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【Purpose and Background of the Research】 
Traditionally, quantum state engineering has been 
studied in microscopic systems such as atoms, 
electrons, and spins. Here, we aim at technologies 
for quantum state control of collective degrees of 
freedom in solids. Based on our research 
background in superconducting quantum circuits, 
we will develop hybrid quantum systems and 
establish the new fields of quantum magnonics and 
quantum nanomechanics. 
 

【Research Methods】 
We use superconducting quantum circuits as a tool 
for controlling other collective quantum degrees of 
freedom in solids, such as magnons in ferromagnets 
and phonons in nanomechanical devices. The 
well-established superconducting qubit technology 
gives us flexibility in the designs of the coupling 
schemes in the microwave domain.  
1. Generation and characterization of 

non-classical microwave quantum states in 
superconducting circuits 

2. Quantum-state control of a single magnon in a 
ferromagnetic single crystal 

3. Cooling toward the ground state and control of 
the photon quantum state in a mechanical 
oscillator with opto-electro-nanomechanics 

As shown in Fig.1, Items 2 and 3 are also pursued 
from the optical side, which will eventually help 

coupling superconducting circuits indirectly, but 
still coherently, to optical degrees of freedom.  
 

【Expected Research Achievements and 
Scientific Significance】 

The outcome of our research will extend the scope 
of quantum state control and quantum engineering 
from microscopic world to macroscopic collective 
degrees of freedom. Applications of quantum 
mechanics to macroscopic systems are of 
long-standing interest and allow us to investigate 
the quantum-classical boundary. 
Collective modes extending in macroscopic 
dimensions in space result in a large transition 
moment and accordingly strong coupling with 
electromagnetic field. As we have seen in 
superconducting quantum circuits, the strong 
interaction often brings new physics and 
applications. 
Quantum interface between superconducting 
circuits and optical communication channels is still 
lacking. The hybrid quantum systems we are 
developing will be a candidate towards the goal. 
 

【Publications Relevant to the Project】 
 “Breakthroughs in microwave quantum 
photonics in superconducting circuits,” Y. 
Nakamura and T. Yamamoto, IEEE Photonics 
Journal 5, 0701406-1-6 (2013). 

 “Quantum Computing,” T. D. Ladd, F. Jelezko, R. 
Laflamme, Y. Nakamura, C. Monroe, and J. L. 
O’Brien, Nature 464, 45-53 (2010). 

 “Coherent control of macroscopic quantum 
states in a single-Cooper-pair box,” Y. 
Nakamura, Yu. A. Pashkin, and J. S. Tsai, 
Nature 398, 786-788 (1999). 

【Term of Project】FY2014-2018 
【Budget Allocation】151,000 Thousand Yen 
【Homepage Address and Other Contact  

Information】 

http://www.qc.rcast.u-tokyo.ac.jp 
info@qc.rcast.u-tokyo.ac.jp 

Figure 1 Hybrid quantum systems
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【Purpose and Background of the Research】 
Recent advancement in nanotechnology has 
allowed scientists to prepare and explore quantum 
states of single “artificial atoms” or “quantum bits” 
in solids.  The atomic states of dopants in 
semiconductors and macroscopic atom-like states 
realized by superconducting circuits are the two 
representing examples.  Since the field has 
reached the multiple qubit manipulation stage and 
realization of a useful quantum computer requires 
integration of a very large number of qubits, 
interests are emerging to utilize a small number of 
qubits in solids to realize a mission impossible by 
the classical means; establishment of quantum (or 
quantum mechanically enhanced) sensors that can 
exceed the classical limits by utilizing single qubits 
(or entanglement of multiple qubits) in solids.  
The present project aims to utilize nitrogen vacancy 
(NV) centers in extremely thin (<5nm) isotopically 
purified diamond films as quantum sensors, and 
develop diamond chips that will allow for single 
atom/molecule nuclear magnetic resonance 
measurements, electric field detections, and 
temperature sensing.     
 

【Research Methods】 
As shown in Fig. 1, target atoms/molecules are 
placed on the surface of diamond and a single NV 
pair (the arrow in Fig. 1) situating within a few 
nm from the target atom/molecule will have 
enough dipole interaction to detect the change in 
the nuclear moment direction induced by the 
NMR of the target single atom/molecule.  It is 
also possible to place many NV pairs as shown in 
Fig. 2, and image the magnetic field, electric field, 
and temperature distribution within each molecule, 
using each NV as a pixel.  The whole diamond chip 
is placed under an optical microscope and the 
manipulation of each NV state is performed by the 

local pulse electron spin resonance while read out 
of the quantum state of each NV center can be 
performed by irradiation of the excitation green 
laser followed by detection of the red photons 
coming from the NV center.  
 

【Expected Research Achievements and 
Scientific Significance】 

Investigation of the quantum mechanical 
couplings between NV electron spins and target 
nuclear spins are essential and understanding of 
their interaction with external perturbation by the 
magnetic field, mechanical force, and electric field 
is needed for the quantum sensor applications. 
Therefore, such steps alone contribute greatly to 
the advancement of science.  From the application 
point of view, while the standard NMR requires 
~1018 spins, our diamond chip will allow NMR of 
very small numbers of molecules at room 
temperature simply by placing or dropping the 
target substance on the diamond chip surface.  
Clearly, this will have a strong impact on 
pharmaceutical, chemical, and geological 
engineers working in industry. 
 

【Publications Relevant to the Project】 
K. Ohashi, T. Rosskopf, H. Watanabe, M. Loretz, 
Y. Tao, R. Hauert, S. Tomizawa, T. Ishikawa, J. 
Ishi-Hayase, S. Shikata, C. L. Degen, and K. M. 
Itoh, “Negatively Charged Nitrogen-Vacancy 
Centers in a 5 nm Thin 12C Diamond Films,” 
Nano Letters, vol. 13, 4733-4738 (2013). 
 
 

【Term of Project】FY2014-2018 
 

【Budget Allocation】165,200 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://www.appi.keio.ac.jp/Itoh_group/ 
kitoh@appi.keio.ac.jp 

Fig. 2 Fig. 1 
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【Purpose and Background of the Research】 
Tunneling current is a quantum electric current 

that is used to identify small differences in the 
electronic structures of single molecules. In a 
previous research, we had succeeded in identifying 
DNA sequences via tunneling currents using 
nanodevices. 
In this project, we aim to develop single-molecule 

sequencing methods for DNA, RNA, and proteins 
and establish the scientific principles of these 
methods. In particular, we will focus on developing 
methods for detecting modified DNA, RNA, and 
peptides relevant to disease markers and 
regulation of expression. 
 

 
Figure 1 Single-molecule sequencing of DNA, RNA, and 
peptides, and single-molecule mapping of modified DNA, 
RNA, and peptides. 
 

【Research Methods】 
Multi-nanogap electrodes will be developed to read 

out base molecules of single DNA and RNA and 
amino acid molecules of single peptides with high 
accuracies. Algorithms for fragmented sequences of 
DNA, RNA, and peptides will be developed to 
determine their full sequences, using information 
science theories. 
Multi-nanogap electrodes integrated with 

nanofluidic channels will be developed to increase 
the accuracy of DNA, RNA, and peptide sequencing 
owing to their ability to read out multiple 
sequences. Using these integrated nanodevices, 
where single-molecules perform reciprocating 
motions between nanogap electrodes, we will 
develop methods for controlling single-molecule 
fluid dynamics. 

 

 
Figure 2 Schematic of single-molecule sequencing using 
multi-nanoelectrodes. 

【Expected Research Achievements and 
Scientific Significance】 
Single-molecule sequencing methods for peptides 

will allow us to identify arrangements of amino 
acid molecules directly via tunneling currents, 
with small amounts and high throughput. In 
addition, detection of modified DNA, RNA, and 
peptides with single-molecule resolution is 
expected to reveal the correlation between genetic 
modifications and the phenomenon of life, while 
the detection methods can be applied to investigate 
the relationship between genetic modifications and 
diseases.  

【Publications Relevant to the Project】 
・M. Tsutsui, M. Taniguchi, K. Yokota, T. Kawai, 

Identifying single nucleotides by tunneling 
current, Nat. Nanotechnol., 5, 286-290, 2010. 

・ T. Ohshiro, K. Matsubara, M. Tsutsui, M. 
Furuhashi, M. Taniguchi, T. Kawai, 
Single-molecule electrical random 
resequencing of DNA and RNA, Sci. Rep., 2, 
00501, 2012. 

【Term of Project】FY2014-2018 
【Budget Allocation】136,700 Thousand Yen 
【Homepage Address and Other Contact  

Information】 

http://www.bionano.sanken.osaka-u.ac.jp 
taniguti@sanken.osaka-u.ac.jp 
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【Purpose and Background of the Research】 
The electron spin degrees of freedom emerges in the 
physics of electrons in nanoscale materials; a wide 
variety of physical phenomena, arising from 
interaction between spin, change, and elementary 
excitations, appears in nanostructures. Controlling 
these phenomena played by electron spins in solids 
leads to next-generation electronic technology.  
This study aims to develop the foundation of the 
spin-based technology utilizing the spin Hall effect, 
induced by the relativistic effect in a solid.  
 The physics of spin currents in metals and 
inorganic semiconductors has been established 
through the systematic study since the beginning 
of spintronics. In contrast, it has been difficult to 
study the spin physics in hopping conduction 
materials because of the absence of the versatile 
way for generating spin currents in these 
materials. Recently, we have discovered a method 
for spin injection into a wide range of materials 
through dynamical spin exchange coupling at 
ferromagnetic/nonmagnetic interface: dynamical 
spin injection. This discovery has opened a new 
route for exploring the physics of spin currents. In 
this study, we extend the work on the dynamical 
spin injection. We explore comprehensive physics 
of spin transport and spin conversion, which 
covers the spin current physics not only in band 
conduction systems but also in hopping conduction 
systems, in combination with the spin Hall effect.  
 

【Research Methods】 
 The spin Hall effect arising from the spin-orbit 
interaction enables electric generation and 
detection of spin currents. By combining the spin 
Hall effect and dynamical spin injection at spin 
hetero interfaces, we explore the physics of spin 
transport and spin-charge conversion in band and 
hopping transport systems. This combination 
further allows to study spin exchange at hetero 
junction in the presence of symmetry breaking and 
spatially nonuniform spin dynamics. The interface 
spin exchange at insulator/metal interfaces also 
gives rise to spin-carrier conversion from magnons 
to electrons. Using this spin-carrier conversion, we 
reveal nonlinear spintronic effects arising from 

angular momentum transfer from the lattice to the 
spin system.  

 
【Expected Research Achievements and 

Scientific Significance】 
The spin Hall effect enables to develop the physics 
of spin currents, which has been difficult to 
address using the conventional spintronic 
techniques. This study promises to open a route for 
next-generation electronic technology based on the 
spin Hall effect: spin Hall nanoelectronics.  
 

【Publications Relevant to the Project】 
・K. Ando, S. Takahash, J. Ieda, H. Kurebayashi, T. 

Trypiniotis, C. H. W. Barnes, S. Maekawa, and E. 
Saitoh, "Electrically tunable spin injector free 
from the impedance mismatch problem," Nature 
Materials 10, 655 (2011). 

・K. Ando, S. Watanabe, S. Mooser, E. Saitoh, and 
H. Sirringhaus, "Solution-processed organic 
spin-charge converter," Nature Materials 12, 
622 (2013). 

 
【Term of Project】FY2014-2018 

 
【Budget Allocation】150,000 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.ando.appi.keio.ac.jp 
ando@appi.keio.ac.jp 

 

Figure 1 Spin current measurement system 
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【Purpose and Background of the Research】

Low-power consumption, high speed, and 
multi-functional electronic devices are required for 
Si ultra large scale integrated circuits to extend 
their applications. In this project, we develop the 
crystal growth technology and electronic property 
engineering of group-IV semiconductor materials 
including GeSn and GeSiSn, etc for tunnel field 
effect transistor (TFET) and optoelectronic devices. 
We challenge to clarify the energy band, strain, and 
defect structures and electronic and optoelectronic 
properties of GeSn and GeSiSn thin films. We also 
establish the engineering technology of Sn-related 
group-IV semiconductors and develop the process 
technology for innovation of Si nanoelectronics. 
【Research Methods】

We promote following research themes of 
Sn-related group-IV semiconductor materials. 
(1) We investigate the crystal growth of GeSn and 
GeSiSn layers by using molecular beam epitaxy 
etc. for high quality thin films with a high Sn 
content and controlled carrier property. 
(2) We develop the technology of controlling defects 
and strain structure in GeSn, GeSiSn, and GeSnC 
etc. for electronic applications. We investigate the 
local strain and defect structures. We also 
investigate the influence of fabrication processes 
and device structures on the nano-scale properties 
at metal/semiconductor (MS) and metal/oxide/ 
semiconductor (MOS) interfaces. 
(3) We examine the formation of high Sn content 
GeSn layer being a direct transition semiconductor. 
We investigate the carrier, optical absorption, and 
luminescence properties of GeSn and GeSiSn to 
understand and control those energy band 
structures.  

(4) We develop the technology engineering doping 
and MS and MOS interfaces for GeSn materials. 
We examine the formation of metal electrode and 
high permittivity metal oxide thin films on GeSn 
and GeSiSn, and investigate the interfacial 
reactions and their electrical properties. 
(5) We develop the process technology for the 
device fabrication of TFET and optoelectronic 
devices, and investigate the device properties. 
【Expected Research Achievements and  

Scientific Significance】
Achievements of this project promise that the 
fundamental engineering technology of GeSn and 
GeSiSn will be established for low-power, high 
speed, and multi functional devices. The new 
technology of group-IV semiconductor materials 
will be fused into Si CMOS technology. In addition, 
new nanoelectronics technology will be established 
for TFET and direct semiconductor group-IV 
semiconductor optoelectronic devices, and those 
will contribute to the evolution for electronics 
industries in Japan. From the view point of 
academic science, new and interesting materials 
science will be advanced with the generation of 
direct semiconductor and energy band engineering 
of group-IV semiconductors. 

【Publications Relevant to the Project】
 S. Zaima, “Technology Evolution for Silicon 

Nanoelectronics: Postscaling Technology”, Jpn. J. 
Appl. Phys. 52, 030001 (12 pages) (2013). 
 O. Nakatsuka, Y. Shimura, W. Takeuchi, N. 

Taoka, and S. Zaima, “Development of epitaxial 
growth technology for Ge1-xSnx alloy and study of 
its properties for Ge nanoelectronics”, Solid-State 
Electron. 83, pp. 82-86 (2013). 

【Term of Project】FY2014-2018 

【Budget Allocation】138,600 Thousand Yen 

【Homepage Address and Other Contact  
Information】
http://alice.xtal.nagoya-u.ac.jp/groupiv/
zaima@alice.xtal.nagoya-u.ac.jp

Figure 1  Concept of multi-functional devices with 
Sn-related group-IV semiconductors. 
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【Purpose and Background of the Research】 
Attosecond science has carved out one important 
research branch of ultrafast phenomena for the 
last decade. The success had given us many 
important knowledge for fundamental science of 
the interaction between electrons and photons. 
However, an output energy as well as a repetition 
rate is still not sufficient, though the pulse 
duration attained is sub-100 as. Thus, the 
widespread application of attosecond pulses has 
been limited because of the low photon flux as well 
as the complexity of the laser tools required to 
produce intense isolated attosecond pulses. To 
bring a breakthrough in attosecond science, we are 
going to tackle two research topics below. 
 

【Research Methods】 
i) Generation of intense isolated attosecond pulses 
We have successfully increased an energy of 
isolated attosecond pulses by infrared two-color 
field synthesis. We are going to expand this 
two-color scheme into much shorter wavelength 
region.  
   Since our method has the advantage that the 
HH output yield can be linearly scaled up by 
increasing the HH emission volume, we can 
estimate exactly a scaled-up configuration in the 
soft-X-ray region. By straightforwardly upgrading 
the two-color scheme to a main pump energy of 50 
mJ and adopting a focusing length of 5 m, we 
expect to achieve an isolated attosecond pulse 
energy grater than 0.1 μJ around 100 eV, which is 
almost 1000-fold higher than the energies 
previously reported.  
ii) MHz repletion rated high harmonics 
The increase of the repetition rate of 
high-harmonic pulses up to multi-MHz is required 
to explore the wide range of novel applications. In 
particular, photoemission spectroscopy is one of 
the most important applications of the multi-MHz 
HHG source.  

We proposed a promising method for high 
repetition HHG inside the laser cavity of a 
high-power oscillator, which does not need precise 
control of cavity length. Energy-scalability and 
system flexibility of intra-cavity HHG is expected 
to be better than external enhancement cavity.  

   For realizing our concept, we design and 
develop a high-pulse-energy Yb:YAG thin disk 
mode-locked oscillator for intra-cavity HHG. In 
order to achieve high pulse energy at an ultrahigh 
repetition rate, the cavity length of 30 m which 
corresponds to the repetition rate of 10 MHz will 
be employed. Intra-cavity pulse energy of more 
than 100 μJ is expected with a pulse duration of 
400 fs. In order to further shorten the pulse 
duration, we will test other thin disc media like 
Yb: Lu2O3 and Yb:KGW etc.  
 

【Expected Research Achievements and 
Scientific Significance】 

Here we are going to realize the MHz 
high-repetition HHG for ultrafast photoelectron 
spectroscopy and high energy attosecond pulses 
for attosecond-pump/attosecond-probe experi- 
ments and nonlinear science occurring on the 
attosecond time scale. Those are expected to bring 
major breakthroughs for the next attosecond 
frontiers.  
 

【Publications Relevant to the Project】 
・E. J. Takahashi, P. Lan, O. D. Mücke, Y. 

Nabekawa, and K. Midorikawa, “Attosecond 
nonlinear optics using gigawatt-scale isolated 
attosecond pulses”, Nat. Commun. 4, 2691 
(2013). 

・E. J. Takahashi, P. Lan, O. D. Mücke, Y. 
Nabekawa, and K. Midorikawa, “Infrared 
two-color multicycle laser field synthesis for 
generating intense attosecond pulse, “ Phys. Rev. 
Lett. 104, 233901 (2010). 

 
【Term of Project】FY2014-2018 
【Budget Allocation】134,400 Thousand Yen 
【Homepage Address and Other Contact  

Information】
http://www.riken.jp/research/labs/chief/laser_tech/ 
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【Purpose and Background of the Research】 
An ion storage ring is the large-scaled device 
originally developed to increase the intensity and 
quality of the ion beam in high-energy or nuclear 
physics. However, an electrostatic ion storage ring 
has recently emerged. It opened up a chance to 
investigate much heavier ions like polyatomic 
molecular ions, cluster ions, and bio-molecular ions 
taking advantage of the required storage condition 
independent of the mass of the ions. We recently 
developed a new type of tabletop electrostatic ion 
storage ring. We cooled the whole ring device down 
to the ultralow temperature (5K) and attained an 
extreme good vacuum (10 15 Torr). We can prepare a 
variety of isolated cold molecular ions in vacuum 
under this cryogenic environment for the long 
period of the order of hour. The stored ions posses a 

translational energy of 10 20keV, and the reaction 
products from collisions or excitation are efficiently 
and easily detected. 
 Based on this newly developed device, we aim to 
create interdisciplinary research fields related 
with astronomy, chemistry, and biology.  
 

【Research Methods】 
We introduce a variety of ion sources to produce 
specific molecular ions to be stored. Large 
molecular ions produced by an electrospray ion 
source (ESI) are trapped in an additional cryogenic 

RF ion trap prior to the injection into the ring in 
order to enhance the number and to be extracted 
in a pulsed mode. By injecting an energy-tunable 
OPO laser and a dye laser into the straight 
section of the ring, we perform spectroscopy of the 
vibrationally and rotationally cooled ions. For 
studying low-energy collision dynamics, where 
the property of the molecules manifests itself, we 
also merge a neutral particle beam into the stored 
ions. The neutral beam is prepared by 
photo-induced electron-detachment of the 
accelerated negative ions. We obtain reaction 
probabilities as a function of the collision energy, 
namely energy-differential cross section by 
controlling the relative velocity. 

 
【Expected Research Achievements and 

Scientific Significance】 
The ion-neutral reaction in the region of 
low-temperature and low energy plays a crucial 
role in molecular evolution in space, and our 
project will bring a plenty of new data in this field.    
The expected energy-differential cross sections of 
the large molecular ions relevant to biological 
interests have not been measured due the 
experimental difficulty, and they also will bring 
new information in radiation biology. 

 
【Publications Relevant to the Project】 
・"Cooling dynamics of photo-excited C6  and C6H ", 

G. Ito, H. Shiromaru, M. Goto, T. Azuma, and K. 
Hansen at al, Phys. Rev. Lett. 112, 183001 
(2014).  

・ "Direct observation of internal energy 
distributions of C5 ", M. Goto, A.E.K. Sundén, H. 
Shiromaru, T. Azuma, and K. Hansen et al, J. 
Chem. Phys. 139, 054306 (2013). 

 
【Term of Project】FY2014-2018 
 

【Budget Allocation】147,000 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://www.riken.jp/amo/ 
toshiyuki-azuma@riken.jp 

Figure 1 an assembly of the electrodes of the
cryogenic electrostatic ion storage ring 
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 Takayuki Hibi  
( Osaka University, Graduate School of Information Science and 
Technology, Professor ) 

Research Project Number：26220701 Researcher Number：80181113
Research Area： Mathematics 
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【Purpose and Background of the Research】 
 Following the success of JST CREST mathematics 
project ``Harmony of Gröbner Bases and the 
Modern Industrial Society,’’ known as Hibi project, 
the present research continues the bringing up of 
young mathematicians and develops original ideals 
on pure mathematics arising from Hibi project with 
maintaining its steady research organization of 
algebra, statistics and computation.  
 First, with considering the historical background 
that commutative algebra on monomial ideas was 
born about 40 years ago in connection with 
combinatorics, commutative algebra on binomial 
ideals is created in connection with statistical 
models and designs of experiments. 
 Second, from the viewpoint of computation of 
Pfaffian systems of 0-dimensional ideals, the trio 
of convex polytopes, A-hypergeometric systems and 
statistical distributions is studied.  In particular, 
the study on A-hypergeometric systems associated 
with convex polytopes yields a new and wide class 
of innovative models of statistical distributions.  
 

【Research Methods】 
 (Strategy A) The theory of determinantal ideals 
has developed in connection with invariant theory, 
representation theory and combinatorics.  Recently, 
under the influence of algebraic statistics on 
contingency tables, the algebraic study on binomial 
ideals generated by 2-minors becomes fashionable.  
One of the problems is to determine when a 
binomial ideal generated by 2-minors is prime and 
possesses a quadratic Gröbner basis.  
 (Strategy B) Based on the fact that Markov bases 
of designs of experiments correspond to systems of 
generators of toric ideals associated with designs, 
the algebraic theory of toric ideals of two-level 
fractional factorial designs is established and, 
furthermore, the possibility of computation of 
Markov bases of multi-level designs is researched. 
 (Strategy C) Order polytopes, which define toric 
ideals of distributive lattices, give a nice class of 
A-hypergeometric systems whose Pfaffian systems 
have the growth rate of the polynomial order.   
This observation naturally yields the temptation of 
discovering distinguished classes of convex 
polytopes with the particular property and of 

making the database of innovative A-distributions. 
 (Strategy D) The algebraic theory of nested 
configurations was founded by the feedback from 
statistics.  Convex polytopes and toric ideals 
arising from nested configurations as well as 
centrally symmetric configurations are studied 
and their statistical significance is discussed. 
 

【Expected Research Achievements and 
Scientific Significance】 

 This research can rapidly develop commutative 
algebra on binomial ideals and create a new world 
of commutative algebra with emphasis on the 
contribution to algebraic statistics.  Moreover, 
the traditional theory of polytopes is dramatically 
reorganized and a new trend on algebraic 
combinatorics on convex polytopes is tempted. 
 

【Publications Relevant to the Project】 
・ T. Hibi, Ed., ``Gröbner Bases: Statistics and 

Software Systems,’’ Springer, 2013. 
・ S. Aoki, T. Hibi and H. Ohsugi, Markov chain 

Monte Carlo methods for regular two-level 
fractional factorial designs and cut ideals, J. 
Statist. Plann. Infer. 143 (2013), 1791--1806. 

・ V. Ene, J. Herzog, T. Hibi and F. Mohammadi, 
Determinantal facet ideals, Michigan Math. J. 
62 (2013), 39--57. 

・ J. Herzog and T. Hibi, ``Monomial Ideals,’’ 
GTM 260, Springer, 2011. 

・ S. Aoki, T. Hibi, H. Ohsugi and A. Takemura, 
Gröbner bases of nested configurations, J. 
Algebra 320 (2008), 2583--2593. 

 
【Term of Project】FY2014-2018 
【Budget Allocation】137,700 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://www.math.sci.osaka-u.ac.jp/~hibi/ 
hibi@math.sci.osaka-u.ac.jp 
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 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Advanced Analysis on Evolving Patterns in Nonlinear 
Phenomena Driven by Singular Structure 

 Yoshikazu Giga 
(The University of Tokyo, Graduate School of Mathematical 
Sciences, Professor) 

Research Project Number：26220702 Researcher Number：70144110
Research Area： Mathematical and physical sciences, Mathematics, Mathematical analysis
Keyword： Nonlinear analysis (including variational analysis/nonlinear phenomena)

【Purpose and Background of the Research】 
The key to analyze evolving patterns is to 
understand singular structures. We often observe 
that there develop several singular structures like a 
pinching droplet, colliding spirals and a planar 
surface called a facet. Our goal is to make 
remarkable progress in analysis of evolving 
patterns by studying nonlinear partial differential 
equations (PDEs) describing phenomena. 
If singular structures are included in evolving 
patterns, classical notions of solutions of PDEs are 
insufficient. To overcome this difficulty, an extended 
notion of a solution is necessary. 
Fortunately, due to development of nonlinear 
analysis for last three decades, by now there are 
several successful results for describing motion of 
evolving objects by “weak solutions” of PDEs. 
In this project we further introduce effective 
notions of weak solutions for various nonlinear 
PDEs including singular structures. We shall study 
the well-posedness of the problem to analyze 
evolving patterns. The topics include a total 
variation flow and a crystalline mean curvature 
flow. We shall even study higher-dimensional and 
higher-order problems. We intend to apply our 
results to the theory of crystal growth, image 
processing, fluid dynamics. We shall also clarify 
relation between several mathematical models. For 
this purpose we develop up-to-date theory of 
viscosity solutions, variational analysis, functional 
analysis, asymptotic analysis and real analysis. 
 

【Research Methods】 
In addition to personal research and joint research 
with international and domestic collaborators, we 
will organize international workshops focusing 
related topics in mathematics, as well as 
interdisciplinary international conferences and 
tutorial seminars to find hidden mathematical 
problems in various disciplines. 
 

【Expected Research Achievements and 
Scientific Significance】 

Mathematical Aspects: We expect to make a 
breakthrough for longstanding problems and new 
methods by merging several methods from a 

synthetic view point of “analysis on evolving 
patterns”. We expect new developments on 
higher-dimensional and higher-order problems. 
For example, merging variational and viscosity 
analysis, we expect to extend a level-set method for 
a crystalline mean curvature flow of a surface to 
solve an open problem. Developing the theory of 
viscosity solutions and variational analysis, we 
expect to contribute to the theory of nonlinear 
PDEs. 
Applied Aspects: Evolving patterns with singular 
structures appear not only in physics like fluid 
dynamics or the theory of crystal growth, but also 
in image processing or differential games in 
sociology. Fundamental theories of those 
disciplines are expected to be renovated. For 
example, analysis on colliding spirals in a crystal 
surface leads a possibility that the theoretical 
speed of a growing crystal is precisely calculated. 
Moreover, fundamental analysis of these equations 
may lead to applications to another discipline. 
 

 

 
【Publications Relevant to the Project】 

Y. Giga, Surface evolution equations: A level set 
approach. Birkhäuser (2006), xii+264 pp. 
M.-H. Giga, Y. Giga and J. Saal, Nonlinear partial 
differential equations: Asymptotic behavior of 
solutions and self-similar solutions. Birkhäuser 
(2010), xviii+294 pp. 

【Term of Project】FY2014-2018 
【Budget Allocation】119,800 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://www.ms.u-tokyo.ac.jp/~labgiga/ 

  

Spiral growth by a level-set method
[Ohtsuka, Giga, Tsai (2014)] 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Study of Large-scale Cosmic Plasmas by Wide-field 
X-ray Spectroscopy Observations 

 Takaya Ohashi 
(Tokyo Metropolitan University, Graduate School of Science and 
Engineering, Professor) 

Research Project Number：26220703 Researcher Number：70183027
Research Area： Mathematics and Physical Sciences, Astronomy 
Keyword： Astronomy of X-ray and γ-ray

【Purpose and Background of the Research】 
In the local universe, the ordinary matter (baryons) 
remains undetected and called as dark baryons. 
They are likely to trace large-scale structures as 
intergalactic medium with temperatures around 
106 K, but their observational properties remain 
unclear yet. An almost only method to detect 
emission from dark baryons is to observe redshifted 
emission lines with high energy resolution. This 
research aims to develop a small satellite DIOS 
(Diffuse Intergalactic Oxygen Surveyor: Fig. 1) to 
be launched in 2020. The observational instrument 
consists of TES microcalorimeter array, cryogen 
free cooling system and 4 reflection X-ray telescope, 
and the grasp (solid angle times area) below 2 keV 
is as large as that of a large future X-ray 
observatory. The high resolution spectroscopy from 
DIOS will also clarify gas motions from earth’s 
neighborhood to clusters of galaxies. 

 
【Research Methods】 

Aiming at the launch of DIOS in 2020, this research 
will combine expertise of Tokyo Metropolitan 
Univerisity, Nagoya University and ISAS/JAXA, as 
well as groups in the US and in Europe who have 
successful collaboration record. We hope to finish 
the flight model production in the research term. 
The first year is performance verification, 2nd year 
for detailed design after the mission selection, and 
in the 3rd to 5th year payload production will be 
carried out. The satellite test will be after this 

research term, but flight model of observing 
instruments will be produced with this budget. 

【Expected Research Achievements and 
Scientific Significance】 

DIOS will reveal large-scale filaments of dark 
baryons as shown in Fig. 2, which gives a 
simulation result based on simultaneous detection 
of OVII and OVIII lines above 5 sigma. 

【Publications Relevant to the Project】 
・ T. Ohashi et al. “Status of the Diffuse 

Intergalactic Oxygen Surveyor (DIOS)”, SPIE, 
8443, article id. 844319 (2012) 

・T. Ohashi et al. “X-ray study of cluster edge and 
beyond”, Astronomische Nacharichten, 334, 325 
(2013) 

【Term of Project】FY2014-2018 
【Budget Allocation】158,500 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://www-x.phys.se.tmu.ac.jp/home/wp/ 

Fig. 1: Schematic view of DIOS, aiming for a 
launch in 2020. Solar paddle length is about 
10 m, and spacecraft weight is about 700 kg.  

Fig. 2: Simulation of DIOS observation of dark 
baryons. Survey for 2 years will show 
large-scale filaments. 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 

Title of Project： Imaging Habitable Zone Planets with Subaru 
Telescope  and  TMT 

 Guyon Olivier  
(National Institutes of Natural Sciences, National Astronomical 
Observatory of Japan, RCUH Staff) 

Research Project Number：26220704 Researcher Number：90399288
Research Area： Astronomy 
Keyword： Exoplanet, High contrast instrument

【Purpose and Background of the Research】 
The number of known exoplanets is growing at an 
accelerating pace, allowing statistically results to 
be derived. While the most successful exoplanet 
discovery are currently using indirect techniques 
(radial velocity or transit technique), detailed 
characterization of the planet's surface or 
atmosphere will require direct imaging. Direct 
imaging is therefore a strategic long-term goal for 
the study of exoplanets, especially for finding 
evidence of life outside our solar system. The 
purpose of our activity is to develop a powerful 
system for imaging exoplanets, and for the first 
time allow detection of light reflected by giant 
exoplanets. 
 

【Research Methods】 
 Combining two revolutionary technologies that 
have emerged in the last decade, we will (1) 
improve the existing Subaru Coronagraphic 
Extreme Adaptive Optics (SCExAO) instrument so 
that it will image and characterize giant exoplanets 
 

 
Figure1  Activity plan 

 
 in habitable zones with the 8.2m Subaru telescope 
(2) prepare the improved instrument so that it will 
be able to image and characterize habitable planets 
with the Thirty Meter Telescope (TMT) in year 
~2022. The main part of our upgrade is a 
high-speed sensitivity wavelength resolving camera 
(MKIDS) which will be built in FY2014/FY2015 at 
UC Santa Barbara. In parallel to this effort, the 
existing SCExAO system coronagraph and speckle 
control loop will be improved in contrast and speed. 
Activities to prepare habitable planets imaging 
with TMT will proceed in parallel. 

【Expected Research Achievements and 
Scientific Significance】 

Our proposed activity will greatly improve the 
performance of the existing SCExAO system, 
allowing for the first time detection of light 
reflected by giant exoplanets. At the outcome of 
our effort, we will have established the most 
powerful exoplanet imager in the world at small 
angular separations on Subaru Telescope, and we 
will make it widely available to observers. The 
instrument system we will design will have been 
developed by a team of experts with a strong drive 
towards enabling direct imaging and 
characterizing habitable planets around nearby 
M-type stars. We will also have established an 
exciting TMT science opportunity. Our effort will 
ensure that both the instrument plan is ready to 
start habitable planet observations on TMT within 
2 years of its first light with adaptive optics. 

 
 

Figure2 our targets vs expected contrast and 
angular separation 

 
【Publications Relevant to the Project】 

Guyon, O., et al. 2014, ApJ, 780, 2, 171 
Martinache, F., et al. 2012, PASP, 124, 922,1288 
Mazin, B.A., et al . 2013, PASP, 123, 933 
 

【Term of Project】FY2014-2018 
【Budget Allocation】117,200 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://www.naoj.org/Projects/SCEXAO/   
guyon@naoj.org 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Search for the Electric Dipole Moment with Laser 
Cooled Radioactive Atoms in the Optical Lattice 

 Yasuhiro Sakemi  
(Tohoku University, Cyclotron and Radioisotope Center, Professor) 

Research Project Number：26220705 Researcher Number：90251602
Research Area： Particle, Nuclear, Cosmic ray, Astro physics
Keyword： Experimental nuclear physics, Experimental particle physics, Electrid dipole 

moment, Laser cooling, Optical lattice, Fundamental symmetry 
【Purpose and Background of the Research】 

To explore the mechanism for the generation of 
observed matter-antimatter asymmetry in the 
Universe, the research on fundamental symmetry 
violations and various fundamental interactions 
using the laser cooled and trapped atoms is being 
promoted. One such phenomenon of our interest is 
the intrinsic electric dipole moment (EDM) of either 
elementary or composite systems. The non-zero 
observation of EDM provides the direct and 
conclusive signatures of the violation of 
time-reversal symmetry, and the CP violation 
under the CPT invariance. Using the extreme 
quantum states such as the cooled atoms in the 
optical lattice, we study the high-energy physics 
related to the phenomena which are thought to 
have happened in various epochs in the very early 
Universe. 
 

【Research Methods】 
The electron EDM in paramagnetic atoms is 
appeared and enhanced by the relativistic effects 
with the 3rd power of the nuclear charge. The 
heaviest alkali element such as the francium (Fr) 
has the largest enhancement factor, and the 
detailed calculation with the relativistic coupled 
cluster model shows the enhancement factor with 
~895. The Fr atom has the function as a 
microscope to magnify the tiny electron EDM. We 
will apply the optical lattice technique to confine 
the Fr to achieve the accuracy with ~ 10-29 e・cm.   

In the optical lattice, the Fr atom is confined in 
each potential well generated with the lattice 
configuration, and the long interaction time can 
be achieved since the interaction or collision 
rates between atoms will be reduced. The EDM 
itself can be determined from the accurate 
measurement of the Larmor frequencies. The Fr 
is produced with the thermal ionizer with molten 
197Au target using the fusion reaction by 18O beam 
from AVF cyclotron at CYRIC, Tohoku university.  
 

【Expected Research Achievements and 
Scientific Significance】 

The study of EDM paves a way for the continuing 
quest for the ultimate theory of the Universe and it 
has a great potential in uncovering many 
mysteries which have been puzzling the mankind 
for ages such as the very survival of ourselves 
amidst many cosmic catastrophes such as a 
complete annihilation of matter and antimatter. 
We will explore the mass hierarchy of the super 
symmetric particles with the mass range > 10 TeV, 
where it is difficult to access such a heavy mass 
region with collider experiments at present.   
 

【Publications Relevant to the Project】 
・Search for a permanent EDM using laser cooled 

radioactive atom  
 Y. Sakemi, K. Harada, H. Kawamura et al.. 

J.Phys.Conf.Ser. 302 (2011) 012051  
・Laser-cooled radioactive francium factory at 

CYRIC  
 H. Kawamura, T. Inoue, Y.Sakemi et al.. 

Nucl.Instrum.Meth. B317 (2013) 582-585 
 

【Term of Project】FY2014-2018 
 

【Budget Allocation】149,700 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://cycgw1.cyric.tohoku.ac.jp/index-j.html 
sakemi@cyric.tohoku.ac.jp 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Probing New Physics with Tau-Lepton 

 Toru Iijima 
(Nagoya University, Center for Experimental Studies, Professor) 

Research Project Number：26220706 Researcher Number：80270396
Research Area： Particle Physics, Nuclear Physics, Cosmic Rays, Astrophysics
Keyword： Particle Physics (experiment), Accelerator, Particle Detectors, Tau-Lepton

【Purpose and Background of the Research】 
With the discovery of the Higgs boson at the LHC 
experiments, particle physics has entered into a 
new era. The tau-lepton is the heaviest charged 
lepton in the third generation, and has high 
sensitivity to the New Physics. At the B-factory 
experiment, we conducted unique research focusing 
on the tau-lepton. We searched for the 
lepton-flavor-violating (LFV) tau decays with the 
world highest sensitivity, and also obtained 
constraint on the charged Higgs boson from 
measurement of B-meson decays with the 
tau-lepton in the final state (tauonic B decays). 
 In this research program, we further 
develop our unique research on the tau-lepton, in 
the SuperKEKB/Belle II experiment, which aims at 
40 times higher peak luminosity than the 
KEKB/Belle. We search for the tau LFV decays 
down to the range of 10-(9-10) in the branching 
fraction, corresponding to 10 to 100 times better 
sensitivity than the present results. We also aim at 
improving the precision of tauonic B decays, such as 
B   and B   D  decays. 
 

【Research Methods】 
Experimentally, measurements of particle reactions 
involving the tau-lepton is challenging, and require 
maximizing performance of not only the accelerator 
but also the detector to allow  measurements with 
low enough background even in the high luminosity 
environment. A large computing system is also 
necessary.  
 In the first half period, we aim at 
establishing the new particle identification detector, 
called “TOP (Time-Of-Propagation) counter”. We 
will develop reconstruction software, calibration 
method etc. to maximize the detector performance. 
 As for computing, we scale up the GRID 
computing system at Nagoya University, ×30 in 
CPU and ×15 in Disk, so that intensive physics 
analyses can be performed at university to deduce 
results immediately after taking data.  
 

【Expected Research Achievements and 
Scientific Significance】 

The tau LFV search will be performed down to the 

range of 10-(9-10) in the branching fraction. Tauonic 
B decays will be measured with 10% accuracy with 
the Belle II data taken by 2018. Based on these 
results, we can explore New Physics in TeV region. 
Other topics include search for tau EDM at the 
order of 10-19 e・cm, precision measurements of tau 
decay Michel parameters and e+e- cross sections, 
and hadron spectroscopy. 

 
【Publications Relevant to the Project】 
・”New Search for τ→μγ and τ→eγ decays 

at Belle”, K. Hayasaka, K. Inami, et al. 
Phys.Lett. B666 (2008) 16-22. 

・”Evidence for B →τνwith a Hadronic Tagging 
Method Using the Full Data sample of Belle”, K. 
Hara, Y. Horii, T. iijima et al. Phys.Rev.Lett. 110 
(2013) 13, 131801. 

 
【Term of Project】FY2014-2018 

 
【Budget Allocation】149,600 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 

http://www.hepl.phys.nagoya-u.ac.jp/~iijima.nagoya  

Figure 1  Expected sensitivity for tau LFV decays 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Photon Physics Revealing Hidden Properties of 
Quark Matter in the ALICE Experiment 

 Toru Sugitate  
(Hiroshima University, Graduate School of Science, Professor) 

Research Project Number：26220707 Researcher Number：80144806
Research Area： Particle Physics, Nuclear Physics, Cosmic-ray, Astrophysics
Keyword： Quark matter, Photon physics, ALICE experiment, Quark-gluon plasma, QGP

【Purpose and Background of the Research】 
A head-on collision of heavy nuclei accelerated at a 
high energy pours a huge amount of its energy into 
a tiny space in the vacuum. The vacuum is abruptly 
heated up, boiled and the space is filled with a large 
number of quark-anti-quark-pairs and gluons 
created in the vacuum. It is a reproduction of the 
little Big Bang. Our primordial Universe has been 
filled with such quarks and gluons until the QCD 
phase transition occurred at around 10 μs after the 
Big Bang. Although QCD theory has been 
established today, it is not yet feasible to predict 
properties of such quark matter due to its 
non-perturbative characteristics. Our discovery of 
the perfect liquid at RHIC was totally beyond 
theoretical expectations. Recently, one realized that 
the collective behavior of the quark matter is 
similar to that of ultra-cold trapped atomic systems. 
Interconnection between these frontiers will be 
more important along with developments of 
AdS/CFT theories. In this research project led by 
Japanese universities, we promote unique photon 
physics in the ALICE experiment during the 
RUN-2 period at the CERN LHC.  
 

【Research Methods】 
We explore collective properties of quarks in a new 
domain at the LHC, using the high performance 
photon spectrometer, PHOS, and the new di-jet 
calorimeter, DCAL, which have been constructed by 
ourselves for the ALICE experiment (Fig.1). We will 
upgrade the PHOS readout system before the 

RUN-2 starts in 2015, and also take part in a few 
detector R&D programs. With di-jet angular 
correlation measurements between DCAL and 
another detector, EMCAL, in opposite sectors, we 
study how much energy is lost by leading partons 
when passing through the matter, and figure out 
where the energies are distributed to. PHOS is a 
unique and precise photon spectrometer at GeV 
energies. With its outstanding performances of 
precise granularity and high energy resolution, we 
identify direct photons and observe the energy 
spectrum of the thermal photon ingredient to 
figure out thermal characteristics of the hot 
quantum object.  
 

【Expected Research Achievements and 
Scientific Significance】 

The di-jet angular correlation and thermal photon 
measurements in this coming RUN-2 shall provide 
novel information to understand the hot quantum 
object. A forward photon detector, FOCAL, may 
open a door to attack an unknown small x domain 
where fruitful physics played by low pT partons 
might be involved. This research program 
exploring hidden properties of pure quark matter 
is not simply to study non-perturbative features of 
QCD phenomena, but to develop a new discipline 
along with progress of fundamental theories. In 
the near future, a new forefront “strongly 
interacting quantum objects” might be created.  
 

【Publications Relevant to the Project】 
・ ALICE collaboration, “The ALICE experiment 

at the CERN LHC”, Journal of Instrumentation 
3, S08002 (2008). 

・ ALICE collaboration, “Neutral pion and eta 
meson production in proton-proton collisions at 
√s = 0.9 TeV and √s = 7 TeV”, Physics Letters 
B717, 162-172 (2012). 

 
【Term of Project】FY2014-2018 
【Budget Allocation】141,200 Thousand Yen 
【Homepage Address and Other Contact  

Information】 

http://www.hepl.hiroshima-u.ac.jp 
Figure 1. The ALICE apparatus -98-



【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Research on the Acceleration and Propagation of 
Cosmic Rays by High-precision Direct Observation 

 Shoji Torii   
(Waseda University, Faculty of Science and Engineering, Professor) 

Research Project Number：26220708 Researcher Number：90167536
Research Area： Particle, Nuclear, Cosmic ray, Astrophysics
Keyword： Cosmic ray (experiment) 

【Purpose and Background of the Research】 
 Astroparticle physics is comprised of the following 
two aspects: One is the particle and nuclear physics 
aspect needed to study the processes of particle 
creation, and the other is the astrophysics one to 
study the processes of particle acceleration and 
transportation. Since the energy spectra and the 
composition of the cosmic rays are determined by  
these two processes, it is crucial for correct under- 
standing of the cosmic rays to resolve the effects of 
both processes with a direct observation at high 
altitude without atmospheric effects. Therefore, 
several observations using balloons and satellites 
have been carried out worldwide. 
 From recent observations, new findings at high 
particle energies have been reported, including (1) 
an excess of the positron to electron ratio as well as 
the combined electron and positron flux, and (2) a 
hardening of the energy spectrum of protons and 
helium. These are considered to indicate the 
existence of unknown nearby sources and 
transportation process and/or of Dark Matter, 
which is one of the most important unresolved 
issues in astrophysics. Nevertheless, we need more 
detailed observation to get a conclusion, since the so 
far obtained data is not fully consistent, and its 
statistics are not also not yet sufficient at higher 
energies. We will get new insights into the origin of 
the cosmic rays by tackling these outstanding 
questions, discerning nearby astrophysical 
sources from Dark Matter annihilation or decay 
with a high precision observation at the ISS. 

【Research Methods】 
 We will carry out  an observation of the electron 
cosmic rays in the TeV region, and of the protons 
and heavy nuclei up to the Knee region (~3×1015 
eV) with the CALorimetric Electron Telescope 
(CALET) aboard the JEM-EF of the ISS. CALET 
consists of the following components: CHarge 
Detector (CHD), IMaging Calorimeter (IMC), and 
Total AbSorption Calorimeter (TASC). Different 
kinds of particles produce specific shower 
signatures inside the detector, allowing for 
distinction of particularly gamma-rays, electrons 
and protons. The species, energy and arrival 
direction of the incident particles are determined by 

analyzing the combined signal from all detector 
components.  
 CALET will be brought to the ISS aboard the 
Japanese HTV-5 unmanned supply spacecraft, for 
5-year observation. The onboard data will be 
transferred in real time to the CALET operations 
center at Waseda University (WCOC) via the 
Tsukuba Space Center. We will contribute 
successful completion of the research goals by 
running mission operations and data analysis at 
the WCOC.  

【Expected Research Achievements and 
Scientific Significance】 

 The magnet spectrometers used in PAMELA and 
AMS are not well suited to observe electrons in 
the TeV region, though they are capable of 
distinguishing positrons from electrons. Previous 
calorimeters, such as ATIC, CREAM and 
Fermi-LAT, are not optimized for the detection of 
high energy electrons, and their capabilities 
become significantly worse in the TeV region. The 
unique feature of CALET is its thick (30 r.l.), fully 
active calorimeter that allows observation well 
into the TeV energy region with excellent energy 
resolution, coupled with a fine imaging upper 
calorimeter. As a result, CALET has the 
capability to identify nearby sources and to 
search for Dark Matter, even with a mass 
exceeding 1TeV. More- over, it is possible to 
observe the energy spectra of protons and heavy 
nuclei at energies in 10 GeV-1000 TeV and the 
B/C ratio up to several TeV/n. From these, finally 
the exact parameters governing the acceleration 
and transportation of cosmic rays will be 
revealed. 

【Publications Relevant to the Project】 
・ S.Torii, “Observing Cosmic Rays in Space”, 
BUTSURI, 67, pp.821-827 (2014) (in Japanese). 
・ S.Torii, “Calorimetric Electron Telescope 
mission: Search for dark matter and nearby 
sources”, NIM. A630, pp.55-57 (2011). 

【Term of Project】FY2014-2018 
【Budget Allocation】130,000 Thousand Yen 
【Homepage Address and Other Contact  

Information】
http://www.crlab.wise.sci.waseda.ac.jp 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Physical Cosmology with POLARBEAR-2: a New 
Instrument for the Cosmic Microwave Background 
Polarization Measurements 

 Masashi Hazumi 
(High Energy Accelerator Research Organization, Institute of 
Particle and Nuclear Studies, Professor) 

Research Project Number：26220709 Researcher Number：20263197
Research Area： Particle Cosmology 
Keyword： Cosmic Microwave Background, CMB, Cosmic Inflation, Radio Telescope

【Purpose and Background of the Research】 
 How did the universe begin? What are the 
fundamental laws of physics that governed the 
beginning of the universe? These questions are one 
of grand challenges in science. Usually, it is said 
that the universe began as a “fireball” that 
exploded, which is often called the Big Bang. The 
cutting-edge research in cosmology, however, is 
pursuing the universe before the hot Big Bang, 
where the most promising hypothesis is called the 
cosmic inflation. The most important prediction of 
the cosmic inflation is primordial gravitational 
waves. Measurements of the cosmic microwave 
background (CMB) polarization are currently the 
only possible method with sufficient sensitivity for 
the discovery. 
 In March 2014, the BICEP2 collaboration 
announced a discovery of the primordial 
gravitational waves. There is a possibility, however, 
that the results are contaminated by microwave 
emission from cosmic dusts. In our project, we 
develop a new receiver system called 
POLARBEAR-2, which is 6 times as sensitive as 
the POLARBEAR receiver system that has been 
already deployed. The measurements with 
POLARBEAR-2 will allow us to firmly establish 
primordial gravitational waves if the signal is 
sufficiently large. We will also measure the effect of 
gravitational lensing, which will be used to 
constrain the sum of neutrino masses with the 
better precision than any of present results. 
 

【Research Methods】 
 A new telescope with a diameter of 3.5m, which is 
a copy of the one we currently use for the 
POLARBEAR project (Fig.1 left), will be deployed 
in Atacama, Chile. The POLARBEAR-2 receiver 
system (Fig.1 right) will be mounted on the new 
telescope. The outstanding features of the 
POLARBEAR-2 system include a large focal plane 
of 7,588 transition-edge sensors (TESes) with 
dichroic readout for simultaneous measurements of 
95 GHz and 150 GHz. We plan to deploy the system 
in FY2015. The final results will be shown in 
FY2018.  

 
Figure 1 The radio telescope we currently use for the 
POLARBEAR project (left), and the POLARBEAR-2 
receiver system in preparation (right). 
 

【Expected Research Achievements and 
Scientific Significance】 

 The discovery of the primordial gravitational 
waves would be one of the biggest scientific 
discoveries of all time. Even no detection will be 
a significant result because it allows us to 
constrain inflationary models. Measurements of 
the sum of the neutrino masses with a better 
precision will also be an important contribution to 
particle physics. 
  

【Publications Relevant to the Project】 
・ ``Evidence for Gravitational Lensing of the 
Cosmic Microwave Background Polarization from 
Cross-correlation with the Cosmic Infrared 
Background", POLARBEAR Collaboration (76 
authors including Y. Chinone, M. Hasegawa, K. 
Hattori, M. Hazumi, Y. Hori, Y. Inoue, T. 
Matsumura, H. Nishino, S. Takakura, T. Tomaru), 
Phys. Rev. Lett. 112, 131302 (2014)． 
 

【Term of Project】FY2014-2018 
 
【Budget Allocation】158,300 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 

http://cmb.kek.jp/ 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Exploring the Novel Quantum Electronic Physics in 
Solid State Using Spatial Control of Paired Quantum 
States 

 Seigo Tarucha  
(The University of Tokyo, Graduate School of Engineering, 
Professor) 

Research Project Number：26220710 Researcher Number：40302799
Research Area： Solid state quantum physics
Keyword： Spin physics (semiconductor)

【Purpose and Background of the Research】 
The concept of quantum control has been developed 
to offer new classes of quantum electronics with 
electronic correlations in nanostructures, hybrid 
quantum couplings of electron-photon or 
superconducting-normal state. The PI has long 
contributed to this field in semiconductor 
nano-science. He has used electrical control to 
explore spin correlations in quantum dots (QDs), 
QD Josephson junctions, photon-spin interfaces, 
and quantum electron optics. Throughout these 
studies he has been convinced that quantum control 
combined with control of spatial degrees of freedom 
will help pioneer a new field of correlated electron 
spin systems. The concept is broken down into four 
research projects: ①electronic correlations in QD 
arrays, ② quantum electron optics with single 
entangled spin pairs, ③ split electron pairs in 
superconductor (SC)/QD (nanowire (NW)) junctions, 
④entanglement of single spin-photon pairs. 
 

【Research Methods】 
 The four projects are carried out in the following 

strategy (Fig. 1). 
①We prepare three to five exchange-coupled QDs 
available for spin qubits and use the qubit 
operation to probe the spin-correlated ground and 
excited state. We also demonstrate fundamental 
quantum algorithms for quantum computing. 
②We use a surface acoustic wave (SAW) technique 
to transfer a singlet electron pair in each wave and 
split the pair into two in a branching waveguide. 
Finally we electrically control one electron spin by 
means of spin-orbit interaction to verify the 
correlation of the split electron spins.  
③We improve the double QD Josephson junctions 

to raise the efficiency of split tunneling, and verify 
the distant pair correlation. In addition, we use the 
NW junction to search for Majorana fermion.  
④We transfer information from single photons 
with circular polarization to single electrons with 
spin orientation and finally use an entangled 
photon pair to transfer the information of one of 
the paired photons to an electron spin. 
 

【Expected Research Achievements and 
Scientific Significance】 

The multiple QDs with full control of the nearest 
neighbor interaction will help explore the physics 
of Heisenberg electron lattice. The spin-pair 
quantum electron optics with SAW for transferring 
a spin singlet will allow us to control non-local spin 
correlation and finally develop into a new field of 
solid state quantum electronics. The SC/QD (or 
NW) junctions will offer a challenging opportunity 
to control spatially separated but correlated 
electron pairs and Majorana fermion. This 
challenge will greatly benefit a broad range of 
science. The successful generation of spatially 
separated photon-spin pairs will strongly impact 
physics of hybrid quantum systems and 
applications to quantum information networking.  
 

【Publications Relevant to the Project】 
R. Brunner, Y.-S. Shin, T. Obata, Y. Tokura, M. 
Pioro-Ladrière, T. Kubo, T. Taniyama, and S. 
Tarucha: Two-qubit gate of combined single spin 
rotation and interdot spin exchange in a double 
quantum dot, Phys. Rev. Lett. 107, 146801 
-146804 (2011). 
M. Yamamoto, S. Takada, C. Bäuerle, K. Watanabe, 
A. D. Wieck and S. Tarucha: Electrical control of a 
solid-state flying qubit, Nature Nanotechnology 7, 
247-251 (2012). 
 

【Term of Project】FY2014-2018 
 

【Budget Allocation】150,000 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 

http:// www.meso.t.u-tokyo.ac.jp Figure 1 Spatial control in projects ① to ④  
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Microscopic Understanding and Control of 
Nonequilibrium Spin Transport in Mesoscopic 
Systems 

 Kensuke Kobayashi  
(Osaka University, Graduate School of Science, Professor) 

Research Project Number：26220711 Researcher Number：10302803
Research Area： Quantum transport 
Keyword： Mesoscopic systems, Kondo effect, Spintronics, Nonequilibrium, Fluctuation

【Purpose and Background of the Research】 
There are large variety of materials around us such 
as magnets, metals, insulators, semiconductors, 
and so on. We tactically combine them to make the 
best of the materials in our world, on which modern 
technology is founded.  
Material properties are mostly determined by the 
behavior of numerous electrons inside them. Solid 
state physics is a research field to clarify how 
electrons interact each other in solids. Especially, 
two degrees of freedom of electrons, namely the 
electric charge, which carries electric current, and 
the spin, which causes magnetism, are the most 
important. To microscopically understand how 
these two cooperate each other to yield unique 
physical properties of various materials is an 
ultimate goal of solid state physics. Above all, 
spin-dependent transport, such as Kondo effect and 
giant magnetoresistive effect, plays an important 
role in promoting our understanding of solids.  
So far, the spin-dependent transport has been 
addressed in macroscopic systems that contain 
numerous spins. However, recently, nanofabrication 
technique enables us to address quantum transport 
in very small solid state devices, so called 
"mesoscopic systems".  
In this research project, we address spin-dependent 
transports in mesoscopic systems in order to clarify 
elementary processes of electron transport to cover 
from the equilibrium regime to the strongly 
nonequilibrium one.  
 

【Research Methods】 
We investigate mesoscopic systems, where even a 
single charge and spin of electrons can be controlled 
in various ways (see Figure). In addition to 
conventional conductance, we focus on the current 
noise, or the current fluctuation around its 
time-averaged value. By looking at it, unique 
information of transport dynamics can be obtained, 
which would be never 
possible in 
conventional 
conductance 
measurement. To this 
end, we use our 
home-made high 

precision noise measurement system, which we 
have successfully developed for these several 
years.   
 

【Expected Research Achievements and 
Scientific Significance】 

The uniqueness of the present research project 
lies in the application of the current noise 
measurement to elucidate nonequilibrium 
spin-dependent transport in mesoscopic systems. 
Current noise in mesoscopic transport is an 
interesting and timely topic, which becomes 
experimentally feasible these days through the 
progress of nano-fabrication technique and 
high-speed electronics.  
Our research project to focus on the current 
fluctuation will clarify unexplored microscopic 
aspects of various spin-dependent transports such 
as the Kondo effect and thus will contribute to 
solid state physics. Moreover, it will also promote 
our understanding and controlling of the spin 
transport in terms of spintronics, where 
nonequilibrium spin transport plays a key role.  
 

【Publications Relevant to the Project】 
・Y. Yamauchi, K. Sekiguchi, D. Chida, T. Arakawa, 
S. Nakamura, K. Kobayashi, T. Ono, T. Fujii, R. 
Sakano, "Evolution of the Kondo effect in a 
quantum dot probed by shot noise", Physical 
Review Letters 106, 176601-1-176601-4 (2011). 
・T. Arakawa, Y. Nishihara, M. Maeda, S. Norimoto, 
K. Kobayashi, "Cryogenic amplifier for shot noise 
measurement at 20 mK", Applied Physics Letters 
103, 172104-1172104-4 (2013). 
 

【Term of Project】FY2014-2018 
【Budget Allocation】149,600 Thousand Yen 
【Homepage Address and Other Contact  

Information】 

http://meso.phys.sci.osaka-u.ac.jp/ 
kensuke@phys.sci.osaka-u.ac.jp 

-102-



Figure 1 Nanofiber single-photon source

【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project： Realization and Application of Large-scale Quantum 
Entangled States Using Photonic Quantum Circuits 

 Shigeki Takeuchi 
(Kyoto University, Graduate School of Engineering, Professor) 

Research Project Number：26220712 Researcher Number：80321959
Research Area： Quantum optics, Quantum information science
Keyword： Quantum computer, Nanophotonics, Optical waveguide, Photon

【Purpose and Background of the Research】 
In quantum information technology, the 

fundamental features of quantum mechanics is 
applied for communication, computation, and more.  
Photons are especially promising media for 
quantum information since they can be transmitted 
over long distances. In this project, we aim to 
realize photonic quantum circuits, which generates 
multi-photon quantum entangled states containing 
up to 10 photons. We also try to apply these 
photonic quantum circuits to “boson sampling”, 
which is large-scale multi-photon quantum 
interference, and ultra-sensitive quantum 
measurements.  
 

【Research Methods】 
In this project, first we try to realize a table-top 

single-photon source with suppressed excess photon 
components by using bulk optics. Furthermore, we 
investigate on-chip single-photon sources by using 
optical waveguides and optical nanofibers. This 
program is under the collaboration of three groups 
(Kyoto Univ., Kyusyu Univ., and Hiroshima Univ.). 
The details of the research topics are as follows. 
(1) Desk-top photonic quantum circuits 
We try to suppress the excess photons in the 

output of the heralded single-photon source by 
using a parametric down-conversion process. Then, 
we use the generated single-photon pulses for the 
multi-photon interference and investigate boson 
sampling and quantum metrologies by using the 
generated quantum entangled states. 
(2) On-chip photonic quantum circuits 
 For the realization of compact and highly 
integrated photonic quantum circuits, we try to 
realize on-chip single photon source by using 
SiN-organic material hybrid waveguides. 
(3) Optical nanofiber single-photon source 
Optical nanofiber is a single-mode optical fiber, a 
part of which is stretched until the diameter of the 
fiber is on the order of a few hundred nanometers.   
(4) Theory and analysis 
 We try to deepen our understanding of 
multi-photon entangled states and apply these 
states for quantum metrology theoretically. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

【Expected Research Achievements and 
Scientific Significance】 
This project is one of the exploration of the 

boundary region between the quantum and 
classical worlds. The realization of boson sampling 
with up to 10 photons will have a great impact on 
both quantum physics and computer science. The 
application of on-chip quantum entangled photons 
to quantum measurements will also greatly 
contribute to related areas such as life science and 
material science.  
 

【Publications Relevant to the Project】 
 T. Ono, R. Okamoto and S. Takeuchi, Nature 

Communications, Vol. 4, 3426 (2013). 
 M. Fujiwara, K. Toubaru, T. Noda, H. Q. Zhao and S. 

Takeuchi, Nano Letters, Vol. 11, 4362-4365 (2011). 
 R. Okamoto, J. L. O'Brien, H. F. Hofmann, T. 

Nagata, K. Sasaki and S. Takeuchi, Science, Vol. 
323, 483-485 (2009). 

 
【Term of Project】FY2014-2018 

 
【Budget Allocation】146,300 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 

http://plasma1.kuee.kyoto-u.ac.jp/ 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Mathematical and Physical Sciences)  
 
 

 Title of Project：Decoding of the Early Earth’s Evolution 

 Tsuyoshi Komiya  
(The University of Tokyo, Graduate School of Arts and Sciences, 
Associate Professor) 

Research Project Number：26220713 Researcher Number：30361786
Research Area： Geology, Geochemistry, History of the earth
Keyword： Early earth’s evolution of solid earth and surface environment, Hadean, extinct 

isotope systematics 
【Purpose and Background of the Research】 

The earth has a long history of ca. 4.54 billion 
years, and has evolved into a complex form. 
However, the oldest rocks and geological bodies of 
the earth date back up to 4.03 billion years ago, 
thus the history of the first 500 million years is 
poorly understood. The period before the age of the 
oldest rocks is named the Hadean era. The 
purpose of this study is to decipher the evolution of 
the surface environment and solid earth during 
the early earth. Despite of no rocks and geologic 
terranes with the Hadean age, we challenge to 
conduct comprehensive and interdisciplinary 
studies of terrestrial materials. 

 
【Research Methods】 

Towards the elucidation of the 10 topics in the 
early Earth, we will carry out multidisciplinary 
studies of geochemistry, geology and mineralogy in 
seven stages. (1) Intensive geological study of 
important geological bodies to search for evidence 
of plate tectonics. (2) Selection of the best samples 
based on the trace element composition and 
microscopic observation of over 4,000 rock samples. 
(3) To estimate the solid earth evolution based on 
ε142Nd, 182W/184W, 187Os/188Os and platinum group 
element concentrations. Especially, we will 
develop a new method for the extinct isotope 
systematics (ε142Nd, 182W/184W). (4) The age 
distribution of meteorite impact-related Hadean 
zircons to demonstrate late heavy bombardment. 
Based on the analysis of inclusions in the Hadean 
zircons, investigation of evolution of the solid 
Earth and ocean. (5) Decoding of compositions of 
seawater and hydrothermal fluid from trace 
element compositions of the oldest sedimentary 
rocks (carbonate rocks and iron formations). (6) To 
estimate the hydrothermal fluid composition from 
the study of the ocean-floor metamorphism hosted 
by mafic and ultramafic rocks. (7) To explore 
evidence for the earliest life and diversity of 
microorganism from isotope and trace element 
compositions of the oldest carbonaceous matter. 

 
【Expected Research Achievements and 

Scientific Significance】 

We will make a new model of coevolution of 
solid earth, surface environment and life in the 
early earth. We expect an important contribution 
to the understanding of the evolution of the 
terrestrial planets because the events in the 
Hadean clinched the earth’s evolution. 

【Publications Relevant to the Project】 
Komiya et al., 1999. Plate tectonics at 3.8-3.7 Ga: 

Field evidence from the Isua accretionary 
complex, southern West Greenland. Journal of 
Geology, 107, 515-554. 

Komiya, 2007. Material circulation through time 
-Chemical differentiation within the mantle 
and secular variation of temperature and 
composition of the mantle-, In: Yuen, D.A.et al., 
(Eds.), Superplumes: Beyond Plate Tectonics. 
Springer, New York, 2007, pp. 187-234. 

Iizuka et al., 2007. Geology and zircon 
geochronology of the Acasta Gneiss Complex, 
northwestern Canada: new constraints on its 
tectonothermal history. Precambrian Research, 
153, 179-208. 

【Term of Project】FY2014-2018 
【Budget Allocation】149,800 Thousand Yen 
【Homepage Address and Other Contact  

Information】
http://ea.c.u-tokyo.ac.jp/earth/Members/komiya.html  
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Chemistry)  
 
 

 Title of Project： Synthesis of Functional Nanostructures by Interfacial 
Coordination Programming and Creation of Chemical 
Devices 
 

 Hiroshi Nishihara  
(The University of Tokyo, Graduate School of Science, Professor) 

Research Project Number：26220801 Researcher Number：70156090
Research Area： Inorganic Chemistry
Keyword： Molecular Wire, Two-dimensional Metal Complex, Bio-conjugated Material

【Purpose and Background of the Research】 
The current target of research for technological 

innovation of photo, electro, and electrochemical 
devices is to establish the methodology to utilize 
functional molecular materials together with 
inorganic semiconductors by bottom-up synthetic 
procedures. 
In the present research, we aim to produce 

molecular networks with unique characteristics by 
employing interfacial coordination programming, 
and to develop original high-performance chemical 
devices. One of the target materials is -conjugated 
metal complex wires synthesized by stepwise 
connection of metal ions and bridging ligands on 
surface (vertical coordination programming). 
Inclusion of various functionalities such as redox 
activity, electronic conductivity, external stimuli 
responsivity, photoelectron conversion ability in the 
molecular wires will be investigated. Hybrid 
systems of molecular wires with photo-responsive 
bio-component, PSI and PSII are also studied. 
Another target material is metal complex 
-nanosheets.  This new kind of two-dimensional 

materials is prepared by horizontal coordination 
programming at the liquid-liquid or gas-liquid 
interface. Their unique electrochemical and 
electronic properties will be used for developing 
novel chemical devices. 
 
 
 
 
 
 

 
 
 
【Research Methods】 

The research is made of three steps; 1) synthesis of 
metal complex wires and nanosheets using various 
combination of metals and bridging ligands, 2) 
analysis of their structures and physical properties, 
and 3) development of electronic and 
electrochemical devices based on their unique 
properties. As for metal complex wires, intelligent 
systems including external stimuli responsive 
molecular units such as PSI and PSII are 

constructed. As for metal complex nanosheets, 
multilayer sheets with m thickness and atomic 
layer sheets with nm thickness are prepared by the 
liquid-liquid and gas-liquid interfacial reactions, 
respectively. The nanosheets undergoing rapid 
redox reaction accompanying drastic color change 
will be used for electrochromic devices, those with 
electronic conductivity for high-performance FET, 
and those behaving as topological insulator for 
spin transition torque (STT) devices.  
 

【Expected Research Achievements and 
Scientific Significance】 
The material useful for the single molecular 

devices is an intelligent molecular network with 
various functions responsive to external stimuli 
such as photons, electrons and magnetic field. For 
the purpose to create such molecular networks, 
coordination programming is an effective way as 
the sequence of the molecular units and the length 
and shape of the molecular network can be 
controlled at will.  In the present research, new 
-conjugated redox molecular networks in one and 

two-dimensions with unique properties will be 
created. Their application to chemical devices will 
contribute greatly to the advance of 
molecular-scale devices.  
 

【Publications Relevant to the Project】 
・ -Conjugated Nickel Bisdithiolene Complex 

Nanosheet, T. Kambe, R. Sakamoto, K. Hoshiko, 
K. Takada, J. Ryu, S. Sasaki, J. Kim, K. 
Nakazato, M. Takata, H. Nishihara, J. Am. 
Chem. Soc. 2013, 135, 2462-2465. 

・Coordination Programming-A Concept for the 
Creation of Multifunctional Molecular Systems, 
H. Nishihara, Chem. Lett. 2014, 43, 388-395. 
(Highlight Review) 

 
【Term of Project】FY2014-2018 

【Budget Allocation】150,100 Thousand Yen 

【Homepage Address and Other Contact  
Information】 
http://www.chem.s.u-tokyo.ac.jp/users/inorg/ 
nisihara@chem.s.u-tokyo.ac.jp 

Fig. 1. Metal complex -nanosheet. 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Chemistry) 
 
 

 

Title of Project： Development of New Catalysts Based on 
Half-Sandwich Metal Complex Structures 

 Zhaomin Hou  
(RIKEN, Organometallic Chemistry Laboratory, Chief Scientist) 

Research Project Number：26220802 Researcher Number：10261158
Research Area： Chemistry 
Keyword： Organometallic Chemistry, Homogeneous Catalysis, Polymer Chemistry

【Purpose and Background of the Research】 
The development of new catalysts for more 

efficient, selective chemical transformations and for 
the creation of novel functional materials has been 
and will remain a long-standing important research 
subject, in view of the increasing concerns about 
energy and environment issues and the sustainable 
development of our society. On the basis of our 
previous studies on half-sandwich metal complexes, 
in this research we focus on the synthesis, 
structural characterization, and reactivity 
exploration of a new series of cationic alkyl 
complexes and polyhydride complexes bearing 
monocyclopentadienyl ligands, aiming at the 
development of a new generation of molecular 
catalysts for the activation and transformation of 
dinitrogen (N2), the carbon-carbon bond cleavage 
and asymmetric hydrogenation of aromatic 
compounds, and the synthesis of new functional 
polymer materials showing unique chemical, 
physical, thermal, mechanical and optical 
properties. 
 

【Research Methods】 
At first, we will synthesize a new series of 

half-sandwich multialkyl complexes of rare earth 
and group 4 transition metals bearing various 
monocyclopentadienyl ligands and then transform 
them into the cationic species by treatment with 
appropriate borate compounds. The catalytic 
activity and selectivity of the cationic alkyl species 
for various transformations, such as the synthesis 
of functionalized polyolefins and asymmetric C-H 
bond alkylation of aromatic compounds with 
alkenes, will be examined. These examinations 
will led to better understanding of the catalyst 
structure-performance relation and offer 
guidelines for the design of more efficient and 
more selective catalysts. We will also synthesize 
various multimetallic polyhydride complexes by 
the hydrogenolysis of the half-sandwich multialkyl 
complexes and examine their reactivity for the 
activation and transformation of dinitrogen and 
aromatic carbon-carbon bonds. Finally, we will 
design and synthesize new ligand systems for the 
immobilization of half-sandwich metal active 

species to achieve more efficient chemical 
transformations. 

 
【Expected Research Achievements and 

Scientific Significance】 
The half-sandwich metal multialkyl complexes 

and polyhydride complexes developed in this 
research are expected to show unprecedented 
activity and selectivity in various chemical 
transformations such as the synthesis of 
functionalized polyolefins, asymmetric alkylation 
of aromatic C-H bonds, activation and 
transformation of dinitrogen and aromatic 
carbon-carbon skeletons. The half-sandwich 
multialkyl and polyhydride complexes 
immobilized on mesoporous structures could work 
as unique catalysts showing the advantages of 
both homogeneous and heterogeneous catalyst 
systems. This research could make significant 
contributions to the development of synthetic 
chemistry, and open a new avenue in 
organometallic chemistry and molecular 
catalysis. 

 
【Publications Relevant to the Project】 
・T. Shima, S. Hu, G. Luo, X. Kang, Y. Luo, and Z. 

Hou, “Dinitrogen Cleavage and Hydrogenation 
by a Trinuclear Titanium Polyhydride Complex”, 
Science, 2013, 340, 1549-1552. 

・M. Nishiura and Z. Hou, “Novel Polymerization 
Catalysts and Hydride Clusters from 
Rare-Earth Metal Dialkyls”, Nature Chem., 
2010, 2, 257-268. 

 
【Term of Project】FY2014-2018 

 
【Budget Allocation】149,900 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.riken.jp/lab-www/organometallic/engl/index_e.html 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Chemistry)  
 
 

 Title of Project： Design of Next-Generation Organocatalysts for the 
Application to Practical, Fine Organic Synthesis  

 Keiji Maruoka  
(Kyoto University, Graduate School of Science, Professor) 

Research Project Number：26220803 Researcher Number：20135304
Research Area： Organic Chemistry 
Keyword： Organic Synthesis 

【Purpose and Background of the Research】 
   In our country where natural resources are 
scarce, the field of organic synthesis using 
traditional biocatalysts and metal catalysts has 
continuously made a great contribution toward the 
development of knowledge-intensive science and 
technology which are indispensable to the 
synthesis of new functional materials, medicines 
and agrochemicals. Based on the background, the 
rational design and synthesis of practical 
“next-generation organocatalysts” are crucially 
important for the development of conceptually new 
synthetic methodologies. Throughout the research, 
the applicant would like to develop the rising 
organocatalytic field dynamically, take the 
international leadership, and make one of the 
internationally best research groups in this field. 
 

【Research Methods】 
   Based on the information on the design of 
high-performance organocatalyst project, the 
rational design of next-generation organocatalysts 
will be performed in the research project, which is 
divided into four main research items consisting of 
"base organocatalyst",  "acid organocatalyst", 
"acid/base combined organocatalyst" and "radical 
organocatalyst". 
Throughout both 
the basic and 
applied researches 
in this project, the 
applicant would like 
to aim at the design 
and synthesis of a 
series of practical 
next-generation 
organocatalysts for 
practical organic 
transformations. 
 

【Expected Research Achievements and 
Scientific Significance】 

Currently, “organocatalysts” have attracted 
considerable attention as the third catalyst in 
organic synthesis in addition to the conventional 
"biocatalysts" and "metal catalysts". In such an 

organocatalytic field, the synthesis of 
“next-generation organocatalysts”, if possible, 
enables the achievement of new reactivity and 
selectivity, hitherto not obtainable in the 
conventional “biocatalysts” and “metal catalysts”. 
In addition, such next-generation organocatalysts 
are expected to create the paradigm of the new 
research and the development of new science and 
technology.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

【Publications Relevant to the Project】 
・ Enantioselective Base-Free Phase-Transfer 

Reaction in Water-Rich Solvent.  R. He, S. 
Shirakawa, and K. Maruoka, J. Am. Chem. 
Soc., 131, 16620-16621 (2009). 

・Recent Developments in Asymmetric Phase- 
Transfer Reactions, S. Shirakawa and K. 
Maruoka, Angew. Chem. Int. Ed., 52, 
4312-4348 (2013). [Review Article] 

 
【Term of Project】FY2014-2018 

 
【Budget Allocation】150,000 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://kuchem.kyoto-u.ac.jp/yugo/english/index.html 
maruoka@kuchem.kyoto-u.ac.jp 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Chemistry)  
 
 

 Title of Project： Deepening and Developing New Aspects of Flash
Chemistry  

 Jun-ichi Yoshida  
(Kyoto University, Graduate School of Engineering, Professor) 

Research Project Number：26220804 Researcher Number：30127170
Research Area： Synthetic Chemistry
Keyword：  Fine Chemicals, Flow Microreactor, Reactive Intermediates

【Purpose and Background of the Research】 
Most of the reactions in organic synthesis have 

been developed in macro-scale batch reactors such 
as flasks. However, flow micro-scale reactors have 
emerged recently as alternative reactors in organic 
synthesis.  

Extremely fast reactions involving highly 
reactive, unstable short-lived reactive 
intermediates are usually very difficult to control 
in batch reactors. However, by using flow 
microreactors such unstable intermediates can be 
generated and transferred to another location to 
be used in the next reaction before they decompose. 
Therefore, chemical conversions that are very 
difficult or practically impossible in batch reactors 
should become possible using flow microreactors. 
Such chemistry is called flash chemistry.  

Flash chemistry is a chemical synthesis using 
extremely fast reactions based on flow chemistry. 
Flash chemistry is expected to complement flask 
chemistry which has been developed extensively 
and is widely utilized in laboratory synthesis.  

The purpose of the present project is to deepen 
the concept of flash chemistry and to develop new 
aspects of flash chemistry.   

 
【Research Methods】 

In this study, we will focus on the following 
points. (1) Analyzing reactions using 
temperature–residence time contour maps to obtain 
a deeper insight into the features of reactions in 
flow. (2) Determining the rates of reactions 
involving various reactive intermediates such as 
organic anions and cations in flow. (3) Observing 
such reactive intermediates by spectroscopic 
methods such as FT-IR in flow.  

Based on the quantitative information of 
reactive intermediates, we will design new reactors 
and new reactions involving such intermediates, 
and we will apply them to synthesis of various 
organic compounds that are difficult to achieve by 
conventional batch reactions.  

In addition, we are planning to apply the 
concept of flash chemistry to not only homogeneous 
reactions, but also heterogeneous reactions 
involving gas/liquid reactions, photochemical 
reactions, electrochemical reactions, and reactions 

using heterogeneous catalyst.  
 

 
Figure 1. Research Methods and Plans 

 
【Expected Research Achievements and 

Scientific Significance】 
One of the most significant features of flash 

chemistry is that the reactions involving 
short-lived reactive intermediates are controlled 
by shortening the reaction time in time scales of 
seconds or less using flow microreactors. 
Therefore, flash chemistry enables various types 
of reactions that are very difficult or practically 
impossible to perform in batch chemistry. Flash 
opens up a new possibility of chemical synthesis 
in science labs and industrial production, and will 
raise the power and speed of organic synthesis. 
 

【Publications Relevant to the Project】 
・Flash Chemistry. Fast Organic Synthesis in 

Microsystems, Yoshida, J. Wiley, 2008. 
・Flash chemistry: flow chemistry that cannot be 

done in batch. Yoshida, J.; Takahashi, Y.; 
Nagaki, A. Chem. Commun. 2013, 49, 9896. 

 
【Term of Project】FY2014-2018 
 

【Budget Allocation】147,700 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://www.sbchem.kyoto-u.ac.jp/yoshida-lab/ 

  yoshida@sbchem.kyoto-u.ac.jp 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Chemistry)  
 
 

 Title of Project： Methods for the Analysis and Control of 
Biomolecules in Living Cells Based on Molecular 
Imaging 

 Takeaki Ozawa 
(The University of Tokyo, Graduate School of Science, Professor) 

Research Project Number：26220805 Researcher Number：40302806
Research Area： Chemistry 
Keyword： Bioanalysis, Imaging 

【Purpose and Background of the Research】 
To deeply understand the intracellular signals as a 
network of biomolecules, this research project aims 
to develop novel methods for imaging and 
controlling biomolecules in living cells. The topics 
we are interested in are 1) visualization and 
analysis of small number of biomolecules in living 
cells, 2) development of methods to control a kinase 
activity with external light, and 3) development of 
chemical probes to control GPCR activity. 
Innovative functional molecules and analytical 
methods are created, using a state-of-the-art 
imaging technology with new optogenetic methods 
(Figure 1). 
 

【Research Methods】 
1) We develop methods for visualizing and 
quantitatively analyzing small number of 
biomolecules in living cells. The target is a telomere 
RNAs, of which fluorescent probes are designed. 
Localization of the telomere RNAs and their 
number in a single cell are analyzed under a 
fluorescence microscopy. Based on the same 
approach, we develop a method to analyze Bak 
cluster formation on the mitochondrial membrane. 
The number of Bak in a single cluster and their size 
will be revealed by a technique of superresolution 
imaging. 
 

2) We develop methods to control a kinase activity 
with external light. We focused on a 
serine/threonine kinase of Akt. To control the Akt 
activity, a photoreceptor derived from a plant cell 
is used. We will demonstrate that it is possible to 
control phosphorylation of the substrate and gene 
expression by external light.  
3) We develop chemical probes to control GPCR 
activity. A new bioluminescent probe for the 
analysis of GPCR dimerization is developed. We 
will generate a stable cell line which expresses 
the probe on the plasma membrane. Using the 
cells, inhibitors for a target GPCR will be 
screened from large chemical libraries. New light 
sensitive chemical probes will be developed. 
 

【Expected Research Achievements and 
Scientific Significance】 

This research is located in the center between the 
life science and the molecular science. By 
standing in the cross fields, the study has a 
possibility to cultivate a new field in the 
analytical chemistry. The present research will 
provide new imaging techniques under the 
control of a biomolecule of interest, which will be 
expected to contribute to the fields of the basic 
biological research. 
 

【Publications Relevant to the Project】 
・Advances in fluorescence and bioluminescence 

imaging. T. Ozawa, H. Yoshimura and S.B. Kim, 
Anal. Chem., 85, 590-609 (2013). 

・Methods of split-reporter reconstitution for the 
analysis of biomolecules. H. Yoshimura and T. 
Ozawa, Chem. Record, in press. 

 
【Term of Project】FY2014-2018 

 
【Budget Allocation】150,200 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.chem.s.u-tokyo.ac.jp/users/analyt/index.html  

Figure 1. Methods for the analysis of biomolecules and
intracellular signaling. 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Chemistry)  
 
 

 Title of Project： Laser Ionization Mass Spectrometry Using an 
Ultrashort Optical Pulse in the Vacuum Ultraviolet 
Region 

 Totaro Imasaka  
(Kyushu University, Graduate School of Engineering, Professor) 

Research Project Number：26220806 Researcher Number：30127980
Research Area： Analytical Chemistry
Keyword： Laser Spectrometry 

【Purpose and Background of the Research】 
Mass spectrometry is one of the advanced methods 
for the analysis of organic compounds. When laser 
ionization mass spectrometry is combined with gas 
chromatography, it is possible to measure more 
than one thousand compounds with excellent 
sensitivity. However, it is, sometimes, difficult to 
measure explosives, nerve gases, and pesticides and 
observe their molecular ions.  
In this project, we study laser ionization mass 
spectrometry using an ultrashort optical pulse 
emitting in the vacuum ultraviolet (VUV) - deep 
ultraviolet (DUV) region and apply it trace analysis 
of explosives such as triacetone triperoxide, nerve 
gases such as metabolites of sarin, and a variety of 
pesticides. We investigate their photoionization 
processes and develop a new type of mass 
spectrometer useful for the measurements of the 
explosives used in terrorist attacks and of the nerve 
gasses used as massive destruction weapons. 
 

【Research Methods】 
We introduce a two-color beam consisting of a 
Ti:sapphire laser (800 nm) and of a laser (1200 nm) 
generated by means of optical parametric 
amplification into a hydrogen gas for molecular 
phase modulation. A probe beam, which is the 
harmonic emission of the Ti:sapphire laser, is 
introduced into the hydrogen gas to generate 
numerous emission lines extending from the VUV 
to DUV regions, as shown below. 
 
 
 

In this study, one or two of them will be used as an 
ionization source in mass spectrometry. We 
measure explosives such as triacetone triperoxide, 
trinitrotoluene, and other aliphatic nitro 
compounds through processes of resonant 
two-photon ionization, non-resonant two-photon 
ionization, resonant two-color two-photon 
ionization, and multiphoton ionization using a 
near-infrared laser.  

 
【Expected Research Achievements and 

Scientific Significance】 
Nerve gases such as SRN, explosives such as TATP 
and RDX, and pesticides such as CTPS have no 
aromatic rings and have P=O, P=S, O-O, C-Cl, and 
nitro groups, which are easily dissociated to form 
fragments in mass spectrometry. Using an 
ultrashort optical pulse in the VUV-DUV region, it 
would be possible to measure a molecular ion even 
for these explosives and nerve gases. 
 
 
 
 
 
 
 
 
 
 
 
 
 

【Publications Relevant to the Project】 
・Y. -C. Chang, T. Imasaka, Simple Pretreatment 
Procedure Combined with Gas Chromatography/ 
Multiphoton Ionization/Mass Spectrometry for 
the Analysis of Dioxins in Soil Samples Obtained 
after the Tōhoku Earthquake, Anal. Chem. 85, 
349-354 (2013). 
・T. Imasaka, Gas Chromatography/Multiphoton 
Ionization/Time-of-Flight Mass Spectrometry 
Using a Femtosecond Laser, Anal. Bioanal. Chem., 
405, 6907-6912 (2013). 

【Term of Project】FY2014-2018 

【Budget Allocation】150,100 Thousand Yen 

【Homepage Address and Other Contact  
Information】 
http://imasaka.cstf.kyushu-u.ac.jp/ 

Fig. 1 Spectrograph of VUV-DUV laser 

Fig. 2 Chemical Structure of Analytes 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Chemistry)  
 
 

 Title of Project： Molecular Science of NO Dynamics in Biological 
System 

 Yoshitsugu Shiro  
(RIKEN, Biometal Science Laboratory, Chief Scientist) 

Research Project Number：26220807 Researcher Number：70183051
Research Area： Bio-related Chemistry, Bioinorganic Chemistry
Keyword： Nitric oxide, Enzymatic Reaction, Respiratory enzymes, Nitrous oxide

【Purpose and Background of the Research】 
Nitric oxide (NO) plays a crucial role on the 
signal-transduction in mammalian cells.  On the 
other hand, since it has a radical character, it 
readily reacts with many bio-molecules, giving a 
sever cell damage. In this project, we will study on 
the NO dynamics (generation, propagation and 
decomposition) in cell by using bacterial 
denitrification system as a model. The 
denitrification is a kind of microbial anaerobic 
respiration, in which NO3- and NO2- are converted 
into N2 in the stepwise reduction. In this process, 
nitrite reductase (NiR) can reduce NO2- to NO 
(NO2- + 2H+ + e-  NO + H2O), followed by 
reduction to N2O (2NO + 2H+ + 2e-  N2O + H2O) 
by nitric oxide reductase (NOR). NiR and NOR are 
targets of this projects. 
 

【Research Methods】 
1. Molecular Mechanism of NO Reduction by NOR: 
Based on the molecular structure of NOR we 
determined previously, we will study on the NO 
reduction mechanism by NOR. Especially, using 
the time-resolved techniques, we will challenge to 
determine the structure and electronic states of 
the short-lived intermediate (NO-bound form) in 
the enzymatic reaction ( 1/2 ~ 1 ms).    
2. Molecular Mechanism of NO Propagation: To 
propagate NO from NiR (NO-generating enzyme) to 
NOR (NO-decomposing enzyme), we assume that 
these two enzymes must interact with each other. 
The NiR-NOR complex formation will be studied for 
the purified enzymes by crystallographic and 
biophysical techniques.  The complex formation in 
cell will be 
also 
visualized 
using 
fluorescent 
-microscope.  
Structural 
determination 
of super 
-complex of 

NiR-NOR with the electron donor will be also 
challenged, which will show presence of the 
continuous reaction system for conversion from 
NO2- to N2O in cell.  
3. Molecular Evolution of Respiratory Enzymes in 
Laboratory: NOR has been believed to share the 
same ancestor with cytochrome oxidase (CcO), 
aerobic respiratory enzyme, in their molecular 
evolution (Figure 1).  We will challenge evolve 
NOR to CcO on the laboratory; e.g., the enzymatic 
activity of NOR will be converted from 
NO-reduction to O2-reduction by using the site 
-directed mutagenesis.  
 

【Expected Research Achievements and 
Scientific Significance】 

Dynamic of NO in cell will be elucidated on 
molecular basis of the related proteins. The 
knowledge will be extended to the study of 
mammalian system, i.e., NO synthase and NO 
receptor. In addition, this will provide bases for 
designing compounds which can regulate the 
function of NOR and/or NiR-NOR complex. Such 
study will contribute to medicinal science and 
environmental science, since NOR is also essential 
for survival of some pathogen, and the product of 
the NOR reaction, N2O, is a green-house gas as 
well as the ozone-depleting substance.  

【Publications Relevant to the Project】 
・T. Hino, et al.: “Structural Basis of Biological 

N2O Generation by Bacterial Nitric Oxide 
Reductase” Science 330, 1666-1670 (2010) 

・Y. Matsumoto, et al.: “Crystal Structure of 
Quinol-Dependent Nitric Oxide Reductase from 
Geobacillus Stearothermophilus” Nat. Strl. Mol. 
Biol. 19, 238-245 (2012) 

【Term of Project】FY2014-2018 
【Budget Allocation】150,100 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://www.riken.jp/biometal/index.htm 

  yshiro@riken.jp Figure 1: Crystal Structures of A. Nitric 
Oxide Reductase & B. Cytochrome Oxidase 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering)  
 
 

 Title of Project: Essence of Size Effects on Strength of Metallic 
Nano-Films 

 Kohji Minoshima  
(Osaka University, Graduate School of Engineering, Professor) 

Research Project Number：26220901 Researcher Number：50174107
Research Area： Mechanical Engineering, Engineering Materials/Mechanics of Materials
Keyword： Nano/Micro Material Mechanics, Strength of Materials, Fracture, Fatigue, Creep, 

Metallic Thin Films 
【Purpose and Background of the Research】 

Mechanical properties and strength of 
polycrystalline metallic thin films in the thickness 
range of 10 nm – 1,000 nm (or metallic nano-films) 
strongly depend on film thickness. This is due to 
the enhanced constraint of dislocation motion by 
finer grain sizes in thinner films, starvation of 
dislocation sources in small volumes, and the 
difference in surface effects on deformation and 
fracture. In addition to these structural effects, film 
surface is subject to oxidization by the ambient air. 
However, the effects of oxidization, or oxide layer, 
on the strength of nano-films have been scarcely 
studied, and hence the essential size effects on the 
strength have not been clarified. 
The purpose of this research is to clarify the 
essential size effects on the mechanical properties 
and strength of metallic nano-films (Cu, Al, and Au). 
To accomplish this, we investigate the effects of 
native oxide layer and oxidization during 
deformation and fracture, and thereby extract the 
intrinsic surface effect by using metallic nano-films 
with controlled microstructures such as grain sizes. 

【Research Methods】 
We develop an integrated experimental system for 
in situ strength evaluation that enables high 
-resolution observation of damage and fracture 
mechanisms under controlled environments (oxy 
-gen partial pressure), removal and control of oxide 
layer on film surface, and in situ experiments 
dedicated for tensile properties, fracture toughness, 
creep, and fatigue strength. These are based on the 
original experimental techniques such as 
fabrication of large area freestanding metallic nano 
-film specimen (Fig.1) and strength testing of a 
variety of fracture phenomena (Fig.2). By using the 
system, we conduct systematic experiments and 
elucidate the essence of size effects on deformation 
and fracture in nano-films. 

【Expected Research Achievements and 
Scientific Significance】 

Although micro-mechanical systems comprising of 
thin films are fabricated by state-of-the-art 
technologies, no reasonable mechanical criteria are 
applied in the strength/reliability designs. This is 

because the size and environmental effects on the 
strength of nano-films are unclear, and hence the 
dominant mechanics remains an open question. 
This study offers reasonable mechanical criteria in 
strength design of micro- and nano-devices in 
service environments by clarifying the essential 
size effects on the strength of nano-films: the study 
contributes to the reliability enhancement of 
devices by improving the strength of nano-films by 
controlling the oxide layer, or surface modification. 

【Publications Relevant to the Project】 
(1) H. Hirakata, N. Fukuhara, S. Ajioka, A. Yonezu, 
M. Sakihara, and K. Minoshima, The Effect of 
Thickness on The Steady-State Creep Properties of 
Freestanding Aluminum Nano-Films, Acta 
Materialia, Vol.60, 2012, pp. 4438 – 4447. 
(2) T. Kondo, T. Imaoka, H. Hirakata, M. Sakihara, 
and K. Minoshima, Effects of Stress Ratio on 
Fatigue Crack Propagation Properties of 
Submicron-Thick Freestanding Copper Films, Acta 
Materialia, Vol.61, 2013, pp.6310-6327. 

【Term of Project】FY2014-2018 
【Budget Allocation】149,900 Thousand Yen 
【Homepage Address and Other Contact 

Information】
http://www-micro.mech.eng.osaka-u.ac.jp/home.html  

Fig.1 Large area freestanding Al nano-film 
specimen 

Fig.2 In situ fracture toughness experiment of 
Cu nano-film 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering)  
 
 

 Title of Project： Artificial Magnetic Lattices with Introducing 
Nanoscale Structures and its Engineering 
Applications 

 Mitsuteru Inoue  
(Toyohashi University of Technology, Graduate School of 
Engineering, Professor) 

Research Project Number：26220902 Researcher Number：90159997
Research Area： Engineering, Electronic and Electrical Materials Engineering
Keyword： Artificial magnetic lattice, Magnetics, Ferroelectrics, Optics

【Purpose and Background of the Research】 
Research fields engineering of magnetic media with 
nanoscale artificial structures are becoming 
important technology because of their unique and 
interesting properties which are not observed in 
bulk situations. In particular, interactions among 
light, spin waves, high frequency electromagnetic 
waves, and nanoscale structures have attracted 
interests because of the recent rapid development of 
the information communication technology. For 
instance, the photonic crystals generating photonic 
band gap, localization of light and so on have been 
studied well. 
Different from these studies, magnetophotonic 
crystals comprising transparent ferromagnetic 
medium with nanoscale structures have been 
investigated, showing huge enhancement of 
magnetooptical responses. Such interaction is not 
only observed between optical wave and nanoscale 
spin system but also between any wave and 
wavelength-scale system. From this point of view, 
we investigated the fundamental properties of spin 
waves propagating in periodic spin systems, 
exhibiting magnonic band gap (stop band for spin 
waves) in GHz region. 
These structures, namely artificial magnetic 
lattices, are significantly fascinating techniques not 
only in the field of physics but also engineering. 
In this study, fundamental properties and design 
rules of artificial magnetic lattices controlling 
photons, spin waves, and magnetoelastic waves 
would be experimentally and theoretically revealed. 
 
【Research Methods】 
First of all, as an analogy of the magnetophotonic 
crystals, we are going to introduce the nanoscale 
structures into one- two- three dimensional 
magnonic crystals modulating the flow of spin 
waves (magnons). These results can be applied to 
the noble information device systems required in 

the brain science and bio medical fields. 
There are many fundamental tasks to achieve the 
nanoscale magnonic crystals. Therefore, in this 
study, (1) fabrication conditions of nanoscale 
magnonic crystals will be determined. Then, thin 
single crystalline garnet film will be grown and 
applied to the magnonic crystal formation. (2) 
Nanoscale magnonic crystals will be applied to the 
high sensitive magnonic field sensors. (3) Three 
dimensional display using magnetic hologram, and 
three dimensional data memory will be fabricated. 
 

【Expected Research Achievements and 
Scientific Significance】 

This study is going to conclude the behavior of the 
artificial magnetic lattices including 
magnetophotonic crystals and magnonic crystals, 
and develop the exceptional field which cannot be 
achieved in the world. And also, the novel 
information procession devices and systems are 
going to be substantialized. 
 

【Publications Relevant to the Project】 
・M. Inoue, R. Fujikawa, A. V. Baryshev, A. 

Khanikaev, P. B. Lim, H. Uchida, O. Aktsipetrov, 
A. Fedyanin, T. Murzina, and A. Granovsky, 
"Magnetophotonic crystals," J. Phys. D: Appl. 
Phys. 39, R151-R161 (2006). 

・ M. Inoue, A. V. Baryshev, and M. Levy, 
“Magnetophotonics” (Springer, New York, 2013). 

 
【Term of Project】FY2014-2018 

 
【Budget Allocation】147,000 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.spin.ee.tut.ac.jp/ 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering)  
 
 

 Title of Project： Electron Spin Control of Diamond by Surface Carrier 
and its Application to Nuclear Spin Detection of 
Biomolecules   

 Hiroshi Kawarada  
(Waseda University, Faculty of Science and Engineering, Professor) 

Research Project Number：26220903 Researcher Number：90161380
Research Area： Engineering, Electric Engineering & Electronics
Keyword： Thin film quantum structure

【Purpose and Background of the Research】 
An NV center composed of nitrogen (N) atom and 
vacancy (V) site in diamond crystal has electron 
spins, which interact with other electron spins or 
nuclear spins. Local nuclear magnetic resonance 
(NMR) of surface adsorbed molecules has been 
studied based on spin-spin interaction of NV center 
in world wide. As shown in Fig.1, an energy of two 
spins (S=1) in a negatively charged NV (NV― ), 
splits into two levels (MS=0 and MS=±1), i.e. spin- 
polarization without magnetic field. The 
superposition of MS=0 and MS=-1 is detected 
accurately by spin resonance and red fluorescence 
(638nm) of NV―. With the entanglement formed by 
the superposition, a single nuclear spin can be 
measured. 13C in diamond (1st publication) and 1H 
of oil or PMMA on diamond surface have been 
measured by German and USA groups recently. 
Now, the local NMR of single nuclear spin becomes 
very urgent research subject. However, the 
sensitivity is not enough for biomolecule detection. 
Local NMR based on single NV― is going to be 
applied for biomolecule sensing in this study. 

【Research Methods】 
1. NV center with long coherence time near surface: 
a NV― with a long coherence time (1msec) is formed 
near surface to interact external nuclear spin. For 
that purpose, ultra pure and 99.99% 12C enriched 
diamond is prepared and the surface is terminated 
by fluorine (F) atoms (Fig.2). The reason for the 
F-termination is the high electron affinity to keep 
NV― center negatively charged. The termination is 
also effective in increasing the coherence time.    

2. Biomolecule detection by electron spin of NV― : 
In the NMR observation of biomolecules, 180° 
shifted pulse waves are alternatively irradiated 
with the NMR frequency of a biomolecule to the 
superposition between MS=0 and MS=-1. The 
entanglement between the electron spins and a 
nuclear spin is formed. Generally, from the 
nuclear spin, the direction of electron spin is 
frequently changed by the pulse wave oscillation, 
the magnetic field from electron spin is averaged 
to be zero. In an entanglement, however, the 
magnetic field from electron spin is not cancelled 
and is affected by nuclear spin of biomolecule. 
Thus, NMR signal of biomolecule can be detected.     

【Expected Research Achievements and  
Scientific Significance】 

In recent years, short DNA or RNA molecules 
having 10-20 bases are highlighted because they 
are used for RNA interference in medicine and for 
DNA/RNA based biosensors (2nd publication). 
Observation of secondary structure of these 
molecules during biochemical interaction is one of 
the significant subjects of biomolecular research. 
Local NMR of one particular biomolecule will 
greatly contribute to biotechnology.     

【Publications Relevant to the Project】 
1. H. Fedder, J. Isoya (Research collaborator) et 

al. Nature Nanotech. 7, 657 (2012).  
2. A. Ruslinda, H.Kawarada (Project leader) et 

al. Biosensors & Bioelectronics. 40, 277 
(2013). 

【Term of Project】FY2014-2018 
【Budget Allocation】146,300 Thousand Yen 
【Homepage Address and Other Contact 

Information】 

http://www.kawarada-lab.com/ 
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Fig.1  Zero-magnetic-field spin splitting at 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering)  
 
 

 Title of Project： Study on Adiabatic Single-Flux-Quantum Circuits 
Operating in the Thermodynamic Energy Limit 

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

Research Project Number：26220904 Researcher Number：70202398
Research Area： Electronics devices and systems
Keyword： Electronics devices, integrated circuits

【Purpose and Background of the Research】 
  For realizing future exascale high-performance 
computers, extremely energy-efficient logic is 
highly demanded. The aim of this study is the 
realization of extraordinarily energy-efficient logic 
circuits operating in the thermodynamic energy 
limit using superconducting logic circuits. Our 
approach utilizes the adiabatic operation of 
adiabatic quantum-flux-parametron (AQFP) by 
changing its phase difference adiabatically or very 
slowly. Figure 1 show the relationship between the 
bit energy and the clock period of several logic 
circuits, including CMOS, single-flux-quantum 
(SFQ) and AQFP circuits, which are proposed in 
this study. The bit energy of the AQFP circuits is 
six orders of magnitude smaller than that of the 
state-of-the-art CMOS circuits. In this project, we 
study the fundamental technology to realize 
energy-efficient integrated circuits based on the 
AQFP circuits. The final target of the project is to 
demonstrate the high-speed operation of 16b 
AQFP processors at 5 GHz. 
 

【Research Methods】 
  In the AQFP circuits, the energy consumption 
can be reduced proportional to the clock frequency 
by changing the energy potential from single-well 
to double-well adiabatically as shown in Fig. 2. 
The energy supplied to the logic gate is not 
consumed at the logic, but is completely recovered 

by a power source. The energy-efficient property 
of the AQFP circuits can be fully utilized in 
superconducting circuits due to loss-less features 
of superconducting circuits. 
 

【Expected Research Achievements and 
Scientific Significance】 

  The study of the AQFP circuits enables us to 
understand the physical limit of the bit energy of 
logic gates. In application, the AQFP circuits will 
achieve the reduction of the power consumption of 
integrated circuits by more than six orders of 
magnitudes, resulting in the power reduction of 
high-end computing systems including 
cryocoolers. 

【Publications Relevant to the Project】 
・N. Takeuchi, Y. Yamanashi and N. Yoshikawa, 

“Measurement of 10 zJ energy dissipation of 
adiabatic quantum-flux-parametron logic using 
a superconducting resonator,” Appl. Phys. Lett., 
102, 052602 (2013). 

・N. Takeuchi, Y. Yamanashi and N. Yoshikawa, 
“Simulation of sub-kBT bit-energy operation of 
adiabatic quantum-flux parametron logic with 
low bit-error-rate,” Appl. Phys. Lett., 103, 
062602 (2013) 

 
【Term of Project】FY2014-2018 

 
【Budget Allocation】150,300 Thousand Yen 

 
【Homepage Address and Other Contact  

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

Figure 1  The bit energy and the clock period of 
CMOS, SFQ and AQFP circuits.  

Figure 2  AQFP logic gate and its potential change 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering) 
 
 

 Title of Project： Data-Centric New Generation Photonic Networking 

 Ken-ichi Sato  
(Nagoya University, Graduate School of Engineering, Professor)  

Research Project Number：26220905 Researcher Number：00377805
Research Area： Engineering 
Keyword： Photonic Networks 

【Purpose and Background of the Research】 
Network flattening is advancing because of the 
advent of hyper-giant content holders and the 
growth of CDNs (Contents Delivery Networks) and 
cloud computing services. Self-supply by content 
providers like Google is generating, on average, 
7-8% of the Internet traffic around the world. 
According to a traffic forecast, metro traffic (traffic 
that traverses only the metro) will surpass 
long-haul traffic in 2014, and it is expected to grow 
nearly twice as fast as long-haul traffic. The metro 
traffic increase is also substantiated by the increase 
in datacenter installations in metro and the traffic 
among them and by the penetration of CDNs as 
well. This trend will clearly direct the need to 
create new networks where such cutting-edge 
technologies are exploited as; high-speed digital 
coherent transmission of more than 100 Gbps, 
flexible grid frequency allocation, spatial division 
multiplexing, and cost-effective large-capacity 
optical networking technologies that minimize 
expensive OEs and EOs and greatly reduce 
electrical power consumption through the use of 
router cut-through. This project investigates the 
enabling technologies that include new optical 
transport node systems and develops related high 
performance optical devices. 
 

【Research Methods】 
This research conducts following investigations.  
(1) Flexible ultra-large capacity photonic node 
architecture: New transport scheme that minimizes 
impairment stemming from large number of optical 
transparent node transmission, and the new node 
architecture will be developed. 
(2) Flexible coherent transmission technologies: A 
new optical switching mechanism that enables 
extraction of any optical channels without using 
optical filters, and analytical evaluations of optical 
cross talk effects in large scale optical switches will 
be developed. 
(3) Elastic optical path networking technologies: 
Develop a method that maximizes transmission 
distances and frequency utilizations in elastic 
optical path networks where optical channels with 
various attributes are flexibly accommodated. 
 

【Expected Research Achievements and 
Scientific Significance】 

Compared to the conventional electrical routings, 
significant cost and electrical power consumption 
reductions will be achieved through technologies 
developed here, which will support sustainable 
advances in future communications networks. 
 

【Publications Relevant to the Project】 
・ K. Sato, “Prospects of future photonic 

networking technologies,” IEICE Trans. on 
Commun., vol. J96-B, No. 03, pp. 220-232, 
March 2013. (in Japanese) 

・ K. Sato, “Challenges and opportunities of 
photonic networking technologies,” The 18th 
OptoElectronics and Communications 
Conference/Photonics in Switching 2013, 
PS/OECC 2013, WQ1-1, Kyoto, June, 2013. 

・ K. Kikuchi,, “Adaptive equalization 
techniques in digital coherent optical 
receivers,” IEICE Trans. on Commun., vol. 
J96-B, No. 03, pp. 212-219, March 2013. (in 
Japanese) 

・ M. Jinno, H. Takara, B. Kozicki, Y. 
Tsukishima, Y. Sone, and S. Matsuoka, 
“Spectrum-Efficient and Scalable Elastic 
Optical Path Network: Architecture, Benefits, 
and Enabling Technologies,” IEEE Commun. 
Mag., 47, I66-73 (2009). 

 
【Term of Project】FY 2014-2018 

 
【Budget Allocation】154,500 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.nuee.nagoya-u.ac.jp/labs/satolab/index2.html  
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering)  
 
 

 Title of Project： Dynamic Risk Management of Transport Network 
Using Mobile Data 

 Masao Kuwahara  
(Tohoku University, Graduate School of Information Sciences, 
Professor) 

Research Project Number：26220906 Researcher Number：50183322
Research Area： Engineering 
Keyword： Traffic Engineering 

【Purpose and Background of the Research】 
Purposes of the study are (1) to upgrade a 
monitoring system of user behavior, (2) to evolve a 
dynamic network analysis using behavioral data 
with high resolution in time-space positions and 
(3) to propose a dynamic risk management for 
recovering the system reliability under disaster. 
Eventually, the study aims to develop a dynamic 
risk management system for a transport network 
exploiting mobile data by unifying the above three 
sub-components: (1) user behavioral monitoring, 
(2) network analysis and (3) risk management. 
The unified system will be fully validated its 
usefulness based on applications to the real world. 
 

【Research Methods】 
A research sub-group is assigned to each of the 
three subtopics: (1) user behavioral monitoring, (2) 
network analysis and (3) risk management. And, 
leading oversea researchers are invited to 
members of the Advisory Board.  

 
In the first and second years, related previous 
studies will be systematically reviewed and a 
whole framework of the study will be made. In 
addition, behavioral measurements will be made 
on public urban spaces. In the third year, 
visualization and analysis of user movements on 
networks are planned and a dynamic transport 
simulation model and a dynamic risk management 

method will be proposed. In the fourth year, each 
of the three proposed components will be 
validated using observed data. In the final fifth 
year, the above mentioned unified system will be 
validated and finalized. And, through an 
international symposium, the major research 
outcomes will be disseminated. 
 

【Expected Research Achievements and 
Scientific Significance】 

Consistent with the theory of transport system 
engineering, the trinity theory of behavioral 
analysis, dynamic network analysis and 
reliability/risk management are developed. This 
study is of worth not only academically but also 
practically in the sense that the fundamental 
theory of traffic engineering, which has been 
mainly applied to a normal condition, is extended 
so as to manage a transport network even under a 
disaster situation. 
 

【Publications Relevant to the Project】 
・Mehran, B., Kuwahara, M. and Naznin, F. (2012) 
Implementing kinematic wave theory to 
reconstruct vehicle trajectories from fixed and 
probe sensor data. Transportation Research Part 
C, 20, 144-163. 
・Asakura, Y. and Hato, E. (2004) Tracking survey 
for individual travel behaviour using mobile 
communication instruments. Transportation 
Research Part C, 12 (3/4), 273-291. 

【Term of Project】FY2014-2018 
【Budget Allocation】150,000 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://www.plan.civil.tohoku.ac.jp/kuwahara/ 

Fig.1 Probe Analysis  Fig.2 Traffic Monitoring 
                            under Disaster
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering)  
 
 

 Title of Project： Quest for Fundamental Dynamics of Domain Homo 
Interface in Shape Change Materials and Principles 
for High Performance Materials 

 Hideki Hosoda 
(Tokyo Institute of Technology, Precision and Intelligence 
Laboratory, Professor) 

Research Project Number：26220907 Researcher Number：10251620
Research Area： Materials science and engineering
Keyword： Structural and functional, shape change materials, domain homo interface

【Purpose and Background of the Research】 
Shape change materials exhibit tunable functions 

in materials properties by changing the volume 
fraction of domains which are formed through 
solid-solid diffusionless phase transformation.  
The volume fraction control can be done by 
applying stress, magnetic and/or electric fields.    
The shape change materials are classified into 
shape memory alloy, magnetic shape memory alloy 
and piezoelectric materials.  In order to acquire 
high performance materials, rapid growth of a 
favorable domain by applied field is needed and 
that can be achieved by easy motion of domain 
homo interface between domains.  This 
mechanism is called “dynamics of domain homo 
interface” and in this project the fundamentals of 
the dynamics are pursued as well as principles of 
the development of high performance materials.  
Especially, the main problem to limit the lifetime of 
shape change materials is lattice defects introduced 
during the motion of interface.  The main cause of 
defect formation is due to friction in interface 
motion.  Then, another purpose is to solve this 
problem from the viewpoint of “twist” of domains at 
the interface.  The mobility of interface must 
depend on phase stability and lattice softening.  
Based on the above, novel high-performance shape 
change materials will be innovated and developed  
for biomedical and energy fields.   

 
【Research Methods】 

1. Theoretical analysis of geometry at domain 
homo interface 

2. Relationship between phase stability and 

geometry of domain homo interface 
3. Experimental analysis of domain homo 

interface 
4. Dynamics of domain homo interface 
5. Principals for high performance materials and 

practical development 
【Expected Research Achievements and 

Scientific Significance】 
New theory of structure and dynamics of domain 
homo interface related to phase stability and 
lattice softening as well as novel material design 
principles will be established in addition to 
practical development of shape change materials 
in both biomedical and energy fields.   
【Publications Relevant to the Project】 
・ T. Inamura, H. Hosoda and S. Miyazaki: 
Incompatibility and preferred morphology in the 
self-accommodation microstructure of -titanium 
shape memory alloy, Phil. Mag., 93 (2013) 
pp.618-634. 
・T. Inamura and H. Hosoda: Crystallography of 
Martensite in TiAu Shape Memory Alloy, 
Metallurgical and Materials Transactions A, 42A 
(2011) 111-120.   

【Term of Project】FY2014-2018 
【Budget Allocation】140,000 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://www.mater.pi.titech.ac.jp 

Figure 1  Materials function of shape 
change materials  

 
Figure 2  Factors related to domain 

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

 Title of Project： Nonvolatile Resistive Memory Using Cellulose 
Nanopaper 

 Masaya Nogi  
(Osaka University, The Institute of Scientific and Industrial 
Research, Associate professor)  

Research Project Number：26220908 Researcher Number：80379031
Research Area： Materials 
Keyword： Functional Polymer, Cellulose Nanofiber

【Purpose and Background of the Research】 
Electronic devices should be manufactured by low 

energy consumption processes to realize a 
sustainable and clean society. Recently, we have 
proposed “paper electronics” using cellulose 
nanopaper. In 2009, we invented cellulose 
nanopaper using cellulose nanofibers only. Paper 
electronics could be manufactured on foldable 
nanopaper using high-volume and high-speed 
printing technology. Moreover, obtained paper 
devices enhanced lightweight and rollability 
enough to carry them in your bag. Therefore, the 
cellulose nanopaper is one of the best candidates for 
the future electronic components. 

To realize the paper electronics, we have already 
developed some paper device components (Fig. 1). 
For example, highly conductive lines on nanopaper 
electrically connect devices components, and 
transparent conductive paper and paper transistor 
are key components for touch panel and display 
devices. Paper antenna will realize wireless 
communication by a transmission and reception of 
information signals. Moreover, electric power for 
the devices will be supplied from paper solar cell. 
Due to these achievements, paper electronics will 
be completed by only one device components, which 
is a memory device component. 
 

 
 
 
 

【Research Methods】 
In this project, we developed nonvolatile random 

access memory (ReRAM) using cellulose nanopaper. 
In particular, we will discuss about the 
nanofilament growth mechanism inside a 
nanopaper as an insulating layer. Thus, the 
principal investigator of Dr. Nogi (ISIR, 
Osaka-univ.) and co-investigators of Dr. Yanagida, 
Dr. Nagashima, and Dr. Koga (ISIR, Osaka-univ.) 
et al. will study the following four topics. 
1. Growth mechanism of conductive filament at 

an insulating layer. 
2. Developments of key technologies (substrates, 

electrodes, insulator) in nanopaper ReRAM 
3. Developments of interconnecting technologies 

for nanopaper ReRAM 
4. Developments of nanopaper ReRAM 

 
【Expected Research Achievements and 

Scientific Significance】 
The paper memory is the last components to 

realize lightweight and foldable paper electronics. 
We hope paper electronics will open a door to 
realize a low-carbon society with our fruitful daily 
life. 
 

【Publications Relevant to the Project】 
H. Koga, M. Nogi et al., NPG Asia Mater., 6 (2014) 
e93, doi:10.1038/am.2014.9 
Y. Fujisaki et al. Adv. Funct. Mater., 24 (2014) 
1657–1663, DOI: 10.1002/adfm.20130302 
M. Nogi et al. Nanoscale, 5 (2013) 4395-4399, 
DOI: 10.1039/c3nr00231d 
M. Hsieh et al., Nanoscale, 5 (2013) 9289-9295, 
DOI:10.1039/C3NR01951A 
M. Nogi et al., Adv. Mater., 21(2009)1595-1598, 
DOI: 10.1002/adma.200803174 
 

【Term of Project】FY2014-2018 
 

【Budget Allocation】135,400 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://www.nogimasaya.com/ 

 nogi@eco.sanken.osaka-u.ac.jp 

Fig. 1 Previous researches and this proposal 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering)  
 
 

 Title of Project： Microstructual Control Using High Pressure Allotropy 

 Zenji Horita  
(Kyushu University, Faculty of Engineering, Professor) 

Research Project Number：26220909 Researcher Number：20173643
Research Area： Engineering 
Keyword： severe plastic deformation, allotropic phase transformation

【Purpose and Background of the Research】 
Metallic elements such as Ti and Zr take a 

hexagonal close-packed (hcp) structure at ambient 
pressure and temperature and they transform from 
the hcp structure (  phase) to a hexagonal 
structure (  phase) as the pressure increases [1,2]. 
This  phase is hard and brittle in nature, but it 
may be used as a strengthening phase if it is 
dispersed finely and homogeneously in the  
matrix. 

Semiconductors such as Si, Ge and GaAs are 
also known to exhibit phase transformation when 
high pressures are applied to the materials. Such 
transformations introduce a metallic nature into 
the materials and thus it becomes easier for them to 
deform plastically. It is then anticipated that the 
microstructures should be refined through the 
plastic deformation as other metallic materials. 

The aim of this study is to establish 
microstructural refining process by allotropic phase 
transformations through introduction of intense 
strain under high pressures and thus to enhance 
strength of Ti and Zr without alloying elements and 
to improve functional properties as 
photoluminescence in Si, Ge and Ga As. 

【Research Methods】 
   This study uses a process called high-pressure 
torsion (HPT) as illustrated in Fig.1 (left) where 
intense strain is introduced under high pressure. 
Modification is made as shown in Fig.1(right) so 
that it is possible to measure electrical conductivity 
during HPT processing. The electrical conductivity 
is measured as a function of imposed strain and 
pressure to examine dynamical behavior of 
allotropic phase transformation. For microanalysis, 
Rotation DFI [5] as shown in Fig.2 is used. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
【Expected Research Achievements and 

Scientific Significance】 
This strengthening process for Ti and Zr is 

important because alloying elements such as V, Nb 
and Mo are no longer required. For Si, Ge and 
GaAs, the grain is refined to the nanosizes in a 
bulk form and the resultant photoluminescence is 
important for development of solar battery.  
 

【Publications Relevant to the Project】 
[1] G. Gu et al., Scripta Metall. Mater.. 31, 167, (1994). 
[2] M.T. Pe´rez-Prado et al., Scripta Mater., 58, 219, (2008). 
[3] A.Mujica et al., Rev. Mod. Phys. 75, 863 (2003).  
[4] B. D. Malone et al, Phys. Rev. B. 86, 054101 (2012).  
[5]M. Watanabe, et al., Microscopy and Miroanalysis, 17, 

Suppl. 2, 1104 (2011). 
 

【Term of Project】FY2014-2018 
 

【Budget Allocation】140,000 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 

http://zaiko6.zaiko.kyushu-u.ac.jp/ 

Fig.2 (a) Principle of Rotation DFI [5], (b) 
bright-field image、(c) selected area diffraction 
pattern, (d)-(f) dark-field images taken by 
Rotation DFI. 
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Fig.1 Principle of HPT 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering)  
 
 

 Title of Project： Development of Environmentally Sound Recycling 
Technology for Precious Metals and Rare Metals 

 Toru H. Okabe  
(The University of Tokyo, Institute of Industrial Science, Professor) 

Research Project Number：26220910 Researcher Number：00280884
Research Area： Metal making, Resource production engineering
Keyword： Recycling, Precious metal, Rare metal

【Purpose and Background of the Research】 
Rare metals are essential to producing energy- 

saving and high-tech products. Global competition 
for securing rare metal resources is becoming 
increasingly intense. In Japan, the combination of 
limited domestic natural resources and strict 
environmental regulation makes it vital to develop 
a highly efficient and environmentally sound 
recycling process for rare metals. 

Precious metals (PMs) such as platinum and 
rhodium are quite scare and expensive. However, 
their use in industrial applications such as 
autocatalysts should ensure that their demand, and 
the need for resource recovery by recycling, will 
increase markedly in the future. 

PMs are generally recovered through 
dissolution in aqueous solutions, but their high 
chemical stability inevitably requires long 
processing times. Furthermore, a large amount of 
toxic waste is generated by the combination of acids 
and strong oxidants such as Cl2 gas or aqua regia 
that are used to dissolve PMs. In this study, we 
developed effective processing technologies to more 
rapidly dissolve PMs without generating toxic 
waste, with such technologies also applied to other 
rare metals. 

 
【Research Methods】 

In previous studies, we found that PMs can 
only be dissolved effectively by hydrochloric acid 
when they are pretreated by alloying and 
chlorination to convert them into complex chlorides 
before dissolution procedure. 

In this study, we establish a synthesis method 
for various complex chlorides of PMs, while also 
identifying the chemical states and dissolution 
behavior of PMs in hydrochloric acid and salt water. 
Based on these findings, we will establish an 
environmentally sound recycling process for 
PMs-containing scraps, as shown in Figure 1. 

Following the fiscal year of 2016, these newly 
developed PM recycling techniques will be applied 
to developing a novel recycling process for rare 
earths (Dy, Nd, etc.), rhenium, tungsten, etc. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
【Expected Research Achievements and 

Scientific Significance】 
The chemical properties of complex PM 

chlorides will be systematically studied, with the 
ultimate goal of recycling rare metals form various 
scrap materials by dissolving them by salt water. 
This innovation in recycling will eliminate the 
need for an acid or oxidant, and represent an 
important step toward the realization of a 
sustainable society. 

【Publications Relevant to the Project】 
・C. Horike, K. Morita, and T. H. Okabe:  
・Metallurgical and Materials Transactions B,  
・vol.43B (2012) pp.1300-1307. 
・T. H. Okabe, Y. Kayanuma, S. Yamamoto,  
・and M. Maeda: 
・Materials Transactions, 
・vol.44 (7) (2003) pp.1386-1393. 

【Term of Project】FY2014-2018 
【Budget Allocation】147,900 Thousand Yen 
【Homepage Address and Other Contact 

Information】 
http://www.okabe.iis.u-tokyo.ac.jp 

Figure 1 Environmentally sound recycling 
process based on the novel dissolution 
technique developed through this study.   
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering) 
 
 

 Title of Project： Design and Applications of single-Site Photocatalysts 
Using Nano-Space 

 Hiromi Yamashita  
(Osaka University, Graduate School of Engineering, Professor) 

Research Project Number：26220911 Researcher Number：40200688
Research Area： Engineering, Catalysis and Materials Chemistry
Keyword： Catalyst design, Photocatalysts, Single-site, Nano-pores, Nano-metal, Plasmon

【Purpose and Background of the Research】 
The unique and fascinating properties of 

silica-based zeolites and mesoporous silica have 
opened up new possibilities for many chemical and 
physical processes.  Because they are transparent 
to UV-visible light, silica materials have often been 
functionalized with elements such as Ti, Cr, V, Mo, 
and W. These well-defined active centers have 
shown to be highly dispersed at the atomic level in 
a tetrahedral-coordination geometry and have been 
named as “single-site photocatalysts”. The light 
irradiation of single-site photocatalysts induces the 
charge transfer excited states exhibiting unique 
activity in the various photocatalytic reactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These single-site photocatalysts not only can 

promote photocatalytic reactions but also can be 
utilized to synthesis of functional materials.  The 
nano-sized metal catalyst and visible-light sensitive 
photocatalyst can be synthesized with the 
single-site photocatalyst.  The transparent 
mesoporous silica thin film with single-site 
photocatalyst generates the superhydrophilic 
surface. In this study, applications of single-site 
photocatalysts to design of unique functional 
materials will be made. 
 

【Research Methods】 
The single-sites can be implanted into silica 

matrices by various techniques including 
hydrothermal synthesis, sol–gel method and 
chemical vapor deposition, etc. By the hybrid of 
nano-space and single-site photocatalysts, following 

studies on design of functional materials can be 
carried out. 1) Design of visible-light sensitive 
single-site photocatalyst, 2) Design and utilization 
of 3D-porous structures and core-shell structures, 
3) Design of hydrophobic porous structures, 4) 
Design of nano-sized metal catalyst, 5) Design of 
one-pot reaction, 6) Design of porous thin film with 
superhydrophilic and superhydrophobic surface, 7) 
Design of unique photofunctional metal complex. 
 

【Expected Research Achievements and 
Scientific Significance】 
The single-site photocatalysts in nano-space can 

be utilized to design of functional materials. The 
hybrid of single-site moieties and photofunctional 
metal complex should perform as visible-light 
sensitive photocatalyst for artificial photosynthesis 
such as water splitting H2 production and CO2 
reduction. The nano-sized metal with localized 
surface plasmon resonance should be effective for 
various green chemical catalysis. The transparent 
nanoporous thin film with single-site photocatalyst 
generates the superhydrophilic and/or 
superhydrophobic surface with self-cleaning effect. 
The utilization of single-site photocatalysts is 
promising methodology applied in various fields to 
design unique functional materials. 
 

【Publications Relevant to the Project】 
・K. Fuku, K. Mori, H. Yamashita, et al., “The 

Synthesis of Silver Nanoparticles by Using 
Microwave Heating and their Enhanced 
Catalytic Activity by LSPR”, Angew. Chem. Int. 
Ed., 52, 7446-7450 (2013). 

・Y. Kuwahara, H. Yamashita, C. Jones, et al., 
“Dramatic Enhancement of CO2 Uptake by 
Poly(ethyleneimine) Using Zirconosilicate”, J. 
Am. Chem. Soc., 134, 10757-10760 (2012). 

【Term of Project】FY2014-2018 
【Budget Allocation】110,500 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://www.mat.eng.osaka-u.ac.jp/msp1/MSP1-HomeJ.htm  
yamashita@mat.eng.osaka-u.ac.jp 

Figure 1  Design and applications of single-site 
photocatalysts using nanoporous materials.
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering)  
 
 

 Title of Project： Intelligent Manufacturing Science of Innovative 
Composite Structures Based on Optical-Fiber Life 
Cycle Monitoring 

 Nobuo Takeda  
(The University of Tokyo, Graduate School of Frontier Sciences, 
Professor) 

Research Project Number：26220912 Researcher Number：10171646
Research Area： Aerospace Engineering, Composite Materials/Structures
Keyword： Composite Materials, Optical Fiber Sensor, Process Monitoring

【Purpose and Background of the Research】 
Carbon Fiber Reinforced Plastic (CFRP) 

composites have been used as aircraft primary 
structures recently. However, the potential of CFRP 
has not been fully utilized due to difficulties in 
manufacturing and assembly as well as uncertainty 
of strength after accidental damage. An innovative 
approach is necessary for next-generation  
aerospace CFRP structures to balance both high 
manufacturability and performance. 

Both thermoplastic CFRP and Out-of-Autoclave 
(OoA) CFRP have attracted much attention as such 
new material systems. Manufacturing process of 
these CFRP are much more difficult and 
complicated, and the quality control and assurance 
of CFRP structures are a big issue to be overcome. 

Manufacturing process of such new materials 
often relies on trials and errors and workers’ skills. 
However, the authors believe an innovative 
intelligent manufacturing sciences is necessary  
for CFRP quality assurance by combining advanced 
process monitoring technologies and multi-scale 
and multi-physics computational science. 

In the present research, embedded optical fiber 
sensor systems are used to monitor the material 
behavior of CFRP materials during the 
manufacturing process and then during assembly 
and in practical operation environments, 
throughout the CFRP life. Then such characterized 
properties are fed into the process modeling based 
on multi-scale and multi-physics computational 
science. Through such efforts, intelligent 
manufacturing science is established to enable 
innovative design concept suitable for next- 
generation CFRP structures (Fig. 1). 
 

【Research Methods】 
   Multi-point FBG and distributed optical fiber 
sensor strain and temperature measuring systems 
are improved and utilized to measure strain and 
temperature throughout the manufacturing process 
to the practical operations. Concurrently, a new 
theoretical and numerical process modeling is 
developed to explain the experimental data based 
on multi-scale and multi-physics approach. Then, 
the developed approach is used to establish a novel 
design methodology of CFRP bolt-less structures. 

 
【Expected Research Achievements and 

Scientific Significance】 
Innovative low-cost and high-performance 

CFRP design concept is highly demanded for 
next-generation single-aisle commercial aircraft. 
International competitiveness of Japanese aircraft 
manufacturers can be improved with such 
continuing efforts. The current study is one of the 
fundamental but practical approaches to support 
development of CFRP materials and structures. 
 

【Publications Relevant to the Project】 
・S. Minakuchi et al., "Life Cycle Monitoring and 

Advanced Quality Assurance of L-Shaped 
Composite Corner Part Using Embedded 
Fiber-Optic Sensor", Composites Part A, Vol. 48, 
2013, pp. 153-161. 

【Term of Project】FY2014-2018 

【Budget Allocation】117,800 Thousand Yen 

【Homepage Address and Other Contact  
Information】 
http://www.smart.k.u-tokyo.ac.jp 

  takeda@smart.k.u-tokyo.ac.jp 

Fig.1 Innovative CFRP Design Concept 
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【Grant-in-Aid for Scientific Research (S)】 
 Science and Engineering (Engineering) 
 
 

 Title of Project： Demonstration of a Remountable High-temperature 
Superconducting Magnet and Construction of 
Universal Joints toward the Realization of an 
Innovative Fusion Reactor 

 Hidetoshi Hashizume  
(Tohoku University, Graduate School of Engineering, Professor) 

Research Project Number：26220913 Researcher Number：80198663
Research Area： Nuclear fusion studies
Keyword： High temperature superconductivity, Electromagnet

【Purpose and Background of the Research】 
 Research and development (R&D) of the fusion 
reactor are in steady progress. However, some 
crucial technical issues for the fusion reactor still 
remain; reduction of costs and establishment of 
reasonable maintenance methods. We proposed a 
remountable high-temperature superconducting 
(HTS) magnet to reduce cost of superconducting 
magnet and to make it easy to access inner reactor 
components. HTS materials are only solution as a 
superconducting material for the magnet because of 
its high thermal stability against heat generation 
due to electrical resistance at the joints. 
 We have already achieved mechanical (electrical) 
joint technique of HTS conductor with a current of 
100 kA and a resistance of 2 nΩ, which is the best 
in the world. The purpose of this study is to 
establish technical breakthrough with an 
academic viewpoint toward the realization of a 
fusion reactor. We will perform 1) developing a 
method of predicting joint extreme performance, 2) 
designing functionally decomposed conductor 
based on the theory of superconductor, 3) 
predicting performance of cooling system with 
porous media and designing remountable cooling 
channels and 4) demonstrating and designing the 
remountable HTS magnet by fabricating 
100-kA-class mock-up magnet. 

 
【Research Methods】 

Superconducting magnets are used under cryogenic 
and high magnetic field environments. Predicting 
joint performance at fabrication phase (before 
cooling the magnet) is quite important. We develop 
nondestructive testing method to predict the joint 
performance at first. Then we design functionally 

decomposed conductor using theory on transport 
current of type-II superconductor. Furthermore, 
we optimize cooling system at the joint section of 
the remountable magnet. Based on the above 
results we will finally fabricate 100-kA-class 
mock-up magnet to demonstrate the remountable 
HTS magnet. 
 

【Expected Research Achievements and 
Scientific Significance】 

 Results obtained through this study can become 
technical breakthrough to realize an attractive 
fusion reactor with high economic efficiency and 
reliability. In addition, HTS materials are only 
solution to achieve this concept. This fact has 
potential that researches on fusion reactors leads 
R&D of HTS materials and applications. 
Furthermore, complex and huge superconducting 
magnets can be constructed by a quantity of HTS 
wires with a length of one-pitch of the magnet. 
That means we don't need quality assurance of 
HTS wires with several kilo meters long and 
performance of magnets can increase significantly 
by using high performance short HTS wires. 
 

【Publications Relevant to the Project】 
S. Ito, H. Hashizume, et. al., Bridge-Type 
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Figure 1 Remountable HTS magnet 
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