facilities for high-energy, intense
proton beam have already been in steady
operation, and are in consiruction or planning in
many countries; in Japan a collaborative project
of JAERI and KEK is now in progress. Such a
proton beam eventually generates high-energy
neutrons in slowing down or stopping in a
material. These high-energy neutrons are hard to
be detected, because the efficiency of existing
monitors and dosimeters becomes lower. Hence,
it is very important to monitor them correctly, in
other words, to establish a countermeasure, for a
radiation protection purpose.

The detectors in actual radiation protection
dosimetry use are divided into two groups; the
area monitors and survey-meters belong to one
group of active detectors, and the other is
personal dosimeters, which are sub-divided into
real-time type and accumulation type according
to the length of measurement time period. For
X- or Y-rays, for instance, a pocket-type
semiconductor detector and a glass dosimeter
(Radio-photo-luminescence) are commonly used
as two sets of personal dosimeter, respectively.
For neutrons with an energy lower than 14MeV,
bubble detector (BD) and plastic nuclear track
detector (PNTD) replace them, respectively.

The existing monitors and dosimeters used

in neutron facilities have, in general, less
sensitivity to high-energy neutrons than that to
neutrons lower than 14MeV because of a rapid
decrease in the cross sections for neutron
interactions. The use of them without any
corrections would lead a serious underestimate
of the radiation dose and dose rate. Thus, our
research members started to develop advanced
techniques for enhancement of absolute detector
sensitivity, and for an appropriate correction.
These studies require a well-defined and clean
neutron source, such as TIARA facility.

In this report, we state a few typical
with BD and PNTD
performed as a special project research between

experimental results
Japanese universities and JAERL

2. Response of plastic track detectors

In an early study in 1990’s for development
of dose-equivalent response track detector for
thermal to D-T neutrons, we finally proposed a
combination of mildly boron-doped CR-39
plastic detector with a two-layer radiator
consisting of polyethylene and deuterized hydro-
carbon (CD2)". In order to extend the neutron
energy to be applied, it is indispensable both to
enhance the intrinsic sensitivity of PNTD and to
select radiator material suitable for higher
energy neutrons.

An experiment has been carried out to
investigate the relative sensitivity of three
candidate PNTDs*”. One is a pure CR-39, of
which trade name is “BARYOTRAK”. Second

is called “TD-1”, which is a CR-39 containing a
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small amount of antioxidant to be improved in
the sensitivity to low LET particles. The new
detector called “TNF-17, copolymer of CR-39
and N-isopropylacrylamide developed by a
group of Nihon University and JAERI (Ogura et
al.), can register 27-MeV protons of normal
incidence, corresponding to about 10 keV/iUm in
LET,q and also to about 4 in terms of z*/B*.
After neutron irradiation, each PNTD sample
was chemically etched in a stired NaOH
solution at 70 °C. The concentration was 7.25'N
for both BARYOTRAK and TD-1, and 5 N for
TNEF-1.
estimated from the etch-pit radius of fission

The amount of etched bulk was

fragments from a *’Cf source, and controlled to

be 15%0.2 pm. Figure 1 shows the measured

etch-pit density as a function of the radiator
thickness for three PNTDs. Heavy recoils and O-
particles are relatively easy to be registered in
PNTDs because the etch rate ratio is much larger
than the unity. On the contrary, the possibility of
recording the proton recoils should depend
largely upon the type of PNTDs. It is clearly
seen in Fig.l that the radiator has little
contribution for BARYOTRAK, because of
relatively low sensitivity to the protons. About
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Fig. 1. Etch-pit density for three PNTDs
exposed to 65MeV neutrons as a function of
radiator thickness.

twice and three times radiator effects were
confirmed for TD-1 and TNF-1, resbectivély.

Furthermore, the species of particles recorded
were identified by the technique already
developed by the authors”. The ion tracks were
then classified into three groups, i.e. proton
relatives, O-particles and heavier ions. The
fraction of proton tracks were evaluated to be
about 30% and 70% for BARYOTRAK and
TNF-1 exposed in a 65-MeV neutron field,
respectively. This result could be explained by a
great difference in the sensitivity to high-energy
protons between two types of PNTD.

Table 1. Comparison between a pure CR-39

and TNE-1 in the fraction of registered particle

classified into- three groups of protons, O~
particles and heavier ions.

Type Neutron Fraction of particles [%]
energy p.d.t o heavy ions
CR-39 65MeV 29+5 225 49%6
TNF-1 65MeV 68*12 156 17%6
TNF-1 40MeV 69%7 8+3 23%4

The TNF-1 detector, however, has a problem
of a roughness on the pdst-etched surface. Since
the size of the etch-pits induced by the neutrons
should distribute
roughness is a decisive problem for practical

so widely, the surface
application. We expect a drastic improvement to
be performed as soon as possible.

3. Response of bubble detector

The response of bubble detectors, BD100R
(BTILCanada) with nominal sensitivities of 3.3
and 0.33 bubbles/USv were measured for quasi-
monoenergetic neutron beams in the 40-75 MeV
range and the effects of a lead-converter
enclosing the detector introduced to extend the
response to the high energy region were
discussed®”. The sensitivities to 40, 60 and 75

MeV quasi-monoenergetic neutrons were found
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to be 35-50 % of the nominal sensitivity
The lead-
converter effect on the sensitivity was measured

measured for Am-Be neutrons.

for 48 and 75 MeV neutrons. The sensitivities,
which are normalized by the sensitivity without
the lead converter, are shown in Fig.2. The
sensitivity increased with the lead thickness and
became similar to the nominal value with the 2-3

cm thick lead converter.

i
o

v T LAp— v T
Temperature 25°C

1 peak neutron energy ®
201—8— 75MeV "y /§ -

—O0— 48MeV )
1.5 ~ -

_ nominal
1.0 ~ sensitivity -

normarized sensitivity

T T T T T T
0 1 2 3
Pb thickness (cm)

Fig.2. Sensitivity normalized by the sensitivity
without the lead-converter as a fuction of
converter thickness.

Monte Carlo calculations using MCNPX
code were carried out to estimate the lead-
converter effect on the neutron spectra in the
detector éxposed to quasi-monoenergetic source
neutrons.. It is indicated that evaporation
neutrons are produced in the 0.1-10 MeV energy
region. These neutrons are expected to increase
the bubble number, as the BD is sensitive to the

neutrons in this energy region.

4. Conclusion

The characteristic response of PNTDs and
BD to 40-75 neutrons have been investigated.

It was confirmed that the sensitivity of BD
was lowered to about half the nominal one, and
use of the lead-converter was effective to
compensate.

As to PNTD, an establishment of a

theoretical calculation technique is also very
important for designing a special radiator for
high-energy neutrons in the next step, and now
in progress.

We are planning to carry out another
experiment of 40 to 80-MeV neutron irradiation
at TIARA, JAERI. An attention to a possible
contamination of lower energy neutrons and
secondary charged particles must be paid
carefully to determine the absolute sensitivity.
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9.1 Measurement of Secondary Charged Particles with
MeV Energy Cluster Ion Irradiation

Y. Saitoh, Y. Nakajima

Advanced Radiation Technology Center, JAERI Takasaki

1. Introduction

Interaction of high energy molecular
or cluster ions to materials has attracted atten-
tion in points of fundamental research such as
non-linear effects at the surface of a target.
Recently, a small enhancement in energy loss
was obtained for carbon and boron cluster
ions comparing to their single ions at the
same velocity " ?. Large enhancement for
metal sputtering yield by irradiation of gold
cluster ions was also reported”. It is expected
that the massive energy deposition introduced
by cluster ion irradiation in a very small vol-
ume will lead to non-linear phenomena®.
We have developed various kinds of MeV
energy cluster and molecular ions with
mass-separated beam current of nano ampere
order by the TIARA 3 MV tandem accelera-
tor”. We can propel not only study of funda-
mental interactions mentioned above but also
that of materials modification with the cluster
ion beam.

Appling the cluster ion beam to ma-
terials modification, we must control the im-
planted ion dose into a target with measuring
the accurate beam current. However, we ob-
served that the value of measured beam cur-
rent depended on materials of the target and
irradiation time®. This phenomenon was not
observed for single ion irradiation. It sug-
gests that the amount of secondary charged
particles from a target irradiated by a cluster
ion beam be different from that irradiated by
a single ion beam because of the non-linier
phenomena. Therefore, it is important to in-
vestigate the non-linier phenomena on secon-
dary particles from a target such as electrons

and ions with cluster irradiation in MeV en-
ergy region. In a preliminary study, we si-
multaneously measured a target beam current
and a secondary charged particle current with
a biased suppressor ¢lectrode that covered the
target. We also measured a mass spectrum of
secondary ions emitted from a target.

2. Experimental setup
2.1 beam current measurement

The schematic drawing of a beam
current monitor is shown in Fig. 1. The ion
beams of C and Cy were irradiated to an alu-
minum target. The target current I and the
suppresser current [ are measured with digi-
tal pico-ampere meters (Advantest 8800). The
voltage of the suppressor electrode was
changed from -200 V to 200 V .

Suppressor
electrode

Cluster lon Beam

Fig.1 Schematic drawing of beam current monitor.
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2.2 TOF measurement of secondary ion

A secondary ion mass spectrum was
measured by means of TOF (Time of Flight)
measurement. The incident ions are C, Cs, Cg
(0.5 Mev/atom), and the target is aluminum.
A pulsed ion beam with a time range of 100
nS and a frequency of 10 kHz ~ 100kHz
was generated by a chopping electrode
equipped with the low energy beam line of
the tandem accelerator. The flight time of
secondary ions is measured by a TAC (Time
to Analog Converter) with the TTL signal
(start) from the pulse generator that controls
the high voltage of the chopping electrode and
MCP (Micro Channel Plate) signal (stop) that
detects the secondary jons”.

3. Results

The beam current of the I; and the I
versus the voltage of suppresser electrode
from —200 V to 0 V are plotted in Fig. 2 and
Fig. 3 for C and Cg beam irradiation, respec-
tively. In the case of C irradiation, the I; cur-
rent is negligible comparing to that of the . It
means that the most of secondary charged
particles emitted from a target are electrons,
and the negatively biased suppresser electrode
repels them to the target. In the case of Cg ir-
radiation, the negative value of the I, was ob-
served in the voltage of —-50 V to —200 V.
And, the I showed a positive value. It implies
that the amount of secondary positive ions
from a target is larger than that of incident
beam in the C; irradiation. Therefore, the
measured beam current by a usual Faraday
cup should indicate a smaller value than that
of true beam current in large cluster ion irra-
diation.

Figure 4 shows the preliminary result
of a secondary ion mass spectrum measure-
ment. The ratio of H, and H; to H that may be
caused of water on the target surface is re-
markably increases in C; and Cg irradiation
comparing with C irradiation. It should be an
evidence of high-density energy transfer in a
small area of a target surface. In the next step,
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we plane to quantify the amount of secondary
ions with each cluster using a treated clean
surface target.
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9.2 Study of Secondary Ion Emission Processes from Solid Targets
- Bombarded by MeV Energy Cluster Ions

H. Shibata*, A. Itoh**, T. Majima**, Y. Saitoh***, Y. Nakajima***,

K. Narumi***#*

Research Center for Nuclear Science and Technology, The University

of Tokyo*,

Graduate School of Engineering, Kyoto University**,
Advanced Radiation Technology Center, JAERI Takasaki***,
Advanced Science Research Center, JAERI****,

1. Introduction

The interaction of cluster ions with
matter has been paid much attention in these
years'™. Because cluster ions can bombard
a very small area of a solid surface by many
atoms simultaneously and release large en-
ergy in a very short time (from femto- to

pico-second region)”. These phenomena -

cause non-linear effects or synergetic effects,
which are not normally caused by a single
atom collision with solid targets.

As we are interested in processes of
secondary charged particle emission from
solid surfaces bombarded by high energy
cluster ions, cluster ion beams accelerated
by the TIARA tandem accelerator are used
for this study. A time of flight (TOF) mass
spectrometer for secondary ion measurement
has been constructed last year, and in paral-

Target

Drift Tube

lel a chopper has been installed in an injec-
tor beam line to generate a pulsed cluster ion
beam. In this report we will present a pre-
liminary results of secondary ion emission
from aluminum target bombarded by C;*
and Cg* cluster ions.

2. Experimental

Figure 1 shows the experimental sys-
tem of TOF mass spectrometry. A chopper
and two sets of slits installed in an injector
beam line generated pulsed ion beams by
chopping continuous cluster ion beams from
an ion source. A square wave from a master
pulse generator controlled a high voltage
applied to a parallel plate for chopping the
beam. In this study 0.5 MeV/atom (~
42keV/amu) c,t ~ Cg pulsed cluster ion
beams were used.

Pre-amprifier

Repeller

—> Secondary ion

A

Extractor

Multi-Channel Plate

" Constant Fraction
Oscilloscope

Chopper Discriminator

Gate & Delay

Cluster lon High Voitage Generator
Beam Power Supply
Gate & Delay Time to Amplitude
Generator Start Converter Stop
T
Multi-Channel | | Personal
Analyzer Computer

Fig.1. The schematic drawing of the experimental setup of the TOF mass spectrometry.
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The duration and width of the pulse
used in this experiment were 100 us and 100
ns. C;* and Cg* ions were produced in the
ion source and C;*, C," and C¢" ions were
fragments of Cg* ions after passing through
charge stripper gas. As averaged beam cur-
rents of pulsed beams could not be measured,
continuous beam currents were measured to
be around pA for Cs" ions. The vacuum in a
beam line and a chamber was kept at ~ 107
Pa to prevent clusier ions from breaking.

A linear type TOF mass spectrometer
and a TAC (Time to Amplitude Converter)
system for time measurement were adopted
as secondary ion mass spectrometric system.
The TOF mass spectrometer composed of a
repeller, a extractor, a drift tube, a accelera-
tion electrode and a multi-channel plate
(MCP) detector. A TTL output from the
pulse generator was used as a start pulse and
a secondary ion signal from the MCP was
used as a stop pulse of the TAC measure-
ment system. Typical mass spectra were ac-
cumulated for 30 minutes in each run.

3. Results and discussion

Preliminary result of secondary ion mass
spectra emitted from a 5Smm? aluminum rod
target bombarded by C;" and Cs* cluster ions
is shown Fig.2. The ordinate is the intensity
of secondary ions in arbitrary unit, and the
abscissa is the channel number of multi-
channel analyzer. Several dominant peaks
are seen in the spectra. These are H', H,",
Hs*, C*, Na', Al', K*, etc. Many lines ob-
served over 50 m/e are not identified. As the
beam current was not measured in this ex-
periment, these spectra could not be nor-
malized and the yields could not be com-
pared. This TOF mass spectrometer, how-
ever, indicates enough mass resolution and
detection efficiency for cluster ion impacts.

10 . : , :

Tax%get: Al rocji Smm®

¢ - -

Intensity {arb. units}

0 200 400 600 800 1000
Channel
Fig.2. Secondary ion mass spectra for C;*
and Cg" ion bombardment on Al rod target.

The problems remain as follows; 1) the
cleaning of the target surface is needed, be-
cause the surface condition sometimes
changes the profiles of spectra, 2) the pulse
width would be narrowed to get higher mass
resolution, and 3) the normalization of mass
spectra to the fluence of the cluster ion beam
is needed for the comparison of different
cluster ion impacts.
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9.3 Development of a Magnetic Field Monitoring System
for the JAERI AVF Cyclotron

S. Okumura”, W. Yokota", K. Arakawa’, Y. Nakamura®, T. Nara'. T.Agematsu*
I. Ishibori®, S. Kurashima®, M. Fukuda®, T. Ishimoto™", T. Nakajima™"",
Advanced Radiation Technology Center, JAERI®

Department of Material Development, JAERI™

Echo Electronics Co.,Ltd.””
1. Intreduction

In the JAERI AVF cyclotron, unstable
phenomena, such as beam intensity decrease,
were observed after starting up the cyclotron or
changing an excitation level of the magnet. The
magnetic field correction of dB/B = | X 10™
every tenth hours was needed over a few days.
We found that an increase in temperature of the
iron body of the magnet induced the unstable
phenomena'™. Stabilization of the iron body
temperature  was  achieved by  precise
temperature control of the cooling water for
thermal isolation plates installed between the
iron body and a main coil®. The beam intensity
was stabilized within 10 % decrease in 50
hours*®. The stability of the magnetic field
seems to be in the order of 107, while the
accuracy of the magnetic field measurement was
not so good for harsh environments in the
cyclotron.

While microbeams using the 3 MV tandem
and the single-ended accelerators are widely
used, higher beam energy for microbeams are
required  for  bio-medical  applications.
Collimated beams using the cyclotron are
applied but the beam size is around several pm.
A microbeam production system by focusing,
therefore, has been constructed. Reduction of
the energy spread of the beam, from dE/E = 1-5
X 10 to 2X10* is required to achieve the
microbeam production. We are developing the
flat-top acceleration for this reason. High stable
magnetic field, dB/B < 2.0X 107 is needed for
the flat-top acceleration.

2. NMR Magnetic Field Monitoring System
We have developed a nuclear magnetic
resonance (NMR) magnetometer with an
accuracy of the order of 1X10° to measure the
stability of the cyclotron magnetic field ( = 2T)
with a large gradient.
The NMR probe, including a proton sample

and an oscillation circuit, was installed on the
surface of the lower earth plate in between dee
electrodes in vacuum chamber. The signal cable
runs between the dee electrode and the dummy
dee and reaches the feed-through connector. The
NMR signal is fed into the head amplifier and
the magnetic field is evaluated from the
resonance frequency.

Although the magnetic field of the cyclotron
has a complex distribution: the radial change for
the isochronous acceleration and the azimuthal
change for beam focusing, a homogeneous
magnetic field, dB/B < 1 X 10* / cm?®, is
required for the precise measurement with the
NMR magnetometer. The optimum position of
the NMR probe, where the magnetic field in the
proton sample is the most homogeneous
distribution, was searched by shifting the probe,
but the NMR signal level was not enough. To
obtain enough homogeneity of the magnetic
field at the probe, a pair of correction coils was
applied. The correction coils were designed to
compensate the field gradient (=<10G/cm) along
one direction. Each coil, 1 mm thick, was
fabricated with polyimide copper wire of 0.3
mm diameter and epoxy resin (Torr Seal) so as
to use m narrow vacuum space. The NMR probe
was sandwiched with the correction coils and
the direction of the compensation was optimized
by rotating the correction coils.

In an NMR magnetometer normally used,
the signal cable from the probe runs through low
electromagnetic noise environments. In case of
the cyclotron, the signal cable is exposed by RF
and high magnetic field, because the probe is
mounted in the acceleration area to measure the
true magnetic field A weak NMR signal,
especially in case of the cyclotron, is disturbed

by these electromagnetic fields.

To eliminate the effect of the RF, which
heats the signal cable of the NMR and disturbs
the NMR signal seriously, the cable was
specially manufactured with the following
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specifications: :
1) Double shield with a mesh and a tube.
2) Polyimide copper wire.
3) Coaxial cable with a copper tube.
4) Filler (Torr Seal) into the tube.
5) Twist pair cable.

3. Measurement of the Magnetic Field

We have measured the magnetic field with
the NMR magnetometer in a 195 MeV *Ar®"
beam, as shown in Fig.1. The stability of the
magnetic field dB/B was within 1X107 in 45
hours. It indicates that the stability of the
magnetic field is enough for the flat-top
acceleration.
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Fig. 1 Stability of the magnetic field measured

with the NMR magnetometer.
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9.4 Development of the Flat-Top Resonator for the JAERI
- AVF Cyclotron

S. Kurashima, M. Fukuda, N. Miyawaki, Y. Nakamura, T. Nara
T. Agematsu, L Ishibori, W. Yokota, S. Okumura and K. Arakawa
Advanced Radiation Technology Center, JAERI

1 Introduction

A flat-top (FT) acceleration system for the
JAERI AVF cyclotron has been designed to
minimize the energy spread mainly for a
microbeam production. The size of the
microbeam spot needs to be 1 pm to perform-a
precise biological experiment. The energy
spread of the cyclotron beam is required to be
reduced to AE/E = 2 X 10 to focus the beam
with quadrupole magnets.

The cyclotron has a pair of quarter-
wavelength (A/4) coaxial type resonators with a

movable-short. A resonance frequency varies -

with changing position of the movable-sort.
Figure 1 shows an outline of the cyclotron
resonator. The diameters of inner and outer tubes
of the main cavity are 300 mm and 1000 mm,
respectively. The range of the fundamental
frequency is 11 to 22 MHz. A maximum
acceleration voltage is 60 kV in a CW mode.

In general, the third- or fifth-harmonic of the
fundamental frequency is used for the flat-top
acceleration [1, 2] and the harmonic voltage can
be obtained with installing an additional
resonator. The amplitude of the higher
harmonics superimposed on the fundamental
waveform is estimated to be 1/N® times the
fundamental voltage, where the N is the order of

Amplifier for the
fundamentals
(Inductive coupling)

Dee Voltage .« Power inlet for the
Pick up " p fifth-harmonics
T (Capacitive coupling)

Flat-top cavity

C5 : Position of the coupling capacitor
L5 : Position of the movable short

Figure 1. Outline of the cyclotron resonator
(including the fifth-harmonic resonator).

the harmonics. We have adopted the fifth
harmonics to save output power of an amplifier.
The fifth-harmonic frequency of 55 to 110 MHz
is required to be covered to apply the flat-top
acceleration to a wide range of energy.

2  Design of the Flat-Top Resonator

To determine parameters of the FT resonator,
a cold model test was carried out [3] using the
model of an FT resonator preliminarily designed
for the RIKEN AVF cyclotron {4]. The model of
the FT resonator was mounted on the main
resonator of the CYRIC 930 cyclotron in
Tohoku university. The RF system is basically
the same as that of the JAERI AVF cyclotron.
The main cavity of the CYRIC cyclotron has a
preparatory port to install the model of the FT
resonator. The induced FT waveforms were
observed successfully at the dee voltage pick-up
of the main resonator when the fundamental
frequency were tuned to 11, 13, 15 and 20 MHz.
Power dissipations for the fifth-harmonic
frequencies were estimated from the amplitude
levels of the source and the pick-up signals.
Assuming that the fundamental voltage was 30
kV, output power of the amplifier was estimated
to be about 1 kW.

In order to improve the design of the FT
resonator, optimum parameters for downsizing

L J—— — 40
400f o K
350 b o) 13

= 300} 0o o o 125

S sl {20 <

5 200 115 3
150] 410
100 R
50 A | A 1 L l 2 J . | 4 0

50 60 70 80 90 100 110
5th Harmonic Frequency (MHz)
Figure 2: Parameters of the FT resonator
calculated with the MAFIA. C5 is the gap of the
coupling capacitor. LS is the position of the
movable-short.
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the FT resonator itself and for decreasing power
dissipation were investigated using the MAFIA
code [S5]. The compaciness of the resonator is
indispensable condition due to the limited space
for mounting the FT resonator.

The power dissipation at the fundamental
frequency of 15 MHz was found to be
minimized using the FT resonator consisting of a
70 mm diameter inner- and a 300 mm diameter
outer-tubes. The power consumption was
estimated to be 80 % of the result in the cold
model test. Figure 2 shows a correlation between
the gap of CS5 and the position of LS to obtain
the fifth-harmonic frequencies. The maximum
length of L5 was limited to 400 mm for the
compactness, and the minimum length was fixed
at 100 mm to keep enough space for mounting a
power feeder and a compensation tuner.

3 Manufacturing and performance

The newly developed FT system has been
installed in March, 2002. The FT system
consists of the resonator, amplifier, low-level
devices and an overall controller. Specification
of the system is shown in Table 1. The required
range of the fifth-harmonic frequency is fully
covered by the resonator. The power test at the
fundamental frequency of 17.4 MHz has been
carried out, and the flai-top waveform was
successfully observed at the dee voltage pick-up
as shown in Figure 3.

Table 1: Specification of the FT system.

Resonance frequency 8§85 ~ 110 MHz
Movable gap range of the -
coupling capacitor (C5) 6 ~ 50 mm
Movable range of the shertoing
plate (L5) 250 mm
Inmer tube diameter 76 mm
Inside diameter of outer tube 300 mm

Relative frequency change Af/f| Maximum of 2 %

Power feeder
Maximum output power of

Capacitive coupling

amplifier 3 kW (500)
Voltage stability +5%10¢
Phase stability 0.1 deg

Figure 3: Waveforms observed at the dee

voltage pick-up when the fundamental
frequency and voltage are 17.4 MHz and 25
kV, respectively. The upper waveform is the
combined waveform of the fundamental and
the fifth-harmonic frequencies, and the lower
is the fifth-harmonic waveform separated with
a high-pass filter.
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9.5 Present Status of JAERI AVF Cyclotron System

Y. Nakamura*, T. Nara*, T. Agematsu*, I. Ishibori*, S. Kurashima¥*,
W. Yokota*, M. Fukuda*, S. Okumura*, N. Miyawaki*, K. Arakawa*,
K. Akaiwa**, To. Yoshida**, S. Ishiro**, A. Matsumura**, Y. Arakawa**,
Tu. Yoshida**, S. Kanou**, A. Thara** and K. Takano**

Advanced Radiation Technology Center, JAERT*
Beam Operation Service, Co., Ltd. **

1. Introduction

The JAERI AVF cycloiron system])"” in
TIARA facility has been operated smoothly
without serious troubles since the start of
utilization in March, 1992. A total operation
time of the cyclotron system reached to
30000 hours at the middle of May in 2001,
then amounted to 32800 hours at the end of
March in 2002. An yearly operation time of
3271 hours was close to it in the past several
years. Especially, during several national
holidays located among the weekdays
through last year, cyclotron system was
operated continuously. An efficiency of the
machine time, which is defined as the ratio of
allotted beam time to usable one, has
decreased gradually as shown in Fig. 1.
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Fig. 1 Change of the efficiency of machine
time for recent 6 years.

2. Present Status

2.1 Development and Improvement

A flat-top (FT) acceleration system® >
using the fifth harmonic of the main RF
frequency was installed in last March. The
resonant frequency range of the FT system is
55-110 MHz and its maximum input power is
rated at 3 kW.

The measurement to confirm the
stabilization®” of the cyclotron beam has
been continued after taking measures for
adiabatic treatment and installing an

exclusive cooling system. The optimum
condition of the cooling system has been
investigated to maintain temperature of a
magnet yoke invariably during actual
cyclotron operation.

A pair of cryogenic pumps installed on
two RF resonators were replaced by the FT
cavities. One of two pumps was moved to
the lower part of a large rectangular duct
through the vacuum chamber. A new
cryogenic panel was installed inside the
vacuum chamber to keep equivalently the
vacuum performance.8

In order to observe a precise beam profile
at the entrance of a deflector in a flat-top
acceleration mode,
a new probe with
high position-
resolution was
installed. Either a
thin tungsten plate
0.5 mm thick or a
slender  graphite
rod 0.5 mm in
diameter as the
head of this probe
can be chosen.

A chamber
equipped with
three SSD’s
placed in a row
and a plastic
scintillator is
shown in Fig. 2.
The chamber 1s
installed at CSO
station in the trunk
beam transport |
line. These
detectors are used
mainly to identify
ion species in
cocktail beéam
acceleration.

Fig. 2 A tall chamber
in which particle identi-
fication detectors are
included.
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2.2 Maintenance and Repair

An air leak was caused at the stainless
shield case of the magnetic channel (MC).
A small penetrating hall through the case was
formed during the cyclotron tuning by
bombardment of the intense beam of 70 MeV
H' as illustrated in Fig. 3. Normal high
vacuum condition in the cyclotron chamber
became worse due to the air leakage. This
MC was replaced with spare MC. Two
months later, this small hall was repaired
carefully at Takasaki site by the TIG welding.
And the soundness of the MC was also
confirmed by the measurements of magnetic
field and resistance of the molded coils.

Fig. 3 Prediction of beam bombardment at

the MC case. The entrance baffle slit “IN”
had been placed outside by 2-3 mm from
the designed position.

In early April in 2001, the cyclotron was
barely operated for about 2 weeks under
serious condition that the beam extracted
from cyclotron was fluctuated. As a result
of our energetic investigation, the
deterioration of the high-voltage wire
connected to the inflector electrode was
discovered. We repaired the wire
temporarily and it was replaced with new one
later.

Several mass flow controllers for gas
feeding of OCTOPUS using the piezo-
element were rteplaced by precise needle
valves with wide dynamic range.

Eight fast closing valves with closing
speed of 16 msec were overhauled to keep
good conditions.

In July 2001, two weeks before periodical
maintenance in summer, a main RF vacuum

tube suddenly fell into the fatal condition due

to poor electrical conduction between a

control grid and an anode. We exchanged it

for a used tube tentatively.

The connecting ways related to cooling
water, compressed air and electric wires for
beam diagnostic devices in the injection line
were improved so as to be able to replace
easily.

Several power supplies were overhauled
to maintain good performances and
conditions. Shunt resistors in the power
supplies were also replaced.

A storage box enclosed with shielding
wall, which is composed of lead block 5 cm
thick, was assembled on the floor in the
radioactivity cooling room. A lot of
radioactivated electrodes and septums for the
deflector are stocked in the box as shown in
Fig. 4.

In the periodical maintenance of 2001,
principal items performed were as follows:
(1) Adjustment and assembling of the No.1

deflector,

(2) Change of the top head of a magnetic
channel probe,

(3) Replacement of X-ring fitted up around
the driving shaft of a shorting plate in the
RF resonator,

(4) Inspection of RF system and evaluation
of RF characteristics,

(5) Periodical inspection for a sinusoidal
chopper in the trunk beam transport line,

(6) Routine maintenance for five cryogenic
pumps in the injection line, each of which
is the capacity of 1.6 m’/s,

(7) Exchange of lubrication oil for about 50
rotary pumps.

Fig. 4 A storage box enclosed with lead
block for radioactivated parts. Internal
cubic volume: 1.7 m wide x 0.9 m deep x
0.8 m high.
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3. Beam Acceleration Test

A series of neon ion beams including
350 MeV °Ne*, 270 MeV 2°Ne™ and 200
MeV 2®Ne®* was developed by a “scaling
method”. This method is based on the
fundamental principle that the momentum is
proportional to the charge state under
constant magnetic field. These ion beams
can be changed within about 10 minutes each
other by the same manner as the cocktail
beam by adjusting mainly RF frequency and
by correcting trim coil field.

The series of "He* (25 MeVg, 120%(75),
160*(100),  Nef*(165),  “YAri™(250),
BNi*(390) and *Kr’*(490) has become
available as the cocktail beam with M/Q=4.
Three kinds of isotope ions were selected
intentionally because of the reduction of
impurity ions although the ratios of M/Q are
rather far from 4.

Helium-3 ion was accelerated up to
60 MeV for the first time in JAERI AVF
cyclotron for the purpose of substitutive ion
to “He?*(100).  Furthermore, a metallic
*®Fe!*(210) ion was added on the existing
series of the cocktail beam with M/Q=5.

Finally, a number of ion species
accelerated by JAERI AVF cyclotron so far
are listed in Table 1.

References

1) Y. Nakamura, T. Nara, et al, TIARA
Annual Report 2000 (JAERI-Review
2001-039) pp. 293-295

2) Y. Nakamura, T. Nara, et al., Proc. 16th
Int. Conf. Cyclo. Their Applic., East
Lansing, MI, USA (2001) pp. 129-132

3) Y. Nakamura, T. Nara, et al., Proc. 13th
Sympo. Accel. Sci. Technol., Suita,
Osaka, Japan (2001) pp. 193-195

4) S. Kurashima, M. Fukuda, ef al., Proc.
16th Int. Cont. Cyclo. Their Applic., East
Lansing, M1, USA (2001) pp. 303-305

5} S. Kurashima, M. Fukuda, et al., this
annual report ‘

6) S. Okumura, K. Arakawa, et al., Proc.
16th Int. Cont. Cyclo. Their Applic., East
Lansing, MI, USA (2001) pp. 330-332

7) S. Okumura, K. Arakawa, et al, this
annual report

8) I. Ishibori, Y. Nakamura, et al, this
annual report

Table 1  The list of ion species accelerated
by JAERI AVF cyclotron. The symbol of
“Text” in Table 1 is defined by a ratio of the
beam current at the Faraday cup just behind
the cyclotron to that at 900 mm of the
cyclotron radius. The “Tall” is a ratio of the
beam current extracted from the cyclotron to
that injected into.

lon Energy {intensity] Text Tall
species| (MeV) | (euA) (%) (%)
10 12 80 27

20 5 77 23

30 5 67 22

45 30 79 14

50 5 44 14

H* 55 5 63 14
60 5 57 22

65 7 62 12

70 5 42 12

80 3 47 13

90 10 48 7.7

10 11 29 3.7

0.
158+ 430 0.0045 | M/Q=2
2N e® 75 1.5 M/Q=5 6.6
0.01 M/Q=4

Al
Ar .

WA | 970 | 10°cps | M/Q=2

— o 150 54 | MIQ=5 | 8.2
Ar 175 3 73 15

WAL | 250 0.2 | W/Q=4

WA | 330 0.7 86

40 T3+

“%Ar -

M/Q =2, 4 and 5 : Cocktail beams
Woven pattern : modified data on previous table
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9.6 The Number of Operations for Auxiliary Safety Devices
Y. Nakamura*® and Y. Arakawa**
Advanced Radiation Technology Center, JAERI*

Beam Operation Service, Co., Ltd.**

1. Introduction

Cyclotron facility in TIARAD is equipped
with many kinds of auxiliary safety devices,
such as safety interlock and display system?,
radiation monitoring system, entrance doors
and so on. These devices connected with
the cyclotron system3)’4) are needed
especially to be always maintained their
reliability and durability. Therefore, we have
accumulated so far the number of operations
since the installation of 1991 for drafting the
maintenance and overhaul plan.

2. Counting Method

Apart from the control system of
cyclotron, the number of operations (NOO)
has been counted up mainly by a
programmable controller (C2000H) in the
safety control station (SCS) which collects
comprehensively various signals related to
the safety devices. The relationship
between the SCS and their related devices is
shown in Fig. 1. The SCS always governs
a lot of information for operational condition
and status. For examples, the SCS deals with
the input signal of 39 points from the

Graphic panell |Graphic panel
CRT display (First ficor) (Basement) Host computer
for personnel
* access confrol
e
Radiation control Cyclofron systel
computer (Distibutor}
Radiation Ventilation
monitoring system system
Operation Entrance Halon gas
indicator door extinguisher
Fig. 1 Relationship between safety control
station and their related devices.

entrance doors, on the other hand, it delivers
contrarily output signal of 89 points to them.

3. Result of the Number of Operations

We are adding up the NOO for 14
entrance doors and 9 rotary shutters for a
year between two overhauls in summer.
Besides, the NOO in regard to 34 gate valves,
6 Faraday cups and 6 profile monitors is also
monitored by electronic counters.

As an example of these results, the
number of cumulative and yearly operations
for ten years is shown in table 1 about
entrance doors in the cyclotron facility.

Table 1 The number of cumulative and yearly operations about entrance door for ten years.
Notation of name means as followings, L:Light ion room, H:Heavy ion toom, CY:Cyclotron
vault, CP:Cyclotron Pit room, CT:Cable Transit room, M:Master and S:Servant.
Name] JFY | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 20071 [Average
LAM Accum.] 20 347 467 53 662 774 873 982 1100 128 7 _%{ear
car 20 143 114 73 12 112 89 109 118 83 28
5 22 30 39 50 63 163 188|191
7 21 3 [0] 3
395 474 541 578
52 67 37
1493 2421 2735| 2999
448 452 314 264
66 254 26 264
7 5 4 3
475 862 980, 1062
113 2231118 2
1932 5555|  o844] 3395
333 616 815 551
812 1162] 1263 1505
vl 23 161, 101|242
Has ccum 9 37 54 70 83 88
Tvear ] i8 17 1 i3 5
1573 466|653 1084| {407 1772
273 193|187 190 32 365
204 297 357 816 1148|1508
502 9 6 589|332 360
25 3 48 83 T111] 133
25 i5 27 28 22
526| 884|155 1646|1878 2112
62 258 271 258 233 23
264|382 488 677 752|836
2 118|106 117 75
oven pattern : safety door _1: shielding door
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The light-weight safety door H2 of heavy
ion room 2 where is utilized to irradiate
mainly many seeds of various plants ‘and
organic samples is the busiest one among 14
doors. The NOO of this door for a year
amounts to more than 500 on an average.
These 14 doors are inspected periodically
every year or two years by their makers.

If two entrance doors are around a room,
one is a master door which is used to usually
enter in the room, the other is a servant one.
The door of H3M, one of which is heavy-
weight shielding door and belongs to master
one, sometimes occurs worse condition
because of frequent operation. For eight
shielding doors, the horizontal level of the
rail where four iron wheels of the door rotate,
is measured with good precision. A little
serious sinkage of 3 mm maximum has been
observed at the edge on the rail.

Furthermore, the NOO for nine rotary
shutters (RS’s) imbedded into the shielding
wall is listed in Table 2. The allowable
cumulative NOO for these RS’s was
designed about 2000 times in consideration
of the actual result at other cyclotron facility.
However in actual, some busier RS’s are
driven around 400 times for a year. A few
of them are promoted the deterioration of

double vacuum seals around the driving shaft.

The busiest TRHB was already renewed to
modified one at the stage of 3500 operations
in March, 2000.”

In case of the gate valves (GV’s), the

most frequent GV, which is named TGVLD?2,
is equipped at the end of the beam course LD.
It amounted to 1150 operations at the end of
March, 2002. And, eight fast closing GV’s
were overhauled last year because the NOO
had already reached several hundreds.

The NOO per one year for the busiest
Faraday cup which is put at the end of HY
course, is added up about 5000. The
second busiest FC set up at just behind the
cyclotron is operated about 3500 times for a
year so far. This FC has been already
replaced twice with a spare FC owing to air
leakage from its stainless steel bellows.

The NOO for auxiliary devices will be
rather useful from the viewpoint of future
plan and design in similar system.
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Table 2 The number of cumulative and yearly operations about nine rotary shutters for ten
years. LA, LB, L.C and so on mean their names of the beam transport lines.

Name JFY [ 1992 | 1993 [ 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 [‘Average
TRLA Accum] 237| 332] 559] 652] 763] 883 979] T1103] 1241] 1409 /year

/year 237 95| 227 83| 111 120 96| 124 63 168} 141
TRLB Accum. 150{ 213] 279 308 342 370; 388 417 441 457 .

/year 150 63 66 29 34 28 18 29 8 16| 46
TRLC Accum] 260| 630 914 1173 1482] 1634| 1804, 2045 2306, 2656

/year 260; 370, 284 259 309| 152/ 170| 241 125, 350, 266
TRLD Accum, 268| 468| 769] 972 1181] 1331] 1454| 1604; 1730, 1857

Jyear| 268 _200| _301] 203 209 150 123| 150, 126 127| 186
TRHA Accum. 172 250 444, 626] 914| 1152] 1308 1436 . 1564] 1649

/year 172 78! 194 182 288 238 156] 128 64 85| 165
TRHB Accumj 387] 786] 1100f 1412 1874/ 2265 2671] 3203] 3697, 4395 ‘

/year 387 393 314] 312 462 391 406{ 532 494| 698 440
TRHC Accum., 211 347, 596, 907 1287 1889 2605, 3083| 3474, 3971

/year 211 136} 248 311 380, 602 716] 478 129 497 397
TRHD Accum., 193] 292| 428 509| 574] 632 714] 755| 837, 1256

/year 193 99 136 81 65 58 82 41 41 418 126
TRHE Accum) 219 360| 640 971| 1372 1958| 2614 3009 3317 3708

/year 219 141 280 331 401 586| 656] 395 98, 391 371
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9.7 Modification of the vacuum system for AVF cyclotron

1. Ishibori, Y. Nakamura, T. Nara, T. Agematsu, S. Kurashima, W. Yokota,
M. Fukuda, S. Okumura and N. Miyawaki

Advanced Radiation Technology Center, JAERI / Takasaki.

1. Introduction

A flat top (FT) acceleration system”
was installed in the cyclotron for the purpose of
the formation of micro beam in March, 2002. A

pair of FT cavity was attached to the flanges

where two cryogenic pumps had been connected.

In order to maintain the vacuum performance of
the cyclotron, one of two cryogenic pumps and a
new cryogenic panel were assembled to the
evacuation chamber which was also
reconstructed. The vacuum pressure after the
modification was maintained certainly as well as

the former condition.

2. Examination and modification

An outline of the vacuum system for the
cyclotron before the modification is shown in
Fig.1. The vacuum system consists of four main
cryogenic pumps, a turbo molecular and a rotary
pump. The FT system has a pair of own cavities.
There were no spare flanges to install the FT
cavities, although these cavities were required to
connect directly around the main resonator.
Before the removal, we measured the vacuum
pressures at several points around the vacuum
chamber and the resonator when two cryogenic
pumps of CCP_1 and CCP_4 were stopped and
the other two pumps of CCP_2 and CCP_3 were
operated. The measurement result is shown in

Table 1. The vacuum pressure was measured

using “cold cathode gauge” made by Balzers.

Evicitlion

Chanber

Vacuum chimber
L BRresenaonl

CRYO-panel

FTresonator 2 |

......

FT resanator_1

After

1

Fig. 1 An outline of the vacuum system for the
cyclotron before and after the modification.
CCP1-4: cryogenic pump Nel-4,

CCG_1,2,5 and 6: cold cathode gauges

The measured pressures in the resonator
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slightly depend on the position of shorting plate
in the main resonator and the pressure in the
cyclotron become twice as high by stopping two
cryogenic pumps.

Therefore two pumps needed to be moved to
the evacuation chamber, but it was impossible
because of the limitation of the evacuation
chamber size. Consequently, the evacuation
chamber was reconstructed to a larger one, then
one cryogenic pump was moved there and a new
cryogenic panel instead of the other cryogenic
pump was also inserted into the chamber. This
cryogenic panel was adopted by the reason why
a main component of residual gas in the vacuum
chamber had been specified water vapor at
normal condition®. The capacity of the
cryogenic panel is designed about 8 m’/s which
is the almost same evacuation speed as the
existing cryogenic pump for water vapor.

An appearance of the cold absorbing panel

inserted into the vacuum chamber is shown in
Fig. 2.
The evacuation chamber and cryogenic panel
were inspected carefully at the factory prior to
Takasaki site. The
installation of these devices was carried out at
the end of Dec. in 2001 before the installation of
the FT system.

the installation in

Fig. 2 The cold adsorbing panel

plated by

nickel on the cupper surface.

3. Performance and operation

In actual, both cryogenic pumps of CCP_2
and CCP_3 were replaced by two FT cavities.
After the modification, the pressure indicated at
the position of CCG_2 gauge was 1.9 x 107 Pa
when three cryogenic pumps and a new
cryogenic panel were operated simultaneously,
while the pressure at same position before the
modification was 1.6 x 10° Pa in case of the
operation of four cryogenic pumps. Therefore, it
seems that the performance of the new cryogenic
panel is satisfied its designing specification from
above data.

The cryogenic pumps have double stage

cold panels, and there were difficult influence of

Table 1 Measurement of vacuum pressure around the cyclotron.

Cryogenic pump

CCP 1 and CCP 4

CCP 1,CCP2,CCP3 and CCP 4

Position of shorting plate (mm) 0

1345 0 675 1345

Vacuum gauge

Pressure (Pa)

CCG_1 8.3E-5 7.3E-5 7.4E-4 4.7E-5 45E5 | 43E5
CCG_2 1.6E-5 1.6E-5 1.6E-5
CCG_5 1.6E-4 1.3E-4 1.,2E-4 1.2E-5 1L.1E-4 | 7.2E-5
CCG_6 8.5E-5 8.3E-5 8.5E-5 3.9E-5 3.78-5 | 3.5E5
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warm up. But the cryogenic panel has a single
stage cold panel, because the cryogenic panel is
under the influence of warm up in the vicinity.
An example of the temperature rise of the
cryogenic panel after the start of the continuous

operation is shown in Fig. 3.

120 LS

100 +

Temp (K)

20.||||11|||||1||||||l||lI"llll

Heek

Fig. 3 An example of the temperature rise of the

cryogenic panel.

The temperature at the cold panel

increased approximately 10 K for a week
although generally it depends on the
condition in the vacuum chamber, after the
lowest temperature at the panel reached to
about 40 K. We wusually take care of
regeneration of the cryogenic panel if the
temperature of the cold panel exceeds to 110
K. So far, the regeneration of the panel has
been done once for 6-7 weeks in operation.
An automatic sequence of the regeneration
for the cryogenic panel will be added on the

present one in near future.
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9.8 Energy Stabilization of TIARA 3 MV Single-ended

Accelerator

Takuro Sakai and Sadanori Uno
Advanced Radiation Technology Center, JAERI

1. Introduction

Instability of a terminal voltage for
electrostatic accelerator is one of the serious
problems in accelerator operations. The
instability expands an ion beam energy spread
that decrease the transmission of the energy
analyzing section and increase the fluctuation
of beam current on targets. We have
previously reported that, precise energy
analyzing slits and a new feedback loop were
installed to stabilize the terminal voltage of

TIARA 3 MV single-ended accelerator!). The
system was effective to stabilize the voltage
fluctuation in a frequency range of a few Hz.
However, a voltage drift extended over a few
minute was still unsettled. To suppress the

Object slit

90° Analyzing magnet
(o=1.5m)

-V transformers

Image slit

fon beam

lon beam

' Difference amplifier

voltage drift, a low-pass filter and additional
amplifier circuits were designed and installed
to the voltage control circuit.

2. Instruments

The terminal voltage of the single-ended
accelerator is sensed by the amount of down-
charge current through high precision
resistors which are located parallel to

Schenkel type high voltage multipliers®.
However these resistor were degraded by a
breakdown in the high voltage column, so a
precise current source {Keithley, model 263)
was used in this work. The direct momentum
analyzing of accelerated ions is another
reliable method to know the beam energy.

3 MV si'ngle—ended accelerator

T o= = om m om ol

- Current source

Primary adjustment

HV controller| RF oscillator

Fine adjustment

«Newly installed circuit

%}indicates signal measuring points, see fig.2

b L
Low-pass filter and amplifiers

Fig.1 Schematic diagram of voltage control system for the single-ended accelerator
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Composed signal

Amplified low frequency

component

Slit difference signal

Fig.2 Oscillographic traces of the slit difference signal,
its Jow frequency component and composed control signal

The energy analyzing system is consists of
the 90° analyzing magnet and two pairs of

slits!). Both low-energy and high-energy slit
currents are amplified and fed into a
differencial amplifier. The difference signal is
branched off two signals. High frequency
component of one signal is filtered by a low-

frequency component is amplified to suppress
the voltage drift. The voltage control feedback
signal is formed by adding the original signal
to the modified one. This signal is used for
fine control of up-charge to the terminal.
Figure 1 shows a schematic diagram of the
energy stabilizing systems, and the composed
signals are indicated in figure 2.

(a) before improveme'nt'

(a) after irhprovemént

Fig. 3 Traces of the slit difference signal
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3. Results

The performance of the new system
was tested with 2.6 MV terminal voltage,
extracting proton beam current of 10 pA.
Traces of the slit difference signals both
before and after the improvement are shown
in figure 3. The fluctuation was successfully
reduced to below a tenth part of initial one.
The trial operation has been started to provide
a stable beam to micro-PIXE experiment
which requires very narrow energy spread

(AE/E~1075) of the ion beam?¥), and the
improved system was proved to be drastically
effective to suppress the voltage drift over 10
hours.

Next step of the energy stabilization is
to minimize the fluctuation for higher

frequency range. A terminal stabilizer),
that is equipped with a voltage modulator
between the ion source and the terminal, is a
promising method for this purpose.
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9.9 Increase of a megative heavy ion source

for the 3MV tandem accelerator

K. Mizuhashi*, A. Chiba*, A. Santoso** and S. Tajima*
Advanced Radiation Technology Center, JAERI*
National Nuclear Energy Agency, INDONESJA**

1. Introduction

The 3MV tandem accelerator has
completed in March 1991 and started
operation for the experiments in
November 1991. The injector of the
tandem accelerator system was designed
according to the plan of operating time
that is from 9:00 a.m. to 6:00 p.m. of the
weekdays. Since the number of user
increased year after year, beam time was
not enough for the users. So operating
time of tandem accelerator was extended
by user’s request in 1996. The tandem
accelerator is operated from 8:30 a.m. to
11:00 p.m. on the weekdays from 1996.
We could not maintain the ion-source on
the weekdays by those circumstances. To
keep the maintenance time on the
weekdays, a negative heavy ion source
(Source of Negative Ion by Cesium
Sputter, SNICS) that is used over 90% of
all of operating time was increased. Now
the tandem accelerator has two SNICSs
and one Alphatross ion-source that is for
negative helium ion.

2. Increase of negative heavy ion
source

SNICS can generate the many
kinds of negative ion from hydrogen
to gold except helium. We began to
generate cluster ions of some kinds of
chemical element from 1996. As the
operation condition for generating

cluster ion is very hard, it tend to spoil
the inside of the ion source. Therefore
two SNICSs are used properly as
follows, a new one for the normal ions
and the other for the cluster ions. Fig.
1 shows a new injector system having
three 1on sources. By increase of
SNICS, it is possible to condition an
ion source independently of the
routine operation. When an ion sotirce
suddenly has any trouble, some user
must to do experiment under the bad
conditions of the beam. A dual SNICS
system will solve this kind of problem
too, because we can quickly change
the ion source.

Fig.1 Injector with three ion sources
Three ion

sources are connected with
tandem accelerator via a switching magnet.
Old SNICS joined to 40 degrees port at left
side, New SNICS and Alphatross joined to 5

degrees and 50 degrees port at right side.
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9.10 Development of Image Analysis Type Emittance Monitor

Atsuya CHIBA, Yasuyuki ISHII and Satoshi TAJIMA
Advanced Radiation Technology Center, JAERI/Takasaki

1. Introduction

When we discuss the beam quality of the
electrostatic accelerator, the high voltage
stability and the emmitance of the beam
extracted from the ion source are important
parameters in respect with formation of the
high intensity microbeam and effective beam
through the

Generally, a measurement of the emittance

transportation beam line.
takes long time, because the measurement
points were so many and also current
intensity at the point was very little.

We developed a new measuring device
consisted of a slit of the multiple clearance
type, an illuminant and a CCD camera, and
the measurements was carried out for Helium
beam extracted from RF ion source at the test
bench. It can measure the beam emittance
easily and quickly, and the cost of the system
was able to be held down low.

2. Measuring method

The basic principle of the methods to
obtain the beam emittance is to measure the
directional intensity distributions of the ions
in a small segment of the ion beam. To
measure such distribution, the light image
activated by the collimated beam on the
illuminant was taken twice time into the
personal computer at the different positions
of the illuminant by CCD camera put at the
rear of the illuminant. The width on the
image was analyzed using the gray scale, and
the divergence angle was calculated in

comparison with the width of the images on
the illuminant at two positions. Fig.1 shows
how to measure the divergence angle with a
pair of the light images.

a pair of the light image h1’

g zl s o

moved frem z1 to 22

Fig.1. Schematic view of the slit and
the illuminant

Maximum value (y1’) and minimum value
(y2’) of the divergence angle for the beam
passed through the clearance S1 is shown as

equation (1) and (2).
h1'-h1l
1'= 1
y L ¢y
h2'-h2
2'= 2
y L (2)

Where hl, h2 and h1’, h2’ are the positions of
the both edges for a pair of the light images
at the illuminant position z1 and z2, and L is
a moving distance of the illuminant.

3. Outline of the equipment
An outline of the measuring device is
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shown in Fig.2. The Helium beam extracted
from ion source that is being used for the
single-ended accelerator at present is
transported to the illuminant through the slit.
The illuminant is a thin-sheet of 12 1 m thick
of ZnS(Ag) that is bonded on the glass of 1.0
cm thick by the optics adhesive. The light
image on the illuminant is digitized by CCD
camera at just behind the illuminant by the
personal computer, and the emittance is
analyzed. The unit of illuminant and camera
can slide together to another position on the
beam axis.

@8 || inant

e Camera

Fig.2. Outline of the measuring device

4. Measurement result
Fig3 is
illuminant, and Fig4 is the gray scale

monochrome image on the

distribution on the dotted line of the image.

Fig.3.Monochrome image

The gray scale is an index of the luminosity,
and it will be proportional to the beam
intensity. The beam emittance was obtained
by the relation of two gray scale distributions
at illuminant position z1=Omm and z2=120
mm. In this measurement, the beam size from
the RF source was so large for this device,
that a result was limited to upper half.

JAERI-Review 2002-035

Wil S
Fig.4. The gray scale distribution on the
dotted
shown the y position of the beam. Upper
at standard

fine. The horizontal axis has
was obtained position
position and lower was obtained at

120mm far from above .
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Fig.5. Beam emittance of 8keV Helium
ion from RF source. The vertical axis
and the
the perpendicular

means a divergence angle,
horizontal axis is

position in the beam.

5. Summary

In present measurement, it was possible to
distinguish the light image clearly, and also
there were no fuzziness and slippage of the
borderline by moving of the illuminant. The
measurement of the 100% emittance was
easily obtained by the simple system with
short measurement time (about 20 sec/a

measurement}.
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9.11 Improvement of the injection electrode system
for forming a submicron ion beam

Yasuyuki Ishii, Akira Isoya and Kazuo Arakawa
Advanced Radiation Technology Center

1 Introduction

The submicron -ion beam system has been
developed to produce a several tens keV Hy
with 0.1 um width. The system consists of the
duoplasmatron-type ion source [1], the acceleration
lens system [2] and the submicron beam measure-
ment system [3]. The beam width was produced
about 0.5 s when the system was developed. The
beam width was gradually reduced by improving
various parts. Especially the smaller beam width
was formed by reducing the beam divergence an-
gle injected in the acceleration lens system. So
far, about 30 keV H; beam with 0.28 um width
has been formed using the system [4]. The beam
width was, however, about 2.5 times laiger than
that of the beam trajectory calculations. In ad-
dition, the beam focused by the acceleration lens
system (hereafter beam spot) was fluctuated within
about 0.4 ym per 20 min. Since the movement of
the beam spot was slow, it was considered to be
negligible in order to measure the beam width.

The beam width difference between the calcu-
lated and the formed beam width was considered to
lie in the distinction of the beam divergence angle
injected in the acceleration lens sysiem because of
the usage of the ion beam generation method from
the unstable plasma beam in the ion source (here-
after plasma beam method). The method was used
to generate the ion beam with the reduction of the
beam divergence angel and the about 100 eV beam
with the small beam energy spread within 2 eV.
The plasma beam was extracted in the high vacuum
space of about 6 x 10~ Pa on the basis of employ-
ing the non-magnetic anode to reduce the collision
of ion-neutral gas and/or ion-ion. Some electrodes
were introduced between the anode and the exirac-
tion electrode or the plasma beam was actively di-
verged in that same space to stabilize the plasma
beam. These efforts could not, however, improve
on the beam divergence angle.

The other beam extraction method was intro-

duced to break through this difficulties. The
method was the one extracting ion beam from the
neighborhood of the small single anode hole with-
out using plasma beams in the ion source (hereafter
anode extraction method). Although the beam di-
vergence angle using the anode extraction method
was not expecied to be reduced in the demagnifi-
cation rate of more than the plasma beam method,
the object point width could be shorter than that of
plasma beam method at the st acceleration lens.
Thereby beam spot width was considered to re-
duced within 0.2 um width. -An anode with a
0.2mm¢ hole tapered at the Pieice angle was intro-
duced by performing this method i the ion source.
The experimental results of the characteristics of
ion beam generation were represented in this re-
port. The results show that the divergence angle
was reduced in about 3 x 10~* rad, which is about %
times shorter than the previous injection divergence
angle. This ion beam generation method could lead
us to form the 0.1 pym beam width.

2 Jon beam generation system

The schematic diagrams of the submicron ion
beam system with the anode of a 0.2mm¢ hole ta-
pered at the Pierce angle and the enlarged illusira-
tion of its anode were shown in Fig. 1 and Fig.
1 (A), respectively. The anode was made of Cu
as the non-magnetic and thermal conductive ma-
terial. The distance beiween the anode and the ex-
traction electrode was shortened from over 15 mm
of the previous setting condition to about 8 mm
in order to make the electric field strength. The
plasma sheath was generated in the neighborhood
of anode hole by applying over 300 V to the exirac-
tion electrode. The divergence angle of the beam
was reduced by the 0.2mm¢ hole of the exirac-
tion electrode. The parallel acceleration electrode
was placed down stream of the extraction electrode
to reduce the divergence angle more. Finaily, the
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Duoplasmatron-
type Ion Source
1st Throttie
Aperture Disc Parallel Accel. Electrode

==~ Extraction Electrode

1st Acceleration T e 5KV
Lens 140mm 2nd Throttle
ittspace) U |k x o1 Aperture Disc
2nd Acceleration ( “ L
| ~100kV
Lens ;
Beam Size N Faraday Cup
Measurement
Device

\7_

Figure 1: Schematic diagram of the submicron ion
beam system of the anode with a 0.2mm¢ hole ta-
pered at Pierce angle.

throttle electrode with a 0.2mm¢ hole was set in
18 mm under the parallel acceleration electrode as
* the throttle aperture of 1st acceleration lens. The
extraction and the throttle electrode currents were
measured as Iez and Iy , respectively. The beam
current passing through the 1st acceleration lens
was also measured by Faraday cup placed on the
downstream of its lens.

3 Performance of the beam gener-
ation system

The experimental data of beam current ex-
tracted from the ion source is shown in Fig.2. The
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Figure 2: Relation between extraction current
(Iez¢) and the injection current (I;,;) as a function
of the extraction voltage (Vezt).

vacuum in the ion source, the voltage of parallel
acceleration electrode and the 1st acceleration lens
voltage were about 8 Pa, 350 V and 6 kV, respec-
tively. The beam current gradually increased from
about 13 um to about 15 pA by applying the ex-
traction voltage form 300 V to 800 V (lex). The
beam current passing through the extraction elec-
trode with 0.2mm¢ extraction hole and the parallel
acceleration electrodes aiso increased from about
0.05 12A to about 0.07 pA (I;55) on the st throttle
aperture disk. The ratio of %:J{ was almost constant
in 4 x 1073 order. After the beam passed through
this throttle aperture with 0.2mm¢ hole, the beam
was injected in the 2nd.throttle aperture disk in
front of the 2nd acceleration lens. The beam cur-
rent (I,..) was measured using Faraday as shown
in Fig.1. The ratio of I;;; and I,y Was changed
as shown in Fig.3 as a function of extraction volt-
age (Vozt). The maximum ratio was about 38% at
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Figure 3: Ratio of the transit current as a function
of Vézt

Vest Of about 620 V. The beam width on the throt-
tle electrode was calculated in about 0.17mm¢ at
this point from relation between the ratio and pla-
nar dimension of throttle hole as the beam with the
disk-like ion density approximaiely. The beam di-
vergence angle injected in the acceleration lens sys-
tem was calculated on the basis of the geometrical
of the electrodes as shown in Fig.4. The minimum
beam divergence angle injected in the acceleration
lens was estimated in 3 x 1072 rad order form the
geometry of the electrodes. The divergence angel
was about % times shorter than that of the previous
ion beam generation system This beam divergence
angle is sufficient to form the beam width within
0.28 pm. This incident angle lead us to from the
beam width of less than 0.28 xm.
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Figure 4: Relation between the beam current in
front of the acceleration lens system and the transit

current injected in its lens system as a function of
V;aa:it-
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10.1 Utilization of TIARA Facilities

Utilization and Coordination Division,

Advanced Réldiation Technology Center, JAERI

1. Introduction

TIARA is a center of the ion accelerator
facilitie composed of four ion accelerators, the
AVF cyclotron, the 3MV tandem accelerator, the
3MV single-ended acceleraior, and the 400kV
ion implanter. These accelerators have been fully
served for ion beam applications since January
1994,

2. Utilization System

TIARA is opened for public use: it receives
applications of the experimental subjects in wide
areas once a year from outside users as well as

JAERI staffs. The subjects and these own .

utilizable beam times are approved after the
official investigation by Subcommittee for
TIARA under Advisory Council for JAERI’s
Research Facilities, which are both publicly
organized since 1999. To attain an effective
outcome of the research program, the utilization
time of each accelerator is fairly allotied 1o the
subjects three times in a year based on the
approved beam time.

Charges for the utilization are remitted in the
case that a contract of the joint research between
JAERI and a university or a company or that of

Table 1 Number of experimental subjects
at various research fields.

the projective joint research between JAERI and
universities is made. The results of research have
to be published at the TIARA Research Review
Meeting and in. the JAERI TIARA Annual
Report. There is another system of visitor use
with charges but without the publication duty.

3. Experimental subject approved

Number of subjects using cyclotron
approved in FY2001 for the experiment was 48
while the total number using three electrostatic
accelerators was 51 as shown in Table 1. Table
2 shows the number allotited to users under
various contracts.

4. Allotted time to users

The cyclotron has been continuously
operated from Monday to Friday. The utilization
time for the cyclotron is allotied with unit of the
hour. In case of the electrostatic accelerators, on
the other hand, the utilization time is alloited .
with unit of the day either from 9 am. to 7:30
p.m. (A mode), or from 9 am. to 10 pm.(B
mode).

As shown in Table 3, the cyclotron was used

Table 2 Number of experimental subjects
at various relations with users.

Accelerators Number of subjects Accelerators Number of subjects

Fields of Cyclotron Electrostatic Relations Cyclotron | Electrostatic
research accelerators with visiters accelerators
Materials for space 4 5 JAERI | Takasaki 9 12
Materials for fasi 1 1 Establishment

aterials for fusion only |Others o 9
Biotechnology 30 2 Cooperative research with 14 16
Inorganic material 0 24 university

- Projective joint research
RI & nuclear sci. 1 0 between JAERI and 9 9
Organic material & 0 universities
Radiation chemistry ) 7 Joint research with private
- compaity or governmental 16 5

Basic technology 5 9 institute
Total 48 51 Total 48 51

— 319 —



at the various research fields,
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while the

electrostatic accelerators were mainly used in the
field of inorganic material and material for fusion.
The ratios of allotted time for JAERI staffs to

whole utilization time were 31% for the cyclotron
and 50% for the other electrostatic accelerators
as shown in Table 4.

Table 3 Utilization of the accelerators in FY2001 at various research fields.

Accelerators Utilization time at each period

Cyclotron Tandem Single-ended lon implanter
Fields of (hours) accelerator (days) accelerator (days) (days)
research 01-1 012 01-3 total |{01-1 01-2 ©01-3 total[01-1 01-2  01-3 total [01-1 ©1-2. 01-3 total
Material for space [203 106 131 446 | 12 1S 4 31 - - - -~ 112 11 7 30
Material for fusion| 0 0 64 64 | 11 17 19 47 |16 9 10 29 7 10 10 27
Biotechnology 410 35451265 81| 3 4 O 7| - - - - - - - -
Inorganic - -« - - 1311 11 35|21 25 20 66 |22 22 18 62
material
RI & . 12 12 0 24 - - - - - - - - - - - -
nuclear science
Organic material
& Radiation 82 675 425 192§ - - - - - - - - - - - -
chemistry .
Basic technology (125 59 20 204 9 8 6 23|18 15 12. 45 8 ¢ 0 0
Machine study 125 80 79 284 4 6 3 13 4 4 4 12 3 3 2 8
ZI:Z‘:;:: usewith |45 140 85 4205 3 2 1 6/ 0 0 0 0| 5 3 3 11
Total 1161.5 819548 25285 | S5 63 44 162 | 53 53 46 152 | 49 49 40 138
Table 4 Utilization of the accelerators in FY2001 at various relations with users.

Accelerators Utilization time at each period
Cyclotron Tandem Single-ended fon implanter

Relation (hours) accelerator (days) accelerator(days) {days)
‘with visitors 01-1 01-2 01-3 total [01-1 01-2 01-3 total(01-1 81-2 01-3 totalj01-1 01-2 01-3 total
JAERT ;::m‘i‘:‘h‘mem 233 169 1025 504522 21 5 48|6 8 11 25|26 22 16 64
Only others 0 0 0 03 5 4 1215 8 8 31{3 3 5 11
va:)t(l)npﬁ:::r;:f::mh 1015 97 495 248 [13 13 11 37| 9 14 6 296 10 8 24
Projective joint research
between 256 149 78 483 |7 9 14 3019 18 16 53| 4 T 5 16
JAERI and universities
Joint research with
company or 2415 184 154 5795(3 7 6 16[06 1 1 2{2 1 1 4
governmental institute
Machine study 125 80 79 84| 4 6 3 13/ 4 4 4 12,3 3 2 8
Visitors use with charges [204.5 140 85 429513 2 1 6|06 0 O O'% 3 3 11
Total 1161.5 819 548 25285 |55 63 44 162 |53 53 46 152|49 49 40 138
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10.2 Operation of JAERI AVF Cyclotron System

Y. Nakamura*, T. Nara*, T. Agematsu*, I. Ishibori*, S. Kurashima*,
W. Yokota*, M. Fukuda*, S. Okumura*, K. Akaiwa**, To. Yoshida**,
S. Ishiro**, A. Matsumura**, Tu. Yoshida**, Y. Arakawa** , S. Kanou**,

A Thara** and K. Takano**

Advanced Radiation Technology Center, JAERI*
Beam Operation Service, Co., Ltd.**

The JAERI AVF cyclotron system was
smoothly operated according to a beam time
schedule. The total operation time through
JFY 2001 amounted to 3271 hours.

Cumulative and vyearly operation time
since the start of operation is shown in Fig. 1.
The fact that a very fairly step-wise feature is
seen, means clearly that the cyclotron system
has been in steady operation for 10 years since
1992.

The ratios of operation time used for
experiments including visitor’s use with
charge, machine tuning, beam development
and machine study were 68.6%, 19.1% and
12.3%, respectively. - Twenty-six kinds of
ion species, which are the almost same as last
year, were also delivered for various
experiments.
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Fig. 1 Cumulative and yearly operation time.

Regular yearly overhaul was performed
for four weeks in summer, 2001.

In order to confirm the stabilization of the
cyclotron beam, a precise NMR probe installed
inside of the cycloiron chamber to monitor
variation of the magnetic field during cyclotron
operation.

The flat-top acceleration system with
frequency range of 55-110 MHz was installed
in March, 2001 after careful design. A high-
position resolution deflecior probe equipped
with either a thin tungsten plate or a slender
graphite rod was installed to observe the turn
separation. )

- In October 2001, an air leakage through a
little hole of the stainless case enclosed the
magnetic channel (MC) coils was caused

during the tuning by intense beam of about 6
uA of 70 MeV proton. This MC was replaced
with spare MC quickly.

Figure 2 shows the percentages of
acceleraied ions.  The summed rate of heavy
ions and cocktail ones occupied 67.1 % to total
time, while the beam time for light ions was
31.6 % of all.

Another series of M/Q=4 cocktail beam
consisted of "’H.e“*i 1203 1608 2Nebt
A% BN and #Kr®™ was developed for
practical use. - Furthermore, helium-3 ion

was accelerated first up to 60 MeV.
[Nething ;.3

Fig. 2 The percentages of accelerated ion
species during JFY 2001.

The frequencies of the change of ion
species, energy and beam course are shown in
Fig. 3. The number of the beam course
alterations amounted to more than 260 in last
two years. And the frequencies of particle and
energy changes also increase gradually year by
year.
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Fig. 3 Frequencies of the change for particle,
energy and beam course since 1992.
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10.3 Operation of the Electrostatic Accelerators

L. Takada*, K.Mizuhashi*, S. Uno*, K. Ohkoshi*, A.Chiba*,
Y. Saitoh*, Y. Ishii*, T. Kamiya *, T. Sakai*, M.Ishii**, T.Orimo**,
T.Takayama**, M.Kouka**, A Ohmae**, T.Kitano** and S.Kanai**

Advanced Radiation Technology Center, JAER] *
Beam Operation Service, Co., Lid.**

1. Operation

The electrostatic accelerators were
operated  smoothly  for  various
experiments in FY 2001. The total
operation time for each accelerator in
this fiscal year was 2,036 hours for
the tandem accelerator, 2,420 hours for
the single-ended accelerator and 1,859
hours for the 400kV ion implanter,
respectively. Monthly operation time
for each accelerator are shown in
Fig.1. '
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Fig. 1 Monthly operation time
for each accelerator in FY 2001.

2. Maintenance

The maintenance for the accelerators
were carried out in April, August and
December. During these terms several
improvement and renewals were
performed as follows;

For the tandem accelerator; 1) A
second ion source was installed in the
injector to effectively promote the
operation for experiments in January.
2) A high-voltage on the terminal
could not be kept stable several times
a year. This trouble similarly occurred
in other pelletron accelerator in japan
and cause of it has not defined.  For
the single-ended accelerator; 3) The
ion source which was cracked at the
joint of glass was exchanged thrice with
new ones . 4) A HV stabilizer was

exchanged with new one in August
because the noise increased, and precise
control could not be done by operating
for about seven years.
For the 400kV ion implanter; 5)

A burned power supply of TMP
exchanged with spare one . 6) The
gauss meters of BMI-1,BMI-2 and
BMI-3 were renewed  with high-
resolution one in August.

3. Development

A performance generating the single
charged ions of MINI-ECR source
was tasted and confirmed that the beam
intensities of MINI-ECR were much
than it of freeman source for some ion
species. In order to decrease the
damages for the high-voliage measuring
resistors, the demonstration of the non-
inductive type resistors were carried out
by the single-ended acceleraior, and we
could confirm they have a durability
for the high-voltage sparks. In order to
develop the beam energy stabilizing
system for micro-beam operation, the slit
control system which consists of two
precise pair slits set at front and behind
of the 90° energy analyzing magnet was
demonstrated by . the single-ended
accelerator. By using the low-pass filter
with the signal from the slit, 4X10% of
energy stability (AE/E ) was obtained
at 2.6MV proton operation.
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Fig.2 Yearly operation time for each
accelerator since 1991
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10.4 Radiation Control & Radioactive Waste Management in TIARA

Safety Division & Utilities and Maintenance Division
Department of Administrative Services, JAERI

1. Radiation Control

1.1 Individual menitoring
(1) Individual monitoring for the radiation
workers

Table 1 shows a distribution on effective dose
equivalent of the radiation workers in FY 2001.
The effective dose equivaleni values of almost
workers were less than 0.1 mSv (minimum
detectable dose equivalent).

Maximum dose equivalent was 1.6 mSv/y due
to the overhauling of the cyclotron.

(2) Individual monitoring for the visitors and
others

Table 2 shows number of persons who have
been temporally entered the radiation controlled
areas. The effeciive dose equivalent of all
persons was less than 0.1 mSv.

Tablel. Distributions on the effective dose equivalent in FY2001.

Persons Number of persons
Periods 1st 2nd 3rd 4th
Ttems quarter quarter quarter quarter
HE < 0.1 539 561 553 599
tributi
Distribution rangeon | 1 < yp < 1.0 1 11 21 10
effective dose equivalent
1.0 <HE = 5.0 0 0 0 0
HE:Effective dose 50 <HE = 500 0 0 0 0
- *1
Persons for radiation control(A) 540 572 574 609
Exposure Persons(B) 0 0 0 0
above ImSv | (B)/(A) X100(%) 0 0 0 0
Mass effective dose equivalent (Persons-mSv) 0.1 2.4 4.7 1.9
Mean dose equivalent (mSv) 0.00 0.00 0.01 0.00
Maximum dose equivalent (mSv) 0.1 0.6 0.7 0.3

*1 Not detected according to internal exposure.
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Table 2. Number of temporary entrance persons to radiation controlled areas in FY2001.

Persons Number of persons
Periods st 2nd 3rd 4th Total
ota
Temporary entrance quarter | quarter | quarter | quarter
persons
401 345 563 313 1622
1.2 Monitoring of radioactive gases The least amount of “Ar, "C, ¥N and “F

Table 3 shows ihe maximum radioactive
concentrations and total activities for radioactive
gases released from TIARA’s stack, during each
quarter of FY 2001.

were detected for some time during operation of
the cyclotron, bui the pulverized subsiance
( %Zn, etc) were not detected

Table 3. Monitoring results of released gaseous radioactivity in FY 2001.

Nu' clide ' Periods 1st 2pd 3rd 4th Total
Items quarter | quarter | quarter | quarter
Maximum concentration 1.6 <54 <54 <54 1.6
-~ (Bg/cm’) x10* | x10% | x10° | x10° | x10”
Activity (Bq) 7.9 6.6 1.7 | 4.1 1.0
x10° x10° x10° x10’ x10°
Maximum concentration <54 <54 79 79
He (Bg/cm’) x10° | x10° | x10” x10°°
Activity (Bq) 7.3 1.3 4.6 | 6.6
x107 x10° x10° x10°
Maximum concentration <54 <54 <54 <54
By (Bg/em’) x10° | x10% | x10” x10°°
Activity (Bq) 1.8 7.4 59 o pr
x10° x10’ x10’ x10°
Maximum concentration <54 <5.4
g (Bg/cm’) x10°5 x10”
Activity (Bq) 26 26
x10° x10°
Maximum concentration <6.5 <57 <64 < 6.1 < 6.5
s (Bg/cm’) x100 | x10™ | x10™ | x10" | x10™
n
Activity (Bq) 0 0 0 0 0
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1.3 Monitering for external radiation and
surface coniamination

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

[IHIEN

T
S

equivalent rate nor surface contamination were
detected.

Figure 1 displays a typical example of
distribution of the dose equivalent rate at the
radiation controlied area in the cyclotron
building.

"III

qix X
VT

m
&
\T

ANVEERNN

\
D

Fig.1 Dose rate distribution at the radiation controlled area in the cyclotron building.

Date measured : March 27, 2002

Measuring position : Indicated with X above 1m from floor

Unit :

A Sv/h(numeric less than 0.24£Sv/h are not indicated)
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2. Radioactive Waste Management

2.1  Solid wastes

Table 4 shows the amounts of solid wastes at
various properties and kinds generated in each
quarter of FY 2001. All wastes were
combustible matter such as rubber gloves,
compressible matter such as thin metals, and
incompressible matter such as contaminated
components. Compressible wastes  were
generated mainlyby the cyclotron maintenance.

chemical experiments and operation of air
conditioning units installed in each room of the
first class radiation controlled area.  Larger
quantities of the wastewater in summer season
(2nd quarter) are mainly due to condensed water,
which is treated by evaporation, and condensed
water is reused in the controlled area.  Only
small amounts of residue are generated by the
evaporation because the waste quality is very
pure.

The evaporation residue and sludge are
solidified by cement in a stainless steel drum.

2.2 Liquid wastes

Liquid wasle was almost waste water

(“inorganic™

in Table 5) generated

with

The residue and sludge of ca.

100 liter makes

cement solidify of 200-litter drum.

Table 4. Radioactive solid wastes generated in FY 2001.

Amounts Amounts of generation in each periods (1) Number of
Ttems 1st A 2nd 3rd 4th Total package
quarter | quarter | quarter | quarter /drum
Category A* 0.26 0.36 0.70 5.03 6.35
1)Combustible 0.16 0.32 0.36 0.34 1.18 7E*
2)Incombustible 0.10 0.04 0.34 4.69 5.17 0
Compressible 0.10 0.04 0.08 0.20 0.42 2%
Filters 0 0 0.26 4.29 4.55 0
Incompressible 0 0 0 0.20 0.20 1**
Ion exchange resin 0 0 0 0 0 0
(Cement solidify) 0 0 0 0 0 0
Category B* 0 0 0 0 0
1D)Incombustible 0 0 0 0 0 0
* defined by dose at the outer surface of container : (A) < 2 mSv/h = (B)
** 200-liter drum
Table 5. Radioactive liquid waste generated in FY 2001.
Amounts Amounts of generation in each periods () Number of
1st 2nd 3rd 4th hackage
ftems quarter | quarter | quarter | quarter Total I ;dmfl
Category A* 9.52 14.95 5.53 4.45 34.45
DInorganic 9.52 14.95 5.53 4.45 34.45 ireatment
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 0.10 0 0.10 1
Category B* 0 0 0 0 0
1)Inorganic 0 0 0 0 0 0
2)Organic 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 0 0
Evaporation residue 0 0 0.10 0 0.10 1
* defined by concentrations in Bg/em(8,7): (A) < 3.7X10 £ (B) < 3.7X10"
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I SCS 12003

11J06
T. Ohshima, H. Itoh, M. Yoshikawa,
Effect

characteristics of ©6H
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J. Appl. Phys 90 (2001) 3038-3041.

I SCS 12003

11307

T. Ohshima, A. Uedono, H. Abe, Z. Q. Chen, H.
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Nakashima,

Positron Annihilation Study of Vacancy-Type
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Physica B 308-310 (2001) 652-655.

I SCS 12003

11J08
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A. Ohi, T. Ohshima, M. Yoshikawa, K.K.Lee, M.
Iwami, H. Itoh,

Post-Implantation Annealing Effects on the
Surface Morphology and Electrical Characteristics
of 6H-SiC Implanted with Aluminum,

Materials Science Forum 389-393 (2002)

831-834.

I SCS 12003

11J09
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I SCS 12003

11110
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Materials  Science Forum 389-393 (2002)
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K. Shimono, N. Shikazono, M. Inoue, A. Tanaka
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Effect of fractionated exposure to carbon ions on
the frequency of chromosome

aberratijons in tobacco root cells

Radiat. Environ. Biophys. 40, 221-225(2001).

C BIT 11006

11312
S. Kitamura, M. Inoue, N. Shilazono and A.
Tanaka,

Relationships among Nicotiam species revealed
by the 5S rDN A spacer sequence and fluorescence
in situ hybridization,

Theor. Appl. Genet. 103, 678-686(2001).
O BIT 11006

11313

K Hamada, M. Inoue, A Tanaka and H.
Watanabe

Potato virus Y-resistance in the progeny of haploid
mutants obtained by the culture of Nicotiana
tabacum L. anthers exposed to ion beams

Plant Biotechnology 18, 251-257(2001).

C BIT 11006

11314

Y. Nomura, M. Hatashita and M. Inoue
Production of self-compatible

buckwheat by ion exposure

FAGOPYRUM (2002) in press.

C BIT 11006
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Y. Hase, M. Yamaguchi, M. Inoue and A. Tanaka,
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with different LETS,

Int. J. Radiat. Biol. (2002) in press.

C BIT 11006
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M. Inoue,
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on Space Radiation Research (IWSSRR-2),
March 11-15, 2002, p. 104-105.

C BIT 11025

Nara,

11C18
Y. Kobayashi, T. Funayama, S. Wada, M.
Taguchi, W. Yokota, H.

Watanabe,

T. Kamiya,

The effect of single ion irradiation on
mammalian cells,

Abs. of The 11th TIARA Research
Reviewing Meeting (Takasaki, July 11-12,
2002).

C BIT 11025

11C19

N. Ohtake, T. Kawachi, H. Fujikake, T.
Suganuma, T. Ohyama, K.Sueyoshi, A. Osa,
M. Koizumi, S. Watanabe, T. Sekine,
S.Matuhashi, N. Ishioka, C. Mizuniwa, H.
Uchida and A. Tsuji,

Effect of different phosphate application
onsoybean nitrate absorption and
translocation,

The 38" Annual Meeting on Radioisotopes
and Radiation in the Physical Sciences and
Industries. 2001 (Tokyo), 168.

C BIT 11030

11C20

- Y. Kunimi, S. Seki, and S. Tagawa,

Investigation on Hole Drift Mobility in
Poly(n-hexylphenylsilane),

Solid State Commun. 114 (2000) 469-472.

C RCO 11039

11C21

S. Seki, K. Maeda, Y. Kunimi, S. Tagawa, Y.
Yoshida, H. Kudoh, M. Sugimoto, Y. Morita,
T. Seguchi, T. Iwai, H. Shibata, K. Asai, and
K. Ishigure,

Ton track structure in poly(di-n-hexylsilane)
Proceedings of the 8th Japan-China bilateral

symposium on radiation chemisiry (2000)

- 287.

C RCO 11039

11C22

S. Seki, Y. Kunimi, Y. Sakurai, S. Tagawa
High-sensitive Negative Resist Materials
Based on Polysilane Derivatives,

J. Photopolym. Sci. Technol, 13 (2000) 395.
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C RCO 11039

11C23

S. Seki, K. Nishida, Y. Kunimi, Y. Yoshida, S.
Tagawa,
Electronic  Structure  of O -conjugated
System of Polysilanes Studied by Electron
Beam Pulse Radiolysis,

Proc. IEEE 13th ICDL, 646-649 (1999).

C RCO 11039

11C24

T. Nakazawa, V. Grishmanovs, D. Yamaki, Y.
Katano, T. Aruga, A. Iwamoto,

Study of ion-induced damage in Li;TiOs
ceramics,

In ternational  Conference on Ion
Implantation Technology Proceedings,
September 2000 (Alpbach) p.753.

TIS IOM 12006

11C25
Y. Katano, T. Aruga,

Nakazawa, D. Ymaki,

S. Yammoto, T.

Implantation Mode Dependence of Damage
Structure Depth Profiles in ALO;

Trradiated with Triple eam of H, He and
Heavy Ions,

In ternational Conference on Ion
Implantation Proceedings,
September 2000 (Alpbach) p.805.

TIS IOM 12006

Technology

11C26
Y. Shimomura and I. Mukouda,

Atomistic Mechanism of Nucleation and

Growth of Voids ih Cu studied by Computer
Simulation,

Mat. Res. Soc. Symp. Proc., 650 (2001)
R3.23.1-R3.23.6.

TIS IOM 12008

11C27

N. Sekimura,
Morioka,
Surface Irradiation Effects by STM
Observation, '
Proceedings of SCR-2000 (2000).

TSI IOM 12009

K. Kobayashi and T.

11C28

T. Okita, N. Sekimura, L. R. Greenwood, W.
G. Wolfer, Y. Isobe and F. A. Garner,
Neutron-induced Microstructural Evolution
of Fe-15Cr-16Ni at ~400°C During Neutron
Irradiation in the FFTF Fast Neutrons,
Proceedings of the 10" International
Symposium on Environmental Degradation
of Materials in Nuclear Power Systems 2001,
in press.
TSI IOM 12009

11C29

T. Okita, N. Sekimura T. Iwai and F. A.
Garmer,

Investigation of the Synergistic Influence of
Composition, Irradiation Temperature and
Atomic  Displacement Rate on  the
Microstructural Evolution of Ion-irradiated
Model Austenitic Alloys,
Proceedings of the 10" International

Symposium on Environmental Degradation
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of Materials in Nuclear Power Systems 2001,
in press.
TSI IOM 12009

11C30

T. Okita, N. Sekimura and F. A. Garner,

The Effect of Flux and Nuclear Transmutants
on Microstructural Evolution and Swelling in
Austenitic Model Alloys Irradiated with
Heavy Ions and Fast Neutrons,

Proceedings of PRICM-4 2002, in press.

TSI IOM 12009

11C31

F A. Garner, M. L. Hamilton, T. Okita, N.
Sekimura, D. L. Porter and T. R. Allen,

The unexpectedly strong influence of
displacement rate on the neutron-induced
void  swelling of pure metals, and
iron-based FCC and BCC alloys,

Proceedings of PRICM-4 2002, in press.

TSI IOM 12009

11C32

M. Ando, H. Tanigawa, E. Wakai, T. Sawai,
S. Jitsukawa, Y. Katoh, A. Kohyama, K.
Nakamura, H. Takeuchi,

Investigation of Irradiation-Induced
Hardening Changes on Ion-Irradiated
Reduced Activation Ferritic/Martensitic
Steels,

Proc. of 4th Meeting of Fusion and Energy,
JPSF, Osaka, (2002), p260.

TIS IOM 12011

11C33

I. Ioka, M. Futakawa, Y. Nanjyo, K. Kiuchi,
Y. Kuroda and T. Anegawa,

Effect of Triple Ion Beam Irradiation on
Mechanical Properties of High Chromium
Austenitic Stainless Steel, |
Material Chemistry °02, March 13-15,
2002(Tsukuba).
TIS MAN 12012

11C34

1. Toka, K. Kiuchi, Y. Kuroda and T. Anegawa,
Evaluation of New Fe-Cr-Ni Alloy for Ultra
High Cladding Tube,
International Congress on Advanced Nuclear
Power Plants, June 9-13, 2002(Florida).

TIS MAN 12012

Burnup  Fuel

11C35

K. Kiuchi, H. Ogawa, I. Ioka, Y. Kuroda and
T. Anegawa,

Development of New Cladding Materials
Applied for Advanced LWR Aiming at
Ultra-high Burn-up and Fast Neutron
Spectrum,

International Congress on -Advanced Nuclear
Power Plants, June 9-13, 2002(Florida).

TIS MAN 12012

11C36

K. Kiuchi, H. Ogawa, L. Ioka, Y. Kuroda, T.
Anekawa,

Development of New Cladding Materials
Applied for Advanced LWR Aiming at Ultra
High Burnup and Fast Neutron Spectrum,
Int.Cong.Advanced Florida, June 9-13(2002).
TIS MAN 12014
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11C37

1. Ioka, K. Kiuchi, Y. Kuroda, T. Anekawa,
Evaluation of New Fe-Cr-Ni Alloy for Ultra
High Burnup Fuel Cladding Tube,

Int. Cong. Advanced Florida, June
9-13(2002).

TIS MAN 12014

11C38

H. -S. Lee, H. Okada, A. Wakahara, A.
Yoshida, T. Ohshima, H. Itoh, S. Kawakita,
M. Imaizumi, and S. Matsuda,

Effect of proton irradiation on -electrical

properties of CulnSe2 thin films,

Technical Digest of the International
PVSEC-12 (June 20-22, 2001, Jeju, Korea)
pp.91-92.

I SCS 12004

11C39

M. Takeda, S. Ohnuki, T. Suda, S. Watanabe,
H. Abe and I. Nishiyama,

Effect of Mass and Energy on Preferential
Amorphization in Polycrystalline Si Film
During Ion-Irradiation,

Effects of Radiation on Materials 20th
Symposium STP1405 836-845 (2001).

TI IOM 12021

11C40

S. Ohnuki, F. Arimoto, S. Watanabe, P. R.
Okamoto, N. Q. Lam and H. Abe,
Inter-Diffusion and Amorphization During
Ion-Irradiation in Mo/Si Nano-Multi-Layer

Materials,

The Forth Pacific Rim
Conference on Advanced Materials and
Processing, Vol-1, pp1331-1333, (2001).

TT IOM 12021

International

11C41

M. Takeda, T. Suda, S. Watanabe, S. Ohnuki,
H. Abe,
Preferential Amorphization and
Crystallization in polycrystalline Silicon
under Ion-Irradiation,

The Forth Pacific Rim
Conference on Advanced Materials and
Processing, Vol-2, pp2539-2542, (2001).

TI IOM 12021

International

11C42

E. Shioya, T. Suda, S. Watanabe, S. Ohnuki,
M. Ishino, O. Yoda, H. Abe, F. Phillipp,
Electron-Irradiation-Induced Amorphization
in Mo/Si Nano-Multilayer Material,

The Forth Pacific Rim International

~ Conference on Advanced Materials and

Processing, Vol-1, pp1351-1353, (2001).
TI IOM 12021

11C43

K. Narumi and H. Naramoto,
SPM Investigation of (4 Thin Films
Irradiated with Energetic Ions,

Proc, 3rd International Symposium on
Atomic Level Characterizations for New
Materials and Devices '01, Nara, Japan,
November 11-14, 2001.

I IOM MAN 12030
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11C44 :

S. Ishino, T. Hasegawa, Y. Chimi, N.
Ishikawa, A. Iwase, T. Tobita, M. Suzuki,
Electrical Resistivity Measurements in Fe-Cu
Alloys Irradiated with Energetic Heavy Ions
and Electrons,

The (129th) 2001-Fall Meeting of the Japan
Institute of Metals, Fukuoka, September
21-24, 2001.
S IOM 12035

11C45

S. Ishino,

Studies of Dose Rate Effects by Means of Ion
Irradiation,

EPRI/CRIEPI Workshop on Dose Rate
Effects in Reactor Pressure Vessel Materials,
Olympic Valley, CA, U.S.A., November
12-14, 2001.

S IOM 12035

11C46

S. Ishino, T. Hasegawa, Y. Chimi, N.
Ishikawa, A. Iwase, T. Tobita, M. Suzuki,
In-situ Measurements of Electrical resistivity
in Fe-Cu Alloys Using Heavy Ion and

Electron accelerators,

Symposium on ‘The Mechanism of
Irradiation Embrittlement in Pressure Vessel
Materials’, Tohoku University, Sendai,
November 22-24, 2001.

S IOM 12035

11C47

N. Mizuochi, J. Isoya, S. Yamasaki, H.
Takizawa, N. Morishita, T. Ohshima and

H. Ttoh, :

ESR study on the single vacancy related
defects in 4H-, 6H-SiC, _
Proceedings of International Conference on
Silicon Carbide and Related Materials
2001(Oct. 28-Nov. 2, 2001, Tsukuba, Japan),
Matetr. Sci. Forum 389-393, 497-500 (2002).
T IOM 12037

11C48

E. Shioya, T. Suda, S. Watanabe, S. Ohnuki,
M. Ishino, O. Yoda, H. Abe,
Electron-irradiation-induced = amorphization
in Mo/Si nano multilayer material,

4th Pacific Rim International Conference on
Advanced
2001.12.11-15, Hawaii.
I IOM 12019

Materials and = Processing,

11C49

S. Yamamoto, T. Sumita, A. Miyashita, H.
Itoh,

Characterization of TiO, films prepared by
pulsed laser deposition,

Proc. of the third symposium on advanced
photon research, Dec. 2001 (Kyoto).

S IOM 12023

11C50

V. Laverentiev, H. Abe, S. Yamamoto, H.
Naramoto, and K. Narumi,
Formation of carbon npanotubes under
condition of Co+Cego film,

Anniversary of its Discovery, October 3-5,
2001 (Tsukuba, Japan) p.142.

O IOM
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11C51

V. Laverentiev, H. Abe, S. Yamamoto, H.
Naramoto, -and K. Narumi,

Formation of promising Co-C
nano-compositions, '
3™ International Symposium on Atomic
Level Characterizations for New Materials
and Devices '01, ALC '01, November 11-14,
2001 (Nara-Ken New Public Hall, Japan),
Program & Abstracts. p. 113.

O IoM

11C52

V. Laverentiev, H. Abe, S. Yamamoto, H.
Naramoto, and K. Narumi,

Co and Cg interaction under conditions of
mixture

International Symposium on Nano Carbons,
ISNC 2001, November 14-16, 2001 (Nagano,
Japan). Program & Abstracts, p. 259.

c IOM

11Cs3

V. Laverentiev, S. Yamamoto, H. Naramoto
nad K. Naruini,

Structural Features of Epitaial Cobalt Films
Abstracts of the Thirteenth International
Crystal Growth,
ICCG-13/IGVGE-11, 30 July - 4 August
2001 (Doshisha University, Kyoto, Japan) p.
136.

O IOM

Conference on

11C54
V. Laverentiev, H. Abe, S. Yamamoto, H.

Naramoto, and K. Narumi,

Formation of intriguing carbon-related
structures in Co+C60 mixed films,

Absiract of the 21th Fullerene General
Symposium, July 25-27, 2001 (Tsukuba,
Japan) p.34.

o IOM

11C55

P. Wei, Y. Xu, K. Narumi, H. Naramoto and S.
Nagata,

Structural and optical properties of Ge/C
Multikayers Deposited on Si and Sapphire
Substrates by Magnetron Sputtering,

The 8th Inter.Conf. on Electronic Materials
(IUMRS-ICEMS2002, Xi'an, 2002).

IS IOM 12029

11C56
T. Ohshima, A. Uedono, H. Itoh, M.
Yoshikawa, K. Kojima, I. Nashiyama,S.

Okada and K. Abe,

Relationship between donor activation and
defect annealing in 6H-SiC hot-implanted
with phosphorus ions,

Materials Science Forum, 338-342 (2000),
p.857.

I IOM 12039

11C57

H. Abe, A. Uedono, H. Uchida, A. Komatsu,
S. Okada and H. Itoh,

Positron annihilation studies of defects in ion
implanted Palladium,

Materials Science Forum, 363-365 (2001), p.
156.
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I IOM 12039

11C58

T. Ohshima. A. Uedono, H. Abe, Z. Q. Chen,
H. Itoh, and M. Yoshikawa,

Positron annihilation study of vacancy-type
defects in silicon carbide co-implanted with
aluminum and carbon ions,
Conf. on
Semiconductors (ICDS21): Giessen, German,
July 16-20, 2001.

I IoOM 12039

21st Internat. Defects in

11C59
M. Hattori, Y. Nishihara, M. Fujimaki, Y.
Ohki, T. Souno, H. Nishikawa, T. Yamaguchi,
E. Watanabe, M. Oikawa, T. Kamiya, K.
Arakawa,

Evaluation of Three

Microstructures on Silica Glass Fabricated by

Dimensional

Ion Microbeam,

Abstracts of The 10th TIARA Research
Review Meeting, p. 106 - 107.

S IOM 12041

11C60

H. Nishikawa, Y. Ohki,
Functionnal  Silica-Based Glasses for
Photonics,

The Transactions of The Instutute of
Electrical

Engineers of Japan,pp.721-724, Vol. 121-A
No.8.

S IOM 12041

11C61

N. S. Ishioka, S. Watanabe, S. Matsuhashi, C.
Mizuniwa, T. Itoh and T. Sekine,

Excitation Functions of Rhenium Isotopes on
the natW(d,xn) Reactions and Production of
No-carrier-added 186Re, |

Proc. of Nuclear Data for Science and
Technology (ND2001),0Oct. 7-12, 2001,
Tsukuba, Japan.

C, NRI, 11036

11C62

C. J. Ma, M. Kasahara, S. Tohno, R. Holler
and T. Kamiya,

Chemical composition of single raindrops -
fallen in yellow rainfall episode in Japan,
The 2nd Asia Aerosol Conference, July 2001
(Pusan, Korea) p.7-8.

S ACT 12046

11C63

C. J. Ma, M. Kasahara, S. Tohno, T. Kamiya
and T. Sakai,

Sampling of individual fog droplets and its
chemical analysis,

2nd International Conference on Fog and Fog

Collection, July 2001, (Newfoundland,
Canada) p.45-48.

S ACT 12046

11C64

M. Kasahara, C.-J. Ma and S. Tohno
Physical and chemical properties of single

fog droplets applying fixation technique,

Fog 2001, July 2001 (Newfoundiand,
Canada) p.69-72.
S ACT - 12046
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11C65

C. J. Ma, Y. Inoguchi, M. Kasahara, S. Tohno
and T. Kamiya,

New approaches for the characterization of
single and size-segregated raindrops,

The 18th Symposium on Aerosol Science and

Technology, July 2001 (Tokyo, Japan)
p.140-141.

S ATC 12046

11C66

M. Ibaraki, M. Baba, T. Miura, T. Aoki, T.
Hiroishi, H. Nakashima, S. Meigo, Su.
Tanaka,

Measurement of Neutron Non-Elastic Cross
Sections of C, Si, Fe, Zr and Pb in 40- 80
MeV Region,

Proc. Int. Conf., on Nuclear Data for Sci. &
Technol,, (2001, Thukuba) To be published.

C NRI 11047
11C67
T. Sanami, T. Hiroishi,, M. Baba, M.

Hagiwara, T. Miura, T. Aoki, T. Kawata, Su.
Tanaka, H. Nakashima, S. Meigo,
Double-differential hydrogen and helium
production cross section of oxygen and
nitrogen for 75 MeV neutrons,

Proc. Int. Conf., on Nuclear Data for Sci. &

Technol,, (2001, Thukuba)To be published.
C NRI 11047
11C68

M. Baba, M. Ibaraki, T. Miura, T. Aoki, Y.
Hirasawa, H. Nakashima, 'S. Meigo, Su.

Tanaka,

Experiments on Neutron Scattering and
Prompt Fission Neutron Specitra,

Proc. Int. Conf., on Nuclear Data for Sci. &
Technol,, (2001, Thukuba) To be published
C NRI 11047

11C69
M. Hagiwara, M. Hosokawa, M. Baba, T.
Sanami, M. Takada,

Development of a Bragg curve spectrometer
(BCS) for

neutron and proton induced reactions,

fragment spectroscopy from
Proc. Symposium on Radiation detectors and
their uses(2002),KEK-proceedings, to be
published.
C NRI 11047

11C70

S. Ban, H.S. Lee, T. Sato, S. Maetaki and K.
Shin,

Measurements of Photo-Neutrons from Thick
Aluminum Target by 2 GeV Electrons,

Proc. of 9th EGS4 Users' Meeting in Japan,
August 2001, Tsukuba, pp.48-55.

C RSH 11048

11C71

T. Sawamura, J. H. Kaneko, M. Abe, M.
Tamura, I. Murai, A. Homma, F. Fyjita and S.
Tsuda,

Effect of lead converter on superheated drop
detector response to high energy neutrons,
Proc.10th Symp on Rad. Meas. and
Application, 2002, in press.

C RSH 11048
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11C72
Y. Saitoh, Y. Nakajima, K. Narumi, H.
Shibata, T. Majima, L. K. Ohno, A. Itoh,

Measurement of secondary

MeV

charged
particle from Cu by cluster
Irradiation,

Proceedings of 14Th Workshop on Tandem
Accelerator and Technology, INC TN7200
2001-001,pp.122-125.

T ACT 12050

11C73
S. Okumura, K. Arakawa, M. Fukuda, Y.
W. Yokota,- T. Ishimoto, S.

Kurashima, I. Ishibori, T. Nara, T. Agematsu,

Nakamura,

H. Tamura, A. Matsumura, M. Sano, T.
Tachikawa,

Temperature Control of a Cyclotron Magnet
for Stabilization of the JAER! AVF Cyclotron
Beam,

Proc. of the 16th International Conference on
Cyclotrons and - their Applications, 2001
(Michigan, USA) p.330.

C ACT Machine Study

11C74

S. Kurashima, M. Fukuda, Y. Nakamura, T.
Nara, T. Agematsu, 1. Ishibori, W. Yokota, S.
Okumura, ‘K. Arakawa, Y. Kumata, Y.
Fukumoto,

Design of the Flat-Top Acceleration System
for the JAERI AVF Cyclotron,

Proc. 16th Int. Conf. on Cyclotron and Their
Applications, East Lansing, USA, 303

(2001).

C ATC Machine Study

11C75

S. Kurashima, N. Miyawaki, M. Fukuda, Y.
Nakamura, T. Nara, T. Agematsu, 1. Ishibori,
W. Yokota, S. Okumura and K. Arakawa,
Design of the Flat-Top Resonator for the
JAERI AVF Cyclotron,

Proc. 13th Symp. on Accelerator Science and
Technology, Suita, Japan, 232 (2001).

C ACT  Machine Study

11C76

Y. Nakamura, T. Nara, T. Agematsu, I.
Ishibori, H. Tamura, S. Kurashima, W.
Yokota, S. Okumura, M. Fukuda, K. Akaiwa,
To. Yoshida, S. Ishiro, A. Matsumura, Y.
Arakawa, Tsu. Yoshida, S. Kanou, A. Thara
and K. Takano,

STATUS REPORT ON THE JAERI AVF

CYCLOTRON SYSTEM,

Proc. of 13th Sympo. Accel. Sci. Technol.,
Suita, Osaka, Japan, October (2001)
pp-193-195. ‘

C ACT Machine Study

11C77

Y. Nakamuré, T. Nara, T. Agematsu, L
Ishibori, S. -Kurashima, W.
Yokota, S. Okumura, M. Fukuda and K.
Arakawa,

STATUS REPORT ON THE JAERI AVF

H. Tamura,

CYCLOTRON SYSTEM,
Proc. of 16th Int. Conf. Cyclo. Their Applic.,
East Lansing, Michigan, USA (2001)

pp.129-132.
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C ACT Machine Study

11C78

K. Mizuhashi, S. Uno, K. Ohkoshi, A.Chiba,
Y. Saithoh, Y. Ishii, T. Kamiya, I. Takada, S.
Tajima,

Siatus of TIARA electrostatic accelerators
facility,

Proc. 15th ‘Workshop on tandem accelerator
and technique(2003).

TIS ACT  Machine Study
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Appendix 2. Type of Research Collaboration

Section of | Reseach Program | Type of Research| Section of | Reseach Program | Type of Research
this Report Number Collaborations* fthis Report Number Collaborations*
1.1 11001712002 JAERI
1.2 11002 Joint Res 4.1 11005 Proj.Res.Univ
1.3 1100312002 Joint Res 4.2 12010 Proj.Res. Univ
1.4 1100412005 Joint Res 4.3 12006 Proj.Res.Univ
1.5 12001 JAERI 4.4 12007 Proj.Res.Univ
1.6 12003 JAERI 4.5 12008 Proj.Res. Univ
4.6 12009 Proj.Res.Univ
2.1 11006 Coop.Res.Univ 4.7 12011 JAERI
2.2 11007 Joint Res 4.8 12012 JAERI
2.3 11008 Joint Res 4.9 12013 JAERI
2.4 11009 JAERI 4.10 12014 JAERI
2.5 11010 Joint Res 4.11 12015 Joint.Res
2.6 11012 Joint. Res 4.12 12016 Joint.Res
2.7 11012 Joint.Res 4.13 12020 Coop.Res. Univ
2.8 11013 Joint.Res 4.14 12004 Coop.Res.Univ
2.9 11014 Joint.Res 4.15 12021 Coop.Res.Univ
2.10 11015 Coop.Res.Univ 4.16 12025 JAERI
2.11 11016 Coop.Res. Univ 4.17 12030 JAERI
2.12 11017 Joint Res 418 12031 JAERI
2.13 11018 Coop.Res. Univ 4.19 12032 Coop.Res.Univ
2.14 11019 Joint Res 4.20 12033 JAERI
2.15 11020 Coop.Res.Univ 4.21 12034 JAERI
2.16 11021 Coop.Res. Univ 4.22 12035 Coop.Res. Univ
2.17 11022 Joint Res 4.23 12036 Coop.Res. Univ
2.18 11023 Joint. Res 4.24 12037 Coop.Res. Univ
2.19 11024 Coop.Res.Univ 4.25 12038 Coop.Res. Univ
2.20 11025 JAERI
221 11026 Coop.Res. Univ 5.1 12019 JAERI
2.22 11027 Coop.Res. Univ 5.2 12022 Coop.Res. Univ
2.23 11028 Coop.Res. Univ 5.3 12023 JAERI
2.24 11029 JAERI 5.4 12023 JAERI
2.25 11030 Proj.Res. Univ 5.5 12024 JAER]I
2.26 11031 Proj.Res.Univ 5.6 12026 Coop.Res. Univ
2.27 11032 Proj.Res. Univ 5.7 12027 Coop.Res. Univ
2.28 11033 Proj.Res. Univ 5.8 12028 Coop.Res. Univ
2.29 11034 Proj.Res. Univ 5.9 12029 JAERI
2.30 11033 Joint.Res 5.10 off line JAERI
2.31 12017 Coop.Res. Univ 5.11 off line JAERI
2.32 12018 JAERI 5.12 off line JAERI
5.13 12039 JAERI
3.1 11037 JAERI 5.14 12040 Joint.Res
3.2 11038 Coop.Res. Univ 5.15 12041 Coop.Res.Untv
33 11039 Coop.Res. Univ 5.16 12042 JAERI
34 11040 JAERI
3.5 11041 Coop.Res.Univ 6.1 11036 JAERI
3.6 11042 Coop.Res.Univ 6.2 off line JAERI
3.7 11044 JAERI

— 358 —




JAERI-Review 2002-035

Section of | Reseach Program { Type of Research

this Report Number Collaborations*
7.1 11045.712043 JAERI
7.2 12044 Coop.Res.Univ
7.3 12045 Proj.Res.Univ
7.4 12046 Proj.Res.Univ
7.5 12047 Proj.Res.Univ
7.6 12048 Proj.Res. Univ
7.7 12049 JAERI
8.1 11046 Proj.Res.Univ
8.2 11047 Proj.Res.Univ
83 11048 Proj.Res.Univ
9.1 12050 JAERI
9.2 12051 Coop.Res.Univ
93 Machine Study JAERI
94 Machine Study JAERI
9.5 Machine Study JAERI
9.6 Machine Study JAERI
9.7 Machine Study JAERI
9.8 Machine Study JAERI
9.9 Machine Study JAERI
9.10 Machine Study JAERI
9.11 Machine Study JAERI

"Joint Res.: Joint research with private company or governmental institution
Coop. Res. Univ.: Cooperative research with a university or universities#

Proj. Res. Univ.: The JAERI-Universities Joint Research Project#

#For administration of these programs, we appreciate the cooperation of:
Research Center for Nuclear Science and Technology, The University of Tokyo.
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1) Organization for the Research and Development of Advanced Radiation Technology

Advanced Science
Research Center

Office of

President
of
JAERI

Planning

Tokai Research
Establishment

Naka Fusion
— Research
Establishment

Takasaki Radiation

—

Department of
Administrative Service

Department of
Material Development

Department of
Radiation Research for
Environment and Resources

‘| Advanced Radiation ‘

Technology Center i

Chemistry Research

Establishment

Consultative Committee for
the JAERI/Universities
Joint Research Project

Dr. S. Tanaka

Subcommittee for

the Advanced Radiation

Technology Project
Prof. K. Kawade

Advisory Council for
JAERI's Research Facilities
Dr. S. Saito

Subcommittee for
TIARA
Prof. Y. Hatano

Program Advisory
Committee
Dr. S. Hashimoto

— 360 —

Research Committee for
Frontier Radiation
Application
Prof K. Ishigure

Subcommittees for:

Semiconductor Device
L for Space

Radiation Resistant
— Organic Materials
Prof. K. Endoh

Rare Metal Resource
T in Sea Water
Prof. S. Furusaki

Future Plan for
| Beam Application
Prof. S. Tagawa

Ion-breeding of Plant
Prof M.Inoue
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2) Personnel for the Administration, Operation and Control of TIARA

Advanced Radiation Technology Center

Director M. Saidoh
Deputy Director Y. Ohara

_'< Administration Division T

General Manager M. Ottsubo
Staff Member K. Morishita, A. Habuto
Aﬁﬁlizaﬁon and Coordination Division ’
General Manager Su. Tanaka .
Siaff Member K. Nishimura, H. Takizawa, M. Hosono

_‘ lon Accelerator Operation DivisiQnJ

General Manager S. Tayima

Group of Cyclotron Operation |
Staff Member Y. Nakamura, T. Nara, T. Agematsu,
I. Ishibori, H. Tamura, S. Kurashima

Guoup of Electrostatic Accelerators Operation |

Staff Member I Takada, K Mizuhashi, S. Uno,
K. Ohkoshi, Y. Nakajima, A. Chiba

-41 Ion Beam Engineering Division ]
Head K. Arakawa

Staff Member T. Kojima, W. Yokota, H. Tachibana,
M. Fukuda, T. Kamiya, S. Okumura,
Y. Saito,Y. Ishii, T. Sakai,

S. Oikawa, N. Miyawaki

|| Trradiation Service Division |
General Manager H. Sunaga

Staff Member T. Kanazawa, Y. Haruyama, T. Ohkubo,
: N. Haneda, H. Hanaya

@epartment of Administrative Services

Safety Division—‘
Staff Member Y. Ohi, H. Miyauchi
(Radiation Monitoring and Control in TIARA)

Utilities and Maintenance Division '

Staff Member S. Kaneko, Y. Takayama
(Radioactive Waste Management and Utility Control in TIARA)
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