
 

 

Grant-in-Aid for Specially Promoted Research  

Science and Engineering (Mathematics/Physics)

Title of Project Study of the Extreme Universe with High Energy  
Gamma Rays

Masahiro Teshima 
( The University of Tokyo, Institute for Cosmic Ray Research,  
Professor ) 

Research Area Astroparticle Physics, Gamma Ray Astronomy 
Keyword Cosmic Ray (experiment), Astrophysics(Experiment)  
Purpose and Background of the Research  

Plenty and various high energy phenomena can be 
found in the Universe. Sometimes we can find   
phenomena with very fast time variations and 
extreme flares. The new generation GeV gamma 
ray satellite and TeV Cherenkov telescopes have 
opened a new window to the Universe. Especially 
TeV gamma rays, which are among the most 
energetic ones in the electromagnetic wave, are 
exceptionally well suited for letting us see the 
Universe, and their study has been established as a 
new important field of Astrophysics. 
The new generation Cherenkov Telescopes, MAGIC, 
HESS and VERITAS, discovered more than 150 
galactic and extragalactic sources of various types. 
These data gradually deepen the understanding of 
the origin of cosmic rays, non-thermal phenomena 
general in the universe, relativistic jets from Active 
Galactic Nuclei (AGN), and extragalactic 
background in the optical and infrared region. 

 
Research Methods  

With the MAGIC Cherenkov Telescope (50GeV 
-10TeV) and the Fermi Gamma Ray satellite 
(100MeV -100GeV) we observe many extreme 
objects and study cosmic ray acceleration and 
gamma ray radiation mechanisms with a 
unprecedented precision, using energy spectra over 
five decades. The final purpose is to clarify the 
origin of cosmic rays, and to draw a global picture of 
cosmic rays extending over more than eleven 
decades of energy. 
Furthermore, we will build the first CTA Large Size 
Telescope with a 23m diameter (prototype) in the 

framework of an international collaboration and 
extend the gamma ray horizon toward the deep 
Universe up to a redshift parameter of z <3. 

 
Expected Research Achievements and 
Scientific Significance  

We survey the major super nova remnants and the 
large scale structure at the galactic center, and 
clarify the origin of galactic cosmic rays. We also 
observe Active Galactic Nuclei (AGN,) as many as 
possible, and aim to achieve the first observation of 
a Gamma Ray Burst (GRB) in the highest energy 
regime.  
We carry out high precision measurements of 
extragalactic background light using gamma rays 
from distant AGNs and GRBs, and study the 
history of star formation and the structure 
formation of the Universe. Furthermore, we will 
perform a deep observation for gamma rays from 
dark matter annihilation at the center of our 
galaxy and satellite dwarf spheroidal galaxies.  
 
Publications Relevant to the Project  

Design Concepts for the Cherenkov Telescope 
Array, CTA Consortium (M. Actis, M. Teshima et 
al.), Exp. Astronomy 32 (2011) 193-316.  
 
Term of Project FY2012-2016 

 
Budget Allocation 405,000 Thousand Yen 

 
Homepage Address and Other Contact  
Information  
http://www.cta-observatory.jp 
http://www.icrr.u-tokyo.ac.jp/~mteshima/ 
mteshima@icrr.u-tokyo.ac.jp 
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Grant-in-Aid for Specially Promoted Research  

Science and Engineering (Mathematics/Physics)

Title of Project Materials property and evolution of Earth's core 

Kei Hirose 
( Tokyo Institute of Technology, Graduate School of Science and  
Engineering, Professor ) 

Research Area Mathematical and physical sciences 
Keyword Physical properties, Element fractionation, Mineral resources 
Purpose and Background of the Research  

We will perform high-pressure experiments on 
the metallic core, located at the central part of the 
Earth, with the aim to study its structure, origin, 
and evolution. The current understanding of core 
materials is much less than that of Earth’s mantle 
materials, because 1) it has long been very difficult 
to produce ultrahigh-pressure and -temperature 
conditions corresponding to the core by static 
experiments, and 2) experiments on liquid are 
indeed harder than those on solids (most of the 
Earth’s core is in a liquid state).  

In this study, we will measure sound velocity, 
density, crystal structure, element partitioning, 
melting temperature, thermal conductivity, etc., 
based on the experiments on both liquid and solid 
iron and iron compounds, by using our 
world-leading techniques of generating 
ultrahigh-pressure and -temperature conditions 
and of measuring physical and chemical property 
at high pressure. These experimental results can 
tightly constrain the chemical composition of the 
Earth’s core. We will also examine the core 
dynamics, thermal and chemical evolution of the 
core, and interaction between core and mantle.  
 
Research Methods  

High-pressure experiments 
will be carried out, primarily 
using the laser-heated 
diamond-anvil cell (DAC) (Fig. 
1). Our group can measure 
material’s property under 
extreme conditions 
beyond the center of 
the Earth (365GPa, 
~6000K).  

Measurements will be performed mainly at 
synchrotron radiation source of SPring-8. We will 
determine the longitudinal wave velocity of liquid 
iron alloy at high pressure and temperature based 
on the inelastic X-ray scattering measurements at 
the beamline BL35XU. We will also examine 
crystal structure and density by X-ray diffraction 
and X-ray absorption methods at BL10XU. 

Furthermore, the X-ray beams will be focused 
down to ~400-nm size, which helps to precisely 
determine the phase boundary, melting point, and 
P-V-T equation of state. We will also utilize 
transmission electron microscope to obtain 
chemical analysis of the sample recovered from 
DAC.  
 
Expected Research Achievements and 
Scientific Significance  

 There remains much unknown about the core, 
in particular the liquid outer core (Fig. 2). The 
measurements of physical and chemical 
properties of iron alloys at ultrahigh pressures in 
this study should promote our understanding of 
the core extensively. The chemical composition of 
the core, for 
example, has 
profound 
implications for the 
scenarios of 
planetary formation, 
because it should 
have reflected the 
origin of the Earth 
and the core 
formation 
processes.  

  
 
Publications Relevant to the Project  

Tateno, S., Hirose, K., Ohishi, Y., Tatsumi, Y., 
The structure of iron in Earth’s inner core, 
Science, 330, 359-361 (2010). 

Ozawa, H., Takahashi, F., Hirose, K., Ohishi, Y., 
Hirao, N., Phase transition in FeO and 
stratification in Earth’s outer core, Science, 
334, 792-794 (2011). 
 

Term of Project FY2012-2016 
Budget Allocation 375, 000 Thousand Yen 
Homepage Address and Other Contact  
Information  

http://www.geo.titech.ac.jp/lab/hirose/home.html 

Fig.2. Stratification inside the Earth 
and the change in primary minerals 

Fig.1. High-pressure device 
called diamond-anvil cell (DAC) 
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Grant-in-Aid for Specially Promoted Research  

Science and Engineering (Mathematics/Physics)

Title of Project Innovation of structural materials science: 
Femtosecond time-resolved atomic imaging 

Katsumi Tanimura  
( Osaka University, The Institute of Scientific and Industrial 
Research, Professor ) 

Research Area Solid state physics, Structural materials science 
Keyword Photoinduced phase transitions, Ultrafast time-resolved spectroscopy 
Purpose and Background of the Research  

In the last century, innovative progress in 
materials science has impacted chemistry, biology, 
solid-state physics and other related fields. 
Structures of molecules, proteins, and solids can be 
determined at the atomic level (1 Å resolution) in 
static experiments while ultrafast dynamics can be 
captured by optical spectroscopy in temporal 
domains as short as 10-13 s. However, despite such 
progress, simultaneous ultra-high spatial and 
temporal resolution is yet to be demonstrated. 

The beginning of 21st century has become the 
starting point of the next innovation that leads to 
the realization of the “dream” of structural 
dynamics research: direct structural determination 
of materials in ultrafast processes. The main 
purpose of this project is to develop just such a 
femtosecond time-resolved electron microscope with 
1-Å spatial resolution and with a single-shot 
imaging capability.  
 
Research Methods  

We renovate our single-shot transmission 
electron diffractometer with fs temporal resolution, 
shown in Fig.1, to establish the method for ultrafast 
atomic imaging. We will use this new time- resolved 
microscope to study structural dynamics in solids, 
such as photo-induced structural phase transitions, 
lattice instability in warm dense matter, and 
molecular reactions of photochromic organic 
crystals with ultimate spatial and temporal 
resolution. 

 
   Fig.1 Our time-resolved electron diffractometer 

Expected Research Achievements and 
Scientific Significance  
Ultrafast real-space imaging of atomic 

ensembles will provide the most direct and crucial 
information for dynamical mechanisms of many 
important processes in chemistry, solid-state 
physics, materials science, and biology. Our 
microscope will establish 10-13 s temporal 
resolution and 1-Å spatial resolution with a 
single-shot imaging capability; thus making it 
possible to study a broad variety of irreversible 
processes initiated by photoexcitation.   

This innovation of knowledge on structural 
dynamics will greatly improve our understanding 
of the ultrafast cooperative interactions in 
condensed matters, and provides direct insight 
into the dynamical mechanism of phase 
transformation. By combining precise knowledge 
of structural dynamics with that of electronic 
relaxation, together with advanced theoretical 
analysis, we can elucidate the dynamical 
mechanism of many-body interaction from a 
microscopic perspective.    

Ultrafast real-space imaging at the atomic level, 
will strongly impact other scientific fields, such as 
molecular science, chemistry, and biology, thus 
providing a break-through in the field of ultrafast 
structural dynamics research.  
 
Publications Relevant to the Project  

Y. Murooka et al., Appl. Phys. Lett. 98, 251903 
(2011) 
J. Kanasaki et al., Phys. Rev. Lett. 102, 087402 
(2009). 
A. H. Zewail, Science, 328, 187 (2010). 

 
Term of Project FY2012-2016 

 
Budget Allocation  302,500 Thousand Yen 

 
Homepage Address and Other Contact  
Information  
http://www.sanken.osaka-u.ac.jp/labs/aem/ 
Projects.html  
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Grant-in-Aid for Specially Promoted Research  

Science and Engineering (Mathematics/Physics)

Title of Project Novel quantum phenomena at Liquid He suface –  
Verification of Majorana state 

Kimitoshi Kono 
( RIKEN, Advanced Science Institute, Chief Scientist ) 

Research Area Mathematics/Physics 
Keyword Ultralow temperature physics/Quantum condensed matter system 
Purpose and Background of the Research  
 We have carried out creative study of quantum 

phenomena at the free surface of liquid He.  We 
aim to deepen our study to discover novel quantum 
phenomena unique to the surface. 
  The following two subjects are emphasized in the 
project.  1) To prove the Majorana surface states at 
superfluid 3He free surface.  2) To find the 
mechanism of microwave induced zero 
(magneto-)resistance states (ZRS).  We will apply 
the obtained knowledge to fabricate single electron 
qu-bits on liquid He surface. 

Hear, “Majorana” is associated with the name of a 
theoretical Fermi particle which has no distinguish 
between particle and anti-particle. 
 
Research Methods  

  The prerequisite condition for the Majorana 
surface states is specular scattering of 3He atoms at 
the surface.  This condition is most ideally fulfilled 

at the free surface of liquid 3He.  It was predicted 
that a smoking gun evidence of the Majorana states 
is to detect a magnetic anisotropy.  It was also 
proposed to measure a spin relaxation rate 
anisotropy near the surface. 

In this project, we propose to employ an optical 
pumping technique with Ba ions, which are 
introduced in the vicinity of the free surface.  A Ba 
ion forms a bubble like structure inside liquid He 
and keeps high optical activities (Fig. 1). 
  As for the microwave induced ZRS, simultaneous 
irradiation of microwave and conductivity 
measurement is employed.  The ion conductivity 
measurement is used to investigate anisotropic 

properties of superfluid 3He surface. 
 
Expected Research Achievements and 
Scientific Significance  

  Majorana particle is a mysterious theoretical 
particle and the discovery of physically equivalent 
state brings a big impact to the academic world.  
Microwave induced ZRS (Fig. 2) is presumably 
associated with a dissipative structure.  The 
elucidation of this phenomena in a clean and 
simple system should provide a universal 
understanding of the phenomena.  Superfluid 3He 
will provide a nice model to understand our 
universe in the context of symmetry breaking. 

 
Publications Relevant to the Project  

1.  S. B. Chung and S.-C. Zhang: “Detecting the 
Majorana Fermion Surface State of 3He-B 
through Spin Relaxation”, Phys. Rev. Lett. 103, 
235301 (2009). 

2. D. Konstantinov and K. Kono: “Detecting the 
Majorana Fermion Surface State of 3He-B 
through Spin Relaxation”, Phys. Rev. Lett. 105, 
226801 (2010). 

 
Term of Project FY2012-2016 

 
Budget Allocation 203,000 Thousand Yen 

 
Homepage Address and Other Contact  
Information  

http:// lt.riken.jp 
   kkono@riken.jp 

Figure 1 Ba ion in liquid He 

Figure 2 Microwave induced zero 
resistance (conductance) states. 
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Grant-in-Aid for Specially Promoted  

Science and Engineering (Mathematics/Physics)

Title of Project Hyperfine splitting of antihydrogen and magnetic 
moment of antiproton

Yasunori Yamazaki  
( RIKEN, Advanced Science Institute, Distinguished Senior  
Scientist ) 

Research Area Physics (atoms, molecules, quantum electronics) 
Keyword CPT symmetry, antihydrogen, antiproton, magnetic moment 
Purpose and Background of the Research  

CPT symmetry is considered to be the most 
fundamental symmetry under simultaneous 
inversion of charge (C ), parity (P), and time (T). Till 
now, P and CP symmetries were believed to be 
conserved, but later both were found to be false.  
CPT is the last one still escaping from our chase.  
Further, it is also believed that the Big Bang taken 
place 13.7 billion years ago produced exactly the 
same number of matter and antimatter although 
the present universe is filled solely with matter. 
The fundamental question how to develop such 
unbalanced universe is not known.  In the present 
project, we are going to synthesize antihydrogen 
atom (consisting of an antiproton (antiparticle of 
proton) and positron (antiparticle of electron)), the 
representative of stable antimatter, and to compare 
its physical property with that of hydrogen. By this 
way, the most fundamental symmetry of nature, 
CPT symmetry, will be stringently tested.    
 
Research Methods  

The CPT symmetry guarantees that the mass, the 
absolute values of charge, magnetic moment, 
lifetime, etc. are all exactly the same between the 
paired matter and antimatter. We are particularly 
interested in the magnetic moment of antiprotons, 
because (1) it is known only with the precision of 3 
digits, which is million-fold worse than the mass 
and charge, and (2) a theoretical discussion called 
SME (standard model extension) predicts that the 
magnetic moment is extremely sensitive to the CPT 
violation as compared with e.g. 1S-2S transition.  

Fig.1: Synthesizer of Spin-polarized antihydrogen 
and microwave spectroscopy  

We decided to develop a spin-polarized cold 
antihydrogen beam, and then apply microwave 
spectroscopy to determine the hyperfine transition 
frequencies with a precision of six digits.  At the 
same time, we will start measuring spinflip 
frequency of an isolated antiproton in a penning 
trap, which allow the antiproton magnetic moment 
with a precision of six digits or better. The 
combination of these two quantities provides us 
with the magnetic moment as well as the 
magnetization distribution inside of antiproton for 
the first time. 
 
Expected Research Achievements and 
Scientific Significance  

The synthesis of spin-polarized cold antihydrogen 
beam the first step of this project is already one of 
the most important mile-stone achievements in the 
field of antimatter science. Any measurements 
proposed, microwave spectroscopy of antihydrogen, 
high precision measurements of hyperfine 
transitions and spin-flip frequencies of isolated 
antiproton have not been realized till now, and 
should give high impact not only to the related 
fields but also to general society.   
 
Publications Relevant to the Project  

Y. Enomoto, et al., “Synthesis of Cold Anti- 
hydrogen in a Cusp Trap”, Phys. Rev. Lett. 105 
(2010) 243401(1-4). 
S. Ulmer, et al., ”Direct Measurement of the Free 
Cyclotron Frequency of a Single Particle in a 
Penning Trap”, Phys. Rev. Lett. 107, 103002 
(2011) 
 
Term of Project FY2012-2016 

 
Budget Allocation 269,000 Thousand Yen 

 
Homepage Address and Other Contact  
Information  
http://www.riken.jp/ap/indexj.html 
http://radphys4.c.u-tokyo.ac.jp/ 
http://www.riken.jp/lab/ulmeriru/ 
yasunori@riken.jp 
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Grant-in-Aid for Specially Promoted Research  

Science and Engineering (Chemistry)

Title of Project Self-assembled porous coordination networks as 
crystalline molecular flasks

Makoto Fujita 
( The University of Tokyo, Graduate School of Engineering, 
Professor ) 

Research Area Coordination chemistry, Organic chemistry 
Keyword Self-assembly, Porous coordination network  
Purpose and Background of the Research  

 In solution, a wide variety of self-assembled 
coordination hosts are known to encapsulate guest 
molecules and to work as nano-sized reaction 
containers.  Typically, such unique chemical 
events are limited only to solution, because 
molecules lose their mobility in the solid state.   
  We have recently synthesized networked 
molecular cages composed of an infinite array of 
self-assembled molecular cages.  Surprisingly, the 
cage subunits encapsulate guest molecules as is in 
solution even in a crystalline state.  This finding 
implies that we can transfer exhaustively studied 
solution chemistry into solid state by constructing 
the same molecular cavities both in solution and 
solid.   
 This research is aimed to bridge the gaps between 
solution and solid state chemistries by 
self-assembled porous coordination networks 
derived from molecular hosts and create a new field 
for academic research and practical application.   

Figure 1 (left) Solution cage molecule and (right) 
crystalline networked cages.  The nature of 
hollow host cage is preserved even in crystal. 

 
Research Methods  

 The research begins by networking discrete 
molecular hosts to make single crystalline hosts as 
“crystalline molecular flasks”.  To develop 
crystalline state reactions, we first use discrete 
solution hosts that are isostructural to the building 
unit of crystalline hosts and suitable reaction 
conditions will be fully optimized in solution.  We 
then transfer the well-examined solution reactions 

into crystalline state, which allows us accurate 
design of solid-state reaction at the molecular level.  
Another benefit of crystalline molecular flasks is 
that we can easily determine the structures of 
substrates, products, and even labile 
intermediates by X-ray single crystallography.  
The obtained outcome will be fed back to the 
design and fine-tuning of host molecules in 
solution.   
 
Expected Research Achievements and 
Scientific Significance  

 Use of pseudo-solution state in porous 
coordination network crystals for heterogeneous 
reaction system will be a breakthrough in scientific 
technology.  Since porous coordination networks 
are macroscopically crystals but microscopically 
solution, they can cover the shortcomings of both 
solution and solid state chemistry.  It is no doubt 
that this project will open a door to new academic 
field, and that expected research outcome will 
cause a paradigm shift from solution to solid. 
 
Publications Relevant to the Project  

[1] "Crystalline molecular flasks" Y. Inokuma, M. 
Kawano, M. Fujita, Nat. Chem. 2011, 3, 349-358. 
[2] "Networked molecular cages as crystalline 
sponges for fullerenes and other guests" Y. 
Inokuma, T. Arai, M. Fujita, Nat. Chem. 2010, 2, 
780-783. 
[3] "X-ray observation of a transient hemiaminal 
trapped in a porous network" T. Kawamic
Haneda, M. Kawano, M. Fujita, Nature 2009, 
461, 633-635. 
 
Term of Project FY2012-2016 

 
Budget Allocation 304, 500 Thousand Yen 

 
Homepage Address and Other Contact  
Information  

http://fujitalab.t.u-tokyo.ac.jp/ 
   mfujita@appchem.t.u-tokyo.ac.jp 
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Grant-in-Aid for Specially Promoted Research  

Science and Engineering (Chemistry)

Title of Project Pioneer the Physical Chemistry of Biological Electron  
Transfer based on Bacterial Extracellular Electron  
Transport 

Kazuhito Hashimoto 
( The University of Tokyo, Graduate School of Engineering,  
Professor ) 

Research Area Physical Chemistry 
Keyword Extracellular ET, Metabolic Control, Energy Conversion with Microbes 
Purpose and Background of the Research  

Biological processes consist of intricate chains of 
various redox proteins that mediate highly 
efficient and functionalized intracellular energy 
conversion and production. Thus, one of the 
central goals of this proposed research project is to 
clarify the nature of these reactions from a 
physical chemistry perspective to better 
understand biological electron transfer (ET) in 
living systems. 

Up to now, physical chemistry studies on 
biological ET were strictly limited to the available 
model systems, such as bi- and tri-molecular redox 
compounds, or purified proteins. However, using 
the metal-reducing bacterium, Shewanella, as a 
model species to study in-vivo ET, we have 
demonstrated that synthetic compounds and 
purified proteins behave differently than in-vivo 
protein complexes, as proteins embedded in a lipid 
membrane function together as a whole and their 
properties are largely influenced by equilibrium 
shifts in the whole-cell system. Building on our 
previous achievements, herein we investigate 
biological ET, with emphasis being placed on the 
physicochemical understanding of the flexible, 
reversible, and dynamic responses of living 
organisms to external stimuli, which are the 
important characteristics of living systems. 
 
Research Methods  

We utilize the in-vivo spectroscopic and 
electrochemical techniques recently developed in 
our laboratory for the study of microbial 
extracellular electron transfer (EET). The 
following three techniques are employed to deepen 
our understanding of the ET process in living 
organisms  
(1) Whole-microorganism electrochemistry with a 
three-electrode system to examine EET pathways 
and dynamics under physiological conditions. 
(2) UV-vis evanescent wave spectroscopy for 
monitoring the electronic state of cytochromes 
(c-Cyts) located at the cellular 
membrane/electrode interface in the course of 
microbial current generation. 

(3) To photochemically control photo-inactive 
proteins, such as the c-Cyts of Shewanella, we 
will employ the coordination of CO to hemes, as 
the iron-bound CO ligand dissociates from hemes 
upon visible-light irradiation. 
(4) In-frame deletion mutants of OM and 
periplasmic c-Cyts to determine the specific 
location of proteins responsible for the respiratory 
EET chain. 
Expected Research Achievements and 
Scientific Significance  

The molecular spectroscopic and whole-cell 
electrochemical techniques developed in our 
group will aid physical chemists to investigate ET 
in living organisms. We speculate that the study 
in this direction is an important precondition to 
cultivate and advance the emerging research field 
of “Bacterial EET”, and will serve as an important 
first step in pioneering a new field of ET in living 
systems. 

Publications Relevant to the Project  
Angew.Chem.Int.Ed, 2011, 50, 9137. 
Chem.Commun. 2011, 47, 3870. 
Angew.Chem.Int.Ed, 2010, 49, 6596. 
Angew.Chem.Int.Ed, 2010, 49, 7692. 
ChemBioChem. 2010, 11, 643. 
Angew.Chem.Int.Ed, 2009, 48, 1606. 
Angew.Chem.Int.Ed, 2009, 48, 508. 

Term of Project FY2012-2016 
Budget Allocation 394, 500 Thousand Yen 

Intramolecular ET 

Physical  Chemistry
(spectroscopy, electrochemistry

photochemistry)

Life science
(Microbiology, Gene 

engineering)

Expected impact
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respiration
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Pioneer new research fields
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Past studies 
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Figure 1. An overview of the direction of our 
proposed research project 
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Grant-in-Aid for Specially Promoted Research  

Science and Engineering (Engineering)

Title of Project Bio-design for interface molecules in nano scale

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

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

An attainment of molecular and nano-scale 
manipulatios are expected to open the way for 
making an effective linkage among biomolecules 
and cells, and for fabricating bottom-up structures 
from nanomaterials. Recently, we focus on 
antibodies which have high-binding affinity for a 
specific antigen in immune system, and we have 
identified the antibodies with high affinity for low 
organic molecules, receptors on cells, and inorganic 
surfaces by using molecular evolution techniques.  
In this study, we construct a new method by which 
antibodies against various materials in organic, 
inorganic, and biological fields can be generated. 
The generated antibody fragments are built up to 
multispecific molecules which can make an effective 
linkage between target materials (proteins, cells, 
and nanomaterials). We, further, physicochemically 
and biologically analyze the structure and function 
of the interface molecules in detail to optimize the 
function from the viewpoint of structural biology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Research Methods  

In this study, we focus the generation of interface 
molecules on the application to cancer immune 
therapy and nanotechnology. The antibody 
fragments with high affinity for the surfaces of 

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

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

1) R. Asano, M. Umetsu, I. Kumagai et al., 
Cytotoxic enhancement of a bispecific diabody 
by format conversion to tandem single-chain 
variable fragment (taFv), J. Biol. Chem., 286, 
1812 (2011). 

2) T. Hattori, M. Umetsu, Izumi Kumagai et al., 
High affinity anti-inorganic material antibody 
generation by integrating graft and evolution 
technologies, J. Biol. Chem., 285, 7784 (2010) 
 
Term of Project FY2012-2016 

 
Budget Allocation 400, 000 Thousand Yen 

 
Homepage Address and Other Contact  
Information  

http://www.che.tohoku.ac.jp/~kuma/index.htm 
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Grant-in-Aid for Specially Promoted Research  

Science and Engineering (Engineering)

Title of Project Constructive Developmental Science based on  
understanding the process from neuro-dynamics to  
social interaction 

Minoru Asada 
( Osaka University, Graduate School of Engineering, Professor ) 

Research Area Comprehensive fields 
Keyword large scale simulation of brain – body development, Biomimetic robots,  

Psychological experiment 
Purpose and Background of the Research  

How the microscopic neural activity is reflected in 
the human behaviors is a big mystery which is not 
limited to one specific field. However, we seem to 
understand the mechanism from each classical 
research field:      Medical science and 
neuroscience have tried to explain the microscopic 
structure inside a person but have not much 
focused on the macroscopic structure of social 
interaction. Contrarily, cognitive science and 
developmental psychology mainly start from 
observing human behaviors and therefore it is 
difficult to approach the internal mechanism.  
We have been advocating Cognitive 

Developmental Robotics (CDR), which aims to 
provide new understanding of how human's higher 
cognitive functions develop by means of a synthetic 
approach that developmentally constructs cognitive 
functions.   
We attack to "understand and model the 

developmental process of self/other concepts" based 
on CDR and expect to obtain a new understanding 
of this process, how the concept is acquired from the 
state of non-differentiation to one of separation, 
such as the concept of social relationships based on 
a computational model of neuro-dynamics. 
 
Research Methods  

 
 
 
 
 
 
 
 
 
 
 
 
(1) Simulation group constructs a brain 
neuro-dynamics model which can exhibit the brain 
waves and tunes it to compare the activity to the 
real one, which is observed by MEG or fMRI. (2) 

Imaging group observes brain activities for 
example in the social interaction, applying the 
simulation results.  Mirror neuron system is one 
of the main targets to understand the brain 
mechanism related to the development of self/other 
concept. (3) Robot group creates infant robots, 
which are connected to artificial brain and can 
interact with a human. (4) Psychological group 
observes and analyses infant behaviors such as 
rhythmic movement and social interactions related 
to synchronization or de-synchronization.  
 
Expected Research Achievements and 
Scientific Significance  

First, we may make an impact on neuroscience by 
suggesting a neural network related to the 
development of the self-other concept. We may 
make another impact on cognitive science and 
developmental psychology by providing 
simulations or psychological experiments with a 
robot that have a computational model of the 
development of the self-other concept. As a matter 
of fact, also this makes a big impact upon the 
design theory of robots which are expected into our 
human society. The mutual feedback with these 
disciplines is indispensable to improve our model, 
and the strong connection with them will enable 
the establishment of a new science, that has a 
stronger impact on current science and technology. 
 
Publications Relevant to the Project  

Minoru Asada et al., "Cognitive developmental 
robotics: a survey" IEEE Transactions on 
Autonomous Mental Development, Vol.1, No.1, pp. 
12--34, 2009. 
 
Term of Project FY2012-2016 

 
Budget Allocation 382, 000 Thousand Yen 

 
Homepage Address and Other Contact  
Information  

http://www.er.ams.eng.osaka-u.ac.jp/asadalab/pro
ject.html 

Figure 1  Cooperation structure 
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Title of Project Innovation of energy and environment friendly 
devices by nanocrystal effect

Katsumi Kishino  
( Sophia University, Faculty of Science and Engineering, Professor ) 

Research Area Applied optics/Quantum optical engineering 
Keyword Opto-electronics, Semiconductor, Optical properties, Laser 
Purpose and Background of the Research  

The luminous efficacy of InGaN-based nitride 
semiconductors rapidly decreases with increasing 
wavelength from green to red emission. GaN 
nanocolumns, i.e., one-dimensional nanocrystals, 
were developed by the leader of this research 
project. In this project, using regularly arranged 
nanocolumn arrays, as shown in Fig. 2(a), we aim to 
scientifically clarify the nanocrystal effects of GaN 
nanocolumns. On this basis, the challenges facing 
the development of InGaN-based devices will be 
investigated with the aim of developing the 
fundamental technologies for innovative energy 
and environment-friendly devices. 
 
Research Methods  

The nanocrystal effects, which are expected to be 
enhanced by narrowing the GaN nanocolumns, can 
contribute to suppressing the In compositional 
fluctuation, reducing lattice strain, suppressing the 
generation of crystal defects, and increasing light 
extraction efficiency (see Fig.1); these nanocrystal 
effects of GaN nanocolumn arrays will be 
investigated by reducing the column diameter to 
the hitherto unexplored range of 10 to 100 nm. 
Furthermore, periodic nanocolumn arrays are 
expected to induce a photonic crystal effect and 
enable control of the emission color by varying the 
column diameter. Utilizing these effects of 
nanocolumns, the technologies to surmount the 
challenges facing the development of InGaN-based 
devices are expected to be developed.  

Expected Research Achievements and 
Scientific Significance  

Nanocolumn physics will be properly clarified by 
the systematic investigation of nanocrystal effects, 
which should contribute to the increased luminous 
efficacy of red-emission nanocolumn LEDs, the 
monolithic integration of nanocolumn LEDs 
emitting the three primary colors, and the 
realization of surface-emitting green nanocolumn 
lasers (see Fig. 2(b)). An InN multiple quantum dot 
(QD) structure integrated in narrow InGaN 
nanocolumns is expected to be used as a QD solar 
cell material.  

 
Publications Relevant to the Project  

H. Sekiguchi, K. Kishino et al., “Emission color 
control from blue to red with nanocolumn 
diameter of InGaN/GaN nanocolumn arrays grown 
on same substrate”, Appl. Phys. Lett. 96, 231104 
(2010). 
K. Kishino, H. Sekiguchi et al., “Improved Ti-mask 
selective-area growth (SAG) by rf-plasma-assisted 
molecular beam epitaxy demonstrating extremely 
uniform GaN nanocolumn arrays”, J. Cryst. 
Growth 311  
 
Term of Project FY2012-2016 

 
Budget Allocation 414,500 Thousand Yen 

 
Homepage Address and Other Contact  
Information  
http://www.ee.sophia.ac.jp/kishino/ 

 
 

Fig.1 Nanocrystal effects 
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Fig.2 (a) Nanocolumn array, (b) nanocolumn LED/LD 
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