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【Purpose and Background of the Research】 
Ice cores have provided a highly valuable archive of past 

CO2 levels spanning the past 800 ka. Beyond ice core 
records, marine sediment archives using foraminifera δ11B 
and alkenone δ13C proxies have been used for CO2 
reconstruction, but they do not yield high resolution 
records sufficient to resolve orbital-scale cycles. Blue ice 
provided spot data at 1 Ma and 2.7 Ma. There has been no 
continuous high resolution CO2 record beyond 800 ka 
(Fig. 1).  

Fig. 1. Limitation of atmospheric CO2 reconstruction.
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In this study, we analyze the δ13C of long-chain n-fatty 
acids (δ13CFA) in sediments from International Ocean 
Discovery Program (IODP) Site U1445 on the Indian 
margin, Bay of Bengal, to generate a 1,700-year 
resolution record of CO2 spanning the last 6 Myr. Based 
on reconstructed CO2 record, we estimate climate 
sensitivity in the Pliocene, and understand the 
mechanisms of CO2 variation and the interaction between 
CO2 and climate.   

  
【Research Methods】 

We estimate CO2 concentration from 6 ma to 1.5 Ma, 
estimate climate sensitivity in the Pliocene, discuss the 
mechanisms of CO2 variability, the origin of glacial 
-interglacial cycles, and the cause of global warming 
around 5.6 Ma. Samples are the sediments taken from Site 
U1445 in the Indian margin of the Bay of Bengal. The δ13C 
of long-chain n-fatty acids is analyzed to estimate the CO2 
concentration of the past. The δ18O of benthic foraminifera 
is analyzed to create the age-depth model of Site U1445.             
 

 

 

 

【Expected Research Achievements and 
 Scientific Significance】 

Interaction between CO2 and climate is a key process in 
climate changes. However, robust CO2 records are 
available only during the last 800 ka. The reconstruction 
of CO2 concentration before 800 ka will be highly 
significant, enabling us to discuss the interaction 
between CO2 and climate based on robust evidence. 
Climate sensitivity is necessary to be determined to 

project future warming trend. The warmer Pliocene 
period (3 Ma) is now a target to determine climate 
sensitivity in the warmer Earth. The reconstruction of 
CO2 concentration during the Pliocene should increase 
the accuracy of the climate sensitivity, which contributes 
to the projection of future climate.  
Glacial-interglacial cycles became significant around 

2.7 Ma. CO2 decrease is a candidate of this trigger, but 
this is not proven by paleoclimte evidence. The high 
resolution CO2 record enables us to discuss how carbon 
cycles were involved in the beginning of 
glacial-interglacial cycles. 
Global warming occurred from 5.7 Ma to 5.5 Ma. This 

warming was a unique warming in the general cooling 
trend during the last 10 million years. The CO2 record in 
this period enables us to discuss how CO2 concentration 
was related to this global warming.  

 
【Publications Relevant to the Project】 

None 
 

【Term of Project】FY2019-2023 
 

【Budget Allocation】155,500 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
https://geos.ees.hokudai.ac.jp/yamamoto/ 
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Mechanism arresting growth of interplate earthquakes 
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(Tohoku University, Graduate School of Science, Professor) 
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Keyword：megathrust earthquake, slow-slip, tsunami-earthquake, deep-sea paleoseismology 

【Purpose and Background of the Research】 
The behavior of the shallow part of the plate boundary 

fault, which is deeply involved in the growth of megathrust 
earthquakes, shows remarkable variations along the Japan 
Trench. This study will reveal the mechanism arresting 
growth of interplate earthquakes by clarifying the 
characteristics of the shallow plate boundary in the 
northern part of the Japan Trench, where no massive 
earthquake such as the 2011 Tohoku earthquake has 
occurred. In the northern part of the Japan Trench, 
slow-slips that occur repeatedly over several years and 
tsunami earthquakes, medium-sized slip events near the 
trench axis that occur at intervals of > 100 years, play 
major roles in releasing slip deficit. The occurrence history 
(especially frequency) of the tsunami earthquake, and the 
balance of the relative motion between the land and the 
oceanic plates in this region is modeled. 

 
【Research Methods】 

- Slip distribution of periodic slow-slip  
We will clarify the spatiotemporal evolution of slow-slips 
by monitoring small repeating earthquakes. The slip 
distribution of slow-slips up to the shallowest part of the 
plate boundary will be imaged by seafloor broadband 
seismic and crustal deformation observations. 
- Deep-sea paleoseismology of tsunami earthquake 
The generation history of tsunami earthquakes is 
reconstructed by identifying and dating traces 
corresponding to tsunami earthquakes from deep-sea 
sediment cores around the Japan Trench. Analysis of 
physical property of the cores is key to identification of 
subtle traces of tsunami earthquakes as well as inspection 
of sediment cores from the landward slope. 
- Modeling of slow-slip and tsunami earthquake 
We build models of slow-slips and tsunami earthquakes 
based on observation results. We seek the mechanism 

prohibiting large-scale slips along the middle Japan 
Trench from propagating to the north, based on the 
topographic and geological structures delimiting the 
rupture zone. Combining these element models, we will 
simulate the process composed of repeating huge 
earthquakes in the middle and dominance of 
slow-slips/tsunami earthquakes in the north. 
 

【Expected Research Achievements and 
Scientific Significance】 
Identifying the conditions under which a large 

earthquake occurs is not only important in understanding 
the nature of earthquakes, but it is also effective to give 
reliable estimation of the size of future earthquakes. 
Through this study, focusing on the area where 
large-scale slips have never occurred while adjacent to 
the area where large-scale earthquakes occur, we unravel 
the conditions that large-scale earthquakes do not occur. 
Together with the features common to areas of past 
massive earthquakes, the results of this study deepen the 
understanding what make massive earthquakes of 
subduction thrusting events. 
 

【Publications Relevant to the Project】 
・Ikehara, K., K., Usami, T. Kanamatsu, et al., Spatial 

variability in sediment lithology and sedimentary 
processes along the Japan Trench: Use of deep-sea 
turbidite records to reconstruct past large earthquakes, 
Geological Society, London, Special Publications, 456, 
DOI: 10.1144/SP456.9, 2018. 

・Uchida, N., T. Iinuma, R. M. Nadeau, R. Bürgmann, R. 
Hino, Periodic slow slip triggers megathrust zone 
earthquakes in northeastern Japan, Science, 351, 
488-492, doi: 10.1126/science.aad3108, 2016. 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】154,900 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://jdash.org 
hino@tohoku.ac.jp 

Figure 1 Along-trench variation of behaviors of megathrust
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 Title of Project： Creation of advanced method in mathematical analysis on 
nonlinear mathematical models of critical type  

OGAWA Takayoshi 
(Tohoku University, Graduate School of Science, Professor) 

Research Project Number：19H05597 Researcher Number：20224017 
Keyword：Nonlinear Partial Differential Equations, Variational Method, Critical Inequalities, Harmonic Analysis 

【Purpose and Background of the Research】 
Many of mathematical models are described by   

nonlinear partial differential equations and such equations 
typically have both linear and nonlinear structures therein.  
The linear part is described by partial differential 
operators by local space-time variables and the nonlinear 
part is produced by the interaction between different 
physical quantities and the linear structure stabilize the 
system while the nonlinear  part causes instability of the 
model. Between those effects, there exists a sort of 
problems where the both effects are analytically balanced.  
We call this type of problem as the “Critical Problems” 
and it is our main subject of this project.  Problems of 
this type are interesting both from an applied and a 
theoretical mathematical point of view.  They often lead 
to new and fascinating open problems. A serious difficulty 
in the study of such “critical problems”, is that the 
analysis derived through perturbation theory is not 
directly applicable and  a new methodology has to be 
developed. 
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◆ 研究の背景と 目的

P-2 
 

  Various Mathemarical Models  
    (Nonlinear P.D.E.)  
         Common Mathematical Strucutres  
 

Linear Structure 
Stabitlity by dispersive 
and dissipa ve effects 

   Originarility : Resarch three different type problems in a unified way  
 
【Research Methods】 

The critical problems are in general equipped by 
standard and natural structures corresponding to 
conservation laws, for the conservation of mass, 
momentum and energy.  These standard structures are 
given by entropy dissipation, Galilei invariance  as 
well as by conformal invariance. These structures are 
essential in the study of the critical problems. One of 
the main tools used for this research are variational 
methods.  Also fundamental for our study is the 
possibility of developing new functional inequalities of 
critical type. In particular with the aid of functional and 

harmonic analysis tools such as real interpolation 
methods, we develop a new critical inequalities such as 
Trudinger-Moser type involving Shannon-Renyi 
Entropy functionals and develops the linear estimates 
for dispersive space time estimates and end-point 
maximal regularity for the dissipative system which 
will be then used to better understand the ``critical 
problems” and even beyond the critical problem. 

 
【Expected Research Achievements and 

Scientific Significance】 
Important unsolved problems, such as the well known 

millennium ones, which describe central issues in 
mathematics are still wide open. An important challenge 
is to find unified methods to overcome the difficulties that 
stem from the interaction of both dissipative and 
dispersive behaviors. We believe that a finer analysis on 
the nonlinear structure make us possible to treat those 
unsolved problems after establishing a new type of 
critical estimates for linear and nonlinear structures 
including dissipative and dispersive estimate such as 
Strichartz estimate and maximal regularity estimates. 

 
【Publications Relevant to the Project】 
「Real Analytic Method for Nonlinear Evolutional 
Partial Differential Equations」Springer-Verlag 570pp, 
2019, to appear. 

 
【Term of Project】FY 2019-2023 
 
【Budget Allocation】100,900 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.math.tohoku.ac.jp/~ogawa-staff/ 
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 Title of Project： Search for a critical point and first order phase transition of 
high density quark-nuclear matter via higher order 
fluctuations and particle correlations 

ESUMI Shinichi  
(University of Tsukuba, Faculty of Pure and Applied Sciences,  
Institute of Physics, Associate Professor) 

Research Project Number：19H05598 Researcher Number：10323263 
Keyword：critical point, 1st order phase transition, QCD phase structure, Quark Gluon Plasma 

【Purpose and Background of the Research】 
High-temperature and/or high-density state of matter in 

early universe or inside of neutron star is called as Quark 
Gluon Plasma (QGP) and is being formed and studied in 
high energy heavy ion collisions in order to reveal the 
QCD phase diagram of quark-nuclear matter that is 
governed by Quantum Chromo Dynamics (QCD). The 
phase transition at high-temperature region is considered as 
smooth cross-over transition as investigated at RHIC and 
LHC experiments, while the transition at the high-density 
region is supposed to be the 1st order that would have 
dis-continuous boundary between quark and hadron phases. 
In between these regions, we expect critical point at the 
end of the 1st order phase transition, however they are not 
yet experimentally observed. Finding the critical point and 
the 1st order phase transition is one of the ultimate goals of 
QGP physics to understand the QCD phase structure. 
 

【Research Methods】 
Going from the cross-over phase transition in the high- 

temperature region of QCD phase diagram towards the rich 
phase structures in the high-density region, we focus on the 
critical point and the 1st order phase transition in the 

high-density area of 
the phase diagram by 
scanning the beam 
energy of heavy-ion 
collisions around a 
few 10 GeV per 
nucleon-nucleon at 
the center of mass in 
order to search for a 
possible existence of 
the critical point and 

the 1st order phase transition. The higher order fluctuations 
of conserved quantities and the multi-particle correlations 
including directed anisotropic flows will be investigated as 
they are sensitive to a possible signal from the critical point 
and the 1st order phase transition.  
 

【Expected Research Achievements and 
Scientific Significance】 
The conserved number can also vary within a selected 

acceptance window, such number fluctuation could be used 
to measure the correlation length of the system and to 
search for the critical phenomena. Especially the higher 
order fluctuations are expected to be more sensitive to the 
critical point and the phase transition. Figure 2 (left) shows 
the net-proton 4th order fluctuation as a function of 

colliding beam energy, and an interesting non-monotonic 
behavior has been observed around 10-30GeV, which 
might be a possible indication of the critical point. In 
order to confirm the possible signature from the critical 
phenomena, we establish collaboration between 
experimental and theoretical groups with improved 

measurements and data analysis methods as well as model 
calculations. The expected improvement of detection 
sensitivity from the non-statistical fluctuation can be seen 
in Figure 2 (right) as a function of |Δη| acceptance. 
 

【Publications Relevant to the Project】 
・ Energy dependence of moments of net-proton 

multiplicity distributions at RHIC, The STAR 
collaboration, L. Adamczyk, et al., Phys. Rev. Lett. 
112 (2014) 32302 

・ A general procedure for detector–response correction 
of higher order cumulants, T.Nonaka, M.Kitazawa, 
S.Esumi, Nucl. Instr. Meth. A906 (2018) 10-17  

 
【Term of Project】FY2019-FY2023 

 
【Budget Allocation】79,500 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.star.bnl.gov 
http://www.u.tsukuba.ac.jp/~esumi.shinichi.gn/welcome.html 
esumi.shinichi.gn@u.tsukuba.ac.jp 

 
Figure 1: QCD phase diagram 

 
Figure 2: net-proton 4th order fluctuation as a function  

of energy (left) and expected Δη dependence (right) 
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 Title of Project： Systematical geometric analysis and asymptotic analysis for 
evolution equations 

ISHIGE Kazuhiro 
(The University of Tokyo, Graduate School of Mathematical Sciences, Professor)

Research Project Number：19H05599 Researcher Number：90272020 
Keyword：evolution equation, geometric analysis, asymptotic analysis, power concavity, blow-up problems 

【Purpose and Background of the Research】 
Many of the mathematical models appearing in 

mathematical sciences such as physics, chemistry, biology 
and astronomy are described by use of solutions of partial 
differential equations. Geometric analysis and asymptotic 
analysis give fruitful information in the study of the 
mathematical models. In particular, it is a natural 
intellectual desire to know the behavior of the solutions 
and their geometric properties.  Furthermore, geometric 
analysis and asymptotic analysis are strong methods for the 
study of nonlinear phenomena related to blow-up and 
aggregation. In this research project we study the behavior 
of solutions of evolution equations and their system by use 
of geometric analysis and asymptotic analysis and 
investigate qualitative properties of the solutions. 
Furthermore, we try to find new interesting problems and 
the directions of their related fields. 
 

【Research Methods】 
This research project concerns with the simple problem 

“what is the shape of solutions of evolution equations and 
their systems?” We study geometric properties of the 
solutions and try to understand the mechanism of the 
change of the shape of the solutions. This project is based 
on the geometric analysis and the asymptotic analysis. 
Firstly, we study power concavity of solutions of elliptic 
equations and evolution equations and their systems and try 
to find a new notion of concavity. Our analysis is based on 
viscosity solutions and we expect that it is applicable to 
various nonlinear evolution equations. Furthermore, 
developing the asymptotic analysis, we study the behavior 
of landmark points such as hot spots and critical points of 
the solutions. As applications of our studies, we treats 

various nonlinear phenomena such as blow-up problems, 
aggregation of diffusion substances, convexity breakings, 
higher-order asymptotic analysis of solutions of evolution 
equations including higher-order parabolic equations and 
their systems, the structure of solutions of nonlinear 
elliptic equations, the movement of elastic surfaces and 
crystals, and the solutions with dynamical boundary 
conditions. 

We hire several postdoc students and research assistants 
for our research project. We also organize international 
workshops related to geometric properties of solutions of 
evolution equations and blow-up problems. 
 

【Expected Research Achievements and 
Scientific Significance】 
The Research organization has unique viewpoints and 

research methods for geometric analysis and asymptotic 
analysis. Combining recent progresses in mathematical 
sciences, we can expect to obtain creative research results. 
We think that the results in this project greatly contribute 
to the development of the entire analysis since the project 
is related to fundamental inequalities in analysis and 
various fields in nonlinear phenomena. 
 

【Publications Relevant to the Project】 
F. Gazzola, K. Ishige, C. Nitsch, P. Salani eds., 
“Geometric Properties for Parabolic and Elliptic PDE’s”, 
Springer Proceedings in Mathematics & Statistics, Vol. 
176, Springer International Publishing Switzerland 
(2016). 
K. Ishige and P. Salani, Parabolic power concavity and 
parabolic boundary value problems, Math. Ann. 358 
(2014), 1091 1117. 
 

【Term of Project】FY2019-2023 
 
【Budget Allocation】107,500 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.ms.u-tokyo.ac.jp/teacher/ishige.html 
ishige@ms.u-tokyo.ac.jp 
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 Title of Project： Investigation of nuclear spin-current science and nuclear 
thermoelectric conversion 

SAITOH Eiji  
(The University of Tokyo, Graduate School of Engineering, Professor) 

Research Project Number：19H05600 Researcher Number：80338251 
Keyword：Spintronics, Spin current, Nuclear spintronics, Nuclear spin current 

【Purpose and Background of the Research】 
In this project, we will explore a new research field 

“Nuclear spin-current science” connecting nuclear spins 
and spin-current science. Over the past decade, the 
spin-current science has produced various functions for 
electronic devices by utilizing spin angular momentum of 
electrons. On the other hand, spin angular momentum of 
nuclei has not been used in terms of spin currents. 
Therefore, in this project, we will investigate spin current 
phenomena caused by nuclear spins and expand the spin 
current science into a larger framework including nuclear 
spin currents. 

Spintronics aims to produce new physical properties and 
electronic functions by utilizing electron spins. Spintronic 
devices have been developed as basic technologies 
essential to information society, such as the realization of 
magnetic random access memories (MRAMs). Spin current, 
the spin counterpart of the electronic charge current, is one 
of the most important concepts in spintronics, with most of 
the spintronic functions related to the angular momentum 
carried by the spin currents. Various other concepts related 
to angular momentum in solids, such as magnetizations and 
phonons, have already been united to the spin current 
framework. In contrast, despite the potential of nuclear 
spins to be utilized in quantum sensing and information 
transport technologies, they have remained unconnected to 
the spin-current science.  

Under such backgrounds, we recently discovered “nuclear 
spin pumping” which generates spin currents from nuclear 
spins. The discovery established a detection method for 
nuclear spin currents, enabling investigations of nuclear 
spin-current physics. In this project, we will investigate 
nuclear spin-current phenomena and explore a new 
research field “Nuclear spin-current science”.  
 

【Research Methods】 
The discovery of the nuclear spin pumping realizes spin 
current generation from nuclear spins and opens the way 

for connecting nuclear spins and spin current science. 
Thanks to this discovery, the detection and quantitative 

evaluation methods for the nuclear spin currents are 
established for the first time. By combining the detection 
method and conventional wisdom of the electron 
spin-current science, it is now possible to discover and 
develop further nuclear spin-current phenomena and 
explore the nuclear spin-current science. 

 
【Expected Research Achievements and 

Scientific Significance】 
In this project, we will explore a new research field 

“Nuclear spin-current science”. By combining nuclear 
spins and spin current science, we will realize intrinsically 
new and valuable phenomena, and construct an extended 
framework of spin current science. The nuclear 
spin-current science paves the way to utilize the 
spintronics technologies in various research fields such as 
solid state chemistry, materials chemistry, and biology, 
where nuclear spins are used as a probe for physical 
properties. We aim to contribute not only to the nuclear 
spin-current physics but also to a wide range of sciences. 
 

【Publications Relevant to the Project】 
・E. Saitoh, M. Ueda, H. Miyajima, and G. Tatara, 

“Conversion of spin current into charge current at 
room temperature: Inverse spin-Hall effect” Applied 
Physics Letters 88, 182509 (2006). 

・Y. Shiomi, J. Lustikova, S. Watanabe, D. Hirobe, S. 
Takahashi, and E. Saitoh, “Spin pumping from nuclear 
spin waves” Nature Physics 15, 22-26 (2019). 

・K. Harii, Y.-J. Seo, Y. Tsutsumi, H. Chudo, K. Oyanagi, 
M. Matsuo, Y. Shiomi, T. Ono, S. Maekawa, and E. 
Saitoh, “Spin Seebeck mechanical force” Nature 
Communications 10, 2616 (2019). 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】158,700 Thousand Yen 

 
【Homepage Address and Other Contact 

 Information】 
http://saitoh.t.u-tokyo.ac.jp 
eizi@ap.t.u-tokyo.ac.jp 

Figure 1 Nuclear spin current 
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 Title of Project： Study for the violation mechanism of fundamental 
symmetry using the cold atom/molecular interferometer 
with optical lattice  

SAKEMI Yasuhiro  
(The University of Tokyo, Graduate School of Science, Professor) 

Research Project Number：19H05601 Researcher Number：90251602 
Keyword：Fundamental symmetry, EDM, Optical lattice, Cold molecule, Baryon generation 

【Purpose and Background of the Research】 
In the Standard Model (SM) of elementary particle 

physics, the fundamental discrete symmetries of charge 
conjugation (C), parity (P) and time reversal (T) play a 
significant role, and advance our knowledge about different 
interactions. Of these, the combined CP symmetry are the 
least well understood, and they hold valuable clues for 
unraveling the secrets of nature. All subatomic particles are 
postulated to possess an intrinsic property known as a 
permanent electric dipole moment (EDM) due to their spin. 
The EDM of an atom is a combination of those of each 
constituent particle and also CP-violating interactions 
between the particles.  

Paramagnetic atoms such as Fr, which have a single 
valence electron in their outer shell, are sensitive to subtle 
signals associated with CP violations in the leptonic sector, 
i.e., the EDM of the electron. Since an electron is a point 
particle with a non-zero spin, it may possess an intrinsic 
EDM. However, the electron EDM is predicted to be very 
small. If the e-EDM was identified, it could be used to 
indirectly investigate particles with masses of tera electron 
Volts or higher, which are beyond the reach of even 
planned high-energy particle colliders. The mass hierarchy 
of super-symmetry (SUSY) particles could also be studied.  
 

【Research Methods】 
The EDM for Fr atoms will be measured by atomic 

interferometry. In this experiment, we will use quantum 
optics techniques such as laser cooling and trapping in an 
optical lattice to achieve longer interaction times. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Experimental apparatus for EDM search with 
optical lattice interferometer  

Low-energy Fr ions will be produced by nuclear fusion 
reactions at RIKEN AVF cyclotron, and will be 
neutralized, rapidly decelerated and trapped by laser 
cooling in a magneto-optical trap (MOT). They will then 
be transferred to an optical lattice equipped with electric 
field plates (Figure 1). The spin precession of the Fr 
atoms will be measured using the Ramsey resonance 
method. We will try to realize the cold polar-molecule: 
Fr-Sr in the optical lattice to achieve the higher EDM 
measurement accuracy ~10-30ecm.  
 

【Expected Research Achievements and 
Scientific Significance】 
Although the standard model succeeds in explaining 

various phenomena, the number of parameters possessed 
in the theory is unnatural. Then aiming at a more 
fundamental understanding, it is necessary to pursue the 
origin of conservation law and fundamental symmetry. In 
this project, by controlling the atoms/molecules to an 
extreme quantum state, the quantum correction effects 
from SUSY is amplified, and ultra-precision measurement 
technique of the EDM will be established. Furthermore, 
information on the mass hierarchy of heavy SUSY 
particles of 10 TeV or more will be obtained. 
 

【Publications Relevant to the Project】 
・Correlation Trends in the Hyperfine Structures of 

210,212Fr B.K.Sahoo, D.K. Nandy, B.P. Das, and Y. 
Sakemi 

  Phys.Rev. A91 (2015) 042507 
・ Effective multiple sideband generation using an  

electro-optic modulator for a multiple isotope 
magneto-optical trap A.Uchiyama, K.Harada, and 
Y.Sakemi et al. Review of Scientific Instruments 89 
(2018) 123111 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】154,200 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
 https://sites.google.com/cns.s.u-tokyo.ac.jp/ 
 fundamental-symmetry-group 
 sakemi@cns.s.u-tokyo.ac.jp 

Primary beam 18O

Surface ionizer for Fr production 
Neutralizer

Atomic interferometer with OL
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 Title of Project： Physics and Functions of Van der Waals Heterostructures  

IWASA Yoshihiro  
(The University of Tokyo, Department of Applied Physics, Professor) 

Research Project Number：19H05602 Researcher Number：20184864 
Keyword：Two-dimensional materials, Van der Waals heterostructures, nonlinear phenomena, magnetism, field effect 

【Purpose and Background of the Research】 
Recent progress of materials science has uncovered that 

monolayer or a few layer materials can exist and exhibit 
peculiar properties that are distinct from their bulk 
counterpart. Nowadays so called two-dimensional (2D) 
materials have grown one of the largest field in materials 
science. Van der Waals (vdW) heerostructures, formed by 
laminating different 2D materials, are revolutionary 
materials, because they do not require any lattice matching 
which used to be a prerequisite in the conventional epitaxy.          

The purpose of this research is to fabricate a variety of 
vdW heterostructures and to discover novel properties and 
functions that are impossible to realize in single materials. 

In particular we focus on two subjects. One is the 
symmetry control of vdW heterostructures, and their 
nonreciprocal transport and anomalous photovoltaic effects. 
The second is the novel superconducting and magnetic 
phases arising from the proximity effects at the vdW 
heterointerfaces.   
 

【Research Methods】 
The project employ both the transfer lamination methods 

and molecular beam epitaxy (MBE) methods. The former 
includes stacking of monolayer materials with twisted 
angles, which allow us fabrication of materials that never 
exit in nature.  That former allows us to fabricate 
monolayer materials that are hardly cleaved with large 
areas. We are also able to combine these two methods for 
making new vdW heterostructures. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 

【Expected Research Achievements and 
Scientific Significance】 
First, we fabricate a variety of vdW heterostructures 

taking the advantage of wealthy materials family with 
controlled symmetry. For instance, when we make a vdW 
heterostructure using materials of three-fold symmetry 
and two-fold symmetry, the heterostructure loses its 
rotational symmetry. When the structure is formed in such 
a way that the mirror axes of the two 2D materials 
coincide with each other, the in-plane dipole emerges. 
Such a controllability is substantially increased by 
introducing twisting angles. With this symmetry reduced 
system, we measure the nonlinear transport properties, 
including nonreciprocal transport and anomalous 
photovoltaic effect. With these, we clarify the effect of 
quantum phases in the momentum space, such as Berry 
connection, Berry curvature, and Berry curvature dipole.   

Second, we aim at realizing new magnetic and 
superconducting phases originated from the proximity of 
distinct states of matter as well as elementary particles in 
neighboring materials. Particularly, in optics, we will 
focus on the exciton-magnon interaction in the vdW 
interface, which have been investigated in single materials 
so far. This offers a new opportunity to apply the vdW 
interfaces to the highly efficient conversion from 
microwave to visible light. 
 

【Publications Relevant to the Project】 
・Enhanced intrinsic photovoltaic effect in tungsten 

disulfide nanotubes, Y.J. Zhang, T. Ideue, M. Onga, F. 
Qin, R. Suzuki, A. Zak, R. Tenne, J. H. Smet and Y. 
Iwasa, Nature, 570, 349 (2019). 

・Bulk rectification effect in a polar semiconductor 
T. Ideue, K. Hamamoto, S. Koshikawa, M. Ezawa, S. 
Shimizu, Y. Kaneko, Y. Tokura, N. Nagaosa & Y. 
Iwasa, Nature Physics, 13, 578 (2017). 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】154,600 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
 http://iwasa.t.u-tokyo.ac.jp/index.html 
 iwasa@ap.t.u-tokyo.ac.jp 
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【Grant-in-Aid for Scientific Research (S)】 

  Broad Section B 
  

 Title of Project： Nonequilibrium states of low-dimensional quasiparticles in 
a mesoscopic quantum Hall system 

FUJISAWA Toshimasa  
(Tokyo Institute of Technology, School of Science, Department of Physics, 
Professor) 

Research Project Number：19H05603 Researcher Number：20212186 
Keyword：mesoscopic system, quantum Hall system, low-dimensional quasiparticle, nonequilibrium state 

【Purpose and Background of the Research】 
Quasiparticles play essential roles in condensed matter 

physics, where collective motion that cannot be explained 
with a single-particle picture can be understood with 
quasi-particles. The quantum Hall system, which is a kind 
of two-dimensional topological insulators that appear in a 
high magnetic field, shows intriguing excitation modes in 
the insulating bulk states and peculiar non-equilibrium 
states in the unidirectional chiral edge states. These 
characteristics can be explained with low-dimensional 
quasiparticles, such as fractional charges like e/3 and e/5 
and skyrmions (spin texture) in the bulk and plasmons 
(charge) and spinons (spins) in the edge, as shown in Fig. 1. 
It would be innovative if one can find a novel application 
scheme by controlling nonequilibrium states of these 
characteristic quasiparticles.  

The objective of this work is to explore novel 
nonequilibrium dynamics of such low-dimensional 
quasiparticles and to develop application schemes for 
nonequilibrium thermodynamics and topological quantum 
engineering. The specific focus of interest in this project is 
controlling quasiparticles toward braiding operations and 
quantum-Hall heat engines. 

 

B

plasmon spinonq
s

fractional
charge

skyrmion

 
Fig. 1. Low-dimensional quasiparticles. 

 
【Research Methods】 

We develop mesoscopic quantum Hall systems by 
fabricating nanostructures on an AlGaAs/GaAs 
heterostructure. Nonequilibrium quasiparticles can be 
controlled and analyzed with a tailored mesoscopic 
quantum Hall system. One can integrate functional devices 
such as quantum point contacts (QPCs), quantum dots 
(QDs), and quantum anti-dots to construct a circuit for 
low-dimensional quasi-particles, as shown in Fig. 2.  

Nonequilibrium charge, spin, and heat transport 
associated with quasiparticles can be investigated for 
example with an ultra-fast scanning optical polarization 
microscope. A wave packet can be injected by applying a 
pulse to a QD (charge injector) and can be analyzed with a 
QD energy spectrometer, a time-resolved charge detector, 
and a current noise analyzer. Microscopic edge structure 
can be identified particularly in the fractional quantum Hall 

regime. Manipulation of single quasiparticles can be 
extended to design a braiding operation. A quantum-Hall 
heat engine can be implemented by designing an efficient 
conversion between heat and work.  

 

 
Fig. 2. A mesoscopic quantum Hall system. 

 
【Expected Research Achievements and 

Scientific Significance】 
 Experimental and theoretical studies on mesoscopic 
quantum Hall system will be devoted to exploring 
non-equilibrium dynamics of low-dimensional 
quasiparticles. We will develop manipulation schemes 
for single quasiparticles that can be used for topological 
quantum engineering and quantum-Hall heat engines. 
 

【Publications Relevant to the Project】 
・ K. Itoh, R. Nakazawa, T. Ota, M. Hashisaka, K. 

Muraki, and T. Fujisawa, "Signatures of a nonthermal 
metastable state in copropagating quantum Hall edge 
channels", Phys. Rev. Lett. 120, 197701-1-5 (2018). 

・ M. Hashisaka, N. Hiyama, T. Akiho, K. Muraki and T. 
Fujisawa, "Waveform measurement of charge- and 
spin-density wavepackets in a chiral 
Tomonaga–Luttinger liquid", Nature Physics 13, 
559-562 (2017). 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】153,500 Thousand Yen 

 
【Homepage Address and Other Contact  

 Information】 
 http://fujisawa.phys.titech.ac.jp 
 fujisawa@phys.titech.ac.jp 
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【Grant-in-Aid for Scientific Research (S)】 

  Broad Section B 
  

 Title of Project： Nucleosynthesis under the extreme conditions in the  
universe 

KAWABATA Takahiro 
(Osaka University, Graduate School of Science, Professor) 

Research Project Number：19H05604 Researcher Number：80359645 
Keyword：Triple alpha reaction, Nucleosynthesis, Active target, Neutron beam 

【Purpose and Background of the Research】 
There is a close relationship between the universe with a 

vast spread more than 1026 m and atomic nuclei with ex-
tremely small radii of ~ 10-15 m. There was no element at 
the beginning of the universe, but various elements exist in 
the present universe. All the elements have been synthe-
sized by nuclear reactions in the 13.8-billion-year history 
of the universe.  

One of the most important reactions in the nucleosyn-
thesis in the universe is the triple alpha (3α) reaction. In 
the 3α reaction, 4He (α) is captured by 8Be, which is a 
resonance state of two α particles. However, the 3α reac-
tion rate in an extreme environment such as high temper-
ature and high density might increase several to 100 times 
compared to the known value. 

In the present project, we aim to determine the 3α reac-
tion rate in an extreme environment and clarify the nucle-
osynthesis in the universe. 

 
【Research Methods】 

As shown in Fig. 1, 3α resonance states are formed as in-
termediate states in the 3α reaction. Most of these 3α reso-
nance states decay back to 3α particles, but a tiny fraction 
of the resonance states decay to the ground state to synthe-
size 12C. In order to determine the 3α reaction rate, it is 
necessary to measure the decay probability of these 3α 
resonance states to the ground state. 
3α reaction rate at high temperature 

The 3α reaction at normal stellar temperature (108 K) 
mainly proceeds through the 0+

2 state, but the 2+
2, 3-

1 and 
0+

3 states with higher excitation energies play important 
roles at higher temperature than 109K. Although the decay 
probability of the 0+

2 and 2+
2 states to the ground state are 

already known, those of the 3-
1 and 0+

3 states have never 
been measured so far because those are extremely low 
(10-6—10-8). Therefore, we will measure the inelastic α 
scattering from 12C under inverse kinematical conditions to 
determine the decay probabilities of the 3-

1 and 0+
3 states to  

the ground state. 
3α reaction rate at high density 

In the normal 3α reaction, the 3α resonance state formed 
as an intermediate state decays to the ground state by 
emitting γ ray. On the other hand, in a high-density envi-
ronment, endothermic inelastic scattering of background 
particles enhances the de-excitation of the 3α resonance 
states to the ground state. Especially, the contribution of 
the inelastic scattering of neutron is dominant. It is, there-
fore, necessary to measure cross sections of inelastic neu-
tron scattering from the 3α resonance states, but it is im-
possible to measure the cross sections because lives of the 
3α resonance states are very short. 

In the present project, we will measure the cross section 
of the time-reversal reaction instead of the normal reaction 
to de-excite the 3α resonance states. The cross sections of 
the normal reaction can be determined from the 
time-reversal reaction using the detailed balance principle. 
However, it is not easy to measure the cross sections of 
the time reversal reaction because energies of the 3α parti-
cles emitted from the reaction are quite low (< 0.5 MeV). 
To detect such low- energy α particles, we will develop a 
new active target system. 

 
【Expected Research Achievements and 

Scientific Significance】 
The 3α reaction rate is a very important parameter to 

clarify the nucleosynthesis in the universe. For example, 
high-temperature and high-density 4He phases emerge in 
the gravity-collapsed supernova and heavy-element syn-
thesis is ignited by the 3α reaction. Therefore, the abun-
dance of heavy elements drastically changes if the 3α re-
action rate increases. If the 3α reaction rate in an extreme 
environment is determined by the present project, theoret-
ical predictions of heavy element abundances are im-
proved and provide an insight into mechanisms of super-
nova explosions, which still remain unclear. 

 
【Publications Relevant to the Project】 

S. Wanajo et al., Astrophys. J. 729, 46 (2011). 
M. Beard et al., Phys. Rev. Lett. 119, 112701 (2017). 

 
【Term of Project】FY2019-2023 
 
【Budget Allocation】132,600 Thousand Yen 
 
【Homepage Address and Other Contact  

 Information】 
 http://nucl.phys.sci.osaka-u.ac.jp/ 
 kawabata@phys.sci.osaka-u.ac.jp 

Figure 1 Triple alpha reaction 
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【Grant-in-Aid for Scientific Research (S)】 

  Broad Section B 
  

 Title of Project： Comprehensive picture of atmospheric circulation of Venus 
revealed by AKATSUKI data assimilation 

HAYASHI Yoshiyuki 
(Kobe University, Graduate School of Science, Professor) 

Research Project Number：19H05605 Researcher Number：20180979 
Keyword：atmospheric general circulation model, Venus, AKATSUKI, super-rotation, data assimilation 

【Purpose and Background of the Research】 
The structures of atmospheric circulation of Venus still 

remains to be revealed. The thick cloud layer around 
45-70km hides the lower part of the atmosphere. The most 
impressive characteristic of the Venus atmosphere is 
“super-rotation” (four-day circulation), which is the intense 
zonal wind with around 100m/s at the cloud top level. The 
rotation rate is tens of times higher than that of the solid 
Venus, 243 days. To understand the structures that produce 
and sustain the super-rotation is one of the fundamental 
problems in the fields of meteorology.  

Japanese Venus explorer AKATSUKI has been launched 
to perform intensive meteorological observations for the 
first time in the world, carrying four types of cameras to 
gather information at various altitudes. Before AKATSUKI, 
observations of the Venus atmosphere were fragmentary, 
while numerical simulation models, which should have 
been compared to observations, were primitive because of 
the insufficiency of understandings on the circulation 
structures. 

Now, we found that the images obtained by AKATSUKI 
show remarkable resemblance with the results of high 
resolution simulations by AFES-Venus, which is a general 
circulation model of the Venus atmosphere being 
developed by our group optimized for the Earth Simulator 
(Fig. 1). AKATSUKI and Earth Simulator enables us to 
compare the observations with the models. The purpose of 
the present research is to realize the comparisons by 
introducing leading edge methodology, to promote the 
development of the atmospheric model, and to try to reveal 
the circulation structures which sustain the super-rotation. 
 

【Research Methods】 
AKATSUKI observations and analyses are combined 

with AFES-Venus developments and numerical 
simulations by the use of data assimilation method (e.g. 
Sugimoto et al., 2017) to produce Venusian circulation 

fields which are dynamically and also observationally 
consistent (Fig. 2). AKATSUKI occultation observations, 
imageries, cloud tracking winds are utilized, and cloud 
and radiation transfer models are developed to realize 
AKATSUKI observation simulations. 

 
Figure 2 Image of fusion between observation and model 
development by data assimilation  

 
【Expected Research Achievements and  

Scientific Significance】 
By the use of assimilated data, we will try to reveal 

atmospheric disturbances, tracer transport and cloud 
structure, and meridional circulation and angular 
momentum transport to understand the structures which 
realize the super-rotation. “AKATSUKI Venus 
atmosphere dataset” thus obtained will be a base for 
further researches on Venusian and planetary 
atmospheres in general. 

 
【Publications Relevant to the Project】 
・Kashimura, H., et al., Planetary-scale streak structure 

reproduced in high-resolution simulations of the Venus 
atmosphere with a low-stability layer. Nature 
Communications, 10 (23), 1-11, doi:10.1038/s41467- 
018-07919-y. (2019). 

・Sugimoto, N., et al., Development of an ensemble 
Kalman filter data assimilation system for the 
Venusian atmosphere. Scientific Reports, 7, 9321, 
doi:10.1038/s41598-017-09461-1, (2017). 

 
【Term of Project】FY2019-2023 
 
【Budget Allocation】145,200 Thousand Yen 
 
【Homepage Address and Other Contact  

 Information】 
 http://www.cps-jp.org/~akatsuki/ 
 shosuke@gfd-dennou.org 

Figure 1 AKATSUKI IR2 image (left), AFES-Venus vertical 
wind (right). （Kashimura et al., 2019） 
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【Grant-in-Aid for Scientific Research (S)】 

  Broad Section B 
  

 Title of Project： Precision test of electroweak theory and search for new 
physics beyond the Standard Model by laser spectroscopy 
of purely leptonic atoms 

UETAKE Satoshi  
(Okayama University, Research Institute for Interdisciplinary Science, 
Associate Professor) 

Research Project Number：19H05606 Researcher Number：80514778 
Keyword：Muonium, precision laser spectroscopy, electroweak theory, new physics beyond the Standard Model 

【Purpose and Background of the Research】 
Search for new physics beyond the Standard Model is one 

of the most important subjects in the elementary particle 
physics. In this project, we precisely measure energy levels 
of “purely leptonic atoms” by using modern techniques for 
atomic spectroscopy. The results provide a precision test of 
the electroweak theory –a part of the Standard Model– and 
pave the way to search a yet unknown new particle couples 
to the electron and the muon. 

Atomic physics experiments using simple hydrogen 
atoms have played the most important role in the 
evolution of physics during the 20th century. In addition, 
after the invention of optical frequency comb in 1999, the 
technique of precise optical frequency measurements is 
rapidly advanced. Nowadays the experimental uncertainty 
of 1S-2S transition of hydrogen atoms (~1015 Hz) becomes 
~10 Hz. However, theoretical calculations of hydrogen 
energy levels have not been confirmed very well by 
experiments. This is because the nucleus in the ‘ordinary 
atoms’ consists of composite particle of hadrons. As a 
result, the proton radius is impossible to predict by theories, 
and the energy level uncertainty originated from it is >100 
kHz even such a simple hydrogen atom. The uncertainty is 
4 order of magnitude larger than the experiment. 

 
【Research Methods】 

The difficulties can be overcome by using Muonium (Mu) 
–purely leptonic atoms. Mu can be seen as an isotope of 
hydrogen but the big difference between Mu and ordinary 
atoms is that Mu consists of leptons: elementary particles 
with no complex structure. Thus the precise calculation of 
its energy levels is feasible. Actually, energy shifts of -65 
Hz originate from the electroweak interaction has already 
been predicted. In the previous experiments, however, large 
number Mu production was difficult, so the statistical 
uncertainty was the primary source of uncertainty.  

In this project, we perform precision spectroscopy of 
purely leptonic atoms by using (1) the latest technique of 

laser spectroscopy, (2) high-quality muon beam at J-PARC, 
and (3) precise calculation method based on the 
electroweak theory. The results provide a stringent test of 
electroweak theory. Moreover, we can investigate effects 
of new physics through the Mu spectroscopy. 

 
【Expected Research Achievements and 

Scientific Significance】 
 The present uncertainty in the muon mass (one of the 
fundamental physical constants) can be greatly reduced 
by improving the experimental precision of the 1S-2S 
transition frequency of Mu, which is measured in this 
project. As a result, uncertainties in the calculation of Mu 
energy levels is greatly reduced. If we found any 
difference between the energy levels predicted by the 
electroweak theory and measurement, that implies effects 
of new physics. Such results would make a big paradigm 
shift in the elementary particle physics. 
 

【Publications Relevant to the Project】 
・A. Yamaguchi, S. Uetake, S. Kato, H. Ito, Y. Takahashi, 

“High-resolution laser spectroscopy of a Bose-Einstein 
condensate using the ultranarrow magnetic quadrupole 
transition”, New. J. Phys. 12, 103001 (2010) 

・ Y. Miyamoto, S. Uetake, M. Yoshimura et al., 
“Externally triggered coherent two-photon emission 
from hydrogen molecules”, PTEP2015, 081C01 
(2015) 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】154,300 Thousand Yen 

 
【Homepage Address and Other Contact  

 Information】 
 http://www.xqw.okayama-u.ac.jp/ 

Figure 1: Potential energy and energy levels of atom

Figure 2: 1S-2S Laser spectroscopy system
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【Grant-in-Aid for Scientific Research (S)】 

  Broad Section B 
  

 Title of Project： Study of origins and propagation of very high energy cosmic 
rays with detailed measurements in the wide energy range 

OGIO Shoichi 
(Osaka City University, Graduate School of Science, Professor) 

Research Project Number：19H05607 Researcher Number：20242258 
Keyword：cosmic rays, chemical composition, origins of cosmic rays, the Galaxy, inter-galactic space, astrophysics 

【Purpose and Background of the Research】 
The Telescope Array (TA) experiment in Utah, USA 

continues observations of very high-energy cosmic rays 
from 2008. The TA collaboration reported the cosmic ray 
energy spectrum in the wide energy range from 2 PeV to 
above 1020 eV. The energy spectrum has complicated 
structures showing several kinks and dips rather than a 
simple power law. The galactic and extra-galactic 
components coexist in the lower energy range than 1018 eV, 
and the spectrum of the extra-galactic component has 
convolved information of source spectra, the redshift 
evolution of sources, integration of energy losses during 
propagations and the shielding by the galactic magnetic 
field. In contrast, the spectrum of the galactic component 
has a convolution of the physics processes limiting the 
accelerated energy at galactic sources and the confinement 
of cosmic rays in the Galaxy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In order to unfold and resolve the convolved information 
in the galactic and the extra-galactic spectra, precise 
measurement for the chemical composition is essentially 
needed as well as a precisely measured energy spectrum. 
 

【Research Methods】 
The TA experiment consists of the surface detector (SD) 

array of 700 km2 coverage and 38 fluorescence detectors 
(FDs), and it continues operations from 2008 by an 
international collaboration of 35 institutes from six 
countries, such as Japan, USA, Korea, Russia, Belgium and 
Czech. In 2012, we started TA Low energy Extension 
(TALE) experiment additionally installing ten FDs pointing 

higher elevation, i.e., observing lower energy. In 2018, we 
constructed the TALE SD array with installing 80 SDs 
with 400 m spacing covering 30 km2 at the bottom of the 
observation volume by the TALE FDs, and we developed 
the hybrid observation system for the SD array to be 
operated with FD-to-SD cross-trigger.  
In this project, we will additionally install the other 50 
SDs with 200 m spacing to make the hybrid threshold 
energy down to lower, to 1015 eV. 
 

【Expected Research Achievements and 
Scientific Significance】 
This is the world first experiment to cover the knee 

region and the very wide energy region from 1015 to 1020 
eV with the FD-SD hybrid technique. We expect a precise 
composition measurement for galactic cosmic rays and to 
obtain precise data for studies of the galactic magnetic 
field, the galactic wind, the galactic halo, the cosmological 
evolution of the extragalactic cosmic ray origins. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
【Publications Relevant to the Project】 

R. U. Abbasi, et al., Ap. J., 865, 1(2018) 
R. U. Abbasi, et al., Ap. J., 858, 76(2018) 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】155,700 Thousand Yen 

 
【Homepage Address and Other Contact  

 Information】 
 http://www.telescopearray.org 
 http://www-ta.icrr.u-tokyo.ac.jp 
 http://www.cosmicray-ocu.jp 

Figure 1: Cosmic ray energy spectrum plotted along 
with measurements by TA and by TALE, also shown is 
the Auger spectrum.   

Figure 2: The layout of TALE and infill SDs 
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【Grant-in-Aid for Scientific Research (S)】 

  Broad Section B 
  

 Title of Project： Long-term observations to study the origins of Galactic 
Cosmic Rays and search for Dark Matter with CALET   

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

Research Project Number：19H05608 Researcher Number：90167536 
Keyword：high-energy cosmic ray, Galactic cosmic ray, nearby sources, dark matter, International Space Station 

【Purpose and Background of the Research】 
We are carrying out a precise measurement of cosmic 

rays in space with the CALET detector onboard the 
Japanese Experiment Module “KIBO” on the Inter- 
national Space Station. Launched in August, 2015, 
CALET (Fig.1) is a detector composed of a very thick (30 
radiation lengths) calorimeter uniquely capable of 
containing and imaging high-energy cosmic-ray showers 
to enable observations of electrons up to the TeV region. 
CALET is also capable of measuring the charge of 
incident particles in the range of Z=1-40, and the spectra 
of the major primary heavy nuclei in the energy range 
from several tens of GeV to 1 PeV.  

With this novel detector, we are achieving a high- 
precision measurement of the cosmic rays, at energies at 
which the observations have not yet successfully been 
accomplished. CALET addresses unresolved problems 
concerning the acceleration and propagation mechanisms 
of the Galactic cosmic rays and performs a new search for 
dark matter--one of the greatest puzzles in astrophysics. 
 

【Research Methods】 
We set up the Waseda CALET Operations Center 

(WCOC) where the mission operations and data analysis 
are carried out by receiving the observed data from the 
Tsukuba Space Center at JAXA, transferred from the ISS. 
The raw data sent instantly are used for real-time 
monitoring, and the full analysis is performed on the data 
received at a frequency of once per one hour after 
correcting for data loss during transmission by the relay 
satellites. After calibrations and revisions of the data at 
the WCOC, the data volume is provided to the inter- 
national collaboration teams in Japan, Italy, and the US 
for independent scientific analysis. We also perform a 
quick analysis by using the raw data for transient 
astrophysical phenomena, i.e. gravitational wave events 
and gamma-ray bursts etc., to report the observations 
quickly to the science communities.  

Scientific achievements are presented at international 
and domestic conferences as soon as possible, and 

important results are submitted to high-impact journals 
and made public on the collaboration Web pages.  
 

【Expected Research Achievements and 
Scientific Significance】 
Direct observations of cosmic rays made great strides in 

the 2000’s, bringing us a “standard model” of the 
acceleration and propagation mechanism of the Galactic 
cosmic rays.  We will verify key concepts of the model 
for both electrons (leptons) and nuclei (hadrons) 
including their acceleration in supernova remnants and 
diffusive propagation through the Galaxy.  
 We will attempt to detect the acceleration limit expected 
in the 100 TeV region for the nuclear component, and 
search for nearby sources of electrons in the TeV region. 
Even if these searches are not successful, valuable limits 
to the source and acceleration components of the model 
will certainly be obtained. For the propagation model, we 
will measure precisely the fluxes of heavy nuclei up to 
nickel (Z=28) and the secondary to primary ratio, i.e. the 
boron/carbon ratio etc., over a wide energy range.  

Moreover, we will perform a search for dark matter 
with a mass in the TeV range by looking for structures in 
the electron + positron energy spectrum.  
 

【Publications Relevant to the Project】 
・“Extended Measurements of Cosmic-ray Electron and 

Positron Spectrum from 11 GeV to 4.8 TeV with the 
Calorimetric Electron Telescope on the International 
Space Station”, Y.Asaoka, S.Torii, et al. (CALET 
collaboration), Phys. Rev. Lett. 120, 261102 (7pp) 
(2018).  

・ “Direct Measurement of the Cosmic-Ray Proton 
Spectrum from 50 GeV to 10 TeV with the 
Calorimetric Electron Telescope on the International 
Space Station", 
Y.Asaoka, P.S.Morrocchesi, S.Torii, et al. (CALET 
collaboration), Phys. Rev. Lett. 122, 181102 (2019).  

 
【Term of Project】FY2019-2023 
 
【Budget Allocation】154,800 Thousand Yen 

 
【Homepage Address and Other Contact  

 Information】 
 http://calet.jp 
 torii.shoji@waseda.jp 

Figure 1: CALET overview (left) and side view of the calorimeter 
with a superimposed 1TeV electron shower simulation (right)． 
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Figure 1 Expected 
polarization of magnetar. 

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

  Broad Section B 
  

 Title of Project： Elucidation of ultra-strong magnetic field of neutron stars 
with highly-sensitive X-ray and Gamma-ray polarimetry 

TAMAGAWA Toru  
(RIKEN, Cluster for Pioneering Research, Chief Scientist) 

Research Project Number：19H05609 Researcher Number：20333312 
Keyword：Astrophysics, X-ray and Gamma-ray Polarimetry, Ultra-strong Magnetic Field, Neutron Stars 

【Purpose and Background of the Research】 
"Are the neutron stars called Magnetar really extreme 

objects with a magnetic field above 1010 Tesla where the 
perturbative calculation of quantum electrodynamics 
(QED) breaks? In such a celestial object, is our knowledge 
on QED valid?" In this research, we aim to directly verify 
the hypothesis that Magnetar is strongly magnetized 
neutron star by the world's first highly sensitive X-ray and 
gamma-ray polarization observations. 
 A neutron star is an object with a radius of about 10 km, 
which remains after a massive star explosion, and is the 
densest substance (2-3 times of the nucleus density) in our 
universe. Most of the periodically blinking neutron stars 
called pulsars are known to have a strong magnetic field of 
about 108 Tesla and knowing the interior and the origin of 
the magnetic field is one of the important themes not only 
in astrophysics and astronomy but also elementary particle 
physics and nuclear physics. 
 "Magnetar", a species of neutron stars, is believed to have 
a strong magnetic field of as high as 1010-11 Tesla and to 
shine by releasing its magnetic energy. However, this is 
only a hypothesis, and direct observational verification of 
ultra-high magnetic field is competed worldwide. 
 

【Research Methods】 
We set the following two 

goals to verify the strong 
magnetism of Magnetar. 

 (Goal-1) The existence 
of a QED effect "vacuum 
resonance" is verified in a 
neutron star binary whose 
magnetic field is known by 
the presence of cyclotron 
absorption lines (about 108 
Tesla). 

 (Goal-2) By observing 
another QED effect “va- 
cuum birefringence” which can be notable only at 1010 
Tesla or more, we will proof the ultra-strong magnetic field 
of Magnetar observationally (Fig. 1). 
 To realize these goals, we will conduct NASA's X-ray 
polarimetry small satellite IXPE (launch in 2021), which 
we provide hardware and participate as core members, and 
the US-Japan joint balloon experiment XL-Calibur (flights 
in 2021, 2023). We will achieve the world's first sensitive 
polarimetry of neutron star binaries and Magnetars in 
X-ray and gamma-ray band (Fig. 2). 
 

 
 
【Expected Research Achievements and 

Scientific Significance】 
By demonstrating that Magnetar has an ultra-high 

magnetic field, we will pioneer the field 
"highly-magnetized nuclear matter" as an experimental 
field of basic science. This is complementary to the 
observation of the QED limit in the electric field using the 
high-intensity laser, and leads to the research progress of 
"physics in strong field" connecting space observation and 
ground experiment. In addition, as our study opens up new 
methods of X-ray and gamma-ray polarimetry, it must 
have a large ripple effect on high energy astrophysics in 
general. 
 

【Publications Relevant to the Project】 
・S. O'dell, et al., "The Imaging X-ray Polarimetry 

Ex-plorer (IXPE): technical overview", Proc. of SPIE 
10699, 10699X1 (2018).  

・A. Yatabe and S. Yamada, " Systematic Analysis of the 
Effects of Mode Conversion on Thermal Radiation 
from Neutron Stars", Astrophys. J. 850, 185 (2017). 

 
【Term of Project】FY2019-2023 
 
【Budget Allocation】142,300 Thousand Yen 
 
【Homepage Address and Other Contact  

 Information】 
 https://astro.riken.jp/ks-xpol.html 

Figure 2 Methods and goals. 
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【Purpose and Background of the Research】 
Particles in three-dimensional are classified into either 

bosons or fermions, acquiring a 0 or π phase as their 
positions are exchanged, respectively. In contrast, for 
lower-dimensional systems, this phase can take an arbitrary 
value, and the resulting particles are called anyons. A more 
exotic type of anyon, known as a non-Abelian anyon, is 
known to be capable of performing quantum operations 
which are inherently robust to errors from environmental 
noise and thus highly sought-after for a future generation 
of quantum computer. However, the currently studied 
platforms have not been able to realize robust and easily 
controllable non-Abelian anyons, which might be used in 
the development of topological quantum computing. 
 In this project, we aim to develop accessible platforms 
exhibiting robust non-abelian anyons, and study both the 
fundamental physics of these exotic particles, and also 
evaluate the feasibility of their use in topological quantum 
information processing. The target systems are (1) 
superconducting junctions of double nanowires and 
two-dimensional topological insulators (2) superconducting 
junctions of three-dimensional topological insulators (3) 
quantum Hall states of exciton-polaritons in 
two-dimensional lattices. 

【Research Methods】 
(1) We will detect the signatures of Majorana fermion 
zero-modes in superconducting junctions of double 
nanowires and two-dimensional topological insulators 
without a magnetic field. Furthermore, we will develop 
the on/off operation of the Majorana fermions by 
electrical techniques and evaluate the construction of 
qubits. 
(2) We will generate, and implement techniques to control 
Majorana fermion zero-modes appearing at the center of 
vortices in Corbino-geometry Josephson junctions of 
three-dimensional topological insulators. 
(3) We will generate robust topological states in 
structured 2D potentials in exciton-polariton 
microcavities and investigate new materials and methods 
for inducing strong particle correlations in these 

topological bands. Further, we will implement ultra-fast 
optical methods capable of anyon exchange and 
detection. 

   
【Expected Research Achievements and 

Scientific Significance】 
 Non-Abelian anyons are amongst the most exotic 
particles in condensed matter systems, however platforms 
exhibiting robust and controllable non-Abelian anyons are 
yet to be demonstrated. In this project, we will generate, 
control and study the properties of anyons in several novel 
and original platforms, investigating both electrical and 
optical techniques.  Our studies toward the generation, 
exchange and measurement of robust non-Abelian anyons 
promises a significant advance in the understanding of the 
fundamental properties and experimental control of these 
particles, in addition to their applicability in future 
topological quantum computing applications. 
 

【Publications Relevant to the Project】 
 S. Baba, S. Matsuo, S. Tarucha, “Cooper-pair splitting 

in two parallel InAs nanowires”, New Journal of 
Physics 20, 063021-063028 (2018). 

 R.S. Deacon, J. Wiedenmann, S. Tarucha, “Josephson 
Radiation from Gapless Andreev Bound States in 
HgTe-Based Topological Junctions”, Phys. Rev. X, 7, 
021011-1-7 (2017). 

 
【Term of Project】FY2019-2023   
 
【Budget Allocation】126,800 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://qfsrg.riken.jp/Todai-HP/english/index.html 
tarucha@riken.jp 

Figure 2: SEM image of a superconducting 

junction of double InAs nanowires. 

Figure 1:Acquisition of phase by anyon exchange
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