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Preface

Kyoto University Research Reactor Institute (KURRI) has held a scientific meeting about
late January every year. The purpose of the meeting is to inform the public as well as
researchers in and outside the institute mainly of several results of joint usage and collaborative
researches performed in the institute. The 50 KURRI Scientific Meeting will be held for two
days on January 27th and 28th, 2016. The contents of the meeting are as follows (the numbers

of the right column are those of the presentations):

1) Topic lectures 3

2) New comer lectures 2

Presentations of the results of the project researches
3) 2
terminating this fiscal year

4) Special lectures given by retiring faculty members 3

5) Poster presentations 41

We hope that this proceedings book will contribute to keep records of and let the public

know of research activities in the institute.

January, 2016

Team for Disclosing Research Results and Facilities
Toshiyuki Chatake (Chief), Takumi Kubota, Yosuke Nakagawa, Daisuke
Nakatani, Yojiro Oba, Kazuomi Oono, Yu Sanada, Xiuzhong Shen, Yuji
Shibahara, Hiroshi Shiga, Michiyo Suzuki, Yoshiaki Tanaka, and Kaori
Yokota
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(a) Woid fraction measured by NRG, (b) Film thickness
measured by LFS
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Table 1. Neutron multiplication deduced from the reac-

tion rates shown in Fig. 3 in subcriticality 2900 pcm. (Ref.

[14])
Target Calculation | Experiment | C/E value
w 1.73£0.01 | 1.85%£0.02 | 0.93%£0.01
W-Be 2.29£0.01 | 2.3620.02 | 0.97=0.01
Pb-Bi 1.95+£0.01 | 1.94%0.02 | 1.01=£0.01

C/E: Calculation / Experiment
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Fig. 4. Experimental results of time evolution on prompt
and delayed neutron behavior at position (10, U) of BF;
detector #1 in subcriticality 2900 pcm. (Ref. [14])
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Table 2. Experimental results in subcriticality (reference:
2900 pcm) by the Area ratio method. (Ref. [14])

Target BF;#1 in BF;#2 in Optical
(10, U) (15, X) fiber
W 2398=*35 315646 3822+£358
W-Be 2502£39 3405%51 2939445
Pb-Bi 2624139 323848 2977+45
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(S1) hn#EZs DOFHISE ¢ New horizon of accelerator study

(BRI TF)

[PREFACE]

Accelerator is a tool for proceeding various scientific
researches, such as elementary particle physics, nuclear
physics, solid state physics, medical applications, so on,
and many different types of accelerator have been
developed so far. In this lecture, a new horizon of
accelerator study is presented.

The idea of Fixed Field Alternating Gradient (FFAG)
accelerator was originated by different people and
groups in the early 1950s. It was independently
introduced by Ohkawa [1], Symon et al. [2], and
Kolomensky [3] when the strong Alternate Gradient
(AG) focusing and the phase stability schemes were
applied to particle acceleration. The first FFAG electron
model was developed in the MURA accelerator project
led by Kerst and Cole in the late 1950s. Since then, they
have fabricated several electron models in the early
1960s [3]. However, the studies did not lead to a single
practical FFAG accelerator for the following 50 years.
Because of the difficulties of treating non-linear
magnetic field and RF acceleration for non-relativistic
particles, the proton FFAG, especially, was not
accomplished until recently. In 2000, the FFAG concept
was revived with the world’s first proton FFAG (POP)
which was developed at KEK [4,5]. Since then, in many
places [6,7,8,9,10], FFAGs have been developed and
constructed.

An FFAG accelerator has various advantages: strong
focusing in 3D space and fast beam acceleration. Strong
focusing in 3D space is achieved by the transverse
strong (AG) focusing and the longitudinal phase
focusing in RF acceleration. A static magnetic field
allows for the rapid acceleration and also large repetition
rate in operation, where the acceleration of short-lived
particles such as muons and also intense averaged beam
current could be achieved.

The FFAG accelerator features a static magnetic field
and strong (AG) focusing. In order to coordinate these
two issues in beam dynamics, the beam loss caused by
betatron resonance crossing during beam acceleration
has to be overcome. There are two possible ways to
conduct this difficulty;one is to arrange a special beam
optics keeping the operating betatron tunes constant,
thus featuring a zero-chromatic optics. The other is to
cross the betatron resonances as quickly as possible to
minimize the beam losses during acceleration. The
former type is called “scaling FFAG” and the latter
“nonscaling FFAG”.

In the scaling FFAG where the betatron tunes are always
constant during acceleration, a very large momentum
acceptance of more than 100% could be possible. On the
other hand, the non-scaling FFAG in which all optical
elements are essentially linear could have large dynamic
apertures when the fast resonance-crossing, that is, fast
acceleration becomes possible. Since the orbit excursion
of non-scaling FFAGs is rather small compared to that of
scaling FFAG, small aperture magnets become an
option.

The zero-chromatic optics in scaling FFAG, where the
betatron tunes in transverse plane are constant for
different beam momentum in the circular orbit (s = 10),
can be achieved with specific magnetic field

214
PO N

configurations to satisfy the orbit similarity and constant
geometrical field index: The concept of FFAGs was
originally limited to ring accelerators where the orbit
excursion evolves horizontally just as in an ordinary
cyclotron and synchrotron. However, Okawa proposed
later a vertical excursion FFAG in 1955 [11] and he
named it as “electron cyclotron” because the optics
satisfies an isochronous condition for relativistic
particles such as electrons. Also even in vertical
direction, the zero-chromaticity is realized. This
ideanwas revisited recently by Brooks [12]. Using this
field configuration, two types of beam optics can be
derived that accomplish a zero-chromatic scaling FFAG.
One is called the radial sector lattice and the other the
spiral sector lattice, respectively. In the radial sector
lattice, the AG focusing takes a FODO structure
(Focusing Bend Defocusing Bend sequence) with a
negative bend gradient magnet. On the other hand, in the
spiral sector lattice, the alternating focusing and
defocusing can be realized with the edge effect. In case
of the wvertical orbit excursion, the zero-chromatic
condition requires the following magnetic field

configurations [11,12].
Bz = B0 exp[(n/p)z].

Here, n is an ordinary field index and the beam optics is
expressed with horizontal and vertical coupled betatron

motions.

In the ordinary circular scaling FFAG lattice assuming
an azimuthal symmetry, there are some disadvantages.
Large dispersion and orbit excursion require large
horizontal apertures of the magnet and the RF cavity,
and the space of the magnet-free straight section is rather
small for placing the injection/extraction devices and RF
cavities for beam acceleration. Having a long straight
line to keep zero-chromaticity and match to the scaling
The orbit curvature
and the field index must be constant to satisfy the zero-
chromaticity in this frame, which leads the magnetic
field configuration to be an exponential form shown as

arc can overcome these difficulties.

[13]:
Bz = B0 exp[ (n/p)x].

Using the scaling FFAG straight lattice, we could realize
a dispersion suppressor and also matching insertion with
For the dispersion
suppressor, successive m-cells in the horizontal plane can
In order to match the straight
line with the circular ring FFAG lattice, the 1st order
(linear) matching condition expressed in Eq. (9) has to

the curved scaling FFAG lattice.

suppress the dispersion.

be satisfied between the straight section and the ring.
k + D/r= n/p
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Fig. 1. A new advanced stage of scaling FFAG
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Using a newly discovered scaling FFAG straight line,
the design of scaling FFAG becomes more flexible and
capable for various applications and the scaling FFAG
opens a new advanced stage as shown in Fig. 1 [31].

In RF acceleration, we also had an advancement in the
scaling FFAG design. The beam acceleration in the
scaling FFAG has some varieties because the
momentum compaction is always strictly constant for
different beam energies and has no higher orders. This
situation takes either variable frequency of fixed
frequency RF in beam acceleration. For the variable
frequency RF acceleration, a broad-band RF cavity
using magnetic alloys becomes feasible, which has
actually been used for the world’s first proton FFAG
(POPFFAG) at KEK [4,5]. And, for the fixed frequency
RF acceleration, the stationary bucket acceleration
scheme can be useful for ultra-relativistic high energy
particle such as muons and electrons. There was also a
new advancement in the fixed frequency RF
acceleration. In the strong focusing machine, two RF
buckets below and above the transition energy are
interfered with some conditions, which were analyzed
by Symon and Sessler in 1960s [14], and a serpentine
acceleration path channel between two buckets existed.
The serpentine acceleration path was devoted to
accelerate ultra-relativistic particles in the non-scaling
FFAG [15]. In the scaling FFAG, Hamiltonian
describing the longitudinal particle motion can be
analytically derived [29,16,30] The Hamiltonian
shows that a serpentine path for acceleration exists for
both non-relativistic and ultra-relativistic particles. Thus
scaling FFAGs could use the serpentine acceleration
scheme either for lepton or hadron beams.

After the success of the world’s first proton FFAG
(POP) shown in Fig. 2, a higher energy proton FFAG
was constructed at KEK in 2004. The maximum energy
of this machine was 150 MeV and a very high repetition
rate of 100 Hz was demonstrated in operation. In 2007,
this proton FFAG was moved to Kyusyu University and
is used as a multi-purpose machine for various
application fields, especially as a tool to accelerate
secondary particles such as isomers [17].

In Kyoto University, Research Reactor Institute
(KURRI), the experimental studies of ADSR
(Accelerator Driven Sub-critical Reactor) have been
implemented combining a FFAG proton accelerator
with a KUCA (Kyoto University Critical Assembly)
reactor. The 150 MeV proton FFAG accelerator at
KURRI is composed of Injector, Booster and Main
Ring, and they are all FFAG rings as shown in Fig. 3.
The beam is transported from the FFAG to KUCA
through the long beam transport line. In March 2009,
the first beam from the FFAG was successfully injected
into the KUCA reactor starting the ADSR experimental
studies [18]. As the FFAG operates with 10-100 Hz,
prompt neutrons are created every 33 msec, then, the
delayed neutrons amplified by nuclear fission reactions
came out depending on the reactor sub-criticality.
Recently, the beam intensity has been successfully
increased almost 100 times by chargeexchanged H— ion
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beam injection with a newly built injector of 11 MeV H
— linac [19,20].

In France, the RACCAM project [21] has been initiated,
which aims at producing a preliminary design study of a
variable energy proton installation based on a variable

Fig. 2. Photograph of the world’s first proton FFAG
(POP) [4,5]

Fig. 3. FFAG complex at KURRI for ADSR experiment
[18,19,20].

energy, 5 to 15 MeV, H— injector cyclotron followed by
a spiral lattice FFAG ring with 70 to 180 MeV
extraction energy. A schematic layout of scaling proton
FFAG for proposed RACCAM cancer therapy project.
In the UK, the PAMELA project [22] for designing a
hadron therapy accelerator has been funded to invoke
the achievements of the non-scaling FFAG accelerator,
EMMA.

A cancer therapy hadron accelerator composed of three
concentric nonscaling FFAGs has been proposed[23].
The smaller pair of FFAGs would accelerate protons to
250 MeV and the larger pair carbon ions to 400 MeV/u.
Each ring is composed of 48 doublet cells and the
circumference of the largest ring is C = 52 m. Modest
RF voltages of less than 220 kV are sufficient to keep
good beam quality while crossing many betatron
resonances in acceleration.



A new type of compact neutron source called FFAG-
ERIT (Emittance Recovery Internal Target) has been
developed for the boron neutrino capture therapy at
KURRI [24]. Figure 4 shows a photograph of FFAG-
ERIT developed at KURRI. Neutrons are generated at
the Be target placed internally into the proton FFAG
storage ring. To suppress the emittance growth caused
by Rutherford scattering, ionization cooling with energy
recovery was adopted. The FFAG-ERIT ring has
worked successfully as expected and a neutron yield of
more than 1013 n/sec was obtained [25,26].

4 Muon accelerator for neutrino factory front-end

A muon phase rotation ring with FFAG optics for
reducing the energy spread of muon beams called
PRISM (Phase rotation Ring for Intense Slow Muons)
has been developed at Osaka University. The ring has
been developed for the experiment with rare p—e
conversion events where the lower limit of the
branching ratio should be less than 10—18 [LOI-PRISM
(2003)]. Before constructing a full model, they have
carried out a demonstration test of phase rotation for a
beam with such large momentum spread with a-
particles [28]. Although the number of RF cavities was
just one for the test (five to six RF cavities are needed
for the real experiment), the demonstration test could
still clarify the phase rotation in principle, and

- - ~

Fig. 4. FFAG-ERIT for intense neutron productioﬁ.
[24,25,26]

the experimental results showed a good agreement with
the results predicted by the beam simulation.

The world’s first non-scaling FFAG electron model of
muon accelerator (EMMA) for future neutrino factory
has been successfully developed recently in the UK
[15]. One of the unique features of this machine is the
beam acceleration using fixed frequency RF described
above. The neutrino factory (NuFact) which devotes the
lepton flavor international collaboration experiment
with high energy neutrino beams is based on the muon
accelerator complex with non-scaling FFAG [NuFact
(2011)]. As an injector of non-scaling FFAG, a
recirculating linear accelerator (RLA) is a candidate in
the present design of NuFact. However, the RLA is a
cost-driving accelerator in the NuFact complex, and a
scaling FFAG using stationary bucket or harmonic-
number jump acceleration is also under consideration as
an alternative [27,31].

Advancements in the beam optics and dynamics based
on the studies of zero-chromaticity and flexible designs
in 3D phase space become possible only now. A very-
low-energy neutrino factory (VLENF) project has also
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been discussed as a front-end for a neutrino factory. The
facility is composed of a pion production system and a
muon decay race-track ring with a straight length of
between 50-75 m, where a race-track scaling FFAG
consisting of zero-chromatic straight sections shown in
Eq. (8) with a center momentum of 3.8 GeV/c, as
shown in Fig. 5 is promising [29,30]. The ring has large
transverse and momentum acceptances of more than
0.01m.rad and 20%, respectively.

[SUMMARY]

The unique features of FFAG compared with the
ordinary accelerators are that it allows a strong beam
focusing in 3D space (AG focusing and phase stability)
and fast beam acceleration. These are both beneficial
for high intensity beam acceleration and also for rapid
acceleration of very short lived particles. The scaling
zero-chromatic FFAG, in particular, has fairly large
momentum acceptance, which could also be very useful
for large emittance secondary particle beam

acceleration.
17
16.5%

16

Fig. 5. Design of a race-track scaling FFAG for 3.8
GeV/c muon decay ring for
nuSTORM project [28].

Actually, these features are not provided by ordinary
ring accelerators such as cyclotrons or synchrotrons and
recent studies and developments on scaling and non-
scaling FFAGs show that FFAGs have very large
capabilities in the fields of high intensity proton
accelerator for ADS and muon accelerators for a
neutrino factory. As for beam acceleration in FFAGs,
fixed frequency RF acceleration such as serpentine
path, stationary bucket and harmonic-number jump
accelerations become feasible to allow very fast
acceleration. Moreover, various RF gymnastics such as
stacking, coalescing and multi-bunch acceleration can
be possible. Advancements of the beam optics and
dynamics of FFAGs based on the studies of zero
chromaticity present more flexibility of beam optics
designs in 3D phase space such as zero-chromatic
straight line, race-track FFAG and vertical FFAG.

The author would like to express his sincere
appreciation to all the people who gave him the various
useful informations and results on their FFAG
developments.
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Fig. 1. Variation of attachment ratio of '*Tc correlated
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Fig. 1. ’Fe Mossbauer spectra for FegsNiss alloy.
(a) FessNiss, (b) FegsNiss irradiated 2-MeV proton at
1X10' cm?.
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Fig. 1. The attachment ratio of each fission
product as a function of the total surface
area of the primary solid aerosol particles
((a)sodium chloride, (b)cesium chloride).
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Fig. 2. The attachment ratio of each fission
product as a function of the total surface area
of the primary solid aerosol particles (@ :
sodium chloride, O : cesium chloride).
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‘ week were shown. Each point represents the mean tumor
25 3K volume + SEM. *P<0.05 differs from Group 1, 2, and 3 by
[1] Kawabata S, et al. Boron neutron capture therapy for newly Student’s t test.

diagnosed glioblastoma. Journal of radiation research.
2009;50(1):51-60.
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capture therapy for recurrent malignant gliomas. Journal
of neuro-oncology. 2009;91(2):199-206.

[3] Suzuki M, et al. Boron neutron capture therapy outcomes
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of radiation research. 2014;55(1):146-53.

The anti-proliferative effect of boron neutron capture therapy in a prostate cancer xenograft model
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Fig. 1. 'H NMR spectra of un-irradiated Eliot soil

humic acid (1S102H). (600.17MHz, Number of transi-
ents:1000 ) The upper spectrum of Inogashira-HS is
obtained from ref [1] for comparison.

23 ik
[1] A.Watanabe, K. Tsutsuki, S. Kuwatsuka, Sci. Total
Environm., 81/82 (1989) 195-200.

Influence of gamma-radiation on the chemical property of natural organic matter
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with the substrate in a vapor diffusion drop.

Yellow crystals of Salicylate hydroxylase
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Fig. 2.

(left) Whole structure of salicylate hydrox-
ylase. (right) A substrate, a FAD and amino residues
related to salicylate catalysis in the enzyme.
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Fig. 3. Reaction scheme of decarboxylative
hydoroxylation of salicylate.

235 3CHK

[1] T. Yabuuchi et al., “Crystallization and Preliminary
X-Ray Analysis of Salicylate Hydroxylase from Pseu-
domonas Putida S-17, J. Biochem. 119 (1996) 829-831.

A study of the decarboxylative hydroxylation reaction for the catalytic catechol production in the salicylate hydroxylase —revealed at

2.5 A crystal structure analysis—
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Fig. 1. Solubility of thorium hydroxide at 25°C, 40°C

and 60°C. Equilibration periods were 62, 47 and 27days
at 25°C, 40°C and 60°C, respectively. Aliquots of the
supernatants were filtrated through 3kDa membranes.
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Elsevier. Amsterdam. (2009)
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Fig.3 Absorbance of PAO+mono-C8(straight chain).
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In-situ Analysis of Chemical Reaction between Phosphoesters and Iron Surface by Neutron Reflectometry and ATR-IR.
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Fig. 1. The outline of real space D/H contrast
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Fig. 2. Typical Example of D/H contrast map
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Fig.1 TEM images of graphene-Pt (a) and GO-Pt (b)
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Fig.2 FT-IR spectra of raw graphene (a), graphene-Pt
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(b), graphene without organic additive after y-ray ir-
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Table 1. Positron lifetimes of before and
electron irradiated Fe50Al alloys.
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Fig. 1. Doppler broadening ratio spectra of
electron irradiated samples to the intensi-
ty of pure Fe. (a) 9 MeV electron irradia-

tion. (b) 2 MeV electron irradiation.
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Fig. 1. Schematic of experimental apparatus.
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Figure 1. Mass spectra of Pu.
IAEA-384(upper) and NIST-4357(lower).
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1. Introduction : Accurate and reliable data of halogen
abundance have been rarely reported for terrestrial sam-
ples, such as crustal rocks and mantle materials. Since
halogens differ in volatility from element to element,
their content and relative abundance are highly informa-
tive when discussing the petrogenesis of such samples.
Among the halogens, iodine is important element in dis-
cussion of the geochemical circulation in the earth’s sur-
face, oceanic crust, continental crust, and mantle [1].
Simply, the scarcity of reliable data for terrestrial rock
samples prevents the geochemical discussion of halogens.

There is a shortage of accurate and reliable data of hal-
ogens even for geological reference rocks, as can be wit-
nessed in the data libraries, where only preferable, not
certified, values and, for some rocks, no values are listed.
This deficit must be largely due to the difficulty in deter-
mining trace amounts of halogens within these samples.
Recently, we have improved the radiochemical neutron
activation analysis (RNAA) procedure for trace amounts
of halogens (Cl, Br and I), and demonstrated that our
RNAA data for Br and I are more reliable and accurate
than the data obtained by inductively coupled plasma
mass spectrometry (ICP-MS) coupled with pyrohydroly-
sis preconcentration [2].

In this study, our RNAA procedure was applied to 17
U.S. Geological Survey (USGS) geochemical reference
materials (listed in Table 1), where certified values of
halogens have never been reported. We will present relia-
ble data for three halogens in 17 USGS reference materi-
als.

Table 1: USGS geochemical reference materials
analyzed in this study.

Sample Type Sample Type
BHVO-2 COQ-1 Carbonatite
BCR-2 Basalt GSP-2 Granodiorite
BIR-1a SDC-1 Mica Schist
W-2a Diabase Nod-P-1 Manganese
AGV-2 Andesite Nod-A-1 nodule
DNC-1a Dolerite DTS-2b Dunite
CLB-1 Coal QLO-1a Quartz Latite
SBC-1 Shale DGPM-1 Disseminated
SGR-1b rock gold ore

2. EXPERIMENTS : The USGS materials, together

with a set of three reference halogen samples for quanti-
fication, were irradiated for 10 min with a thermal neu-
tron flux of 3.3 x 102 cm™ s at Kyoto University Re-
search Reactor Institute. After irradiation, the USGS ma-
terials were held for a few minutes to enable the decay of
28A1, and were then subjected to radiochemical separation
of neutron-activated halogen radionuclides (**Cl, %2Br,
and '?%]). The radiochemical separation scheme used in
this study was essentially the same as that described in
Ref]2].

3. RESULTS & DISCUSSION : Regarding BHVO-2,
BCR-2, AGV-2, GSP-2, DTS-2b, QLO-la, COQ-1,
SDC-1, Nod-A-1, SBC-1, and SGR-1b, two sets of halo-
gen data agreed within uncertainties, while in BIR-1a,
W-2a, DNC-1a, CLB-1, and Nod-P-1 mean values with 1
sigma of standard deviation of four sets of halogen data
obtained in this study will be reported in future work.

In CLB-1 and Nod-P-1, especially, their halogen con-
tents are higher than those of the other reference materi-
als by two to three orders of magnitude. Nevertheless,
halogen values obtained in CLB-1 and Nod-P-1 did not
always agree within uncertainties. Based on accuracy in
RNAA applied in this study, homogeneity in the powder
specimens may not be guaranteed for CLB-1 and
Nod-P-1 and those two samples may be inadequate as a
reference material.

Three halogens were also determined for two shale
rocks, and it can be seen from Fig. 1 that iodine contents
in shale rocks are higher than those in volcanic rocks
represented by basaltic rocks (JB-1) by one to two orders
of magnitude. This fact implies that iodine-enrichment
can be chemical characteristics for the shale rocks, which
could be important in the viewpoint of energy resources
in the near future.

The RNAA data of the three halogens were compared
with corresponding literature data and some inconsisten-
cies were found. The explanation of those inconsistencies
are in progress.

2% 3Lk
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Fig. 1 Effect of knockdown of chk-2 and clk-2 on the

post-embryonic  development of ndx-1(RNAi) and
ndx-2(RNAi) worms and ndx-4 mutants. (Upper) Life cy-
cle of C. elegans. (Lower) The values indicate the number
of viable L1-L3/the number of eggs (white bar) and viable

L4 and adults/the number of eggs (gray bar) (ref. 2).
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Fig. 2 The sensitivity of SCC VII and Hif-1a /- cells to
metformin. Cells were treated with the indicated concen-
trations of metformin in medium without glucose for 24 h.
Percentage of dead cells was determined using propidium

iodide (PI) staining.
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Fig.1. Structure factors S(Q) for PdgySiyg amorphous al-
loy by X-ray and neutron diffraction.

ERETHAEZRIATSZ LX) S(QEEWVQ
FEIR F CHIE CT& ., FEZERM oS R EIR O R A
EHECED Z LI L, TN T 7 A543 41
K=y FREAEETHD LRSI &N
T& 7=,

TDOYEE, TENLT 7 AG4E OISO RS % 7
LE9o &, BERWVE OMHEEOEH 2R CHRAL
NTWiz, 27T, BxlI&E-4JFE%RD Ni-60at%Ti
TENLT 7 AE4AETONI R EEZFIH L, REeEo

BELIRIE<b>%2F L R 7 BN T 7 A& ER L,
Bhatia-Thornton % S(Q) ™ #7545 1& K ¥ Sxn(Q).

Sne(Q)y SccQZEMBER S HEX T Z LIgkB L
2], FHZZ8H L TS b A7z Faber-Ziman HUE /51

ERF Snini(Q)y Sniti(Q)s Stimi(Q) % Fig.2 127",
8 NisoTieo Alloy Glass
2 L
/\ Ni- Ni
6
| Vi
§_ 4r Ni-Ti
B4 \/\,\
2+ A
M /\ A Ti-Ti
4 ]
05~ 5 10 15
Qa (A

Fig.2. Partial structure factors Snini(Q), Sniti(Q), Stiti(Q)
for Ni-60at%Ti amorphous alloy.

INETOTENT 7 AEEITIKEREED L AR
T5HZ LI Lo TEIERI TN A3, 1980 4F1(%
Ah=mnrrTaAry (MA) BECIDTELT 7 A
{ERFEE L 720 . ZOFEOWIERPEA E72oTz,
Z ORI R R ERE &b 5 HIET,
RAEW % EMKS TESILr>TENLT 7 AL & &
b, T, AYIZRF LV ORER I TW
HOMMENS BN FICHENTWE, £Z T,
Ni-75at%Ti FHLEK D Ni 3K & Ti RO A I =H LT
AT EITV, EOMEREE Ni 725N Ti Fliio
T FUERILERS ZNLZENLE & A
(bxi=1.03x10"% cm,, br=-0.33x10"%cm) & V9 FifET7-
DFFE Al > T3], b L. ALV TRA
L.Ni & Ti B2 80 5ol s &, AOMHEN
AL DT L7, Fig3 12 Ni-75at%Ti L% D Ni ¥
RKE TiRDO MA BFED 2 K534 BIE g(r) % 179,

|

T
Ni-75at%Ti zero alloy 1
Qmax = 20.0 (A7!) _|

o AAAAAA 0

8
7A
6

Ol RTINS

SN VIR
I A A
5 /\\/\/‘/\l MA400
i v \/ MA800
0 \/ | 1

0.00 5.00 10.00 15.00
r (A)

Fig.3. Pair distribution functions g(r) during the mechan-
ical alloying process for Ni-75at%Ti powders.



Fig.3 /LB 50372 X 912 MA BTl Ni-Ni 72 5 QN2
Ti-Ti #HEDOED E—27 LMFEE L7200, MA400
R 2z 2 &, 25A FHTICEDO B — 7 RS
HE oAb, 2O —27IINI-Ti fHE T, MA I &
> TRA LV DRE
HHRCTHIO TOERBGEN & 7257,

WIZ, MA OTENLT 7 ZETIEp->< D LR
BEAINEN TN T2, TENALT 7 2 LB O E
EloaRBIZBETxS, LirL, 2FEEM LD
FOREGLFNIEI TENLT 7 25 BlET 5 =
EIFEH LW, 22 THHMETOREAEIEA LT
M a7 o712, BIETRRZL I, VIEFD b A
Ni JRFDZ & H_TIEFIT/HSV (by=-0.0382
x10"%cm. by=1.03x 102 cm) DT, Ni-60at%V & D
MA JEFE O RS 8122 TIE NiiE O I DAL % 3B IR
BT LT D, TOTENLT 7 AMLilfE
DOREEAL % Fig.d (\ZxT[4],

300
270
240
210 |-
180 |
150 |
120 |

F  NisoVeo

RDE()

number

o7 T T T T

r ( A)

Fig. 4. Radial distribution functions RDF(r) after 0, 50,
100, 200, 400, 800hrs of MA for Ni-60at%V powders,
together with Ni-Ni correlations of FCC Ni crystal.

Fig4 TR 5N S X 912 MAO B¢ Tld FCC-Ni ##
fBD Ni-Ni FHB 2R LTV 52, MA KRR o &
I 2FHL 5FEO NI-Ni fHEE— 27 DAL -
WABlE STz, FCCREMMIL 8 mik==> h& 41\
Raa=y FTHERENTWALZ b, 5 2. & 5
Mz LB T DB S e b &iE, 7
LT 7 AT E B RV 8 ik =y FER, 4
A=y MIEMLTWELEZ A2 RLTWNS, =
WIET LT 7 AEEORENEIZ 4 mFEL=> b
THERINTWDEZ EE2X ALY MURLEEHRT
WD TEBRER L 72572,

3. FEBR - R T IREA

S TR EBRATICR T D OME T, ZhETO
72 D REEMA OMFZE/N . MEhE B2 7= T
Wtk b U< THEE & BPRHERE ) o BEAR O fiF A
WCHLN S 7 b LT,

TENT 7 AEEOEAREEX 4 A= N T

WEITT D2 2R T HDT,

_74_

D LMoo, G L ZEEOBBRIIAHTH
5o, LT, BEMOEBNWTELT 7 2AEELED
TRWTENLT 7 AHEOHBIEDLRIZL D | ZE
P& REE ORISR E AT, B E LT, W7 ATBAKL
BENEL . BER Cupsliey 7T ENT 7 AE4E L,
H T ATGREEDME NisysZrgsr 7 BN T 7 A& %
BATE, TNOLDOTENLT 7 Z5EOHFHETFR 5D
W X HREIPTRBRIZ L > TR L S(Q 6 U /R—2
T T AN RMONEIZ LD 3RTHEET T VO
L, WHBEORM A R LTz,

(a) around Zr atoms (b) around Ni and Cu atoms
T T T T T T

§ g

036400 [T 13 .;,-: 036000 |EE— :
0110200 [ME———. B3 = 036100 |NEEEE—_GE_—— 10 f;
028200 |ME— 12 g* 028000 [|EEE——>_—— i g
5 036300 12 é . 044000 8 g
T 028400 |, 14 :5 %023100 — n :5
% 028300 |[EE 33 ;g 044200 [ E—— 10 g
Euonooo p— 12 S S 044100 |m— 9 3
§ 036500 [mem 14 E Eousuo p— 1 §
028100 [ 1 _% 036200 [ 1" _§
otosoo [, o lu g 028200 M 2§
044400 [, :I(_”l:"‘zr”': 12 3 0012000 g -.\‘h“,Zr,,, 2 F
044500 [ : i * 13 B 036300 ;“:J(“‘lnzﬂm n -

0 01 0.2 0 0.1 0.2

fraction fraction

Fig. 5. Voronoi polyhedra around Zr (a), Ni (b) and Cu
(b) atoms for Nis33Zre; and Cus;3Zres7 amorphous al-
loys.

PR HMICT 5720, 3 RootEET
IAZET D S EARIRNT 24TV, Ni i, Cu 1%
LT Zr T 2T 2 Z IR O 554 2 i~ 7=,
Z D J7iEIX Voronoi Z i KfENTIE ToH %, Voronoi
ZERZ, i HOBELOEHOEE 0, TRTZ LI
£V (n3 ny ns, 06 070 )DL HITERIND, Figs
X, Nisz3Zres7 782 H T CuszsZreers 7 TN T 7 A G4
DOHEEZ TR L TWD Zr Ji -, NiJii 1% L C Cu Ji
T OZEEEZRL TN D,

Zr JRFJE Y O L HE KR IEL NigaZrgs 72 H N
CuzssZiges 7 BN T 7 AHEETELBUTBY, —+i\
Ty L FENICE MR ZRETHL Z LN R H
fiECx %, ZAUIK LT, Ni & Culii 8D OLRE
1 Nis33Zrgs7 7 EIVT 7 A4 & CusssZreggs 7 BV T
T AEETREL ER-TWVD, T bbb,
Nis33Zre67 7 TV T 7 AE4O Ni KB Y OZHE K
I, ZATU XL (036000) 9T NALFAT AR
URAL028000)72EDT U XA R THERL
SNTWDZ B D, —J, Cussslresr, 7 E/NVT
7 AE4a0 Cu i ORI, ik (0012
000)H L<ITZFHICHEL L=2H A (0282000),
(036300)2ENELAFTET DT ENHLNITRS
72[51.

Nis33Zrg67 78 & ONE CuszsZress 7 ENT 7 A GO
EOWEND, TOREEEEDL L, 20 2FE
DT ENT 7 AEE&O Lt F1E Y OL%EKRIT ik
FmhlL<EFHEULZZHEEKTHDL, £ L T,
Nis33Ztee7 7 TV T 7 AE4EO Ni JFHHY D% O



LKL NiZn, fEICFTET 2 =A7 ) XA Z R
ELTEERETHY . 21Uk LT CusssZrgs 7BV
77z 40 Cu KA IF - HEAEDL LITEN
CHPRL L2 EER CTRERMICER I TVD, 20
‘M&EU Cuﬁ%ﬂbm%ﬁ¢®éwﬁ 2 FH¥H
DT ENT 7 AEEBDOTERERL WA RF
LTV%E%KEM%WO
L Bx o v—FTik, 2EEER~DREB
%ﬁ%ztt%ﬁ/hgﬁﬂ®% G b NCA A
(BRI ORI
ZD 1oL LT, (LS)(P2Ss)iex H 7 AR LisP3Sy
WL TEREMIZE H L. (LiS)(P2Ss)ioox H 7 AD Li
BEO#HEMICE 2 A vrmEDONE, LT
(Li2S)70(P2Ss)30 H T A5 LisP3Syy HELE MG i~ D2
BT A AR EE 2N —H7 L B 1A (107 S/em)
T 5 Z Lkt T o & R OBIR AR AT,
FT. FHETR LI XBRETERH L5 Lz
Wi T —# % FEIZ RMC IEIZ L 0 3IRILET LA#IE
BREEE U7z, (LiaS)70(P2Ss)s0 H 7 AF KON LisP3Sy, %
LERE mOWIEDZ BT 2175 2 LI2 k- T,
Li A AV BNRZERYA MIDBIROEERYA MK
@L1w<tw@[mmn: %@Aﬁkh%ﬁy
& L'C%O)*)‘/r R % FEAIC AT, %OD#%\ ac- [S4]
L= K @ff",'& i& (LizS)70(P2$5)30 I AL H
L17P3Sn E%%fftaa@ﬁﬁlgb‘ ERGghoTl, &6
(2. [LiSs) =~ b DI HSE D IALE T 5 ac-[S4]
< = K %) (LizS)70(PQS5)30 77 TFADODZENLXY %)
Li;PsS, MR TERERDO IR 2GS FHETDHZ &
RO 272, Z OFERIL. LisPsS) ¥ E RS
PM(LiS)70(P2Ss)so T A & | FIRIZH VT 1M1
EOREVEREENE L R ITHEEFNERZR~T S

DTHY, B ERTHDL EVR D [6],

Fig. 6. Conduction pathways of Li ions for (a)
(7Li28)70(P285)30 glass and (b) 7Li7P3811 metastable crystal.

IHIZ, Li A A ror@ZEfoRR{bE . Bond
Valence Sum (BVS) {E% i /0 LT, LisPsSy HELE R
filn D Fx 72 5 3 (LizS)70(P2Ss)s0 7 ATHB N T HIT-
TofE R, Fig6 \Z8 9 K 912 Li A 42 OfREREEE N
BohE7rolz, ZTHET, R TlEvF~ox
YR E—IEMEMIZ LD, A4 DRERE O

BRZHTTHIZREEZRHAL TS,

HALZIT> TECWVAHR, HTATITEATE RN
ZEMmn, BVSIEZIGH L TT e 7 Ao A 4
MEER I OEFACIT IR TR O TOR R TH D71,
SHIZ, LAAVDEHLESEZRT T A—H
E LT, BEEDOA AL EBEBEOA F > DOMigko<d
nWaEMRND & A F MAREOIEMEL T KL X —E,
ERWBERNRH D Z ERRNWIEE N7, bk
FIX, BEORKEE ML OTEN LR EZ RTH
—BThDHEBZTND,

4. Bz

FLOZNE TOMTED —H % 4 b= N AJICE
TN, EX N LN BT RNE o7,
INbTREFE S Ba BT D EZARLND
IZRDB DNz, FAOAFGEA Z A NV iFEHRE & LT,
(OB ERL QM EHRFEORIE, Q)EEORIE,
DTS AT DOREE, 217> CTE -, FICHED
TERLUCEE LTI, MEHRE L CZEb &t - CTHf
FERALTELILICHAEZR>TWD, 277,
ZHEE ALK AN TR ZFITATZZ L
ThHO, EHLIZW,

HHEE

FAERF:, At BERFERRICIHICHEZIT > TE
tﬁb Z L THERMRZPRF I RBRAT OB, 205
PR ZAT > TE A INEREER, i
@ﬂ&(ﬂMﬁﬁ\m JERERSE . /B S B T Bh 2
Z L THAES AVEIZEGETT 5,

\—/\

EEBUN

[1] K. Suzuki, T. Fukunaga, M. Misawa and T. Masu-
moto, Mater. Scie. Eng. 23, 215 (1976).

[2] T. Fukunaga, N. Watanabe and K. Suzuki,
Non-Cryst. Solids 61&62, 343 (1984).

[3] T. Fukunaga, M. Misawa, K. Suzuki and U. Mizutani,
Mater. Sci. Forum, 88-90, 325 (1992).

[4] T. Fukunaga, Y. Homma, M. Misawa and K. Suzuki,
J. Non-Cryst. Solids 117/118, 721 (1990).

[5] T.Fukunaga, K.Itoh, T.Otomo, K.Mori, M. Sugiyama,
H.Kato, M.Hasegawa, A.Hirata, Y.Hirotsu and A.C.
Hannon, Intermetallics 14, 893 (2006)

[6] Y.Onodera, K.Mori, T.Otomo, M.Sugiyama, T. Fu-
kunaga, J. Phys. Soc. Jp., 81, 044802 (2012)

[7] K.Mori, T.Ichida, K.Iwase, T.Otomo, S.Kohara,
H.Arai, Y.Uchimoto, Z.0gumi, Y.Onodera, and T. Fu-
kunaga Chem. Phys. Lett., 584, 113 (2013)

J.

Materials Study using Neutron Scattering
Toshiharu Fukunaga
tfuku@rri.kyoto-u.ac.jp

_75_



% 50 E IR ZERTIF RBRETAIRER 72 7 7 A

BEMEER : SER% 28 4E 1 H 27 A (UK) 10:30 ~1 H 28 H (K) 16:20
WO 2 IR FR I ERT HEHSEE
RAH—2 [Fil MEMSESEB Lo B —

1 A 27 H@GK) 10:30~17:10

PAZORE (10:30~10:40)  FrE Jldth vl

JOC I RRMRER

PJ1) 10:40~11:20  J&E IStk &)
A A= D& & S
JER - A TS Y (MR PR T 98 40 1)
FRIEZR ]

rEVORER

T1) 11:20~12:00 JERE w5 f##
NA RFEIWONT R A R HE TG L 0] 0D 72 6D O Hpk - s 5 B s
JR -1 TR geEi e (R S0IR & 28 B T F 9050 B7)
LA

(PR ) 12:00~13:10

rEVOREER

T2) 13:10~13:50  JER 7&Kk #&w)
FERR AR 74P FEBRPT I 38 1) D IR EREREN o X 7 A DI TR OBLRIZ DT
JR T 1R TP SeE M (B 2SS R 7 A T f e 53 B)
s

(P& ) 13:50~14:00

IR

S1) 14:00~15:00  JER A
NERES DO FTHIS : New horizon of accelerator study

JRF D IEWER AR TEAES (HIei L 2 B T2 5e . G BRIEF 13 AT L9ES8)

# s

(PR ) 15:00~15:10

-76-



—RER (KR4—RR)

(15:10~17:10)

P1) o FEEHAIEAG a NOX v U 7 AfifE %)%

OWf B, Hrr =, B —/&, B 8, 2L —5% QERPD. &l —H (RIREER) .
#roil CRURIA)

P2) X#T AT T 7 4 & AT FEIEE A ORE

O ki $REE, ok s (BR) . Ak fnlE (BAKBE) . ik Ko, R &5 GRRIA)

P3) HEMHELIHEIZIIT D KUR BCRBREHAR D B SRk i i A5

OfFffg KIr. g Z&w] GLRIF)

P4) YRR T 7 AR D%y SR O ) 75 24 )

O i, HrH B2/ GRKRPEL) ., M@ %=—, BAR & 1w g XM %9 IR

P5) NC il T2 (&2 K 5 [Blisss A1 X 7 — o HRUE

OfFK MA&, BE B, el Mk GURF), Mg fath, (g 8 20 L, Ik f— (BRAF) |
FeH T CGRRER) . il &, H EL (BRI #ha] GRREA)

P6) HEAKFEALH T B % Ml & L T VR LA SE AT

O KRR, 2877 B17 GURIF) . Wi T (TER RS, 8 BE RkHE) . E% K
ORRE) . I A GRERIF)

PT) HHHRIC L > THEL S IDNABIEDONT-F 0 | 2%A

—arednE s L X —8E) (FRET) W=7 VY uo—F—

O7Fffy &, FERE E&k (JAEA). 7k % (RUKRIA)

P8) A A L MRET &H7z Fe-Ni Invar d A Z 87 7 —45 6 IE

ORTF IESR(ERET), —JF 2t (JAEA), = 215 CKIRFKR) ., LB ==, W
CRURIA)

P9) FEEMMEAT DT D ZhEA e 2 Xy O FEKFEL

OEH B, &K =4 KR

P10) BB L0 AR L= 7 v Y s 2 K4y S B D 1) 75 258

O¥H H2Jr, B it GERBET), BIA #, & %= W . XM % IR
P11) BSEARFEIZ T DA Hh v TP RiE (BNCT) il sh 5

O f, féoc #AE, M =8, S BA, &A R, E5 — Bl BA, AL &
(KER) . $ak 52 ORI . B B OUFR) . B BN (REKX)

P12) H o~ #REREHT K D RIREREDE DAL IR TEZ AL

O#%JE WF, xR Bz OERT)., B & GIRF) . bk KiE ORI, B 217,
R OEE, W4 ot OXRIF)

P13) W7 3 —)VEEEIZIS T DR EE « IKEEFEAT N SHERE DB %2

— U FOVERKERALEE SR O A ST 2> 5 —

O bAf #ath CGRURBEERD) . Bl EF GURIF) ., 2 A, BR BR (JAEA) . &/A 4
CRURIA)

P14) Th /KER(LH) DESIREE ¥ L ONEFREOIR B AT BT~ 2 B 22

OFEIl &, /IR K&, xR Bz KRBT, BB =, i BT GUR)

P15) MR RO ERERS L OVATR-IR {EIC K A BFE I T 5 U V= A 7 /LRI D
WA« SO ZEE) O fR

Ol AA¥-. #koo FIK, A H MHEE, faf 48 (FEEKR) . B ER GRKRF)

P16) EHPTREKIFICEBIT D KA T v VIV O THRIEE L

OfFffg FH. WA B (KRB . )8 B, BA B GURIF)

%&

_77-



P17) B RNV X—FBA RIS L& o 7 2T oK FE RN A

O 28y MG, M8 A8 F (BILR), # dl GiRIp) . ek fh— (BEREIR). sl s CGRAER)
P18) D/H =2y b7 A bk & dik 7RG S fRpT

OFNT 17 OXRIF) . BRI 15 (JAEA)

P19) 7 o AEeOMHET G- 2 2 BT D8

ORE H&K (EIEKRE I, FEiE fh— (BREEKR). & il GURIF) . f&oc
(& H R bF)

P20) y#RBHHNC K DT T 2Pt F ) ar Ry y ROERK

OXE 87z, fhva s, HEH s, B @ 8 sl (RBRIFRL) . Kk 7w

(HAER &) PRAHENS GO

P21) FeAl @RBEULEW~DEFHIRIIZ K D KIEAERD =1L X — (KA

O Ly BGE, Mk —3, A K&, & 5l (RIRIFKRT) . KiE — AN LRSI .

A e, IR CRBUFRT) ., & L GRERAE) . ik fh— (BEVER)

P22) HEA A AMREE NasPS, H T AB LI OA T 2 ® T I v 7 DR

O/NBFSF B, & —IR GRURIF) . KA ZEik (KEK), f@k i (URSF)

P23) BEAKIFH = > K80 RVNARTEEE KUK AR O i R A28

O FH IKIF), HElE CRKEANR—T 2—XK)

P24) FWUXIRIZ 35T 2 BARERRZE B LA D VI L 1 BRI

O H i, PR &k, i &, B REgL, Ex R E— R HE, =R &m0 Al (KEK) .
A R (ML) . RS B, AEF BEE R B B Bl (B . B R EEFR).
ek #h— (BEIRER) . ZRIL wf. =H JEE. & FIE. & L, #BF B80E GERF)

P25) Hrar & BALR T T A DRERE & A A AR

OHE —1= GUKPE) . /NEFSE B, & —JIR. fak B GURF)

P26) Li,S-SiS; A A ARENT T ADKEE L U F U A A ARG

OFEfE HEET GERBET) . £ —IA. /NEFSFE BB, fak @I GR4A)

P27) Li:PsSy HEZZEREM F D Li A A 288h K OMRE R

OFH g XKBET) ., &% —Ia, tEk B GEXRE) . Sl &, )L 15 (JAEA),

KAT HeRE (KEK)

P28) J-PARC/MLF BL06 VIN ROSE & FitE~+4#E5% 3 Z —BIFRE D BLIR

OBRE 1B OURIF) . /NE AR ORI, FHk M, el Hak, 2l B8, ) #65]
RURIF) . =g 1=, (il a5 (KEK) ., M& #ht, 26 70, g fi—. e & (R .

BHE T GRRCEMER) . ®E % dbkT) . E3oEs, dbRT) . #E Fid (KEK)

P29) B-3/NMHZ H BT RIPT RHEE R O HERIR DL

O# —JR, ¥ s, )i #iw], fEk B GIRF) . ik fik, SFE 9L (KEK)

a R/E GRAEKEHF) . A G GRIKT) ., % &k GEKRBET)

P30) KT L —JhiE k% #"Th 7> 5 O B2 4RI EHIE

OZH B, Sk B, | EXR (RKEEHE), B =, KM 8 GURIF), =58 TR
(HAE R & - Koe) . B 2 (BORPeEd)

P31) 10MG y DO #RMEZ B 15 U728 MaRRiRiR g 5 1 OB %

Otk B, & Fe] GUKBE L), KRR B (GERAD . HE B B2 B—R. =& it
(FRRFENT) . WA R OREHESE) ., KR B IR E #E CRIRIF R E) |
EAR AL CGRURRBET)

P32) 4 - % iV 2 TOF-MIEZE A B o o — 5k

O/hH #Z2ES OXRT) . HE B, JIbm thia] GIRIE) . ko Mg (4 KER) | Peter Geltenbort
(ILL)

;%

-78-



P33) BER T CERIRLZHERE DT T2 - TV =7 ADORNAR T

OZJ #E=], #H A, B BT, 88 B, &y = IRF) . % ET7, K 3
(fEER) . 4 oo OIRIF)

P34) XHRT AT T 7 412X DAKFNY RIVNGIR RO R A RS

Of5Ys e, =W &, B Jft, AR B, I E3 (PR ik K, miE R
CRURIA)

P35) KURAMA @ BHF&IRI

OBK B, w4 2, Rk E1E. /R B GRIF)

P36) FRBLEE S A SHTEE W2 v T AT OEKE N T v B A N O

Ofcig #h— (BB, HE MW, & oL GERFE) . BH HR GEKT) . |F BIE GIKIF)
P37) A b F U LRI T DONFRBNEIZ T D RS RIS 11

O BEX (CRER), AR #— CRLKREFE) ., 5 B (KREXR)., BH 217, @8 1.
SR BER] CRORIE)

P38) BESLSIEHIENC & B K Taohi ik i D5 BV

ONHE 1= KRB, JHE KIr, g Re OLRIF)

P39) $hE A~ AP DELTiAEE (2% 2 Wk R m ek o 8

OF#E X LKD), OHiE KIr, mik &e OLKRIFE) . =& A8 (INSS)

P40) FHEER T B L BTiE 2 W T2, -IER L RO BEHARE P o fE N a 7 D43k
OBFIAR 2 KIF)

P41) D-D HE 7R A W= - ROV —FpBINEIC X D W EIRI Y AT LD BIR
OtpE Frak CRKRBD) . =3 . & Bz, ek BRI Gokae)

1 H28B(CK) 10:00~16:20

TPz HOMRRERER

PJ2) 10:00~10:40  JER AKEF %
JRF S EM BN 31T % id = 1)L — R F-HR 00 BRI 20 R
JFF- 70 FEE TR IEE P (RSB L 9245 B )
L

HARE

N1) 10:40~11:20  JEE HEK E—RR
NS NI NBR S A AR & L 72 203 A il e e Sk
TSR AT CRL 78 A4 A 98 0 )
HH &4

-79-



AEE

N2) 11:20~12:00  JEER W7 3k
o= ERWTERA - g frOAa—X A F I 7 A%
LB IEREVERF I Y (B W B AgF 9845 B )
TEE EAR4

(R FH) 12:00~13:10

rEVORER

T3) 13:10~13:50  JEE #Kk £
IS BNCT 0D 72 8O D A1) JERREF ST — IMEESEE 7 VA AR & IS s Al 2 B3~ 5 WP 98
BRI e v 2 —  CRL - RR B A 78 0 BF)
g B

(P ) 13:50~14:00

e ]

S2) 14:00~15:00 JEE f&an &
A hEf&EBR->TA4TH R - B, =1 /74V, ZLTHESE
JE A F1HE R TR SE R e PR FE Y 2 08 B TSR 92 45 %)

e

(P ) 15:00~15:10

e ]

S3) 15:10~16:10 EE H A
W ME P IBOEL 2 05 o 7o A EHIFSE
BLA-RRIEFEDPERFTEE (R BH R 2 9T 50 BT )

Rk s

oY (16:10~16:20)  FrE JIGE #hiw)

-80-



KUR REPORT OF
KYOTO UNIVERSITY RESEARCH
REACTOR INSTITUTE

FATHT  RE R 28R T

FATH PRk 28F1 A

FERr KO RrERBRENET AP 2 T B
TEL (072) 451- 2300

POl SN TG SCE O HFE . B L OVAREEHEIIRA & U TR PR TR ERATIC R E T 5,
ARFEI IR ZZAMNERY A D VISEEE - AT 55D E$ %, http//repository.kulib.kyoto-u.ac.jp/dspace/



	
	ストロンチウム及びカルシウムの化学交換法における同位体分別研究 II

	大阪医科大学�
	不安定原子核の理工学

	
	名称未設定

	名称未設定
	名称未設定



