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of analytical techniques have been employed, including field-emission scanning electron
microscopy equipped with energy-dispersive X-ray spectroscopy (FESEM-EDS), transmission
electron microscopy (TEM), and inductively coupled plasma atomic emission spectrometry
(ICP-AES).

Cerium concentration in solutions decreases as

a function of exposure time and more rapidly at pH = 5223
5 than at pH 3 or 4. Analyses of the yeast cells by ;
FESEM, TEM, and XAFS show that needle-shaped o
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Ce(Ill) phosphate nanocrystals with a monazite
structure formed on the yeast cells by exposure to
Ce(Ill) for 42 h (Fig. 1), even though the initial

solutions did not contain any P species. The Ce(III) Monazite
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phosphate nanocrystals grew from about 50 nm to
hundreds of nanometers when pH increased from 3

to 5. Lower pH resulted in higher P concentration in
Fig. 1 SEM and TEM images of yeast
exposed to Ce solution for 42 h at pH 5. EDS
spectrum showed Ce and P are contained in
the precipitates formed on cell surface
shown by ¢ with arrow . TEM and SAED
showed clear fringe indicating that monazite
is developed directly from the cell surface.

the solution after the yeast cells were inoculated,
indicating the release of P from the yeast cells.
These results indicate that the sorbed Ce on the cell
surfaces reacted with P released from inside the
yeast cell, resulting in the formation of Ce(III)

phosphate nanocrystallites.

Yeast-Yb, pH 4, 96 hours

When the yeast cells are exposed to the
solution containing 1.44 x 10 mol/L Yb(III)
(heavy REE) for 2-120 h, and two months at 25 + 1
°C at an initial pH of 3, 4, or 5, Yb concentrations in 2

. X . Yeast-Yb, pH, 96 hours Amorphous Yb-phosphate phase
solutions decreased as a function of exposure time.

Field-emission electron

with

scanning microscopy

equipped energy-dispersive X-ray

spectroscopy (FESEM), and transmission electron
(TEM)
nano-sized blocky Yb phosphate with an amorphous

microscopy analyses revealed that
phase formed on the yeast cells surfaces in the
solutions with Yb (Fig. 2). These nano-sized

precipitates that formed on the cell surfaces

——1um

Fig. 2 TEM images of yeast exposed to Yb
solution for 96 h at pH 4 and 5. EDS
spectrum showed Yb and P are contained in
the precipitates formed on cell surface
shown by circles. SAED (not shown) showed
no fringe indicating that amorphous
Yb-phosphate precipitates are developed

directly from the cell surface.

remained stable without changing their size even

after two months of exposure at 25 £ 1 °C around
neutral pHs.

The synchrotron-based extended X-ray absorption fine structure (EXAFS) analysis (Fig. 3)
revealed that the chemical state of the accumulated Yb on the cell surfaces changed from the
adsorption on both phosphate and carboxyl sites at 30 min to Yb phosphate precipitates at 5 days,
indicating the Yb-phosphate precipitation as a major post-adsorption process. In addition, the
precipitation of Yb phosphate occurred on cell surfaces during 7 days of exposure in Yb-free
solution after 2 h of exposure (short-term Yb adsorption) in Yb solution. These results suggest the
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transformation of the adsorbed Yb to Yb phosphate
precipitates on cell surfaces, even though no P was
added to the exposure solution. In an abiotic system,
the EXAFS data showed that the speciation of
sorbed Yb on the
carboxymethyl cellulose and Ln resin, did not

reference  materials,
change even when the Yb was exposed to P solution,
without forming Yb phosphate species. This result
strongly suggests that the cell surface of the yeast
plays an important role in the Yb-phosphate
precipitation process, not only as a carrier of the
functional groups but also as a substrate inducing
the nucleation of phosphate nanoparticles.

These results indicate that light and heavy
REEs behave different manner at the biological
reaction environments. This fact stimulates us to
investigate the behavior of series of REEs at the
biological reaction environment. We have a plan to
study on the behavior of series of REEs by yeast.

We have demonstrated the effect of biological
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Fig. 3 (A) The EXAFS function, k3x(k),
where k is the wave number. (B) The radial
structural function (RSF) at the Yb Liur-edge
for the chemical standard of YbPOs, for Yb
sorbed on the reference materials of CMC
and Ln resin for 2 h in P-free solution, and
for sorbed Yb on CMC and Ln resin with
continuing exposure in 1.0 X 104 mol/L of P
solution for 24 h after 2 h of sorption,
respectively. The dotted lines show
simulation data of EXAFS spectra using the

parameters extracted by FEFF.

reaction environments on the behavior of series of

REESs using biogenic Mn oxides. We have conducted sorption experiments of REEs on biogenic Mn
oxide produced by Acremonium sp. strain KR21-2. The distribution coefficients, K4 REE), between
biogenic Mn oxide (plus hyphae) and 10 mmol/L NaCl solution showed large a positive Ce
anomaly at pH 3.8, which was consistent with previous works using synthetic Mn oxide. The
positive Ce anomaly was caused by oxidation of Ce(IlI) to Ce(IV) by the biogenic Mn oxide, which
was confirmed by analysis of the Ce Ly;-edge XANES spectra. With increasing pH, the positive Ce
anomaly became less pronounced. Furthermore, negative Ce anomalies were observed at a pH of
more than 6.5, suggesting that Ce(IV) was stabilized in the solution (< 0.2 pm) phase, although
Ce(Ill) oxidation to Ce(IV) on the biogenic Mn oxide was confirmed by XANES analysis. We
demonstrated that no Ce(IIl) oxidation occurred during sorption on the hyphae of strain KR21-2 by
the K4(REE) patterns and XANES analysis. Then we analyzed the organic-molecules in the solution
by size exclusion HPLC-ICP-MS , and found that some fractions of REEs in the filtrates (< 0.2 pm)
after sorption experiments were bound to organic molecules (40 kDa and < 670 kDa fractions),
which were possibly released from hyphae. A line of our data indicates that the negative Ce
anomalies under circumneutral pH conditions arose from Ce(Ill) oxidation on the biogenic Mn
oxide and subsequent complexation of Ce(IV) with organic ligands. The results of this study
demonstrate that the coexistence of the biogenic Mn oxide and hyphae of strain KR21-2 produces a
specific redox chemistry which cannot be explained by inorganic species.

A negative Ce anomaly in the adsorption of REEs by Pseudomonas fluorescens was observed
in the presence of desferrioxamine B (DFO). The higher Kd of REEs was obtained at lower pHs on
P, fluorescens cells, and decreased with increasing pH of solution (Fig. 4). This is different tendency
from the adsorption of REEs on y-Al20s, where lower Kd was obtained at lower pH, and increased
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with increasing pH. Degree of negative anomaly of
Ce compared to its neighboring REEs, La(Ill) and
Pr(Ill) decreased with increasing pH. XAFS
analysis showed that Ce exists as the Ce(IV)-DFO
complex in higher pH than 6. Thus, the pH
dependence of Ce anomaly is predominantly
dependent on the stability of Ce(IV)-DFO complex.
And we believe at present that siderophore like
DFO is one of the -candidates of the
organic-molecules to dissolve Ce(IV) from the
biogenic Mn oxides.

After the accident of Fukushima Daiichi
Nuclear Power Plant (FDNPP), we first sampled the
soils, plants, and paddy area at Iitate-mura,
Fukushima on June, 2011 to estimate environmental
behavior of radioactive Cs in the fallout from the
accident of FDNPP. We have measured radioactive
Cs’s spatial distribution on/in trees, plants, and
surface  soil  beneath the plants using
autoradiography analysis. The autoradiography
analyses (Fig. 5) showed that radioactive Cs was
distributed on the branch and leaves of trees that
were present at the accident and that only small
fraction may be transported to new branch and
leaves grown after the accident. Radioactive Cs was
present on the grass and rice stubble on the soils,
but not in the soils beneath the grass and rice
stubble, indicating that the radioactive Cs was
deposited on the grass and the rice plant. In addition
the ratio of the radioactive Cs penetrated into soil
layer by weathering was very small for two months
after the accident. These results indicate that trees
and plant would be the reservoir of the fallout Cs
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Fig. 4 Degrees of Ce anomaly and Ka(Sm) on
P, fluorescens cells and g-Al203 as a function
of pH. Ce anomaly in adsorption on
Pseudomonas fluorescens cells and on
g-Al203 enhanced with increasing pH, even
though the pH dependence of adsorption
(Ka) of REE of Sm differs between the solid
phases.

Fig. 5 Autoradiograph image and optical
photograph of Torreya nucifera. Sampled at
Iitate, Fukushima, about 30 km from
FDNPP.

and function for retardation of the fallout Cs migration with rain water.

We start to develop bio-remediation method using microorganisms. Chemical behavior of Cs

resembles to K. Some microorganisms accumulate dissolved Cs, i.e. Rodcoccus erisroporis. In

addition, mashroom is known to accumulate radioactive Cs in Fukushima. We have atarted to

examine the accumulation of Cs by basidiomycete during the growth. So far, we have examined the

effect of Cs on the growth of basidiomycete using Pleurotaceae species. The fruiting body was

formed in the medium containing 500 ppm and 1000 ppm Cs. The size of the fruiting body is

smaller in the medium containing higher amounts of Cs. The X-ray fluorescence spectrometry

analysis of the fruiting body indicates that the fruiting body contains Cs. These results indicate that

the Pleurotaceae species accumulates Cs in the cells. The quantitative analysis is planned in the
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future. The accumulation ability of microorganisms can be applied to the remediation of the
contaminated land. The biological technique is eco-friendly one, so that we have planned to develop
a biological technique for remediating the contaminated land.

Originality
The research subject is based on our findings of the formation of NPs of heavy elements on the cell
surface of microorganisms, showing high originality. The analytical techniques to examine the
chemical states of actinides transformed by the interaction with microorganisms and bio molecules
are well established in this research group, and the analytical apparatus are equipped in JAEA.
Although several studies have already reported the biogenic nanoparticle formation (Moreau et
al., 2007; Bargar et al., 2008), our study clearly demonstrated that the post-adsorption process
forms biogenic nanoparticles as small as ~100 nm. The present study is unique in the point that the
compounds inside the cell are manipulated and the cell’s bioactivity was utilized to synthesize the
nanoparticles, of which the compounds do not exist in the surrounding solution. As highlighted in
Science Editor’s choice (2010, Vol 329), this is a new protocol of synthesizing nanoparticles,
featured by “Inside out synthesis”. This unique method to synthesize nano-sized biomaterial may
have some applications in a broaden area of nanotechnology.

Goals
The NPs of REE and actinides are formed on the microbial cells and bio molecules. The
physico-chemical properties of the nano-particles are characterized by using advanced analytical
techniques of XAFS, SANS, SAXS, SEC-ICPMS, SEM-TEM, and UV/VIS spectroscopy.
Goal of this study is as follows:
1. Understanding of mechanism of all REE phosphate nano-particles formed on yeast. We showed
monazite structure of light REE of Ce and amorphous one of heavy REE of YDb. It is question which
REE between light and heavy REEs occurs structure change in REE phosphate NPs formation. We
will analyze the structure of each of all REEs phosphate NPs formed on the cell surface. Then we
elucidate the mechanism of REE phosphate mineralization using synthetic organic materials having
functional group of carboxyl or phosphate. The REE adsorbed synthetic organic material embeds
on the membrane filter. Phosphate solution of different P concentration is provided through the
filter, and change of the local structure of REE on the synthetic material is monitored by EXAFS.
The bio molecules to accumulated actinides and to be template for developing NPs are identified.
2. Understanding of mechanism of actinides of U, Np, Pu, Am, and Cm phosphate nano-particles
formation on the cell surface of microorganisms.
3. For the contribution to remediation of Fukushima, we challenge to develop biological
remediation system. In this study, we understand mechanism of Cs accumulation by basidiomycete.
We also challenge to explore specific microorganism to accumulate high amounts of Cs.

Finally, the biological and chemical processes of the formation of the NPs in the biological reaction
environments are elucidated.
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Scientific and social outcomes

The results would advance to understand actinides solution chemistry especially in environmental
neutral pH solution, and to explore a new function of microorganisms and bio molecules. The
research of biological NP formation is developing new research area of actinides bio-geo chemistry,
where the effects of microorganisms on the environmental behavior of actinides are elucidated. The
research results lead to develop new techniques of environmental remediation and waste treatments.

In addition the results also contribute to develop economical methods of formation of NP.

International cooperation

International collaboration
At present, we have collaborated with University of Birmingham through REIMEI research to
explore new function of microorganisms.

Foreign research scientists involved in the research are
Lynne Macaskie, Professor of University of Birmingham, Birmingham, UK., biology.

Publication

1 Y. Suzuki, K. Tanaka, N. Kozai, T. Ohnuki, Effects of citrate, NTA and EDTA on the reduction of
U(VI) by Shewanella putrefaciens, Geomicrobiology J. 27, 245-250, 2010.

2 T. Ohnuki, N. Kozai, F. Sakamoto, T. Ozaki, T. Nankawa, Y. Suzuki, A. J. Francis, Association of
actinides with microorganisms and clay: Implications for radionuclide migration from
waste-repository sites, Geomicrobiology J. 27, 225-230, 2010.

3 Y. Suzuki, T. Nankawa,A. J. Francis, T. Ohnuki, Redox behavior of Ce(IV)/Ce(Ill) in the presence
of nitrilotriacetic acid: A surrogate study for An(IV)/An(Ill) redox behavior, Radiochjimica Acta,
98, 397-402(2010).

4 K. Sasaki, K. Takatsugi, K. Kaneko, N. Kozai, T. Ohnuki, O.H. Tuovinen, T. Hirajima
Characterization of secondary arsenic-bearing precipitates formed in the bioleaching of enargite
by Acidithiobacillus ferrooxidans Hydrometallurgy 104 (2010) 424-431

5 M. Jiang, T. Ohnuki, N. Kozai, K. Tanaka, Y. Suzuki, F. Sakamoto, E. Kamiishi, S. Utsunomiya,
Biological nano-mineralization of Ce phosphate by Saccharomyces cerevisiae, Chemical
Geology, 2010, 277, 61-69.

6 K. Tanaka, Y. Tani, Y. Takahashi, M. Tanimizu, Y. Suzuki, N. Kozai, T. Ohnuki, A specific Ce
oxidation process during sorption of rare earth elements on biogenic Mn oxide produced by
Acremonium sp. strain KR21-2, Geochimica et Cosmochimica Acta, 2010, 74, 5463-5477.

7 Y. Suzuki,Y. Kitatsuji, T. Ohnuki, S. Tsujimura, Flavin mononucleotide mediated electron
pathway for microbial U(VI) reduction, Physical Chemistry Chemical Physics, 2010, 12,
10081-10087.

8 T. Ohnuki, N. Kozai, T. Ozaki, F. Sakamoto, Y. Suzuki, T. Nankawa, T. Yoshida, Effects of
Organic Acids on Biotransformation of Acinides, in Nuclear Energy and the Environment;
edited by Wai, C., Mincher B. J., ACS syposium series 1046, 333-348(2010).

9 N.KOZAI T. OHNUKI, F. SAKAMOTO, Y. SUZUKI, K. TANAKA, H. IEFUJI and T. SAKAI,
Accumulation of Co in Yeast Cells under Metabolically Active Condition -Implication for Role
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of Yeast in Migration of Radioactive Co-, J. Nucl. Sci. Technol., 48, 1206-1213(2011).

10 N. Kozai, T. Ohnuki, M. Koka, T. Sato, T. Kamiya, Behavior of Paramecium sp. in solutions
containing Sr and Pb: Do Paramecium sp. alter chemical forms of those metals?, Nuclear
Instruments and Methods in Physics Research B 269 (2011) 2393-2398.

11 K. Tanaka, Y. Tani, T. Ohnuki, Specific Sorption Behavior of Actinoids on Biogenic Mn Oxide,
Chemistry Letters, 40 (2011), pp.806-807.

12 T. Ohnuki, T. Yoshida, Interactions of the rare earth elements - desferrioxamine B complexes with
Pseudomonas fluorescens and y-Al,O3;, Chemistry Letters, (2011) pp98-100.

13 F. Sakamoto, T. Ohnuki, N. Kozai, S. Igarashi, S. Yamasaki, Z. Yoshida, S. Tanaka, Local area
distribution of fallout radionuclides from Fukushima Daiichi Nuclear Power Plant by

autoradiography analysis,

Invited and key note talk
1. K. Tanaka, Y. Suzuki, M. Jiang, S. Utsunomiya, T. Ohnuki, Mineralization of heavy elements by

microbial transportation, 2010 Japanese Geochemical Society Meeting, Higashi-Hiroshima,
Hiroshima, Japan, Sep. 7-9, 2010.(Invited talk)

2. T. Ohnuki, Mineralization of actinides on the surface of microorganisms and minerals. Pacifichem
2010, Honolulu, USA, Dec. 150-20, 2010. (Invited talk and selected as highlighted talk)

3. T. Ohnuki, Biotransformation of rare earth elements. Goldschmidt Conference 2011, Prague, Czech
Republic , June, 2011. (Keynote talk)

Award:

2011 ASRC Director General Award: Mingyu Jiang
2011 ASRC Director General Award: Kazuya Tanaka
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Research Subject (10)

Biophysical Study for Molecular and Cellular Responses to Radiation

Group Research Group for Radiation and Biomolecular Science
Members (Leader) Akinari Yokoya
(Researchers) Kentaro Fujii, Miho Noguchi, Ayumi Urushibara (fixed-term

employment), Naoya, Shikazono (additional post)

(Post doctoral fellows) Ayumi Narita

(Students) Takuya Shiina (master course), Iyo Shiraishi (master course),
Yuki Sugaya (master course), Yuka Sakamoto
(undergraduate) , Kiichi Kaminaga (undergraduate), Yukiko
Kanari (undergraduate)

(Technical staff) Keiko Hagiya

Summary of the pre-review
Use of chemical molecules, such as purified DNA, may not reveal the mechanisms happening

in the cell irradiated. Introduction of modified plasmid DNA may replicate or be repaired quickly.
In mammalian cells, it is likely that the introduced DNA is properly modified by histone proteins
etc. to form a chromatin structure. Since these have been a lot of studies on DNA repairing
mechanism in both bacteria and mammalian cells, it is not clear what is a frontier contributing in
the field of radiation biology. Based on these facts the committee was not convinced that this
project is a cutting-edge research.

Response
In response to the suggestions of the committee, we have substantially changed our research

subject from the studies using simple model DNA molecules to studies using living cells. The
previous projects using the simple model DNA molecules have been finalized by 2012 March.

The aim of our new research program is to understand the epigenetic cellular responses to
radiation by which ionizing radiation causes trans-generational effect such as radiation-induced
carcinogenesis. The proposed study consists of two approaches to address the main objective:

1) Clarify the mechanism of mutation induction or genomic instability of irradiated or

non-irradiated chromosomes in mammalian cells induced by irradiation.

2) Explore novel radiation effects which become persistent after cell division. Effects on
subcellular organelle, such as mitochondria, will be examined using a combination of
micro-X-ray or ion beams and a time-lapse micro-imaging technique in terms of epigenetic
effects such as histone modifications. Furthermore we will address the role of non-coding long
RNAs in cellular responses to radiation, particularly the regulation of cell cycle by working
cooperatively with stress response proteins such as p53.
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Progress
The progress of the studies using simple model DNA molecules is shown in the several

publications listed below.
The other noteworthy progress relating to our new project using living cells, particularly in
respect to Approach (2) (see above), is as follows.

1) To examine whether genomic instability is induced by non-DSBs types of damage such as
oxidative base damage, we transferred an UVA-irradiated human chromosome 21 into
unirradiated mouse cells derived from mouse fibroblasts using a microcell-mediated
chromosome transfer (Figure 1). The transferred chromosomes were analyzed by the whole
chromosome painting fluorescence in situ hybridization (WCP-FISH). Most of mouse cells that
were transferred with unirradiated chromosomes remained diploid. However, in cells that were
transferred with the UVA-irradiated chromosome, we found that the recipient mouse cells
became polyploidy and induction of chromosomal instability. The results suggest that the DNA
damage induced by the UVA-irradiation causes chromosomal instability in unirradiated cells.
This is a noteworthy result suggesting that some potential contributory factors play a very
important role in the induction of instability in not only an irradiated genome but also
unirradiated ones. We are preparing a paper to publish these results.

2) We determined the mutagenicities of complex DNA damage sites containing a nucleotide gap
and a base lesion (8-oxo-guaine). We have found that the mutation frequencies observed as
point mutation at the damage sites in several DNA repair defficient strains significantly depend
on the relative positional relation of the lesions. Particularly these lesions are located in both
strands (Figure 2). On the other hand, the mutation frequencies of lesions on the same strand

Donor : Human cell (A9) Recipient (m5S)
UV-A
Extract 45k J/im2/mi . .
—\‘ Uk m?imin) Unirradiated
® %3 mouse cells
Human
chromosome 21 OO O
Microcell
___ Microcell fusion
; Recipient with human
chromosome

DNA damages by UV-A ‘

iradiation (8-0xoG) Irradiated human

chromosome 21

-

i i Whole Chromosome Painting Fluorescence in situ Hybridization
Figure 1. Schematic layout of g Elres:
the method to detect of delayed
chromosome aberrations.

* Analysis of each delayed chromosome aberrations
of human and mouse chromosomes.
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were comparable to or less than the frequency of a single 8-0x0G. Our observation indicates that
the repair of a specific lesion is retarded by an opposing lesion, but not by the lesion on the
same strand. The extent of the damage repair determines the following biological consequences.
This study has been published in Mutation Research (online) in the end of 2011.

. Schematic layout of the processing of the bi-
Materials and Methods stranded clustered damage
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Figure 2 Experimental method of transformation of artificial clustered DNA damage into
E. colicells, and proposed processing scheme of the clustered damage.

Goals
The ultimate goal of this study is to ascertain the mechanism of trans-generational radiation
effects, which are thought to induce radiation carcinogenesis. Particularly we address the cellular
responses that continue through whole cell cycle as indicated above (Approach (2)).

Originality

One of the noteworthy originality of the newly planned research is that we are finding the fact
that the genetic instability, which may finally lead radiation-induced carcinogenesis, is caused in
not only an irradiated chromosome but also in a non-irradiated one. The mechanism has not been
understood yet, because most of the previous studies have tended to concentrate on DNA damage
and its repair. In the recently-progressing field of genomic sciences, except classical radiation
biology, it has been recognized that genome in a living cell is highly controlled by epigenetic
mechanism, as typified by modification of histone modifications. Another regulation of genome
activation is by using long non-coding RNAs that have been thought not to have any functional
roles in cells for a long time. Recently these RNAs have been revealed to form a domain structure
in a cell nucleus, called a nuclear speckle, which works as a factor to regulate gene expressions.
There has been no approach so far to study these genetic regulations in terms of radiation effects.
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Feasibility

We have been restored our biological laboratories after the disaster on March 11th, last year, and
have prepared the basic facilities necessary for mammalian cell cultures. Moreover, we have put in
place a fluorescence microscope that enables us to successive observation of specific cells after
irradiation. We also have started feasibility experiments at the Photon Factory, KEK in Japan to

perform partial irradiation to cytoplasm or nucleus in a cell using an X-ray micro-beam.

Scientific and social outcomes

It has been well known that genomic stability of living organisms is seriously affected by
ionizing radiation. Understanding of the radiation effects has been recognized as one of very
important subjects in order to not only reveal evolution of life in terms of adaptation to
radiation-stresses from the environment during geological age, but also to provide practical aspects
on the low-dose effect by nuclear accidents such as the case seen in “Fukushima”.

International collaboration

We are currently engaged in two lines of international collaborative research projects. The first
project involves the analysis of radiation-induced genomic instability. We are collaborating with
Professor Peter O’Neill of Oxford University, U.K., who is highly skilled in the use of several
biochemical techniques for the study of modification of biological molecules in respect of radiation
chemistry. We will advance our collaboration program by incorporating the study of complex DNA
damage sites, as shown in Progress 2 (see above).

The second program is a new collaboration with Dr. Evelyne Sage of the CNRS-Institut Curie,
and Dr. Marie-Anne Hervé du Penhoat of Université Pierre et Marie Curie in France, who are also
extremely capable of applying a variety of both molecular biological techniques and
physicochemical techniques to analyze the effects of radiation in living cells. They are interested in
the application of synchrotron radiation to this research area and Dr. Sage has visited our laboratory
through the Invitation Fellowship Program by Japan Society for the Promotion of Science (JSPS).
A possible collaboration at the new French synchrotron facility SOLEIL between our two research
groups has also been proposed which would give us access to the two beamlines dedicated to
biology. These beamlines would provide us with soft X-rays in lower energy regions (from a few to
1,000 eV) than those available at SPring-8. Using these low energy photons, circular dichroism
method will be applied to study structural changes of complex of functional macromolecules upon
radiation impact. The dedicated irradiation system that we have in place at SPring-8 could be also
used for the collaboration project when we need to use higher energy region of X-rays. We have
proposed to Reimei Research 2012, with the research theme entitled “Initial processes of radiation
effects on genomic stability”.

Publication list (Peer-reviewed papers)

1.

Hata, K., Lin, M., Katsumura ,Y., Muroya, Y., Fu, H., Yamashita, S. and Nakagawa, H., Pulse
Radiolysis Study on Free Radical Scavenger Edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one).
2: A Comparative Study on Edaravone Derivatives. J. Radiat. Res. 52, 15-23 (2011).

Maeyama, T., Yamashita, S., Baldacchino, G., Taguchi, M., Kimura, A., Katsumura, Y.,

Murakami, T. Fluorescent probe for steady-state radiolysis with heavy ions 1: LET effects and
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time dependence of OH yields. Radiat. Phys. Chem. 80, 535-539 (2011).
Yan, Y., Lin, M., Katsumura, Y., Muroya, Y., Yamashita, S., Hata, K., Meesungnoen, J.,

Jay-Gerin, J.-P. Temperature and density effects on the absorption maximum of solvated
electrons in sub- and supercritical methanol. Can. J. Chem. 88, 1026-1033 (2010).

Oka, T., Oshima, A., Motohashi, R., Seto, N., Watanabe, Y., Kobayashi, R., Saito, K., Kudo, H.,
Murakami, T., Washio, M., and Hama, Y. Changes to the chemical structure of
isotactic-polypropylene induced by ion-beam irradiation, Radiat. Phys. Chem. 80, 248-280
(2010).

Ata, S., Oka, T., He, C., Ohdaira, T., Suzuki, R., Ito, K., Kobayashi, Y. and Ougizawa, T., High
rate crystallization of polycarbonate in spincast thin film, J. Polym. Sci. Pt. B-Polym. Phys. 48,
2148-2153 (2010).

Gowa, T., Takahashi, T., Oka, T., Murakami, T., Oshima, A., Tagawa, S. and Washio, M., lon
beam irradiation effects on resist materials, J. Photopolym Sci. Technol. 23, 399-404 (2010).
Lee, J. J., Oka, T. and Hirade, T., OH radical in water studied by quantum beats on positron
annihilation, J. Phys.Conf. Ser. 225, 012030-1-012030-5 (2010).

Fu, H., Lin, M., Katsumura, Y., Yokoya, A., Hata, K., Muroya, Y., Fujii, K., and Shikazono, N.
Protective effect of silybin and analogues against X-ray radiation-induced damage. Acta Biochim.
Biophys. Sin. 42, 489-495 (2010)

Ukai, M., Yokoya, A, Fujii, K and Saitoh, Y. X-ray absorption spectra for nucleotides (AMP,
GMP, and CMP) in liquid water solutions near the nitrogen K-edge. Chem. Phys. Let. 495, 90-95
(2010).

Gowa, T., Shiotsu, T., Urakawa, T., Oka, T., Murakami, T., Oshima, A., Hama, Y. and Washio, M.,
Study on depth profile of heavy ion irradiation effects in poly(tetrafluoroethylene-co-ethylene),
Radiat. Phys. Chem. 80, 264-267 (2011).

Hirade, T., Oka, T. and Lee, J. J., Ortho-positronium reactions in water studied by positron

annihilation age-momentum correlation, Materials Science Forum 666, 103-108 (2011).

Oka, T., Yokoya, A. and Fujii, K. Electron paramagnetic resonance study of unpaired electron
species in thin films of pyrimidine bases induced by nitrogen and oxygen K-shell
photoabsorption. Appl. Phys. Lett. 98, 103701-1- 103701 -3 (2011).

Yokoya, A., Shikazono, N., Fujii, K., Noguchi, M. and Urushibara, A. A novel technique using
DNA denaturation to detect multiply induced single-strand breaks in a hydrated plasmid DNA
molecule by X-ray and 4He2+ ion irradiation. Radiat. Protect. Dosim. 143, 219-225 (2011).
Shikazono, N., Yokoya, A., Urushibara, A., Noguchi, M. and Fujii. K. A model for analysis of
the yield and the level of clustering of radiation-induced DNA strand breaks in hydrated
plasmids. Radiat. Protect. Dosim. 143, 181-185 (2011).

Fumiya Shiraki, Yoshikawa Taeko, Akihiro Oshima, Yuji Oshima, Yuya Takasawa, Naoyuki

Fukutake, Tomoko Gowa Oyama, Tatsuya Urakawa, Hajime Fujita, Tomohiro Takahashi,
Toshitaka Oka, Hisaaki Kudo, Takeshi Murakami, Yoshimasa Hama, Masakazu Washio,
Development of Function-graded Proton Exchange Membrane for PEFC Using Heavy lon Beam
Irradiation, Nucl. Instrum. Methods Phys. Res. Sect. B-Beam Interact. Mater. Atoms, 269,
1777-1781 (2011)

Ryoichi Hirayama, Akiko Uzawa, Yoshitaka Matsumoto, Miho Noguchi, Yuki Kase, Nobuhiro
Takase, Atsushi Ito, Sachiko Koike, Koichi Ando, Ryuichi Okayasu and Yoshiya Furusawa,
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Induction of DNA DSB and its rejoining in clamped and non-clamped tumours after exposure to
carbon ion beams in comparison to X rays, Radiat. Protect. Dosim. 143, 508-512, (2011)
Toshitaka Oka, Shinichi Yamashita, Seiichi Saiki, Masamichi Midorikawa, Yusa Muroya,
Masato Kamibayashi, Masayuki Yamashita, Kazunori Anzai, Yosuke Katsumura, Spin Trapping
Reactions of a Novel Gauchetype Radical Trapper G-CYPMPO, 4Anal. Chem., 83, 9600-9604
(2011)

Noguchi, M., Urushibara, A., Yokoya, A., O’Neill, P. and Shikazono, N. The mutagenic potential
of 8-0xoG/single strand break-containing clusters depends on their relative positions. Mutat. Res.

in press.
Ushigome, T., Shikazono, N., Fujii, K., Watanabe, R., Suzuki, M., Tsuruoka, C., Tauchi, H. and
Yokoya, A. Yield of single-, double-strand breaks and nucleobase lesions in fully hydrated

plasmid DNA films irradiated with high-LET charged particles. Radiat. Res. in press.

Publication list (Invited papers, book chapters)

1.

Yamashita, S. Prologue: Untapped capabilities of radiation chemistry and radiation biology.
Radiat. Chem.89, 2 (2010). (in Japanese)

Yokoya, A. Epilogue: Pivotal issues of chemistry and biology in radiation sciences. Radiat.
Chem.89, 36-37 (2010) . (in Japanese)

Yokoya, A., Fujii, K., Shikazono, N. and Ukai, M. Chap. 20: Spectroscopic study of
radiation-induced DNA lesions and their susceptibility to enzymatic repair. In Charged Particle

and Photon Interactions with Matter - Recent Advances, Applications, and Interfaces -, ed. by
Hatano, Y., Katsumura, Y. and Mozumder, A., pp. 543-574, CRC Press, Boca Raton/New
York/Abingdon, Dec. 2010.

Yamashita, S., Taguchi, M., Baldacchino, G., and Katsumura, Y. Chap. 13: Radiation chemistry of
liquid water with heavy ions: steady-state and pulse radiolysis studies. In Charged Particle and

Photon Interactions with Matter - Recent Advances, Applications, and Interfaces -, ed. by Hatano,
Y., Katsumura, Y. and Mozumder, A., pp. 325-354, CRC Press, Boca Raton/New York/Abingdon,
Dec. 2010.

Fujii, K. Selective damage induction of DNA induced by monochromatic soft X-rays. Radiat.
Chem.90, 11-16 (2010). (in Japanese)

Yamashita, S., Radiation chemical reactions in water radiolysis with therapeautic heavy ion
beams. Radiat. Chem.90, 17-22 (2010). (in Japanese)

Invited talks

1.

Kobayashi, Y., Oka, T. and Hama, Y., Improvement of radiation resistance of polymers by

inorganic coating, International Workshop on Radiation Effects in Nuclear Technology,
2011/3/9-10, Tokyo, Japan.

Washio, M., Shiraki, F., Oshima, Y., Takasawa, Y., Fujita, H., Gowa, T., Kudo, H., Oka, T., Hama,
Y., Murakami, T. and Oshima, A., Fabrication of functionally gradient PEM using heavy ion

beams grafting, The 2010 International Chemical Congress of Pacific Basin Societies
(Pacifichem 2010), 2010/12/15-20, Hawaii, USAYamashita, S., Maeyama, T. and Katsumura, Y.
Water Radiolysis with Steady-state Heavy-ion Beams from HIMAC. 15¢émes Journées d'Etudes
de la Chimie sous Rayonnement (JECR-2010), Bordeaux, France, May 26-28, 2010.
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Hirade, T., Oka, T. and Lee, J. J., Ortho-positronium reactions in water studied by positron
annihilation age-momentum correlation, 39th Polish Seminar on Positron Annihilation (PSPA10),
Kazimierz DIn., Poland, June 20-25, 2010

Yokoya, A. Spectroscopic studies of DNA damage using synchrotron radiation. The 1st Seminar
of the Tokyo Radiation Biology Communications in 2010, Tokyo, Japan, July 17, 2010.

Yokoya, A. Physical and biological studies of unrepairable DNA damage. IDAC Seminar,
Institute of Development, Aging and Cancer, Tohoku University, Sendai, Japan, August 11, 2010.
Yamashita, S., Katsumura, Y., Maeyama, T., Baldacchino, G., Murakami, T., Meesungnoen, J.,

and Jay-Gerin, J.-P. Water radiolysis with heavy ions of energies up to 28 GeV. 3rd Asia-Pacific
Symposium on Radiation Chemistry (APSRC-2010) / DAE-BRNS 10th Biennial Trombay
Symposium on Radiation & Photochemistry (TSRP-2010), Lonavala, India, September 14-17,
2010.

Muroya, Y., Lin, M., Yan, Y., Han, Z., Yamashita, S., Ueda, T., Mostafavi, M., Katsumura, Y.
Ultra-fast pulse radiolysis study on spur reaction: kinetics in water at elevated temperatures from

room temperature up to supercritical state. 3rd Asia-Pacific Symposium on Radiation Chemistry
(APSRC-2010) / DAE-BRNS 10th Biennial Trombay Symposium on Radiation &
Photochemistry (TSRP-2010), Lonavala, India, September 14-17, 2010.

Yokoya, A. Various modes of DNA damage formation by the direct effect of radiation. The 56th
Annual Meeting of the Radiation Research Society, Hawaii, USA, September 25-29, 2010.
Yamashita, S., Katsumura, Y., Meesungnoen, J., Jay-Gerin, J.-P., Lin, M., Muroya, Y., and

Murakami, T. Water radiolysis with high-energy heavy ions: conversion of transient water
radicals into stable product inside heavy-ion tracks. The 56th Annual Meeting of the Radiation
Research Society, Maui, HI, USA, September 25-29, 2010.

Yokoya, A. Physical and biological studies of unrepairable DNA damage. IDAC Seminar,
Institute of Development, Aging and Cancer, Tohoku University, Sendai, Japan, August 11, 2010.
Yokoya, A. Various modes of DNA damage induction by ionizing radiation. The second seminar
of Research Laboratory for Quantum Beam Science Institute of Scientific and Industrial
Research Osaka University in 2010, Osaka, Japan, November 30, 2010.

Oka, T. Unpaired electron species in DNA and DNA-base thin films induced by K-shell
photoabsorption. Photon Factory Seminar: Prospect on Synchrotron Radiobiology focusing on

Inhomogeneous Energy Deposition, Tsukuba, Japan, July 14-15 (2011).

Fujii, K. Study of DNA damage using soft X-ray absorption technique. Photon Factory Seminar:
Prospect on Synchrotron Radiobiology focusing on Inhomogeneous Energy Deposition, Tsukuba,
Japan, July 14-15 (2011).

Yokoya, A., Usami, N. and Maeda, M. DNA base lesions induced by phosphorus K-ionization
and its Auger decay. Photon Factory Seminar: Prospect on Synchrotron Radiobiology focusing
on Inhomogeneous Energy Deposition, Tsukuba, Japan, July 14-15 (2011).

Yokoya, A., Spectroscopic studies of genome damage induced by ionizing radiation. Summer
school of the radiation section of the Japan Society of Applied Physics, Sendai, Japan, August 1-3
(2011).

Yokoya, A. EU educational program, Lecture title: Introduction to Synchrotron Radiation and
Radio-biological Studies, Orsay, France, October 11-26 (2011).

Yokoya, A., Physicochemical processes of radiation damage to genomic DNA and its enzymatic
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repair. 67th Annual meeting of the Physical Society of Japan, Nishinomiya, Japan, March 24-27
(2012).

Awards

1. Fujii, K. Encouragement award of the Japanese Society of Radiation Chemistry, Selective
damage induction of DNA induced by monochromatic soft X-ray. 2010.

2. Yamashita, S. Encouragement award of the Japanese Society of Radiation Chemistry, Radiation
chemical reactions in water radiolysis with therapeautic heavy ion beams. 2010.

3. Oka, T. Unpaired electron species in DNA film and DNA modification induced by nitrogen and

oxygen K-shell photoabsorption. Award for excellent posters, 54th Annual meeting of the
Japanese Society of Radiation Chemistry, Osaka, Japan, September 28-30 (2011).
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Research Subject (11)

Development of Spin-Polarized Positron Beam and its Applications to

Spintronics Study

Group Research group for Spin-Polarized Positron Beam

Member (Group leader) A. Kawasuso
(Researcher) Y. Fukaya, M. Maekawa
(Post-doctoral researcher) H. Zhang, 1. Mochizuki

Research contents

We promote a research project on “Development of Spin-Polarized Positron Beam and its
Applications to Spintronics Study”. We construct a highly spin-polarized positron beam by
producing a *Ge-**Ga source which emits highly polarized positrons as compared to the
conventional sources. We apply this beam to the various spintronics studies. Behind these
applications, we also reconstruct the fundamental aspects of spin-polarized positron annihilation
both in experiment and theory. In addition to spin-polarized positron beam, we have two more
positron beam techniques that are the reflection high-energy positron diffraction (RHEPD) and the
positron annihilation microscope (PAM). We will also utilize these techniques in our spintronics
studies. Our research roadmap is shown below:

Research Roadmap of Spin-Polarized Positron Beam Group
2010 2011 2012 2013 2014

R&Ds of Spin-PoIarized Positron Beam

Pmducmg Source, Enhancmg Polarlzatlon and Intensity, Spin Rotation, Beam focusing
1

Establishing Spm Polarized P05|tron Annihilation (SP-PAS)
SP-PAS based on DBAR" and PALS™ both from experimental and theoretical manners
1

Applications of SP-PAS to Spintronics Materials

>

Spin Hall Effect, Half Metals, Spin-Injection, Vacancy induced magnetism
I
RHEPD*** approach to Spintronics Studies

Giant Rashba Effect of Pb, Bi/Ag(111) systems

"DBAR, Doppler broadening of annihilation radiation giving rise to electron momentum distribution.
“"PALS, Positron annihilation lifetime giving rise to electron density.
“*RHEPD, Reflection high-energy positron diffraction

Summary of the pre-review by the evaluators

Spin-polarized positron beam has a potential to be a unique tool in the condensed matter research.
It will be enable direct observation of the spin-polarized electronic bands in solids. Exploring this
possibility is an exciting project, consistent with the mission of ASRC.

- 136 -



JAEA-Evaluation 2012-002

Response for the pre-review from the group

We concentrate on our research and development of spin-polarized positron beam and attempt to
obtain outstanding outcomes.

Progress in the project from 2010 to 2011

We succeeded in safely and stably producing a ®Ge-**Ga source with more than 200 MBq
through a nuclear reaction of “Ge(p, 2n)*Ge in our facility [P1, 11].

Using the above source, we succeeded in generating a low-energy spin-polarized positron
beam with a polarization of at least 40% and a flux of 4x10° positrons /sec. Pictures of the
spin-polarized positron beam line and the source are shown below.

Using the above spin-polarized positron beam, we found that the Doppler broadening of
annihilation radiation (DBAR) spectra of various ferromagnets, e.g., 3d and 4f metals and
some Heusler alloys exhibits the polarized band structures [P3, P4]. Principle of SP-DBAR
and an example of experimental data are shown below.

0.0000 &
Source Sample
68Ge-%8Ga
-0.0005
Magnet Magnet % 0.0000 &
=1
o
&
~ -0.0005
&)
=" 0.0000
Lead Shield Lead Shield =
=-0.0005
Annihilation y-ray§ E=mc? + cp/2 00000 k
Detector > Multi-Channel -0.0005 | F ) i ) ‘
Analyzer -20 -10 0 10 20
Electron momentum p (1073 mpc)

Using the above spin-polarized positron beam, we have started the direct observation of spin
Hall effects for Pt and Au thin films. We found some changes of positron annihilation
intensity at the topmost surfaces where excess spins may be accumulated upon current

reversal [A paper submitted]. Experimental details and an example of experimental data are
shown below.
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e Using the RHEPD method, we found that the spin-splitting of surface bands of Pb/Ag(111)
system due to the Rashba effect are controllable by adjusting the Pd position.

Goals of the project

The goal of this research project is to accomplish our R&D study of spin-polarized positron beam
and to promote spintronics study using spin-polarized positron beam.

Originality of the project

Positron spectroscopy is generally used for the investigations of defects in metals and
semiconductors and of free volumes in polymers. Positron beam extends those kinds of studies
from bulk to surface, interface and thin films. A world-wide research trend of positron community
is to explore intense positron beam. Only a limited number of researches have so far been carried
out using spin-polarized positrons. Thus, the present research provides a unique research axis in
the world. All the R&D contents that we plan to conduct in this project are new and challenging

works.

Feasibility of the project

We have a confidence to complete a spin-polarized beam having the highest performance in the
world. We believe that we obtain important and intriguing results on spintronics materials using the

above spin-polarized positron beam.

Scientific and social outcomes of the project

In the spintronics study, development of new probe is always required. This is because
conventional techniques are not necessarily adequate to reveal new phenomena. Through
spin-polarized positron annihilation spectroscopy (SP-PAS) measurements, polarized electron

momentum distributions are observed. This spectroscopic feature is analogous to that of the
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magnetic Compton scattering. One advantage of SP-PAS may be the depth selectivity by
employing a spin-polarized positron beam. Some important magnetic effects, such as giant
magnetoresistance and tunneling magnetoresistance, occur near the interface between magnetic and
nonmagnetic layers. Spin-injection electrodes, which will be used in spin devices, are normally thin
films. Novel spin phenomena such as the spin Hall effect and the giant Rashba effect occur near
surfaces. These are potential applications of SP-PAS. Taking advantage of the fact that PAS is a
powerful tool to detect vacancy defects, SP-PAS might be used in studying vacancy-induced
magnetism. In the 1960s, a few studies were performed on magnetic substances using
spin-polarized positrons. However, thereafter, only a limited number of works have been carried
out. Potential of polarized positrons was not well developed. Spintronics study using spin-polarized
positron beam is very important and the obtained results will have high impacts in both
fundamental physics and spintronics industry.

Cooperation through the project

(1) Internationalization

*  Accept foreign researchers
*  Dispatch researchers to abroad
*  Promote international collaborations

*  Host international meetings

(2) Foreign researchers (will be invited for short-term if enough budgets is provided.)

*  Prof. P. Coleman, Bath Univ., Spin-polarized positron beam
*  Prof. Z. Q. Chen, Wuhan Univ., Diluted magnetic semiconductor

Publication list (only published), Invited talks, Awards, Press release, etc.

Spin-polarized positron beam R&D study

[P1] Development of spin-polarized positron beam using high energy proton beam,

M. Maekawa, A. Kawasuso, Y. Fukaya, A. Yabuuchi
J. Phys. Conf. Ser. 262(2011)012035.

[P2] Defect Structure of MBE-grown GaCrN Diluted Magnetic Semiconductor Film

A. Yabuuchi, M. Maekawa, A. Kawasuso, S. Hasegawa, Yi-Kai Zhou and H. Asahi
J. Phys. Conf. Ser. 262(2011)012066.

[P3] Spin-polarized positron annihilation measurements on polycrystalline Fe, Co, Ni

and Gd based on Doppler broadening of annihilation radiation
A. Kawasuso, Y. Fukaya, M. Maekawa, A. Yabuuchi, I. Mochizuki
Phys. Rev. B 83(2011)100406(R).

[P4] Doppler broadening of annihilation measurements on 3d and 4f ferromagnets using

polarized positrons
A. Kawasuso, Y. Fukaya, M. Maeckawa, A. Yabuuchi, I. Mochizuki
Phys. Rev. B 85(2012)024117(6).

[I1] New Positron Beam Studies of Surface Low-Dimensional Systems and Magnetic

Substances
A. Kawasuso, Y. Fukaya, M. Maeckawa, A. Yabuuchi, I. Mochizuki
12th International Workshop on Slow Positron Beam Techniques (SLOPOS-12),
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1st to 6th August, 2010.

Other studies using conventional positron beams

[P5] A study of defects in electron- and ion-irradiated ZrCuAl bulk glassy alloy using
positron annihilation techniques
F. Hori, N. Onodera, Y. Fukumoto, A. Ishii, A. Iwase, A. Kawasuso, A. Yabuuchi,
M. Macekawa and Y. Yokoyama
J. Phys. Conf. Ser. 262(2011)012025.

[P6] Positron microbeam study on vacancy generation caused by stress corrosion
crack propagation in austenitic stainless steels
A. Yabuuchi, M. Maeckwa and A. Kawasuso
J. Phys. Conf. Ser. 262(2011)012067.

[P7] Vacancy defects in a stress-corrosion-cracked Type 304 stainless steel investigated
by positron annihilation spectroscopy
A. Yabuuchi, M. Maekawa, A. Kawasuso
J. Nucl. Matt. 419(2011)9-14.

[P8] Microstructure of nearly stoichiometric ZrC coating layers for advanced high
temperature gas cooled reactor fuel and positron annihilation spectroscopy of
various ZrC coating layers
J. Aihara, M. Maekawa, S. Ueta, A. Kawasuso and K. Sawa
J. Am. Ceram. Soc. 94(2011)4516-4522.

[P9] Development of pulsed positron beam line with compact pulsing system
M. Maekawa and A. Kawasuso
Nucl. Inst. Meth. in Phys. Res. B270 (2012) 23-27.

[P10] Positron annihilation study of 4H-SiC by Ge implanted and subsequent thermal
annealing
R. S. Yu, M. Mackawa, A. Kawasuso, B. Y. Wang and L. Wei
Nucl. Inst. Meth. in Phys. Res. B270 (2012) 47-49.

[A1] Structures and phase transitions of surface super-structures by using reflection
high-energy positron diffraction
Y. Fukaya
Awards for the Encouragement of Young Physicists 2011(The Physical Society of
Japan)

P: Papers, I: Invited talks, A: Awards, PR: Press announcements
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Comments and Suggestions

Review Dates : 23-24 April 2012
Submission Date : 28 April 2012
Advisor : Samuel Bader and Naoto Nagaosa

The research policy and the strategy of the ASRC
Evaluation Result : appropriate

Comments and suggestions

The overall progress across the entire ASRC is very impressive under the leadership of
Prof. Maekawa, as measured by objective scientific metrics, such as quality and quantity
of publications, and invited talks at major international meetings. This is especially
noteworthy given the major disasters that struck Japan in the time period under evaluation.
The three sections of ASRC, condensed matter physics, nuclear physics, and actinide
biochemistry, that superficially appear to be disparate, are actually becoming increasingly
related. The synergies between these fields are beginning to emerge as a healthy interplay
and collaboration amongst the different groups. The common issue is the importance of
relativistic effects that permeate spintronics, actinides and nuclear matter. Many new
developments within ASRC are anticipated by these cross-disciplinary collaborations.

Suggestions to further strengthen and consolidate the scientific leadership role of ASRC

1.

Emphasize synergies between the eleven groups and three thematic sections of the
ASRC. This can be begun, for example, by having group leaders prepare slides of their
connections with the other groups/themes. Ways to reward creative cross-fertilization of
ideas and programs should be found, such as joint funding, synergy awards, and
promotions. Synergies already exist but were somewhat downplayed during the review.
Further synergies could be developed. The whole must be shown to be greater than the
sum of the parts, otherwise what is the reason to co-locate these groups within the
ASRC? Future presentations should utilize a common template across the ASRC to
show the unity and coherence of the organization. As it stands now, each group has its
own style of presentation that sends the message of a lack of communication,
coordination and sense of unity. Find additional ways that communication across group
lines can be strengthened to further improve the scientific standing of the ASRC.

A plan is needed to incentivize staff diversity. For example, all group leaders presently
are male. Is this the best model for promoting scientific excellence? How will
outstanding women researchers be incorporated into leadership positions to more fully
utilize the human intellectual capacity of Japan?
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2. The research subject No.1, ‘Study on New Functional Materials’
(Research Group for Condensed Matter Theory)

Evaluation Result : appropriate

Comments and suggestions

This theory group is guiding the experimental activities in ASRC and has achieved many
important results, including the theory of the spin Seebeck effect, spin mechatronics, and
the spin motive force. This group also promotes collaborations within and outside of the
ASRC by organizing seminars and related activities. In the future the group is encouraged
to focus on the challenge of materials and phenomena by design. The group should
articulate its strategy are moving forward. The group should not feel the need to stress
possible applications. The overarching strength of their work is in the great interest and
insights they generate from the perspective of fundamental science.

3. The research subject No.2, ‘Study for Spin-Transport Mechanisms in Molecular
Spintronics Materials and Devices’ (Research Group for Molecular Spintronics)

Evaluation Result : appropriate

Comments and suggestions

This group is aiming at graphene as a material for spintronics. This is definitely a
promising direction although the field is highly competitive. Their work on the epitaxial
growth utilizing Ni(111) substrates along with Raman and XMCD experiments represent
important steps toward their goal. We suggest that they communicate with Mori’s group
and also with other research groups involved with graphene internationally to gain more
information and perspectives on the problem. In the second half of the project, this group
should make concerted efforts to explicitly show promising routes to applications. We are
following the development of this research with great interest.

4. The research subject No.3, ‘Spin manipulation and material design by combining
Spintronics, mechanical engineering and NMR method’
(Research Group for Mechanical Control of Materials and Spin Systems)

Evaluation Result : appropriate

Comments and suggestions

This is a showcase group for expanding the frontiers of spintronics into the areas of
classical mechanics, and bridging the coupling of electronic and nuclear spin systems.
The group leader, Prof. E. Saitoh, has the advantage of a productive joint appointment
between the ASRC and the IMR at Sendai. This is to the scientific advantage of both

- 144 -



JAEA-Evaluation 2012-002

institutions and should be nurtured by ASRC management. World-class research being
pursued within this group has historical underpinnings in the Einstein-de Hass and
Barnett effects circa 1915, as so aptly pointed out in the presentation. Many of the efforts
within the group are motivated by a desire to observe, explore and understand
unconventional phenomena, such as thermal, acoustic, fluid or NMR spin pumping, rather
than to create viable new technologies. Thus, technological terminology like “spin
mechatronics” unnecessarily raises expectations of imminent applications, and thus could
be avoided.

The research subject No.4, ‘Research in exotic shell evolution of heavy nuclei’
(Research Group for Reactions Involving Heavy Nuclei)

Evaluation Result : appropriate

Comments and suggestions

At the pre-review, the Review Committee recommended that this group be transferred to
another division. In response, the group changed its research focus. Fortunately, it seems
this was very successful. The group found a remarkable new phenomenon that fission of
the proton-rich nucleus 180Hg occurs in an asymmetric manner. This is quite
unexpected based on conventional wisdom, and sheds new light on fission physics. The
group is encouraged to further pursue this new field. There is now no need to transfer this
successful group to another division.

The research subject No.5, ‘Study of Valence Electronic Structure and Nuclear Shell
Structure of Superheavy Elements’ (Research Group for Superheavy Elements)

Evaluation Result : appropriate

Comments and suggestions

Responding to the pre-review’s comments, this group changed its focus to more
challenging problems, including the study of metal-organic compounds and the
electrochemistry of super heavy elements, and specifically the ionization potential
measurement of lawrencium (Lr). These are all new and promising areas of interest. The
topics are also of relevance to condensed matter physics from the perspective of
relativistic effects in materials. It would be fruitful if this group and the spintronics group
communicate with each other in order to see if some new ideas emerge from the
interaction.

The research subject No.6, ‘Preparation of New Actinide Compounds with Exotic
Behavior’ (Research Group for Actinide Materials Science)
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Evaluation Result : appropriate

Comments and suggestions

This is an outstanding condensed matter physics group that focuses on creating new
materials based on systems that have 5f electrons. The new materials are of the highest
quality, including single crystals, and also there are expanded plans for thin film growth.
It is widely appreciated that the best samples yield the clearest physical insights, thus this
group also serves as a highly sought after resource worldwide for their outstanding
samples. The physical phenomena being pursued include topics associated with correlated
electron systems, which is the central contemporary topic within condensed matter
research. Efforts include the study of exotic superconductivity, quantum criticality, Kondo
and heavy Fermion physics, metamagnetic transitions, materials under extreme conditions,
including high magnetic fields, high pressure, low temperature, and damaging radiation
environments. This group supplies samples to the (Subject No. 7) heavy element group. It
could be to the advantage of the two groups to transparently coordinate and develop their
priorities.

The research subject No.7, ‘Foundation of New Concept in Condensed Matter
Physics for Heavy Element Systems’
(Research Group for Condensed Matter Physics of Heavy Element Systems)

Evaluation Result : appropriate

Comments and suggestions

This is another outstanding condensed matter physics group that focuses on systems that
have 5f electrons. The unique strength of this group is that it possesses a battery of
advanced techniques to explore the underlying physics of correlated electron systems with
strong relativistic effects, especially systems with unconventional superconductivity,
quantum criticality and complex Fermi surfaces. The techniques include NMR, pSR and
neutron scattering. The group has a sterling publication record, half of the papers utilizing
access to samples prepared by the companion (Subject No. 6) group. As mentioned in the
comments for that group, the two groups can readily expand their synergies, and, hence,
their collective impact, by explicitly coordinating their future research objectives.

The research subject No. 8, ‘Research on the Structure of Nuclei and Hadrons
Containing Strangeness’ (Research Group for Hadron Physics)

Evaluation Result : appropriate

Comments and suggestions
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This nuclear physics group is a pioneer in the experimental study of hadron physics. Its
mission is to explore new nuclei and hadrons, including those that possess strangeness. It
continues to develop an impressive array of major tools to accomplish its mission,
including novel spectrometry approaches and new spectrometers, detectors and tests at
J-PARC and RCNP (Osaka). In addition, the group concurrently pursues theoretical and
computational approaches to understand astrophysical phase transitions and the symmetry
of phase separated states of nuclear matter, such as with relevance to supernovas and
neutron stars. The structures simulated (called pasta structures) bear a resemblance to
structures familiar in soft condensed matter physics systems. It could be beneficial for this
group and the condensed matter theory/computational (Subject No.l) group to
cross-pollinate ideas transparently in the interest of advancing the commonality of physics
at vastly different length scales.

The research subject No. 9, ‘Study of Formation of Actinides Nano-Particles in
Biological Reaction Environments’ (Research Group for Bioactinide)

Evaluation Result : appropriate

Comments and suggestions

This actinide biochemistry group made a stunning comeback after weathering a critical
pre-review two years ago. The group re-invented itself in the study of nanoparticle
formation on cell surfaces. In the aftermath of the great disaster at Fukushima, the group
emerged as the one within the ASRC that was of the most immediate importance to the
Japanese people, due to its work in the 3D mapping of radioactive 137Cs. The group is
now due great praise for the relevance of its work. This illustrates that although peer
review is the best process of evaluation we know of, it is not a perfect system.
Unanticipated events can rapidly and dramatically change perceptions.

The research subject No. 10, ‘Biophysical Study for Molecular and Cellular
Responses to Radiation’ (Research Group for Radiation and Biomolecular
Science)

Evaluation Result : appropriate

Comments and suggestions

This bio-molecular science group studies the response to radiation at the molecular and
cellular levels. This group was faced with a similar situation as that of Subject No. 9 after
the pre-review two years ago of needing to reinvent itself in response to criticism. The
group focused on trans-generational effects in radiation-induced cancer. Most
interestingly, it adopted the new FUCCI cell techniques to image the time evolution of
x-radiation effects. This is cutting edge research that is yielding new insights into the

- 147 -



12.

JAEA-Evaluation 2012-002

biochemistry of cell division and the role of cell repair in the timing of the cell cycle.
Results to date are specific to a human epithelial cancer, but can be generalized to other
experimental cell types in future research. This group is also the most diverse in terms of
gender representation within the ASRC, and, thus, might be the best place to start to
cultivate female scientific leadership.

The research subject No.11, ‘Development of Spin-Polarized Positron Beam and its
Applications to Spintronics Study’ (Research Group for Spin-Polarized Positron
Beam)

Evaluation Result : appropriate

Comments and suggestions

This group is aiming at a new and interesting goal, the spin physics studied by means of
spin polarized positron beams to study annihilation processes and related spectroscopy
and scattering techniques. To our knowledge, this is the only group working in this area. It
is to the credit of the group and to the leadership and encouragement of Prof. Maekawa
that the group can be regarded as a prime example of successful synergies within the
ASRC. The spin and momentum resolution achieved by the group is very impressive and
the measurements can be performed even under magnetic field conditions, which is not
the case for ARPES, for example. The research is very promising. Also the giant spin Hall
effect that is under experimental investigation by this group and others within the ASRC
offers a challenge for theory, and thus for the ASRC theorists. Many interesting
advances are expected.
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