
 

 

Title of Project：Lattices, automorphic forms and moduli spaces 
 

Shigeyuki Kondo 
(Nagoya University, Graduate School of Mathematics, 

Professor) 
 

Research Area：Mathematical and Physical Sciences, Mathematics, Algebra 
Keyword：Algebraic Geometry 
【Purpose and Background of the Research】 

The main problem of algebraic geometry is to 
study structures and symmetries of algebraic 
varieties and their moduli spaces.  The most 
interesting example of algebraic varieties is an 
elliptic curve, whose theory was established in 
the 19th century, and still is a model of present 
mathematics, where algebra, geometry and 
analysis are harmony. The theory of elliptic 
curves is still interesting, for example, it is 
applied to the theory of cryptography. A K3 
surface is a 2-dimensional analogue of an elliptic 
curve, which was also found in the 19th century.  
The name “K3” derives from the initials of three 
Mathematicians “Kummer, Kähler, Kodaira” and 
also from the name of the mountain “K2” in the 
Karakorum. Through the mirror symmetry 
conjecture, K3 surfaces are interesting to 
theoretical physics, and there is a mysterious 
connection between symmetries of K3 surfaces 
and the Mathieu group, a sporadic finite simple 
group. Moreover, the theory of periods was 
established as an analogue of that of elliptic 
curves. This theory of periods of K3 surfaces 
matches with the new theory of automorphic 
forms due to Borcherds. 
The purpose of this research is the study of 
symmetries and moduli of K3 surfaces and 
Calabi-Yau manifolds from a wide angle, not 
only by algebraic geometry but also by group 
theory and automorphic forms. 
 
【Research Methods】 

The above K3 surfaces, finite groups and 
Borcherds’ automorphic forms are related via 
lattices.  Our main method is lattice theory.  
The topological invariant, called Euler number, 
of K3 surfaces is 24.  On the other hand there 
exist special classes of lattices of rank 24, for 
example the Leech lattice, which have good 
properties.  We employ these classes of lattices 
to study K3 surfaces.  Also the period domain 
of K3 surfaces is a bounded symmetric domain 
of type IV associated to a lattice, on which 
Borcherds’ theory of automorphic forms works.  
In case of elliptic curves, the classical theory of 
modular functions and modular forms were 
very important to study their moduli space.  

We shall apply Borcherds theory to the case of 
K3 surfaces. 
In mathematical research, it is important to 
communicate with other researchers in several 
areas. To do this, we plan to visit other 
institutes, invite researchers to our institute, 
and organize international workshops. 
 
【Expected Research Achievements and 

Scientific Significance】 
The classical theory of moduli of curves uses the 
theory of Jacobians and abelian varieties.  A 
new idea is to use the pairs of K3 surfaces and 
their automorphisms instead of abelian 
varieties (although our method works only for 
curves of small genus).  Instead of abelian 
varieties and theta functions, our application of 
Borcherds theory to the moduli of K3 surfaces 
may induce a new method in the theory of 
moduli.  Also our viewpoint between K3 
surfaces, finite groups and automorphic forms 
may become a model for a new theory. 
 
【Publications Relevant to the Project】 
・Shigeyuki Kondo, Niemeier lattices, Mathieu 
groups, and finite groups of symplectic 
automorphisms of K3 surfaces (Appendix by 
Shigeru Mukai), Duke Math. J., vol.92, 
593—603 (1998). 
・ Shigeyuki Kondo, A complex hyperbolic 
structure for the moduli space of curves of 
genus three, J. reine angew. Math., vol. 525, 
219—232 (2000). 
・ Shigeyuki Kondo, The moduli space of 
Enriques surfaces and Borcherds products, J. 
Algebraic Geometry, vol.11, 601—627 (2002). 
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 58,600 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.math.nagoya-u.ac.jp/ja/people/facult
y-03.html#kondo 
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Title of Project： Observational Study of the Hearts of Star-Forming 
Regions by a Far-Infrared Interferometer with 
Arcsecond Resolution 

 
Hiroshi Shibai 
(Osaka University, Graduate School of Science, Professor) 
 

Research Area：Observational Astronomy 
Keyword：Infrared Astronomy, Extrasolar Protoplanetary Disk, Far-Infrared Interferometer 
【Purpose and Background of the Research】 

     Observations in far-IR spectral domain 
(30–300 m) have become critically important in 
contemporary astronomy, especially for 
investigations of star and planetary-system 
formation, galaxy evolution, and interstellar 
physical and chemical processes. The Japanese 
AKARI satellite and other far-IR facilities have 
delivered unique and fruitful results for various 
fields of current astronomy, while the Space 
Infrared Telescope for Cosmology and 
Astrophysics (SPICA) will open the new far-IR 
eye with very high sensitivity in the next decade. 
However, little progress has been made to 
achieve high spatial resolution in far-IR. The 
purpose of this research is to dramatically 
increase the resolution at these wavelengths. 

【Research Methods】 
     We have developed a balloon-borne Fizeau 
type interferometer with a baseline of 8 m, 
named FITE (Far-IR Interferometric Telescope 
Experiment, Figure 1). Extending the baseline 
up to 20 m will provide the spatial resolution of 
one arcsecond in far-IR for the first time in the 
world. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Hanging test conducted in front of the 
assembly room of the launch base in Brazil. 

     FITE will be launched from the balloon 
base in the Brazilian National Institute of 
Space Science (INPE) in 2010. Once the 
performance of FITE is validated, we will 
conduct observations for objects with scientific 
importance in succeeding flights during the 
research period of this program. The variable 
baseline mechanism will be equipped for 
high-resolution imaging. In addition to this, the 
sensitivity must be improved. 

【Expected Research Achievements and 
Scientific Significance】 

     One of the key sciences is to reveal the 
density and temperature distribution in 
protoplanetary disks, which have strong impact 
on planet-forming process. Theoretical studies 
have often assumed a simple, symmetric disk to 
discuss planet formation mechanisms, but the 
structural asymmetry has commonly been 
observed by optical and near-IR imaging (e. g. 
Fukagawa et al. 2004). As we have pointed out 
in Matsuo et al. (2007), it is also possible to 
confirm planet formation activity through 
gravitational instability in the outer disk.  

【Publications Relevant to the Project】 
"New High Resolution Imaging Method For 

Fizeau Interferometer," Matsuo, et al., Publ. 
Astron. Soc. Jp., 60, 303, 2008. 

"Far-Infrared Interferometeric Telescope 
Experiment (FITE): sensor optics," Kohyama, 
et al., in Proc. SPIE-7013, 70133O-10, 2008. 

"Planetary Formation Scenarios Revisited: 
Core-Accretion versus Disk Instability," 
Matsuo, et al., Astrophys. J., 662. 1282, 2007. 

"Spiral Structure in the Circumstellar Disk 
around AB Aurigae," Fukagawa, et al., 
Astrophys. J. (Letters), 605, L53-56, 2004 

【Term of Project】    FY2010-2014 
【Budget Allocation】 151,300 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
  http://www-ir.ess.sci.osaka-u.ac.jp/www_fite/ 
  shibai@ess.sci.osaka-u.ac.jp   

Science and Engineering (Mathematical and physical sciences)  
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Title of Project：Symmetry Breakings and the Gauge Dynamics  
 

 

Toshihide Maskawa 
(Nagoya University, Kobayashi-Maskawa Institute for the 

Origin of Particles and the Universe, University Professor ) 
 
Research Area：Mathematical and physical sciences, Physics, Particle/Nuclear/Cosmic 

ray/Astro physics  
Keyword：Particle physics (theory) 
【Purpose and Background of the Research】 

 Symmetry and symmetry breaking are the 
most fundamental concepts in modern particle 
theory. In the Standard Model gauge symmetry 
is essential and the mass of all the particles is 
generated by the spontaneous symmetry 
breaking. The Kobayashi-Maskawa theory for  
CP symmetry breaking also presumes nonzero 
quark mass and is deeply tied with the origin of 
mass. Thus the origin of mass and symmetry 
breaking is the most urgent problem of the 
particle physics today and as such is the main 
target of the LHC experiments.  
 In this project we will pursue breaking of  
various symmetries in particle physics and its 
dynamical origin via gauge dynamics with 
particular emphasis on the relation to the origin 
of mass.  
 The PI has been persistently studying the 
nonlinear realization of symmetry, the effective 
theory of the spontaneously broken system, 
which was further advanced by Yamawaki (C0-I) 
as the ``Hidden Local Symmetry (HLS)’’ theory. 
 Symmetry breaking due to underlying gauge 
dynamics was first revealed by the PI and was 
further developed by Yamawaki into the 
`Walking Technicolor’ which has conformal 
(scale-) symmetry, with the coupling strength 
being almost independent of the scale, i.e., 
non-running (`walking’), for wide energy scale. 

 
        
        Fig. 1 Walking Technicolor 
 We will study such a gauge dynamics not only 
analytically but also numerically by computer 
simulations using a new high performance  
cluster computer at Kobayashi-Maskawa 
Institute for the Origin of Particles and the 

Universe, Nagoya University, aiming at a 
breakthrough into new physics beyond the 
Standard Model. 
 
【Research Methods】 

 We will study various symmetry breakings to 
study model buildings beyond the Standard 
Model. Relevant gauge dynamics includes near 
conformal dynamics such as the `large Nf QCD’ 
which will be studied by computer simulations 
based on the lattice gauge theories. This will be 
matched with `chiral perturbation theory’ based 
on the nonlinear realization (including HLS). 
The model buildings based on the results will 
be tested by the LHC collider experiments.  
 
【Expected Research Achievements and 

Scientific Significance】 
As it is symbolized by 2008 Nobel prize, study of 
symmetry breakings has been led by Japanese 
originality. PI also initiated research of the 
origin of mass based on the gauge dynamics. 
Combined with the computer simulations, we 
shall make quantitative as well as qualitative 
studies of the conformal gauge dynamics as a 
model beyond the Standard Model, which 
should be tested by the LHC experiments. In 
contrast to the conventional computer 
simulations of QCD, our target is the conformal 
gauge dynamics created by us and should be 
leading the world in the LHC era. 
 
【Publications Relevant to the Project】 
・ M.Maskawa and H.Nakajima, ``Spontaneous 
Symmetry Breaking in Vector-Gluon Model’’, 
Progress of Theoretical Physics, Vol.52, 
1326-1354 (1974) 
・ K.Yamawaki, M.Bando and K.Matumoto 
``Scale-Invariant Hypercolor Model and 
Dilaton’’, Physical Review Letters, Vol.56, 
1335-1338(1986) 
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 165,900 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.kmi.nagoya-u.ac.jp/ 

Science and Engineering (Mathematical and physical sciences)      
  

 

【Grant-in-Aid for Scientific Research(S)】                       

-69-

G
rant-in-Aid for Scientific

Research (S)



  

Title of Project：Electron Scattering for Measurements of Charge 
Density Distribution of Short-Lived Nuclei 

 

Toshimi Suda 
(Tohoku University, Research Center for Electron Photon 

Science, Professor ) 
 
 

Research Area：Nuclear physics (experiment) 
Keyword：elastic electron scattering, short-lived nuclei, charge form factor, SCRIT, ion trap 
【Purpose and Background of the Research】 

  The purpose of this research is to determine 
the charge density distribution, i.e. size and 
shape, of rarely-produced short-lived nuclei by 
electron scattering.   
  It is recognized today that short-lived nuclei 
play essential roles for nucleosynthesis in the 
universe.  To understand its scenario, 
understanding of the internal structure of those 
short-lived nuclei is important.  This is 
because nucleosysnthesis is a nuclear-reaction 
chain, and reaction probability depends 
strongly on their internal structure. 
 For structure studies of atomic nuclei, electron 
scattering is the best probe.  Indeed, our 
understanding of nuclear structure of stable 
nuclei was finally established by results of a 
series of electron scattering experiments 
carried out about a half-century ago by R. 
Hofstadter (1961, Nobel prize in physics).   
 For short-lived nuclei, however, no one ever 
succeeded to perform this study due to 
difficulties of their production and treatment 
because of short lifetime. 
 We established an innovative technique to 
overcome these difficulties, and demonstrated 
its feasibility for the first time in the world.  It 
is now time to apply to short-lived nuclei to 
investigate their internal structure. 
【Research Methods】 

 This research will be carried out using a high 
energy electron storage ring recently installed 
at RI Beam Factory, Nishina Center, RIKEN, 
JAPAN.  In such an electron storage ring, “ion 
trapping” is a notorious phenomena that people 
make much efforts to remove it.  It is a 
phenomenon that ionized residual gas ions by 
electron beam are trapped by electron beam 
itself.  Since they stay on electron beam, 
electron scattering take place, which reduces 
the number of electrons in the ring. This 
reduces ring performance, thus it is serious 
problem for such rings used for synchrotron 
radiation. Our idea is to trap short-lived nuclei 
externally injected by using this ion trapping.  
Once they are trapped, electron scattering off 
them automatically takes place. 

 A set of electrodes is placed on electron beam 
to trap also longitudinal direction (electron 
beam direction) as shown in the figure above.  
By manipulating applied voltage to the 
electrode, one is easy to inject, trap and extract 
short-lived nucleus ions trapped on electron 
beam.  In this way, one can target short-lived 
nuclei for electron scattering, for the first time, 
by keeping purity of the target.  
 In this research project, a high resolution 
magnetic spectrometer is constructed for 
detecting elastically scattered electrons.  The 
first target will be 132Sn isotope whose life 
time is only 40 seconds.  It is a doubly-magic 
nucleus, namely the number of protons and 
neutrons are both magic number.   
【Expected Research Achievements and 

Scientific Significance】 
This research project will realize the structure 

studies of short-lived nuclei by electron 
scattering for the first time, which has been 
long time considered to be impossible, and 
provide essential information on the internal 
structure of short-lived nuclei.   
【Publications Relevant to the Project】 

1. “First Demonstration of Electron Scattering 
Using a Novel Target Developed for 
Short-Lived Nuclei”.  T. Suda et al., Phys. 
Rev. Lett. 102(2009) 102501. 

2. “Novel Internal Target for Electron 
Scattering off Unstable Nuclei”. M. 
Wakasugi et al., Phys. Rev. Lett. 100(2008) 
164801. 

【Term of Project】   FY2010-2014 
【Budget Allocation】 156,200 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://www.lns.tohoku.ac.jp/~scrit 

Science and Engineering (Mathematical and physical sciences) 
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Title of Project：Novel electronic phases at interfaces of strongly 
correlated materials studied by soft x-ray 
dichroism with multi-degrees of freedom 

 

Atsushi Fujimori 
(The University of Tokyo, Graduate school of Science, 

Professor ) 
 
 

Research Area：Mathematical and Physical Sciences 
Keyword：Transition-metal oxides, Interfaces, XMCD, Photoemission, Linear dichroism 
【Purpose and Background of the Research】 

   Recently, the possibility of 
charge-spin-orbital ordering and the importance 
of spin-orbit coupling at oxide interfaces have 
been pointed out. Also, novel electronic states 
which emerge at interfaces between different 
kinds of ground states have attracted much 
interest. In this project, we investigate such 
novel interfacial electronic states using soft 
x-ray magnetic circular dichroism (XMCD), soft 
x-ray magnetic linear dichroism (XMLD), and 
related high-energy spectroscopic techniques. In 
collaboration with Photon Factory, KEK, we 
develop a versatile soft x-ray dichroism 
measurement system in which the direction of 
magnetic field and the photon polarization are 
independently varied. 
【Research Methods】 

   The new soft x-ray dichroism measurement 
system consists of a superconducting vector 
magnet and a fast polarization switching 
undulator. We perform systematic dichroism 
measurements with high sensitivity and 
precision on oxide interfaces for which 
spin-orbital ordering and/or the importance of 
spin-orbit interaction has been theoretically 
predicted. In addition, angle-resolved 
photoemission spectroscopy and resonant soft 
x-ray scattering are employed to obtain 
complementary information.  
【Expected Research Achievements and 

Scientific Significance】 
(1) Novel electronic states of ultra-thin films 
and superlattices of oxides will be identified 
and characterized. For example, spin and 
orbital ordering are likely to exist in ultra-thin 
films of Pauli-paramagnetic metal SrVO3 and 
ferromagnetic metals SrRuO3 and (La ，
Sr)MnO3.  
(2) Novel electronic states which emerge at 
oxide interfaces and their possible spin-orbital 
ordering will be elucidated. In particular, 
mechanisms for the appearance of metallic 
states at the LaAlO3/SrTiO3 interfaces and its 
relationship with spin-orbit interaction will be 
investigated.  

(3) Coexistence and competition at interfaces 
between different kinds of phases will be 
identified and their mechanisms will be 
clarified.  
(4) The newly developed XMCD and XMLD 
system will become a powerful tool to 
investigate the local magnetic properties of 
anisotropic strongly correlated systems. For 
example, field-induced magnetism in cuprate 
superconductors, unusual magnetic properties 
of iron-based superconductors, and orbital 
fluctuations in Kondo systems.  
【Publications Relevant to the Project】 

[1] T. Koide et al., Evidence for a close 
correlation between the magnetic moments, 
lattice distortions and hybridization in LaMnO3 
and La1-xSrxMnO3+δ: Doping-dependent 
magnetic circular x-ray dichroism study, Phys. 
Rev. Lett. 87 (2001) 246404. 
[2] M. Takizawa et al., Photoemission from 
buried interfaces in SrTiO3/LaTiO3 
superlattices, Phys. Rev. Lett. 97 (2006) 
057601. 
[3] H. Wadati et al., In-situ photoemission study 
of Pr1-xCaxMnO3 epitaxial thin films with 
suppressed charge fluctuations, Phys. Rev. Lett. 
100 (2008) 026402. 
[4] K. Yoshimatsu et al., Origin of metallic 
states at the heterointerface between the band 
insulators LaAlO3 and SrTiO3, Phys. Rev. Lett. 
101 (2008) 026802.  
[5] M. Takizawa et al., Remote hole-doping of 
Mott insulators on the nanometer scale, Phys. 
Rev. Lett. 102 (2009) 236401. 
[6] K. Yoshimatsu et al., Dimensional- 
crossover-driven metal-insulator transition in 
SrVO3 ultrathin films, Phys. Rev. Lett. 104 
(2010) 147601. 
【Term of Project】   FY2010-2014 
【Budget Allocation】 161,600 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://wyvern.phys.s.u-tokyo.ac.jp/f/Research/x
mcd/xmcd_en.htm 
fujimori@phys.s.u-tokyo.ac.jp 

Science and Engineering (Mathematical and physical sciences) 
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Title of Project： Molecular Conductors as Ultimate -electron System 

 

 

 

Reizo Kato 
(RIKEN, Condensed Molecular Materials Laboratory, Chief Scientist ) 
 

Research Area：Mathematical and physical sciences 
Keyword：Molecular solid/Organic conductor, Electric and magnetic properties, Strongly 

correlated electron system, Organic electronic material/device 
【Purpose and Background of the Research】 

Electrons in solid state exhibit a variety of 
electric and magnetic properties, depending on 
orbital where electrons are accommodated. In 
molecular solids, -electron systems formed by p 
and/or d orbitals have the following 
characteristics and have triggered extensive 
researches:  
1) Simple and clear electronic structures 
2) Low-dimensional and strongly correlated 

nature 
3) Colossal responses to external stimuli 

(magnetic field, pressure, temperature, 
light…etc.) 

4) Light and soft 
5) A variety of chemical modifications and 

molecular degrees of freedom 
6) Stoichiometrically clean system with small 

defect can be obtained by low-energy wet 
process  

In this project, we will quest for ultimate 
-electron system in molecular conductors and 
pursue possibilities of -electron functions. 
 
【Research Methods】 

Main topics are as follows: 
1. Dual function (itinerant/localized) -electron 

system 
We have found a dual function -electron 
system where“one” kind of -molecule plays 
“two” contrastive roles (metallic conduction and 
paramagnetism with AF interactions). The 
ground state associated with “Kondo effect”-like 
behavior will be clarified by various methods 
including ESR and cyclotron resonance.  
2. Strongly correlated -electron FET (Field 

Effect Transistor)  
We have succeeded in the fabrication of 
molecular Mott FET by using thin single crystal 
and obtained high device mobility. Using this, 
we will reveal mechanism of band-filling 
controlled Mott transition, as well as 
enhancement of device performance.  
3. Dirac -electron system 
Based on our finding of the first multilayer 
massless Dirac fermion system, we will 
investigate effects of carrier doping and tilted 

Dirac cones.  
4. -electron system under extremely high 

pressure 
Using diamond anvil cell technique, we explore 
new electronic states of -electron system under 
extremely high pressure up to 40 GPa. 
 
【Expected Research Achievements and 

Scientific Significance】 
We will enhance performance of -electron 
materials up to the ultimate, using our original 
compounds and methods. We also develop novel 
electric/magnetic properties and novel 
materials based on the collaboration between 
physicists and chemists. This project will open 
new interdisciplinary field of materials science, 
which constructs basis of molecular electronics 
and devices.  
 
【Publications Relevant to the Project】 
• Y. Kosaka, H. M. Yamamoto, A. Nakao, M. 

Tamura, and R. Kato, “Coexistence of 
Conducting and Magnetic Electrons Based on 
Molecular π-Electrons in the Supramolecular 
Conductor (Me-3,5-DIP)[Ni(dmit)2]2”, J. Am. 
Chem. Soc., 129, 3054-3055 (2007). 

• N. Tajima, S. Sugawara, R. Kato, Y. Nishio, and 
K. Kajita, “Effect of the Zero-Mode Landau 
Level on Interlayer Magnetoresistance in 
Multilayer Massless Dirac Fermion Systems”, 
Phys. Rev. Lett. 102, 176403 (2009).  
• Y. Kawasugi, H. M. Yamamoto, N. Tajima, T. 
Fukunaga, K. Tsukagoshi, and R. Kato, 
“Field-Induced Carrier Delocalization in the 
Strain-Induced Mott Insulating State of an 
Organic Superconductor”, Phys. Rev. Lett., 103, 
116801 (2009).   
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167,500 Thousand Yen 

 
【Homepage Address and Other Contact 

Information】 
http://www.riken.jp/lab-www/molecule/ 

Science and Engineering (Mathematical and physical sciences) 
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Title of Project：Quantum information processing using superconducting 

     qubits 
 

Franco Nori 
(RIKEN, Digital Materials Team, Team Leader) 

Research Area：Theoretical Physics 
Keywords：superconducting qubits, nano-mechanical and electromagnetic resonators.  
【Purpose and Background of the Research】 
We plan to study superconducting (SC) 
qubits as “Artifical Atoms” and ask similar 
questions researchers have asked for 
natural atoms (including how these “giant 
atoms” interact with light, transmission 
lines, electro-magnetic resonators, 
mechanical resonators, etc.).  We plan to 
theoretically study the interdisciplinary 
field involving quantum optics, atomic 
physics, condensed matter physics, 
nanoscience, and computer science. These 
types of problems include how photons 
interact with qubits, lasing phenomena 
using superconducting qubits; single-photon 
generators; photon-number control (Fock 
state generation); coupling qubits by a 
resonator; coupling resonators by a qubit; 
and also quantum measurements. This is a 
growing interdisciplinary area of research. 

 
【Research Methods】 

Methods used are from atomic physics, 
quantum optics, condensed matter physics, 
nanoscience, and quantum information 
processing. We plan to do analytical and 
computational studies.  
 
 
 
 

【Expected Research Achievements and 
Scientific Significance】 
We wish to solve several problems which 

are now limiting experiments (e.g., on 
controllable inter-qubit couplings in 
quantum circuits). Also, we plan to design 
improved SC qubit scalable circuits (e.g., by 
using a quantized LC circuit or a 
single-mode cavity field). We also plan to 
study other atomic physics phenomena 
using SC quantum circuits. Another goal is 
to analyze how to extend the coherence time 
of qubit states in SC circuits by using, e.g., 
feedback-control via output signals of 
measurements on the qubit states. We will 
also explore new research directions in this 
area. 

 
 
【Publications Relevant to the Project】 

J.Q. You, F. Nori, Phys. Today 58 (11), 42 (2005).  
  S. Ashhab, et al., Phys. Rev. B 77, 014510 

(2008). 
  L. Zhou, et al., Phys. Rev. Lett. 101, 100501 

(2008). 
 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 62,800 Thousand Yen   
 
【 Homepage Address and Other Contact 

Information】 
http://dml.riken.jp/ 

Science and Engineering (Mathematical and physical sciences)        
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Title of Project：Experimental study on physical properties of   
                    minerals at the lowermost mantle conditions  

by means of Kawai-type apparatus 
                     

Akira Yoneda 
(Okayama University, Institute for Study of Earth’s Interior, 

Associate Professor) 
 

Research Area：Solid State Geophysics 
Keyword：Kawai-type apparatus, D” layer 
【Purpose and Background of the Research】 

The D” layer is located above the mantle core 
boundary (CMB) and is expected to be the most 
active region in the earth. The present research 
project aims to reveal physical properties of 
constituting minerals within the D” layer by 
using the Kawai type multi-anvil apparatus 
(KMA).    
Diamond Anvil cell (DAC) and KMA are two 

major experimental techniques in Solid State 
Geophysics targeting the Earth’s deep interior. 
Although DAC can generate higher pressures 
than KMA, cell volume of KMA is 104 times 
larger than that of DAC.  
This research project aims to generate the 

pressure and temperature at the core mantle 
boundary (136 Pa, ~4000 K) in KMA, and then 
conduct various physical property 
measurements, such as rheology, electric 
conductivity and thermal conductivity on 
unquenchable post perovskite phase discovered 
in laser heated DAC (Murakami et al., 2004). 
 
【Research Methods】 

Below is a photograph of the new 6 axis press 
installed at Okayama University in 2007. Each 
axis of 600 ton maximum load is precisely 
controlled by a hybrid system of hydraulic ram 
and servomotor. The horizontal white scale is 2 
m. 
 

 
 
The computer simulation technique, such as 
finite element method, has been rapidly 
improved in recent years. Utilizing the 
technical improvements in both hardware and 
software, we challenge simultaneous pressure 

and temperature generation to CMB, and 
physical properties measurements under the 
corresponding temperature and pressure 
condition. It is also noted that we have already 
succeeded to generate ~3800 K by using a boron 
doped semi conductor diamond heater in KMA.  
 
【Expected Research Achievements and 

Scientific Significance】 
The most important result expected in this 
project is to accumulate physical property data 
for post-perovskite phase at conditions 
corresponding to the D” layer. 
Recently, features of the D” layer have been 

revealed utilizing seismological data such as 
Hi-net. Additionally, numerical simulations 
regarding our understanding of mantle 
convection, plume generation and slab 
subduction, have rapidly improved. Thus, 
conducting this experimental project will 
provide a link between observation and 
numerical simulations with quantifiable 
experimental data. 
 
【Publications Relevant to the Project】 
・ Ito et al., Pressure generation and 
investigation of the post-perovskite 
transformation in MgGeO3 by squeezing the 
Kawai-cell equipped with sintered diamond 
anvils. Earth Planet. Sci. Lett., 293, 84-89, 
2010. 
・ Yoneda et al., Heat capacity measurement 
under high pressure: A finite element method 
assessment, Phys. Earth Planet. Inter., 174, 
309-314, 2009. 

 
【Term of Project】     FY2010-2014 
 
【Budget Allocation】  155,200 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】 
http://www.misasa.okayama-u.ac.jp/~hacto/ 

Science and Engineering (Mathematical and physical sciences) 
【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Study on ocean acidification and mass extinction of 
         biosphere in the earth surface’ environmental system 

 

 

Hodaka Kawahata 
(The University of Tokyo, Graduate School of Frontier Sciences, 

Professor ) 
 

Research Area：Mathematics and Physics, Earth Planetary Science, Geology, Environmental 
Geology 

Keyword：Environmental change, Ocean science, Geochemistry, Biomineralization 
【Purpose and Background of the Research】 

     The rising level of pCO2 is making the 
world's oceans more acidic. The pH dropped 
from about 8.15 in the pre-industrial time to 
about 8.06 today and is projected to further 
drop to 7.9 by the end of this century (Keypads, 
1999). This acidification will in turn reduced 
the degree of carbonate ion saturation for the 
global ocean. Modern-day surface [CO32-] 
varies meridionally by more than a factor of 
two, from average concentrations in the 
Southern Ocean of 105 μmol kg-1 to average 
concentrations in tropical waters of 240 μmol 
kg-1. This low [CO32-] is due to (1) low SST and 
CO2-system thermodynamics and (2) large 
amounts of upwelled deep water, which is 
more acidic from organic matter 
remineralization. The degree of saturation 
will be even lower for aragonite, which is less 
stable form of CaCO3 than calcite. Orr et al. 
(2005) suggest that the entire Southern Ocean 
and the subarctic Pacific will be under 
saturation with respect to aragonite by 2100, 
while seawater would be close to saturation 
with respect to calcite.  
 
【Research Methods】 

     In order to accomplish these objectives, we 
will conduct the research from 4 kinds of 
approach: (1) Culture experiments on corals, 
foraminifers and pteropods, will be conducted 
under the precisely controlled condition in 
order to understand the response to varying pH. 
(2) The development of chemical analysis by 
ICP-MS laser ablation system will be carried 
out in order to do the long-term reconstruction 
of sea surface temperature and calcification in 
response to pH. (3) To verify the hypothesis of 
“Mass extinction by ocean acidification in the 
past ”, the environments will be reconstructed 
in the P/E boundary and Cretaceous, when π 
was enhanced. (4) In order to understand 
nuetralization by terrestrial weathering, 
chemical composition of river water, 
groundwater and spring water in Japan and in 

big rivers in the world will be analyzed. 
 
 
 
 
 
 
 
 
At modern state, rapid ocean acidification 
occurs due to abundant burning of fossil fuels. 
In contrast, during the Cretaceous, when PCO2 
was estimated to be more than 1,000 ppm, 
weathering process was responsible for the 
neutralizing ocean to provide abundant 
production and precipitation of biogenic 
carbonate. 
 
【Expected Research Achievements and 

Scientific Significance】Ocean  
It is expected to evaluate the impact of 
seawater pH on carbonate-producing planktons 
and benthic foraminifera, to develop proxies for 
environmental reconstruction by using ICP-MS 
laser ablation system, to reconstruct ocean 
acidification in the past and to make a 
quantitative estimation of the impact of 
chemical weathering on the continent.  
 
【Publications Relevant to the Project】 

Kawahata, H., Ocean Global Marine 
Environments: Interpreting from the 
Biogeochemical Cycle, University of Tokyo 
Press, ISBN978-4-13-060752-0, 1-280, 2008. 
Kleypas, J.A. et al.,, Impacts of Ocean 
Acidification on Coral Reefs and Other Marine 
Calcifiers: A Guide for Future Research, report 
of a workshop held 18–20 April 2005, St. 
Petersburg, FL, sponsored by NSF, NOAA, and 
the U.S., 1-88, 2006.    
【Term of Project】   FY2010-2014 
【Budget Allocation】 109,700 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://ofgs.ori.u-tokyo.ac.jp/~ofgs/member-j.html 
kawahata@aori.u-tokyo.ac.jp  

Science and Engineering (Mathematical and physical sciences) 
【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Interaction among minerals-water-organics in the 

early solar system : early stage evolution of  
 
 

Hiroko Nagahara 
(The University of Tokyo, Graduate school of Science, 
Professor )  
 

Research Area：Earth and Planetary Science 
Keyword：Earth and planetary material science 
【Purpose and Background of the Research】 

Recent progress in the study of primitive 
materials of the early solar system such as 
chondrites, interplanetary dust particles, 
micrometeorites and cometary materials, reveals 
that interaction among inorganic minerals, 
organic materials, and water is crucial in their 
evolution. Various degrees of the interaction are 
inherited to the variation of planetesimals and 
consequently planets. The purpose of the present 
study is to get an understanding on the evolution 
of solid materials in the solar nebula and on the 
parent bodies through combination of forward 
approach (experiments and modeling) and 
backward approach (observation of primitive 
objects).  The study is new in that it is 
collaboration between inorganic and organic 
material sciences.   
 
【Research Methods】 

The study includes four subjects. 
1) Quantitative evaluation of formation of 

organic materials in the solar nebula by 
experiments to form organics in the 
condition plausible for the early solar 
nebula with special care to the distribution 
of solid phases as a function of the distance 
from the sun. 

2) Establishment of a quantitative indicator for 
thermal metamorphism and aqueous 
alteration by experiments on reactions 
between minerals, organic materials, and 
water and on aqueous alteration of 
insoluble organics and minerals. 

3) In-situ observation of interaction between 
minerals and organics in micrometeorites in 
the Antarctic snow and chemical analysis, 
which includes textural observation, 
isotopic analysis, elemental analysis, and 
organics analysis. 

4) Reconstruction of the evolution of solid 
materials in the solar nebula by 
combination of 1) to 3).  

 

【Expected Research Achievements and 
Scientific Significance】 

Quantitative estimation of evolution of 
inorganic and organic materials in the solar 
nebula and on protoplanets will give crucial 
information on the expected materials in space 
missions for primitive asteroids. The 
quantitative indicator for thermal 
metamorphism and aqueous alteration enables 
us to estimate the inorganic and organic 
material distribution in exoplanets, which will 
further give information about the habitability 
of planets in extraterrestrial planetary 
systems. 
 
【Publications Relevant to the Project】 

Nagahara, H., Ozawa, K., Ogawa, R., 
Tachibana, S., and Chiba, H. (2010): 
Laboratory condensation and reaction of 
silicate dust. In "Cosmic Dust - Near and Far", 
Th. Henning, E. Grün, J. Steinacker (eds.).  
in “Cosmic Dust”, ASP Conf. Ser., 403-410. 

Yabuta, H., Williams, L. B., Cody, G. D., 
Alexander, C. M. O'D. and Pizzarello, S. 
(2007) The insoluble carbonaceous material of 
CM chondrites: A possible source of discrete 
organic compounds under hydrothermal 
conditions, Meteoritics and Planetary Science 
42, 37-48. 

Sakamoto, K., Nakamura, T., Noguchi, T., 
Tsuchiyama, A. (2010) A new variant of 
saponite-rich micrometeorites recovered from 
recent Antarctic snowfall. Meteoritics Planet. Sci., 
(in press) 

 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 166,800 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】 
http://ns.eps.s.u-tokyo.ac.jp/jp/member/index.p
hp?_urid=1389&_lang=ja 

Science and Engineering (Mathematical and physical sciences) 
【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Molecular Geochemistry: Analyses of Evolution 
of Earth and Life based on Speciation from 
atomic scale 

 

 

Yoshio Takahashi 
( Hiroshima University, Graduate School of Science, Professor ) 
 

Research Area：Geochemistry 
Keyword：Geochemical cycle 
【Purpose and Background of the Research】 

In this study, we will investigate local 
structures of elements at solid-water interfaces 
using X-ray absorption fine structure 
spectroscopy (XAFS) and other methods.  Based 
on the information, mechanism of isotopic 
fractionation during sorption on solid phase can 
be elucidated, which enables us to estimate 
paleoredox condition in ancient seawater. 
     We will also investigate factors controlling 
solubilities of elements in seawater, in particular 
by examining the sorption reactions which 
regulate solubilities of trace elements in water.  
Such solid-water distributions under oxic and 
anoxic conditions will be studied in details, 
based on which we can discuss the change of 
solubilities of elements through the history of 
the earth.  Such information is important in 
considering the change of essential elements to 
organisms possibly due to the change of their 
concentrations in seawater during the evolution 
of the earth from anoxic to oxic conditions. 
 
【Research Methods】 

In this study, isotopic fractionation of 
various elements especially under marine 
environment (to be measured by ICP Mass 
Spectrometry) will be studied based on the 
chemical speciation at solid-water interface 
mainly obtained by X-ray absorption fine 
structure (XAFS).   The main targeted 
elements are Mo, W, Se, and Te.  In addition, 
their solubilities at different redox conditions 
will be also studied. 
 
【Expected Research Achievements and 

Scientific Significance】 
The relationship between surface 

complexes and isotopic fractionation of Mo and 
W will be established.  In particular, difference 
in the structure of surface complexes at the 
solid-water interfaces for various Fe 
(hydr)oxides and Mn oxides will be examined.  
Based on the difference considering that Mn 
oxides is precipitated under more oxic condition, 
it is expected that these isotopes can be used to 
estimate more quantitatively the redox 

conditions in paleoseawater. 
Speciation of elements at solid-water 

interface can be also important to understand 
the solubilities of the trace elements.  In 
particular, physic-chemical factors controlling 
solubilties of trace elements in anoxic and oxic 
seawater will be examined and its possible 
relation to their concentrations in paleoseawater 
and history of essential elements (Fig. 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
        

 
【Publications Relevant to the Project】 
・ T. Kashiwabara, Y. Takahashi, and M. 

Tanimizu, A XAFS study on the mechanisms 
of isotopic fractionation of molybdenum during 
its adsorption on ferromanganese oxides. 
Geochem. J., 43 (2009) e31-e36. 

・T. Harada and Y. Takahashi, Origin of the 
difference in the distribution behavior of 
tellurium and selenium in a soil-water system, 
Geochim. Cosmochim. Acta, 72 (2008) 
1281-1294. 

 
【Term of Project】 FY2010-2014 

 
【Budget Allocation】 54,500 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://home.hiroshima-u.ac.jp/ytakaha/ 
ytakaha@hiroshima-u.ac.jp 

Science and Engineering (Mathematical and physical sciences)        

【Grant-in-Aid for Scientific Research(S)】                      
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Fig. 1. An example of change of factors controlling solubilities of elements
in seawater and its relation to the history of essential elements.
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Title of Project：Study of Creation and Freezing Mechanisms of  
High Energy Density Solid Stats   

                    

 

Ryosuke KODAMA 
(Osaka University, Graduate School of Engineering, Professor) 
 

Research Area：Mathematical and Physical Science, Plasma Science 
Keyword：High energy density stats, High power laser, high pressure condensed matter, 
【Purpose and Background of the Research】 

We will realize high-energy density (HED) 
diamond, which is called “super diamond”, by 
using dynamic compression techniques with 
high-power lasers. It is predicted theoretically 
that the super diamond (BC8) is denser by 2 
times and much harder than normal diamond.  
Using our previous results of metallic Si at 

ambient pressure on the earth, which has been 
realized by non-equilibrium high pressure 
compression, we will study on the freezing 
mechanism of the high energy density stats.  
Based on this understanding of the mechanism, 
we will study how to realize or have the super 
diamond in hand at the ambient pressure. 
 
【Research Methods】 

The super diamond (BC8 or SH phases) will be 
experimentally created under high pressures of 
TPa by using high power lasers providing 
energies of more than 100J in large laser 
facilities. To optimize the laser and target 
conditions to create the super diamond state, 
we use a middle size of a high power laser with 
a few 10J. The characteristic of transient states 
of the high pressured diamond will be 
investigated with in-situ diagnostics. 
We will also study on the quenching process of 

the high energy density sate in high pressure 
conditions through in-situ measurements, 
sample analysis and model analysis of high 
energy density material such as metallic Si. The 
sample analysis will be made with a radiation 
source and TEM. 
 

 
 
 
 
 
 
 
 
 
 

Fig. 1 approach for HED material 
 

【Expected Research Achievements and 
Scientific Significance】 
This project will focus on creation of high 

energy density solid matter with extremely 
high pressures of more than Tera Pascal and 
relatively low temperatures. Details of the 
phase transition under non-equilibrium high 
pressures will be cleared with our advanced 
probing and creation systems.  
Under this project we will not only create the 

novel transient states unreachable with 
conventional high pressure devices alone, but 
also have it in hand at ambient condition. This 
will open a new field of material sciences 
including condensed matter physic, planetary 
physics and material process as well as the high 
energy density sciences. 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Exploring of HED material and its 

potential for applications    
 
【Publications Relevant to the Project】 

· K. Miyanishi et al., “EOS measurements of 
pressure standard materials using 
laser-driven ramp compression technique.”, 
J. Phys. 215, 012199-1-4 (2010).  

· R. Kodama et al., “Plasma devices to guide 
and collimate a high density of MeV 
electrons” Nature 432, 1005-1008 (2004).  

 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 168,300 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】 
http://www.eie.eng.osaka-u.ac.jp/ef/ 

Science and Engineering (Mathematical and physical sciences)      
  

 

【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Fabrication and Characterization of Carbon  
Nanotubes Encapsulating Atomic Nanowires 

 

Hisanori SHINOHARA 
(Nagoya University, Graduate school of Science, Professor ) 
 
 

Research Area：Nanoscience and nanotechnology of nano-carbons 
Keyword：carbon nanotubes, nanowires, metallofullerenes, peapods, HRTEM 
【Purpose and Background of the Research】 

Based on our past achievements and 
background in nano-peapods studies, it is not 
until relatively recently that we discovered 
very fascinating materials, i.e., 
metal-nanowires encapsulated carbon 
nanotubes (cf.Fig.1). We found that 
metal-nanowires (whose size varies from 
single-chain nanowires to several 
hundreds-chain nanowires depending upon 
the diameter of host carbon nanotubes) can 
easily be fabricated during a 
high-temperature annealing of 
metallofullerene-peapods. This is the first 
example that pure metal-nanowires of 
various sizes are prepared within carbon 
nanotubes, in which electronic and magnetic 
properties are expected to exhibit some 
unique properties such as ferromagnetism 
and superconductivity due to substantial 
charge transfers between metal-nanowires 
and carbon nanotubes.  

【Research Methods】 
Of the most important targeted goals of 

the present projects is not only to fabricate 
the present novel nano-carbon materials but 
to characterize them in terms of 
simultaneous measurements of structures 
and electron transport properties. This can 
only be realized by a specially designed 
technique where HRTEM, FET and Raman 
spectroscopy measurements are performed 
on exactly the same individual nano-peapod 
and/or metal-nanowires carbon nanotubes 
(cf.Fig.2). Therefore, the present project 
investigates also the development and 
fabrication of such a combined experimental 
set-up. 

Figure 1 Gd-nanowires grown in nanot 

【Expected Research Achievements and 
Scientific Significance】 
The thicknesses of the resulting metal 

nanowires varied with the diameters of the host 
nanotubes forming the peapods. As a 
preliminary result, we already found that some 
metal-nanowires consist of a single chain, 
whereas other wires contained several chains of 
metal atoms (typically, various lanthanide 
atoms) and measured 3–4 nm across. 

F
             

Figure 2  New observation system 
Furthermore, since the bulk electronic and 

magnetic transport measurements of these 
new nanocarbon materials are also interesting 
in terms of size-dependent properties of 
metal-nanowires encapsulated in carbon 
nanotubes, we will employ the conventional 
bulk measurements such as SQUID and the 
four-probe conductivity measurement together 
with various optical spectroscopy. 
 

【Publications Relevant to the Project】 
1. R.Kitaura et al. Angew.Chem.Int.Ed. 48, 

8298 (2009). 
2. R.Kitaura et al. Nano Lett. 8, 693 (2008). 

 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 176,000 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】 
Website：http://nano.chem.nagoya-u.ac.jp/ 
Email：noris@nagoya-u.jp 

Science and Engineering (Chemistry) 
【Grant-in-Aid for Scientific Research(S)】          
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Title of Project：Spatio-temporal characteristics and control of 
coupled excited states in nano-dot arrays 

 

Hiromi Okamoto 
(Institute for Molecular Science, Department of Pho-

to-Molecular Science, Professor) 
 

Research Area： Chemistry 
Keyword：Nanometrology, Scanning probe microscopy, Surface / interface 
【Purpose and Background of the Research】 

Nano-sized materials show peculiar characteris-
tics different from both macro-sized and mole-
cular-level materials, and are expected to open 
new evolution in technologies of 21st century.  
Excited states are of fundamental importance in 
developing novel characteristics of nanomate-
rials.  By the proper design and control of ex-
cited-state characters of the nanostructures, we 
may deliver light to a targeted confined space, 
induce molecular excitations that cannot occur 
in the conventional environments, for example, 
or construct nanometric information devices uti-
lizing these features.  To realize and develop 
them, we need to analyze the nano-scale spatial 
structures of the light field, but we cannot do it 
with the conventional microscope.  In this 
project, we adopt near-field microscopy to di-
rectly observe the nanometric optical and spec-
troscopic features of the materials fabricated, 
and perform model calculations to analyze the 
result.  In this way, we reveal the correlation 
between the nanostructures and the characters 
of the excited-states, and construct new concepts 
to develop novel characteristics and to control 
optical and excited-state fields in nanospaces. 
 
【Research Methods】 

We fabricate nanomaterial samples with de-
signed structures and configurations by elec-
tron-beam lithography.  We begin the project 
with studying noble metal nanostructures, es-
pecially circular disks and circular voids on 
metal thin films (collectively called here as 
"circular nanodots") and arrayed structures of 
them.  The nanoscale optical imaging of the 
fabricated samples is performed with a 
near-field microscope to get spatial distribu-
tions of optical fields on the nanostructures.  
The experimental data of optical field struc-
tures are analyzed on the bases of electromag-
netic theoretical simulations or simpler physi-
cal model calculations.  We will also extend the 
target to semiconductors, polymers, etc. on 
which we can expect further interesting ex-
cited-state characteristics, and investigate ge-
nerality and uniqueness of the observed fea-

tures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.  Procedure of the research: fabricate 
nanostructures with electron-beam lithography, 
and observe them with near-field imaging. 
 
【Expected Research Achievements and 

Scientific Significance】 
This research project will reveal the basic prin-
ciple determining (and as a result may give 
guidelines to design and control) the space-time 
structures of optical and excited-state fields in 
nanomaterials.  It may further contribute to 
find novel photo-physical and -chemical phe-
nomena that take place only in suitably de-
signed nanomaterials, or to develop highly sen-
sitive chemical analysis methods, various pho-
toresponsive materials, optical information 
transmission and processing devices, and so 
forth. 
 
【Publications Relevant to the Project】 
・Hiromi Okamoto and Kohei Imura, “Near-field 
optical imaging of enhanced electric fields and 
plasmon waves in metal nanostructures,” Prog. 
Surf. Sci. 84, 199-229 (2009). 
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 119,300 Thousand Yen 

 
【 Homepage Address and Other Contact   

Information】 
http://www.ims.ac.jp/know/light/okamoto/okam
oto.html 

Science and Engineering (Chemistry) 
 

【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Development of Micro Arrays for Analyzing Small 
                    RNAs 
 

 

Norio Teramae 
(Tohoku University, Graduate School of Science, Professor) 
 

Research Area：Chemistry 
Keyword：Nucleic Acids Analysis 
【Purpose and Background of the Research】 

     DNAs and RNAs have been considered as 
molecules that store and carry genes as given in 
the central dogma of molecular biology.  Recent 
researches have revealed that non-coding RNAs 
do have a very wide repertoire of biological 
functions.  Methods for the analysis of DNAs 
have been extensively developed in the genome 
projects.  Since PCR amplification method 
cannot be directly applicable to small-sized 
RNAs, development of effective analytical 
methods for small-sized RNAs is now the matter 
of great urgency.  This study aims at 
development functional ligands that specifically 
bind to small-sized RNAs as well as new highly 
sensitive analytical methods for the detection of 
small-sized RNAs, by which highly sensitive 
micro arrays for RNAs would be developed. 
 
【Research Methods】 

     This study includes the following 
researches. 
(1) Development of fluorescent ligands that can 

recognize nucleobases: Rational design and 
synthesis of fluorescent ligands that have 
hydrogen-bonding ability are carried out, 
and their functions toward specific 
recognition of small-sized RNAs are 
examined.  
Selective 
recognition of 
the base 
sequences of 
RNAs is 
examined at 
the abasic 
(AP) site in 
RNA duplexes 
using 
developed 
ligands. 

(2) Nucleobase recognition in nanopores: 
Short-stranded RNAs are immobilized on 
the wall surface of nanopores in nanoporous 
membranes to detect complementary 
small-sized RNAs with high sensitivity, by 

means of 
fluorescence 
and optical 
waveguide 
sensing.  

(3) Development 
of micro 
arrays for RNAs 
 

【Expected Research Achievements and 
Scientific Significance】 

     Based on our recent achievements on 
molecule recognition, gene analysis, and 
mesoporous membranes, a highly sensitive and 
selective detection method for small-sized 
RNAs is developed.  It is highly expected this 
study would provide a useful strategy in 
nanobiochemistry.  The researches achieved in 
this study will give impacts to the fields not 
only of analytical chemistry but also of 
supramolecular chemistry, chemical biology, 
nano-science and biotechnology. 
 
【Publications Relevant to the Project】 
・ 2-Aminopurine-Modified Abasic Site-Containing 
Duplex DNA for Highly Selective Detection of 
Theophylline, M. Li, Y. Sato, S. Nishizawa, T. Seino, K. 
Nakamura, N. Teramae, J. Am. Chem. Soc., 131, 
2448-2449 （2009）. 
・Use of Abasic Site Containing DNA Strands for 
Nucleobase Recognition in Water, K. Yoshimoto, S. 
Nishizawa, M. Minagawa and N. Teramae, J. Am. 
Chem. Soc. 125, 8982-8983 (2003). 
・Self Assembly of Silica-Surfactant Nano-composite 
in Porous Alumina Membrane, A. Yamaguchi, F. 
Uejo, T. Yoda, T. Yamashita, T. Uchida, Y. Tanamura 
and N. Teramae, Nat. Mater. 3, 337-341 (2004). 
 
【Term of Project】   FY2010-2013 

 
【Budget Allocation】 166,400 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.anal.chem.tohoku.ac.jp/ 

Science and Engineering (Chemistry) 
【Grant-in-Aid for Scientific Research(S)】                       

 
Fig.1 Schematics for 
selective recognition of 
base sequences at the 
AP site. 

 
Fig. 2 SEM of nanopores 
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Title of Project：Development of Chemical Fixation of Ubiquitous         

Molecules with Bifunctional Molecular Catalysts 
  

Takao Ikariya 
(Tokyo Institute of Technology, Graduate School Science and 
Engineering, Professor ) 
 

 Research Area：Chemistry 
 Keyword：Bifunctional Molecular Catalysis, Ubiquitous Molecule, Green Chemistry  
【Purpose and Background of the Research】 

Catalysts are crucial not only for production of 
useful materials and products but also for 
reduction of pollution and waste of natural 
resources and energy. Recent advances in 
green and sustainable science and technology 
strongly demand more powerful and practical 
catalysts with a tunable multifunction. We 
have recently developed Concerto Catalysis 
based on the bifunctional molecular catalysts 
for highly efficient molecular transformation 
(Figure). This conceptually new bifunctional 
molecular catalysts also can activate 
ubiquitous molecules including H2O, H2, O2, 
and CO2, which are available in the Nature, 
and hence present an inexhaustible source of 
C, H, O, and N atoms. Therefore, this research 
focuses on exploring new methods for chemical 
fixation of these ubiquitous molecules by an 
appreciable improvement in the performance 
of transition metal-based bifunctional 
molecular catalysts.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
【Research Methods】 

On the basis of our accumulated knowledge in 
the bifunctional catalysis, we will try 1) to 
establish the principles of the bifunctional 
molecular catalysts by design and synthesis of 
mono- bi- and polynuclear transition 
metal-based complexes bearing cooperating 
ligands, and 2) to realize perfect chemical 

reactions by extension of the scope of the 
applicability of the bifunctional catalysis, and 
finally 3) to explore the chemical fixation of the 
ubiquitous molecules into the useful compounds 
and materials by development of the practical 
bifunctional molecular catalysts. 
 
【Expected Research Achievements and 

Scientific Significance】 
We believe that the emergence of powerful 
bifunctional molecular catalysis provides a 
great leap to reach more efficient, sustainable 
and green production processes in the field of 
organic synthesis. In addition, the bifunctional 
catalyst promoted powerful chemical fixation 
technology of ubiquitous molecules, H2O, H2, O2, 
N2, CO2 available in huge amounts can help to 
replace the fossil resources.  Finally, new 
catalytic water splitting into H2 and O2 that 
could be invented in this research project will 
provide an ideal method to utilize and to store 
solar energy. 
 
【Publications Relevant to the Project】 
・T. Ikariya, A. J. Blacker, Asymmetric transfer 
hydrogenation of ketones with bifunctional 
transition metal-based molecular catalysts. Acc. 
Chem. Res. 40, 1300–1308 (2007). 
・S. Kuwata, T. Ikariya, Hydrogen- and oxygen- 
driven interconversion between imido-bridged 
dirhodium(III) and amido-bridged dirhodium 
(II) complexes. J. Am. Chem. Soc. 131, 
5001–5009 (2009). 
・ M. Ito, T. Ikariya, Hydrogenation of 
N-acylcarbamates and -sulfonamides catalyzed 
by bifunctional Cp*Ru(PN) complex. Angew. 
Chem. Int. Ed. 48, 1324–1327 (2009).  
 
【Term of Project】   FY2010-2013 

 
【Budget Allocation】 167, 800 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.apc.titech.ac.jp/%7Etikariya/index.h
tml 
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 Title of Project：Quantitative Analyses of Transcription and 
 Translation Processes on a QCM  

 

 Yoshio Okahata 
(Tokyo Institute of Technology, Graduate School of Bioscience 
and Biotechnology, Professor) 

 

Research Area：Bio-related Chemistry 
Keyword：Quarzt-crystal microbalance, Transcription, Translation, Mass changes 
【Purpose and Background of the Research】 

Proteins are synthesized by ribosomes, which 
decode the genetic information within mRNAs 
that have been transcribed from DNA. Many 
factors interact with the ribosome during protein 
synthesis, even in bacteria, to enable the 
sophisticated reactions of translation to occur. 
The translation process in bacteria is divided 
into three steps. Firstly, a bacterial ribosome 
binds to the Shine-Dalgarno (SD) sequence on an 
mRNA to form an initiation complex (translation 
initiation). Secondly, the ribosome catalyzes the 
polymerization of amino acids to form a 
polypeptide chain. Thirdly, the completed 
polypeptide chain is released and the ribosome is 
recycled (translation termination). To evaluate 
the translational efficiency of a specific mRNA 
from the formation of the initiation complex 
until translation termination, a series of 
single-turnover translation reactions must be 
observed in real time. Here we plan the real-time 
monitoring of a cell-free and single-turnover 
translation reaction on a 27-MHz quartz-crystal 
microbalance (QCM) with no labeling.  

 
【Research Methods】 

To investigate the reactions of protein 
translation, we established a system that 
allowed the real-time monitoring of protein 
synthesis using a cell-free translation mixture 
and a 27-MHz quartz-crystal microbalance 
(QCM). Using an mRNA that encoded a fusion 
polypeptide comprising the 
streptavidin-binding peptide (SBP tag), a 
portion of Protein D as a spacer, and the SecM 
arrest sequence, we could follow the binding of 
the SBP tag, while it was displayed on the 70S 
ribosome, to a streptavidin-modified QCM over 
time. Thus, we could follow a single turnover of 
protein synthesis as a change in mass. This 
approach allowed us to evaluate the effects of 
different antibiotics and mRNA sequences on 
the different steps of translation. From the 
results of this study, we determined that both 
the formation of the initiation complex from the 
70S ribosome, mRNA and fMet-tRNAfMet, or 

the accommodation of the second 
aminoacyl-tRNA to the initiation complex is 
rate-limiting steps in protein synthesis. 

 
【Expected Research Achievements and 

Scientific Significance】 
We are planning the novel application of the 
QCM technique to the observation of a 
single-turnover reaction of protein synthesis in 
real time with no requirement for labeling. The 
combination of QCM and a reconstituted 
cell-free translation system permitted the 
detection of the newly synthesized protein with 
a quite high sensitivity, and the evaluation of 
different antibiotics and analysis of the 
mechanism of translational regulation by the 
5’UTR. Using this methodology, the effects of 
sequences such as UTRs and ORFs on protein 
synthesis and protein folding can be analyzed 
by simply measuring a change in mass. 
 
【Publications Relevant to the Project】 

1) S. Takahashi, R. Akita, H. Matsuno, H. 
Furusawa, Y. Shimizu, T. Ueda, and Y . 
Okahata, ChemBioChem, 9, 870-873 (2008). 
2) S. Takahashi, M.Iida, H. Furusawa, Y. 
Shimizu, T. Ueda, and Y. Okahata, J. Am. Chem. 
Soc., 131, 9326-9332 (2009). 
 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 142,200 Thousand Yen 
 
【Homepage Address】 

http://www.okahata-lab.bio.titech.ac.jp/ 
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Title of Project：Creation of Spin Devices Based on Relativistic 
Effects 

 

 

Junsaku Nitta 
(Tohoku University, Graduate School of Engineering, 
Professor ) 
 

Research Area：Engineering 
Keyword：Spintronics 
【Purpose and Background of the Research】 

The present electronic devices such as 
transistors are based on electric field control of 
“charge” flow of electrons. Better performance 
with high speed switching and low power 
consumption was achieved by introducing 
quantum effects such as tunneling effect. For 
further development of electronics, it is 
required to utilize electrical control of “spin” of 
electrons as an information bit. Spatial 
manipulation of “spin” of electrons with high 
speed is difficult by using magnetic field. An 
electric field is transformed into a magnetic 
field by a relativistic spin-orbit interaction. The 
purpose of this project is to create new 
functional spintronic devices based on the spin 
generation, manipulation, and detection by 
utilizing the spin-orbit interaction. 
 
 
 
 
 
 
 
 

Fig. 1. Development of Electronics.  
 
【Research Methods】 

1. Spin generation/injection 
Spin polarized carriers will be generated by the 
Stern-Gerlach (SG) effect with spatial gradient 
of effective magnetic field induced by electric 
field controlled spin-orbit interaction. Spin 
injection into semiconductor will be performed 
with a ferromagnet/semiconductor interface. 
This is of crucial to make a spin-transistor. 
2. Coherent control of spin by electric field 
We will realize electric field controlled 
persistent spin helix (PSH) state by using two 
different spin-orbit interactions. The spin 
relaxation is suppressed in the PSH state. 
3. Spin detection/selection 
Spin Hall effect and SG spin filter induced by 
spin-orbit interaction will be utilized for 
electrical detection of spins. We will pursue new 

spin functional devices by the integration of 
spin generation, manipulation, and detection. 
 
【Expected Research Achievements and 

Scientific Significance】 
Relativistic electronics based on spin-orbit 

interaction will be realized by utilizing electric 
field controlled spin generation, manipulation, 
and detection. We will also contribute to the 
progress of academic research on relativistic 
quantum effect by clarifying the origin of 
spin-orbit interactions and the response of 
spins to electric field.    
 
 
 
 
 
 
 
 
 

Fig. 2. Concept of Relativistic Electronics. 
 
【Publications Relevant to the Project】 
・ Y. Kunihashi, M. Kohda, and J. Nitta, 
“Enhancement of Spin Lifetime in Gate-Fitted 
InGaAs Narrow Wires”, Phys. Rev. Lett. 102, 
226601 1－4 (2009).   
・M. Scheid, M. Kohda, Y. Kunihashi, K. Richter, 
and J. Nitta, “All-Electrical Detection of the 
Relative Strength of Rashba and Dresselhaus 
Spin-Orbit Interaction in Quantum Wires”, 
Phys. Rev. Lett. 101, 266401 1－4 (2008).   
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167, 000 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http:// www.material.tohoku.ac.jp/~kotaib/ 
nitta@material.tohoku.ac.jp 

Science and Engineering (EngineeringⅠ) 
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Title of Project：Ultrafast manipulation of magnetization with optical 
               or lattice-wave excitations and its applications 
 
 

Hiro Munekata 
( Tokyo Institute of Technology, Imaging Science and 

Engineering Laboratory, Professor ) 
 

Research Area：Engineering, Applied Physics / Fundamental Engineering 
Keyword：Spintronics 
【Purpose and Background of the Research】 

   The speed (frequency f ) of manipulating a 
single electron spin increases with an external 
magnetic field: f (GHz) = 176 B (Tesla). It has 
been shown, however, that the f value for 
ordered spins, magnetization M in particular, 
would saturate at a certain value, because slight 
disorder among spins is amplified when spins 
rotate in high magnetic fields [I. Tsudosa, et al., 
Nature 428, 831 (2004)]. This suggests that M 
would not be able to follow the increasing speed 
of information processing in the future. 
   In order to overcome this problem, I here 
propose the manipulation of direction of a M  
vector with excitation of wave function. The 
wave function,  which describes electrons in a 
matter, consists of orbital and spin components. 
Essential point of my proposal is to excite the 
orbital component which is known to be very fast, 
and, through the spin-orbit interaction, 
manipulate each spin homogeneously at once. 
This process would circumvent dynamic 
amplification of spin disorder in the process of  
spin rotation, and would lead us to ultrafast 
manipulation of M. When accomplished, new 
applications based on new spin devices would be 
expected.  
 
【Research Methods】 

   There are orbital and local spin sub-systems 
in magnetic solids. The orbital sub-system 
results from overlap of wave functions of the 
outmost electrons of individual atoms. The local 
spin sub-system consists of parallel alignment 
of spins which belong to somewhat inner 
electrons. Electrons in the orbital sub-system 
travel very fast and tie nuclei together to form a 
lattice sub-system. Simultaneously, they yield a 
current loop which works as a field to 
determine the direction of collective spins 
(magnetization M) through the spin-orbit 
interaction. Therefore, it is anticipated that 
optical excitation of orbital sub-system gives 
rise to the modification of the current loop and 
thus a change in the direction of M [1].  
   There are two mechanisms to be studied. 
Firstly, orbital-spin complex excitation in which 
orbital and spins are excited simultaneously. 

Secondly, spin-lattice waves induced by the 
excitation of orbital sub-system and orbital 
lattice coupling. We pursue experimentally 
these two mechanisms with two experimental 
groups. Materials of interests are ferromagnetic 
metals and semiconductors [2] having strong 
spin- orbit interactions. Wires and dots 
containing domain walls would also be studied. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Concept of research method 
 
【Expected Research Achievements and 

Scientific Significance】 
   Our target is to establish a mean of 
manipulating magnetization in tera-/peta- 
frequency region without an external magnetic 
field. Efforts toward this goal would lead us to 
the experimental preparation of optical buffer 
memory and optical switch, both with low 
power operation. These are key components for 
optical networking and space-light modulation. 
 
【Publications Relevant to the Project】 

1. Y. Hashimoto, S. Kobayashi, and H. 
Munekata: “Photoinduced Precession of 
Magnetization in Ferromagnetic (Ga,Mn)As”; 
Phys. Rev. Lett. 100, 067202 1-4 (2008). 
2. H. Munekata, H. Ohno, S. von Molnár, A. 
Segmüller, L.L. Chang, and L. Esaki: “Diluted 
magnetic III-V semiconductors”; Phys. Rev. Lett. 
63, 1849-1852 (1989).  
 
【Term of Project】   FY2010-2014 
【Budget Allocation】 164,200 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://www.isl.titech.ac.jp/~munelab/ 

Science and Engineering (EngineeringⅠ) 
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Title of Project：Exploring spin dynamics visualization  
                and its application to new functional  
                devices. 
 
Hidemi Shigekawa 
(University of Tsukuba, Graduate School of Pure and Applied 
Sciences, Professor) 
 

Research Area：Engineering 
Keyword：Scanning probe microscopy, Imaging, Nanophysics 
【Purpose and Background of the Research】 

The technology node of semiconductor devices has 
reached as small as 20-30 nm, and the fluctuations 
in the spatial distribution of dopants, which are 
introduced to control the properties of devices, and 
in the nanostructured  interface between 
dissimilar materials directly affect the device 
functions obtained.  Recently, functional materials 
and devices having new functions utilizing spin in 
addition to electric charge have been actively 
developed.  The local order and structure 
fluctuations significantly affect the creation, 
annihilation, and mutual interaction (quantum 
correlation) of spins, similarly to those of electric 
charge, and the understanding and control of these 
processes is an important issue.  In the recent 
remarkable progress in this nanoscale field, 
however, the analysis of spin dynamics has been 
carried out on the basis of the macroscopic 
properties of devices. 

In this project, we aim to establish a new 
fundamental technology to measure the spin 
current dynamics in functional materials and 
devices at the nanometer scale and to visualize 
them in real space.  It is important to develop a 
technology that reveals local properties, such as the 
transition and correlation between states, including 
spins; for example, in the currently rapidly 
developing field of spintronics, obtaining a detailed 
mechanism for spin dynamics and clarifying the 
relationship between nanostructure and the 
characteristic fluctuation.  With the realization of 
this technology, it will become possible to obtain 
strategies for the development of new functional 
materials and devices based on quantum 
manipulation.  
【Research Methods】 
 We have been involved in the development of a 
technique of visualizing the nanolevel carrier 
dynamics (electric charge) in a real space by 
integrating scanning tunneling microscopy (STM) 
and its related techniques with an optical method.  
Our method enables the observation of a small 
number of carriers injected in a device and the 
spatial mapping of carrier dynamics in 
nanostructures consisting of materials with 
different lifetimes.  By incorporating mechanisms 
to control the excitation light and the probe, 
magnetic selectivity is introduced, thus realizing a 
technique for the measurement and analysis of spin 
dynamics. We have also developed a fundamental 
measurement technology using multiprobes.  By 

combining this technique with multitunneling 
spectroscopy, which is now becoming achievable, 
local spin injection and its analysis will be possible. 
In this project, we aim to further develop the 
technologies that we have developed and to 
establish a fundamental technology that enables 
the measurement and visualization of nanoscale 
spin dynamics. 
【Expected Research Achievements and 

Scientific Significance】 
The establishment of a technique to evaluate the 
fluctuations in nanostructures and local quantum 
dynamics is important not only for specific 
applications such as the development of 
semiconductor devices but also as a potential 
fundamental technique in science and material 
development targeting a wide range of quantum 
structures including both organic and inorganic 
materials.  Although a technique for the evaluation 
of nanoscale spin dynamics is one of the most 
important requirements for realizing novel 
functions, in addition to spin injection from 
magnetic clusters and the analysis of the scattering 
mechanism, no such technique has been sufficiently 
developed to satisfy these requirements. 
 This project is responding to these requirements, 
and its achievements are significant steps toward 
exploring a new academic field while deepening the 
understanding of nanoscale science.  Our 
achievements are expected to have a strong impact 
on the development of a society in which 
next-generation devices are fabricated by nanoscale 
quantum dynamic control techniques. 
【Publications Relevant to the Project】 

1. “Ultrafast photoinduced carrier dynamics in 
GaNAs probed using femtosecond time-resolved 
STM.” Y. Terada, M. Aoyama, H. Kondo, A. 
Taninaka, O. Takeuchi, and H. Shigekawa, 
Nanotechnology 18, 044028 (2007). 

2. “Microscopic basis for the mechanism of carrier 
dynamics in an operating p-n junction examined 
by using light-modulated STM.” S. Yoshida, Y. 
Kanitani, R. Oshima, Y. Okada, O. Taeuchi, and H. 
Shigeawa, Phys. Rev. Lett. 98, 026802 (2007). 
(Focus) 

【Term of Project】   FY 2010-2014 
【Budget Allocation】 167,800 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://dora.bk.tsukuba.ac.jp/ 
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Title of Project：Nanomechanical Structures Research and its 
Applications to Devices 

 
 

Sunao Ishihara 
( The University of Tokyo, Graduate School of Engineering, 

Professor ) 
 

Research Area：Engineering, Mechanical Engineering 
Keyword：Nanomechanics, nano/microfabrication, nanoresonator, NEMS 
【Purpose and Background of the Research】 

Almost all systems and devices have achieved 
their advanced functions and high performances 
by downsizing their elemental structure sizes. 
As the size reaching down to nanometer scale, a 
wide range of nanotechnology researches aiming 
at realizing novel nanodevices are conducted. 

Due to their small scales, nanomechanical 
structures have great potential in realizing 
innovative mechanical devices and machines 
utilizing their new properties. In this project, we 
conduct fundamental investigations into fabri- 
cation and characterization technologies to 
examine the dynamic properties of nano- 
mechanical resonators. This research work 
called “nanomechanics” will stimulate the 
research and development of various nano-scale 
electromechanical systems (NEMS). (Fig.1) 

 
 
 
 
 
 

 
 

Fig.1 Concept and strategy of the project 
 
【Research Methods】 

To realize innovative NEMS, we will design, 
fabricate and characterize dynamic properties of 
nanoresonators using semiconductors or carbon 
materials. (Fig.2)  

Planned research items of this project are; (1) 
Refining and merging fabrication technologies of 
the electron beam 2D patterning and the focused 
ion beam 3D structure deposition, (2) Vibration 
measurement and characterization of the 
dynamic properties of resonant nanostructures 
(i.e. resonant frequency, amplitude, and Q factor), 
(3) Surface engineering to evaluate the influence 
of the surface state on the resonant properties, 
(4) Strain engineering to make drastic resonant 
property improvement by applying tensile stress 
into the resonators, and (6) Trial development of 
ultra-small resonator-based sensing devices with 
high detection performances.  

 
Fig.2 Nanoresonators and dynamic property 

 
【Expected Research Achievements and 

Scientific Significance】 
Utilizing these technology infrastructures, 

the extreme sensing techniques using nano- 
mechanical structures, which have only been 
utilized for scientific research tools under 
ultimate low temperature in high vacuum, will 
be evolved into the development of actual 
devices for engineering use. The technologies 
will contribute to create a variety of ultra-small 
nanomechanical devices with low power 
consumption, such as ultra-sensitive sensors for 
mass, force, temperature, mechanical switches, 
optical integrated circuits, and so on. 
 
【Publications Relevant to the Project】 
 K. Tamaru, H. Yamaguchi, and S. Ishihara: 

Direct Actuation of GaAs Membrane with the 
Microprobe of Scanning Probe Microscopy, 
Jpn. J. Appl. Phys. 48 (2009) 06FG06. 

 R. Kometani and S. Ishihara, Nanoelectro- 
mechanical device fabrications by 3-D 
nanotechnology using focused-ion beams, Sci. 
Technol. Adv. Mater. 10 (2009) 034501. 

 H. Yamaguchi, S. Warisawa and S. Ishihara, 
Improved resonance characteristics of GaAs 
beam resonators by epitaxially induced strain, 
App. Phys. Lett. 92, 251913 (2008) 
 

【Term of Project】   FY2010-2012 
 
【Budget Allocation】 158,300 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.nanome.t.u-tokyo.ac.jp/ 
ishihara@mech.t.u-tokyo.ac.jp 
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Title of Project：A new high speed nano-profiler using the normal 
vector tracing method for next generation 
ultraprecision mirrors. 

 

Katsuyoshi Endo 
( Osaka University, Graduate School of Engineering, Professor ) 
 

Research Area：Mechanical engineering 
Keyword：Production engineering, Profiler, Measurements, Ultraprecision machining 
【Purpose and Background of the Research】 

    In order to develop third generation 
synchrotron radiation and X-ray free electron 
laser (XFEL) sources, the ultraprecision 
asymmetric mirrors which realize nano-focusing 
and high coherence are indispensable. In 
industry, the high accurate asymmetric mirrors 
are required for extreme ultraviolet (wave length 
is 13.5nm) lithography which is a promising 
fabrication technology for semiconductor devices. 
And the ultraprecision mirrors which are small 
curvature radius less than 10mm are needed for 
many digital video instruments. 
    The purpose of this study is to develop a new 
high speed nano-profiler by tracing the normal 
vector of mirror surface, for XFEL,  EUVL and 
digital video instruments. The specifications are 
as follows. The maximum area of measurement 
is 500mm × 300mm. The accuracy of 
measurement is more than 1nm. The measuring 
time is less than 5min/sample. 
 
【Research Methods】 

    Figure 1 shows the principle of profile 
measurement. This measuring method is based 
on the straightness of laser light and accuracy 
of rotational goniometer. The normal vectors of 
each point on the mirror surface are determined 
by making the incident light beam on the 
surface and the reflected beam at that point 
coincident using 2 set 2 pair goniometers. The 
profile is calculated by the measuring points 
and normal vectors on the surface. An original 
algorithm is developed using least squares 
method based on Fourier series. 
 
 
 
 
 
 
 
 
 
 

 
Figure1  The principle of profile measurement. 

【Expected Research Achievements and 
Scientific Significance】 

    If this nano-profiler is developed, only one 
surface fabrication system is achieved with our 
ultraprecision machining technique. The 
ultraprecision asymmetric mirror 
manufactured by using the surface fabrication 
system is important  in the field of 
fundamental science and industry as follows.  
① Nano-beam hard X-ray computerized 

tomography microscope for the  
observation of inside cell. 

② Full coherent focusing mirror for XFEL. 
③ Ultra-precision mirror for next generation 

EUVL. 
④ On machine measurement to fabricate the 

metal mold for the highly accurate 
asymmetric mirror.  

 
【Publications Relevant to the Project】 
・High Precision profile measurement of a small 
radius lens by Surface Gradient Integrated 
Profiler: Y.Higashi, T.Ueno, S.Tachibanada, 
J.Uchikoshi, T.Kume, K.Enami, K.Endo, SPIE 
symposium on “Advances in X-Ray/EUV Optics 
and Components IVPaper No. 7448-3, 2-6 
August 2009, San Diego, CA, USA 
・Development of surface gradient integrated 
profiler, - precise coordinate determination of 
normal vector measured points by 
self-calibration method and new data analysis 
from normal vector to surface profile, Y. Higashi, 
T. Ueno, K. Endo, J. Uchikoshi, T. Kume, K. 
Enami, Proceedings of the SPIE, Vol. 7077-12, 
August, 2008, San Diego, CA, USA 
 
【Term of Project】   FY2010-2013 

 
【Budget Allocation】156,400 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.upst.eng.osaka-u.ac.jp/21coe/atom/
measure.html 
endo@upst.eng.osaka-u.ac.jp 
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Title of Project：Structure-controlled synthesis of single-walled 

carbon nanotubes and application in energy 
devices 

   
Shigeo Maruyama 
(The University of Tokyo, Graduate School of Engineering, Professor) 

 

Research Area：Engineering 
Keyword：carbon nanotube, energy applications 
【Research Purpose and Background】 

A single-walled carbon nanotube (SWNT) is a 
one-dimensional structure derived exclusively 
from covalently bonded carbon. Due to its many 
novel physical properties, the SWNT has long 
been at the center of nanotechnology. While the 
importance of this material has driven 
fundamental research many fields, the path to 
practical realization of potential applications 
remains a major challenge. The primary reason 
for this is due to a lack of synthesis techniques 
founded on applied research. The combination 
of synthesis techniques capable of producing 
made-to-order SWNTs with research based on a 
concrete vision for realization is also needed.    
This research project will focus on the 

application of SWNTs to energy devices. By 
refining our synthesis method of high-purity 
SWNTs, and further expanding our 
characterization capabilities, we will develop 
SWNTs as a functional material. SWNT-based 
devices will be developed by employing the 
basic engineering practices of optimization 
based on control of the underlying structure. 
 
【Research Methods】 

We will improve our alcohol catalytic CVD 
method [1,2] to establish synthesis methods by 
which the SWNT morphology and diameter 
distribution can be controlled. Nanoscale 
patterning [3] of SWNT growth with variable 
architecture will also be realized by engineering 
the substrate to control the catalyst location 
(Fig. 1). Density gradient ultracentrifugation 
will also be studied as a post-synthesis 
separation technique, with the goal of clarifying 
the separation mechanism and improving its 
overall efficacy. Based on these methods, we 
will pursue photovoltaic (Fig. 2(A)) and fuel cell 

(Fig. 2(B)) applications. 
 

【Expected Research Achievement and  
Scientific Significance】 
By employing structure-controlled SWNTs in 

applications such as photovoltaics and fuel cells, 
the aim of this project is to alleviate the 
impending energy problem. By combining our 
three specialties SWNT synthesis, spectroscopic 
characterization, and numerical analysis, we 
are not merely testing new nanomaterials in 
devices, but seamlessly combining evaluation, 
planning, and optimization with understanding 
of nanoscale phenomena. The energy 
applications addressed here are expected not 
only to improve understanding of fundamental 
nanomaterials and physical chemistry, but also 
to expand into various related disciplines.  

 
【Publications Relevant to the Project】 

[1] S. Maruyama, R. Kojima, Y. Miyauchi, S. 
Chiashi, M. Kohno, Chem. Phys. Lett., 360, 
229-234 (2002).  
[2] Y. Murakami, S. Chiashi, Y. Miyauchi, M. H. 
Hu, M. Ogura, T. Okubo, S. Maruyama S, Chem. 
Phys. Lett., 385, 298-303, (2004).  
[3] R. Xiang, T. Wu, E. Einarsson, Y. Suzuki, Y. 
Murakami, J. Shiomi, S. Maruyama, J. Am. 
Chem. Soc., 131, 10344-10345 (2009). 
 
【Term of Project】 FY2010- 2014 
 
【Budget Allocation】 167,300 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.photon.t.u-tokyo.ac.jp/~maruyama/
Kakenhi/KibanS.html 

 
Fig. 1(A) Patterned synthesis of vertically 

aligned SWNTs, (B) selective SAM removal 
using an electron beam. 

 
Fig. 2 SWNT arrays as the counter-electrode in 

(A) a dye-sensitized solar cell, and (B) a 
proton-exchange membrane fuel cell. 
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Title of Project：Analysis of carrier transport and polarization in 
organic films as dielectric phenomena by using 
MDC and SHG, and its application to organic 
device characterization   

Mitsumasa Iwamoto  
(Tokyo Institute of Technology, Graduate School of Science and 
Engineering, Professor) 

Research Area：Engineering 
Keyword：Electrical and electronic materials, Dielectric, Organic/Molecular electronics 
【Purpose and Background of the Research】 

On the basis of deep understanding of organic 
material physics concerning flexibility, 
molecular shape, ordering and alignment of 
dipoles etc., development of organic device 
physics and related engineering, leading to a 
new research field, are highly anticipated in 
electronics. In this project, by using both 
Maxwell displacement current (MDC) 
measurement that allows dynamical dipolar 
motion to be probed and electric field induced 
second harmonic generation (EFISHG) 
measurement that can visualize nonlinear 
polarization and carrier motion, a method for 
analyzing dipolar structure in organic materials 
as well as carrier transport in organic devices is 
investigated. The goal of this project is to 
establish a new way to analyze organic device 
elements, by viewing electronic phenomena 
caused by electrons and dipoles, in terms of 
dielectric polarization phenomena. 
 
【Research Methods】 

The basic strategy of this project is to focus on 
static and dynamical dielectric polarization 
induced in organic materials due to the 
presence of mobile electrons, dipoles and 
quadrupoles. Paying attention to the induced 
nonlinear polarization in the presence of mobile 
electrons, chiral dipolar polarization by 
quadrupoles, and spontaneous polarization due 
to the alignment of dipoles, an experimental 
system based on  MDC and EFISHG 
measurements is constructed and experimental 
results will be demonstrated. Based on the 
results, we study following four topics: (1) 

Characterization of flexibility of 
nano-molecular dipolar films by using 
MDC-SHG measurements, and control of 
quantized domain shape caused by 
Maxwell-stress. (2) Visualization and analysis 
of dynamical carrier motion in active organic 
device elements with a three-electrode system. 
(3) Study of carrier dynamics in multilayer 
system sandwiched in a two-electrode system, 
and analyses of degradation process and carrier 
transport leading to recombination and 
electroluminescence. (4) Piezoelectric property 
and characterization of organic device element 
based on quantized molecular shape effect. 
 
【Expected Research Achievements and 

Scientific Significance】 
A new method to analyze organic device 
elements will be established, by viewing carrier 
transport and dipolar motion as dielectric 
polarization phenomena. Results of this project 
will be available for analyzing organic FET, 
organic EL and other organic devices, and will 
find wide application in the field of organic 
electronics, including nano-, micro- and 
macro-devices. 

 
【Publications Relevant to the Project】 
 M. Iwamoto, C. X. Wu, “The Physical 

Properties of Organic Monolayers, ”World 
Scientific, Singapore, 2001. 

 M. Iwamoto, T. Manaka, T. Yamamoto, E. 
Lim, “Probing motion of electric dipoles and 
carriers in organic monolayers by Maxwell 
Displacement Current and optical second 
harmonic generation”, Thin Solid Films, Vol. 
517, pp. 1312-1316 (2008). 

 T. Manaka, E. Lim, R. Tamura, M. Iwamoto, 
“Direct imaging of carrier motion in organic 
transistors by optical second-harmonic 
generation”, Nature Photon., Vol. 1, pp. 
581-584 (2007). 

【Term of Project】   FY2010-2014 
【Budget Allocation】 151,200 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://www.pe.titech.ac.jp/IwamotoLab/top.html 
iwamoto@pe.titech.ac.jp 

Science and Engineering (EngineeringⅠ) 
【Grant-in-Aid for Scientific Research(S)】 
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Title of Project：Advances of integrated photonics for  
                 ultra-low power consumption optical 

interconnects 
                       

                        Fumio Koyama  
                     (Tokyo Institute of Technology, Precision & Intelligence Lab. 
                      Professor ) 
Research Area： Electrical and electronic engineering, Electron device/Electronic equipment 
Keyword：Optical devices/Optical circuits, Semiconductor lasers, Optical interconnects 
【Purpose and Background of the Research】 

 Ultrahigh speed data transmission beyond 
20Gbps will be needed for carrying future 
super-high definition images and so on. The 
development of low power consumption devices 
is important toward “Green ICT”.  While 
Tera-bits/s data transmissions are already 
realized for long-haul optical communications, 
the innovation of optical link technologies with 
scalability and low power consumption should be 
needed for short reach applications. The purpose 
of this project is to develop “athermal” 
vertical-cavity surface emitting semiconductor 
lasers (VCSELs), densely- packed multi- 
wavelength VCSEL arrays and miniature optical 
detectors/modulators with slowing light.  Their 
array integrations, multi-wavelength arrays, 
ultrahigh speed operations and ultralow power 
consumptions will be realized. Key innovative 
photonic integrated devices will be developed 
toward ultra-high capacity optical link 
technologies/interconnects.     
 
【Research Methods】 

  We proposed an athermal VCSEL with a 
fixed wavelength even under temperature 
changes using the self-compensation based on a 
thermally actuated cantilever structure as 
shown in Fig. 1. The structure is based on 
micromachined tunable VCSELs. We have 
demonstrated small temperature dependence in 
micromachined vertical cavity optical filters 
and VCSELs. It is a challenge to realize an 
athermal and tunable VCSEL based on the 
proposed concept.  Also, we will establish the 
precise multi-wavelength integration of 
VCSELs using sub-wavelength high-contrast 
grating for making chip-scale 100 
multi-wavelength integrated sources.  The 
basis of VCSEL photonics enabling 
high-density photonic integration will be 
established. 
  In addition, slow light can be obtained in 
Bragg reflector waveguides with their large 
waveguide dispersion. We demonstrated a slow 
light modulator with a Bragg waveguide, which 
shows a possibility of low modulation voltage 
even for ultra-compact waveguide modulators.  

We will develop ultra-compact modulators, 
detectors and optical switches based on slow 
light photonics. 

Fig. 1 Athermal VCSEL with MEMS structure. 
 
【Expected Research Achievements and 

Scientific Significance】 
By making temperature controllers 
unnecessary, our athermal and tunable VCSEL 
may enable low power consumption and size 
reduction of transceivers for WDM applications.   
The wavelength engineering in VCSEL 
technologies enables us ultra-high capacity of 
optical local area networks as well as optical 
interconnects. 
 
【Publications Relevant to the Project】 
・ H. Sano，A. Matsutani and F. Koyama， 
“Athermal 850nm Vertical Cavity Surface 
Emitting Lasers with Thermally Actuated 
Cantilever Structure，” Appl. Phys. Exp，vol. 2，  
07210，pp. 1-3，2009． 
・ P. Babu Dayal，T. Sakaguchi，A. Matsutani，
and F. Koyama, ”Multiple-Wavelength 
Vertical-Cavity Surface-Emitting Lasers by 
Grading a Spacer Layer for Short-Reach 
Wavelength Division Multiplexing 
Applications，” Appl. Phys. Exp.，vol. 2，no. 9，
2009． 
・ F. Koyama，”VCSEL Photonics -advances 
and new challenges，” IEICE ELEX， vol. 6，
no. 11，pp. 651-672，2009． 
 

【Term of Project】   FY2010-2014 
 
【Budget Allocation】 161,700 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】 
http://vcsel-www.pi.titech.ac.jp/index-j.html 

【Grant-in-Aid for Scientific Research(S)】 
Science and Engineering (EngineeringⅠ)                     
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Title of Project：Study on Sub-W Microprocessors using Adiavatic 
Single-Flux-Quantum Circuits 

 

 

Nobuyuki Yoshikawa 
(Yokohama National University, Graduate School of 
Engineering, Processor) 

Research Area：Electronics devices and systems 
Keyword：Electronics devices, integrated circuits 
【Purpose and Background of the Research】 

Single-flux-quantum (SFQ) circuits, which 
utilize quantized flux in a superconducting loop 
as logical bit information, can operate at very 
high speed beyond 100 GHz clock frequencies 
with extremely low power consumption. Many 
studies are under way around the world to 
realize high-end digital systems. 
  The purpose of this project is to verify the 
utmost limit of low power operations of SFQ 
circuits. We bring in new principles and 
technologies to reduce the power consumption of 
the SFQ circuits, which include new operation 
principles of SFQ logic gates, such as adiabatic 
SFQ circuits, new circuit architectures and new 
process technologies. Our goal is to reduce the 
power consumption of the SFQ circuits to 1/400 – 
1/105 of current SFQ circuits. In the end of the 
project, we will demonstrate a 16b SFQ 
microprocessor operating with 50 W power 
consumption. We will also establish the 
fundamental technologies for sub-W 
microprocessors, which are truly-unexplored 
regions in the digital electronics world. 
 

【Research Methods】 
In order to reduce the power consumption of 

SFQ circuits, we propose new operation 
principles, such as adiabatic operations of the 
SFQ circuits and a new circuit structure for low 
bit-error-rate SFQ circuits. In addition, we will 
investigate an inductive-load-biasing technique, 
a gate-to-gate passive-transmission-line 
technology, sub-m junction process to reduce 
the critical currents, and asynchronous circuit 
design approaches.  
  Figure 1 shows a proposed adiabatic SFQ 
gate, whose circuit structure is known as a 
quantum flux parametron (QFP) but its 
operation principle is different from the QFP. 
By removing the hysteretic behavior in its 
switching events and operating it adiabatically, 
the switching energy will be reduced to the 
order of the thermal energy (~kBT) in principle.     

【Expected Research Achievements and 
Scientific Significance】 
The performance of present integrated 

circuits is mainly limited by their power 
consumption nowadays. Proposed low-power 
SFQ integrated circuits will achieve more than 
six orders of magnitude reduction of the power 
consumption of the chip, resulting in the 
overwhelming power reduction of high-end 
computing systems even if the power of 
cryocooler is included.   

【Publications Relevant to the Project】 
・H. Park, et. al., “Design and Implementation 

of SFQ Half-Precision Floating-Point 
Adders,” IEEE Trans. Appl. Supercond., vol. 
19, pp. 634-639, 2009. 

・T. Nishigai, S. Yamada, N. Yoshikawa, “Design 
and implementation of low-power SFQ 
circuits using LR-load biasing technique,” 
Physica C, vol. 445-448, pp. 1029-1033, 2006. 

 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 163,300 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.yoshilab.dnj.ynu.ac.jp/jpn/ 
yoshi@yoshilab.dnj.ynu.ac.jp 

Science and Engineering (EngineeringⅠ) 
 

【Grant-in-Aid for Scientific Research(S)】                       

 
Fig.１ Operation principle of adiabatic SFQ 

logic circuits 
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Title of Project：Scientific and Integrated Research by In-situ 
Campaign Observations Synchronizing Video-sonde 
and the Latest Polarimetric Radar, Heading for 
Reduction of Water Related Disaster    

        

Eiichi Nakakita  
(Kyoto University, Disaster Prevention Research Institute, 
Professor) 

Research Area：Civil Engineering, Hydraulic Engineering, Hydrometeorology 
Keyword：Radar Hydrology, Polarimetric Radar, Video Sonde, Rainfall Estimation, Prediction   
【Purpose and Background of the Research】 

Recently, disaster due to localized heavy rainfall 
is noticeable under climate change and 
urbanization. Although prediction accuracy of 
heavy rainfall in large spatial scale is getting 
higher and higher, it is still difficult for localized 
heavy rainfall in smaller spatial scale to be even 
reproduced. Moreover, earlier detection and 
prediction of localized and suddenly generated 
heavy rainfall (so called guerrilla heavy rainfall) 
are very important, even if the time lag is five to 
ten minutes. Also, prediction and early warning 
of flash flood are expected. Under these 
circumstances, this scientific integrated research 
aims to execute in-situ campaign observations of 
precipitation using a video-sonde synchronized 
with the latest polarimetric Doppler radar which 
is expected to be effective in the rainfall 
estimation and prediction. Also, this research 
aims to develop methodologies for reducing 
water related disaster. 
【Research Methods】 

The Video-sonde is an expensive instrument 
which can take images of hydrometeors. In the 
autumn of 2010, preliminary campaign 
observations will be carried out in Okinawa and 
Shiga prefectures in order to develop a more 
compact and sophisticated general type of 
“video-sonde observation system”. By this newly 
developed system, continuous video-sonde 
observations during various life stages of a 
precipitation system will be realized. For 
synchronization, COBRA by NICT in Okinawa 
and operational radars by MLIT in Shiga will be 
used as the polarimetric Doppler radars.  

From 2011 to 2013, the timing of the campaign 
observations will be shifted to the Baiu-season. 
The MU radar and a cloud radar by RISH, Kyoto 
University will also be used for synchronization 
in Shiga prefecture. Based on these basic in-situ 
observations and obtained products, this 
research proceeds as follows: 1) Improving 
meso-scale atmospheric model by sophisticating 
model of cloud micro physics, 2) Developing 
assimilation methodology by establishing a 

polarimetric radar distinction algorithm of types 
of co-existing hydrometeoros, 3) Completing 
rainfall estimation procedure for operational use, 
4) Developing earlier detection and prediction 
methodologies of guerrilla heavy rainfall, and 
improving warning system of flash flood. 

 
Figure 1 Schematic of campaign observation. 

 
【Expected Research Achievements and 

Scientific Significance】 
1) The first synchronized observation in the 
world. 2) Sophistications of the models of cloud 
physics, atmospheric, and rainfall prediction. 3) 
Reducing water related disaster such as flash 
flood. 
【Publications Relevant to the Project】 

Nakakita, et, al., Develpment of hydrometeor 
classification system using polarimetric radar 
measurements synchronized with video-sonde 
observation, Annual Journal of Hydraulic 
Engineering, JSCE Vol.53, pp.361-366, 2009. 
【Term of Project】   FY2010-2014 
【Budget Allocation】169,700 Thousand Yen 
【Homepage Address and Other Contact 

Information】
http://urh.dpri.kyoto-u.ac.jp/nakakita/nakakita
_Eng.htm 

Science and Engineering (EngineeringⅡ)                    
 

【Grant-in-Aid for Scientific Research(S)】                      
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Title of Project：Anomalies of martensitic transformations appearing 
at very low temperatures: their origin and 
universality 

 

Ryosuke Kainuma  
(Tohoku University, Graduate school of Engineering, 
Professor ) 

Research Area：Engineering 
Keyword：Martensitic transformatioin, Superelasicity, Low temperature 
【Purpose and Background of the Research】 

Recently, some anomalies of martensitic 
transformations (MTs), such as strain glass in 
the NiTi alloy, kinetic arrest phenomenon and 
heating-induced MT in NiCoMnIn alloys (see 
Fig.1), have been found at very low temperatures.  
In this study, for some typical shape memory 
alloys (SMAs), including NiTi and NiMnIn-based 
alloys, basic physical properties at temperatures 
below liquid nitrogen temperature (LNT) will be 
examined and the microstructures will be also 
observed by using advanced TEM techniques in 
order to clarify the origin and the universality of 
the abnormal properties observed at low 
temperature in NiTi and NiCoMnIn alloys. 
Through this project, practical superelastic (SE) 
materials operating at very low temperatures 
will also be developed. 
 
 
 
 
 
 
 
 
 
 
 
       
 

Figure 1 Heating-induced forward 
transformation observed in NiCoMnIn alloy. 

 
【Research Methods】 

For many kinds of SMAs, such as NiTi, CuAlMn, 
NiMnIn, FeMnGa, CoFeAl and TiNb, basic 
physical properties, including magnetic and 
mechanical properties, and the microstructure in 
the temperature region from 10 to 200 K are 
examined by ER, DSC, VSM, SQUID, 
Instron-type machine and TEM. Especially, an 
Instron-type machine and a special TEM-holder 
for use at low temperatures will be prepared for 
this project and the characteristic features of 
stress-induced MTs and premartensite 
structures will be determined.  Some 

thermodynamic and kinetic simulations will also 
be used to understand the experimental results. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Research members and tasks 
 
【Expected Research Achievements and 

Scientific Significance】 
Because NiTi alloys show no MT at low 
temperatures, there have been few reports on 
the mechanical properties in the temperature 
region below LNT. By the present project, the 
basic mechanical properties of many typical 
SMAs will be first clarified. If a practical SE 
material for low-temperature operation is 
developed, it may be used as sealing devices for 
low-temperature facilities. 
 
【Publications Relevant to the Project】 
・Xiao Xu et al., “Anomaly of critical stress in 

stress-induced transformation of NiCoMnIn 
metamagnetic shape memory alloy”, Appl. Phys. 
Lett. 95,(2009) 181905 
・ W. Ito et al., “Kinetic arrest of martensitic 

transformation in the NiCoMnIn metamagnetic 
shape memory alloy”, Applied Physics Letters, 92, 
(2008) 021908 

 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167, 000 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.material.tohoku.ac.jp/~seigyo/lab.html  
kainuma＠material.tohoku.ac.jp 

Science and Engineering (EngineeringⅡ)   
 

【Grant-in-Aid for Scientific Research(S)】                      
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Title of Project：Principles for the development of a diffusion barrier 
          layer to overcome the process limitations of multi- 
                layer interconnects for semiconductor devices 
 

 

Junichi Koike  
(Tohoku University, Graduate School of Engineering, Professor) 
 

Research Area：Engineering 
Keyword：Interconnect, copper alloy, semiconductor, barrier layer, field-enhanced growth 
【Purpose and Background of the Research】 

Advanced LSI devices require thin-film 
diffusion barrier layers at various 
hetero-interfaces. Since the thickness of the 
barrier layer should be less than several nm, the 
control of barrier thickness and properties is 
extremely difficult. In addition, fundamental 
principles of the barrier formation are not 
understood. Based on our previous research, the 
growth of the barrier layer is related to 
field-enhanced diffusion induced by electron 
tunneling. This work further investigate the 
relation between the electron tunneling and the 
electron energy band structure across the 
barrier layer. The obtained results will serve to 
establish fundamental principles for the 
formation of diffusion barrier layers in various 
devices. 
 
【Research Methods】 

 
Fig. 1 Schematic of research methods 

 
Various Cu alloys will be thermally reacted 

with SiO2 and the following items will be 
investigated. 
(1) Chemical composition of the interface layer 

and SiO2 
(2) Energy band structure and the presence of 

the occupation sites of tunneling electrons 
(3) Ionization state of the constituent elements 

and the formation of electric field across the 
interface layer 

(4) Growth behavior and diffusion barrier 
property of the interface layer.  

The necessary conditions to self-form a 
diffusion barrier and its formation mechanism 
will be understood by considering interrelation 

among composition change, band structure 
change, electron tunneling, field formation, and 
field-enhanced diffusion.  
 
【Expected Research Achievements and 
Scientific Significance】 

  This research will provide fundamental 
principles to control chemical, mechanical, and 
electrical properties of 
hetero-interfaces. Based 
Based on the obtained 
results, we can overcome 
overcome technical 
challenges associated 
with the fabrication of 
advanced LSI devices. It 
It is also possible to 
provide vital information 
information for the 
development of various 
various devices, such as 
oxide TFT, MIM 
capacitors, MRAM, and 
any hetero structures 
which require nano-scale 
interface. 
 
【Publications Relevant to the Project】 
・ ”Graded composition and valence states in 
self-forming barrier layers at Cu-Mn/SiO2 
interface”, Y. Otsuka et al., Appl. Phys. Lett., 96, 
012101 (2010). 
・”Growth kinetics and thermal stability of a 
self-formed barrier layer at Cu-Mn/SiO2 
interface”, J. Koike et al., J. Appl. Phys. 102, 
043527 (2007). 
 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 81,700 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】 
http://www.material.tohoku.ac.jp/ 
~kyokugen/lab.html 

Science and Engineering (EngineeringⅡ)   
 

【Grant-in-Aid for Scientific Research(S)】                      

 

Fig. 2     
Interconnect structure 
 (from ITRS roadmap) 
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Title of Project：Protein engineering design for biointerface molecules 
               in nano world 
 

Izumi Kumagai 
(Tohoku University, Graduate School of Engineering, 
Professor) 
 

Research Area：Biofunction / Bioprocess 
Keyword：Biofunction engineering 
【Purpose and Background of the Research】 

An attainment of molecular and nano-scale 
manipulatios are expected to open the way for 
making an effective linkage among biomolecules 
and cells, and for fabricating bottom-up 
structures from nanomaterials. Recently, we 
focus on antibodies which have high-binding 
affinity for a specific antigen in immune system, 
and we have identified the antibodies with high 
affinity for low organic molecules, receptors on 
cells, and inorganic surfaces by using molecular 
evolution techniques.  

In this study, we construct a new method by 
which antibodies against various materials in 
organic, inorganic, and biological fields can be 
generated. The generated antibody fragments 
are built up to multispecific molecules which can 
make an effective linkage between target 
materials (proteins, cells, and nanomaterials). 
We, further, physicochemically and biologically 
analyze the structure and function of the 
interface molecules in detail to optimize the 
function from the viewpoint of structural biology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Almighty biointerface molecules from 
antibody fragment 
 
【Research Methods】 

In this study, we focus the generation of 
interface molecules on the application to cancer 
immune therapy and nanotechnology. The 

antibody fragments with high affinity for the 
surfaces of cancer cells, lymphocyte cells, and 
nanomaterials are generated by using 
molecular evolutionary methods, and 
multispecific molecules are designed from the 
fragments to construct interface molecules 
which can make an effective linkage between 
target materials. The designed molecules are 
carefully analyzed by X-ray structural and 
thermodynamic measurements to improve the 
function of interface molecules. 
 
【Expected Research Achievements and 

Scientific Significance】 
The interface molecules for proteins, cells, 

and nanomaterials are generated because the 
molecules play important roles in the fields of 
medicine, regenerative therapy, and 
nanotechnology; however, the methodologies 
are independently studied. The demonstration 
that antibodies can be almighty interface 
molecules would open the way for the 
construction of important and convenient 
operation unit for medicine, regenerative 
therapy, and nanotechnology. 
 
【Publications Relevant to the Project】 

1) H. Watanabe, M. Umetsu, I. Kumagai et al., 
Human anti-gold antibodies: Biofunctionaliza- 
tion of gold nanoparticles and surfaces with 
anti-gold antibodies, The Journal of Biological 
Chemistry, 283, 36031-38 (2008) 
2) R. Asano, M. Umetsu, I. Kumagai et al., 
Highly effective recombinant format of a 
humanized IgG-like bispecific antibody for 
cancer immunotherapy with retargeting of 
lymphocytes to tumor cells The Journal of 
Biological Chemistry, 282, 27659-27665 (2007) 
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167, 500 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.che.tohoku.ac.jp/~kuma/index.htm 

Science and Engineering (EngineeringⅡ)              

【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Fly By Light Power: Improvement in High-Speed 
Aerodynamics with Low-Power Deposition 

 

Akihiro Sasoh 
(Nagoya University, Graduate school of Engineering, 
Professor) 
 

Research Area：Aerospace Engineering 
Keyword：Aerospace Fluid Dynamics, Shock Waves, Plasma, Laser 
【Purpose and Background of the Research】 

Supersonic flight over residential land has not 
been commercialized due to poor lift to drag ratio, 
L/D, and serious sonic boom. This project aims in 
developing a new methodology to overcome the 
above problems with lower average power 
deposition supplied as repetitive laser pulses. 
 

 
Figure 1  Increasing lift-to-drag ratio with 
repetitive laser pulses 
 
【Research Methods】 

 In the beginning stage, the following five 
subjects will be studied: 
(1) The laser-powered plasmas will form a 

column which influences the pressure field 
forward to the upstream, thereby 
decreasing the drag (precursory effects). 
Moreover, the L/D will be increased with 
asymmetrical laser pulse depositions. 

(2) Electromagnetic force will be applied to 
boundary layers over a body, thereby 
further improving the aerodynamics 
performance from the effective combination 
with the laser pulse depositions. 

(3) The residence time and impulse will be 
increased due to the „baroclinic effect,‟ which 
results from the interaction between a 
laser-induced plasma and a shock layer. 

(4) Sonic boom will be alleviated with the 
„active‟ control using laser pulse depositions, 
in which density and/or velocity fluctuations 
will remotely be generated. 

(5) The conditions of energy depositions will be 
optimized. 

  The above-listed subjects and integrations at 
the later stage will be conducted utilizing shock 
tubes, supersonic wind tunnel, square-bore 

ballistic range, low-turbulence wind tunnel, 
repetitive pulse lasers, pulse discharge devices, 
and diagnostics tools including  three-dimen- 
sional computational fluid dynamics. 
 

 
Figure 2 Experimental visualization of shock 
layer with repetitive laser pulse depositions. 

 
【Expected Research Achievements and 

Scientific Significance】 
  This study will increase the feasibility of 
commercial supersonic transportation, and 
promote for its realization. High-power, 
high-efficiency and light-weight laser devices 
are expected to be available shortly for the 
technology of „Fly by Light Power.‟ The present  
approach of vastly moderating flows with low 
average power deposition will establish a new 
methodology in high-speed fluid dynamics. 
 
【Publications Relevant to the Project】 

A. Sasoh, T. Ohtani and K. Mori, “Pressure 
effect in a shock-wave-plasma interaction 
induced by a focused laser pulse,” Phys. Rev. 
Lett., 97, 205004, 2006. 

T. Sakai, „‟Supersonic Drag Performance of 
Truncated Cones With Repetitive Energy 
Depositions,‟‟ Intl. J. of Aerospace Innovation, 
Vol.1, No.1, pp.31-43, 2009. 

 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 172,100 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://akagi.nuae.nagoya-u.ac.jp/ 

Science and Engineering (EngineeringⅡ)      
【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Comprehensive Research on Deep-sea Metalliferous 
Sediments as a New Mineral Resource  

 

Yasuhiro Kato 
( The University of Tokyo, Graduate School of Engineering, 

Associate Professor ) 
 

Research Area：Earth System and Resources Engineering 
Keyword：Seafloor Mineral Resource, Resource Exploration, Global Material Cycle 
【Purpose and Background of the Research】 

 We have found out that metalliferous sediments 
containing rare earth elements (REEs) that are 
very important materials for Japanese 
cutting-edge industries are relatively widely 
distributed in the Pacific Ocean. The 
newly-discovered mineral resource (“mineral 
resource mud”) is characterized by (1) high REE 
contents, (2) huge reserves and easy exploration, 
(3) very low U and Th contents, and (4) easy 
recovery of REEs by weak acid. The purposes of 
this project are (a) to reveal the distribution and 
REE content variation of metalliferous 
sediments in the Pacific Ocean, the host 
minerals of REEs in the sediments, and 
mechanism and processes of ore formation, (b) to 
develop the REE potential mapping in the 
Pacific Ocean and to select the promising area of 
REE resource, and (c) to make policy 
recommendations on the development of the new 
mineral resource to the Japanese government. 
 
【Research Methods】 

 The study samples of this project are 
approximately 5,000 sediment samples of 65 
Deep Sea Drilling Project/Ocean Drilling 
Program (DSDP/ODP) cores obtained from the 
Pacific Ocean. The constituent minerals will be 
determined by microscopic observation and 
X-ray diffractometry (XRD). Major and trace 
elements including REEs will be analyzed by 
X-ray fluorescence (XRF) and inductively 
coupled plasma mass spectrometry (ICP-MS). 
The relatively new independent component 
analysis will be used for extracting independent 
features in multivariate compositional space. 
Leaching experiments of REEs and other trace 
metals by acid and alkali solutions will be 
conducted for selected samples. 
 
【Expected Research Achievements and 

Scientific Significance】 
 Source materials and host minerals for REEs 
in the metalliferous sediments and mechanism 
and processes of ore formation will be entirely 
revealed by the present project. In addition, 
secular variations of hydrothermal, 
hydrogenous, biological, and terrigenous 
components and fluxes in the study core 

samples that were deposited in the Pacific 
Ocean during the Cenozoic are expected to be 
uncovered by our new data. We can reveal the 
Earth’s dynamic processes producing the new 
mineral resource, which in turn provide us very 
useful information to restrict the promising 
area of the REE resource in the Pacific Ocean 
more tightly. 

 
 
 
 
【Publications Relevant to the Project】 

Kato, Y., Yamaguchi, K. and Ohmoto, H.: Rare 
earth elements in Precambrian banded iron 
formations: Secular changes of Ce and Eu 
anomalies and evolution of atmospheric 
oxygen. Geological Society of America 
Memoir 198, 269-289, 2006 

Kato, Y., Fujinaga, K. and Suzuki, K.: Major 
and trace element geochemistry and Os 
isotopic composition of metalliferous umbers 
from the Late Cretaceous Japanese 
accretionary complex. Geochemistry 
Geophysics Geosystem vol. 7, Q07004, doi: 
10.1029/2005GC000920, 2005 

 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 121,300 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://egeo1.geosys.t.u-tokyo.ac.jp/kato/ 
ykato@sys.t.u-tokyo.ac.jp 

Science and Engineering (EngineeringⅡ)   
 

【Grant-in-Aid for Scientific Research(S)】                       

Fig. 1  DSDP/ODP cores studied in this project 
and hypothetical secular variations of each flux in 
the Pacific sediments. 
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【Purpose and Background of the Research】 

The current national policy for the 
management and disposal of long-lived nuclear 
wastes (LLNW) generated in fission reactors is 
a sequence of vitrification, interim storage, and 
then depositing underground together with 
other nuclear wastes. 
Alternatively, if LLNW are extracted and 
transmuted into stable nuclides, the 
environmental loading in the geological 
repository becomes very small. Moreover, the 
ethical problem that LLNW are undesirable 
property for our far descendants will be solved. 
From this viewpoint, the nuclear transmutation 
of LLNW is a very attractive subject, and 
neutron capture reaction is the most promising 
transmutation reaction. Therefore, databases 
on neutron capture reaction cross sections are 
indispensable for developing the transmutation 
technology. However, the accuracy of databases 
is quite poor both in quality and quantity at the 
present time. Therefore, the improvement of 
the database accuracy is an urgent task. 
The objective of the present study is to 
contribute to the improvement of the database 
accuracy, by making the precise measurements 
of capture cross sections of LLNW, analyzing 
the measured results theoretically, elucidating 
the capture reaction mechanism of LLNW, and 
supplying reliable calculated capture cross 
sections for all LLNW and in the whole neutron 
energy region. 

 
【Research Methods】 

The measurements will be performed by using 
the Neutron-Nucleus Reaction Instrument 
(NNRI) in the Materials and Life Science 
Facility (MLF) in the Japan Proton Accelerator 
Research Complex (J-PARC) as well as other 
facilities. By comparing the results from all 
facilities, systematic errors will be excluded, 
and the reliable experimental results will be 
derived. The derived capture cross sections and 
gamma-ray spectra will be theoretically 
analyzed simultaneously. As a result, the 
capture reaction mechanism will be elucidated. 

Finally, theoretical calculation will be 
performed for all LLNW and in the whole 
neutron energy region. 
 
【Expected Research Achievements and 
 Scientific Significance】 

The final results of the present study will be the 
accurate data for the neutron capture cross 
sections of LLNW such as Zr-93, Tc-99, Pd-107, 
I-129, Np-237, Am-241, Am-243, Cm-244, and 
Cm-246. This nuclear data will be very 
significant for the technological development of 
nuclear transmutation of LLNW. 

 
【Publications Relevant to the Project】 
・Nuclear data study at J-PARC BL04: M. 

Igashira, Y. Kiyanagi, and M. Oshima; Nucl. 
Instr. Meth., A600, 332-334 (2009). 

・Thermal Neutron Capture Cross-Section and 
Resonance Integral of Americium-241: S. 
Nakamura et al.; J. Nucl. Sci. Technol., 44, 
1500-1508 (2007). 

・ Measurement of Neutron Capture Cross 
Section of 237Np form 0.02 to 100eV: O. 
Shcherbakov et al.; J. Nucl. Sci. Technol., 42, 
135-144 (2005). 
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【Purpose and Background of the Research】 

Material fabrication in nm-scale has been 
successfully developed in industries, especially 
as electronic semiconductor devises. The major 
fabrication techniques have been based on the 
“lithography”, making the fine patterns of 
polymeric materials via chemical reactions 
induced by “ultra-fine beams” of photons or 
charged particles. To date, the spacially focused 
energy (“beam”) seems to be indispensable in 
this conventional “top-down” nanotechnology. 
The ultra-fine “beam” of charged particles, 
however, is intrinsically the “flow” of the large 
number of charged particles. It is obvious that 
the most sharp and the finest “beam” is one 
individual accelerated particle itself. The 
nano-fabrication of materials using isolated 
single particles has been successfully developed 
with the combination of polymer materials and 
high energy charged particles in recent years. 
Multi-functional nanostructures with any kinds 
of polymer materials are developed in the 
present study, using single-, double-, and triple- 
(multi-) atomic accelerated particles which are 
the first, second, and the third finest “beams” in 
the world, respectively. 
【Research Methods】 

 
Fig. 1 Schematic view of single particle nanofabrication. 

The core technology of the present study; single 
particle nanofabrication technique (SPNT) is 
schematically shown in figure 1. The total 
process of the technique is simple and 
completed within the next three steps; 1) 
fabrication of polymer thin films on the 
substrate, 2) penetration of high energy 
charged particles and promotion of 
cross-linking reactions along the trajectories, 3) 
removal of uncross-linked polymer materials 
from the surfaces. Only the parameter 
controlling the feasibility of SPNT is the 

efficiency of cross-linking reactions, thus the 
technique is possibly applied for a variety of 
polymer materials. 
【Expected Research Achievements and 
Scientific Significance】 

In the present research project, we expand 
rapidly the target of polymer materials as the 
respective functional nano-blocks in the 
following area:  
1) Protein macromolecules and sugars as 

bio-compatible and biologically active 
blocks 

2) Synthetic and conducting polymers as 
structural and electronic functional blocks 

3) Polymer materials as the precursors for 
organic-inorganic conversion, leading to 
ceramic nanostructures 

4) Cross-linked polymer nanostructures with 
metallic nanoparticles as highly active 
surface catalysts.  
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Figure 2. An image of multi-functional multi-block 
1D nano-structure prepared by SPNT  

Within the present research project, we suggest 
the present SPNT technique as a powerful, 
technically oriented, and cost-conscious 
candidate for nano-processing of any polymeric 
materials, promote the application in the field 
of not only the above materials but also of 
materials used for drug-delivery and 
electronics.  
【Publications Relevant to the Project】 

S. Seki , et al., Polymer J., 39 (2007) 277; S. Seki , et 
al., Macromolecules, 39 (2006) 7446; ibid, 38 (2005) 
10164; S. Tsukuda, et al., Appl. Phys. Lett., 87 
(2005) 233119; S. Seki, et al., Phys. Rev. B, 70 
(2004) 144203 
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