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Research Seeds 
 Quantum Hall effect (topological insulator)

I am interested in the physics of topological insulators, particularly in quantum Hall effect.
A quantum Hall system has bulk property of insulation, but its boundary property is 
metallic. Importantly, the metallic boundary current is immune to impurity scattering. 
Its robustness is guaranteed by topological invariant defined in the bulk.  
  I have been working on the relativistic quantum Hall effect in graphene and higher 
even-dimensional quantum Hall effect from a theoretical standpoint. Although the 
quantum Hall effect was originally formulated in two dimensions, we generalized it in 
higher even dimensions and unveiled universal formulation of the quantum Hall 
effect. In a modern perspective, the higher even-dimensional quantum Hall effect is 
classified to the topological insulator of A-class. Although the higher dimensional 
quantum Hall effect has been regarded merely as a hypothetical system, a modern 
cold atom system of optical lattice has provided an opportunity to simulate 
higher dimensional systems experimentally, regarding the energy spectrum as a new 
dimension. Future developments of higher dimensional physics are greatly anticipated.  
 I have also studied odd-dimensional generalization of the quantum Hall effect. 

Whereas a natural setup for the quantum Hall effect is even-dimensional, I have 
demonstrated that by regarding the odd-dimensional system as a subspace embedded in 
one dimension higher than an even-dimensional one, the odd-dimensional system finds its 
natural origin. I expect to clarify the physical properties of the odd dimensional, especially 
three-dimensional, quantum Hall effect in future studies. I am also interested in topological 
metals such as a Weyl semimetal – a three-dimensional counterpart of graphene.   
 Non-commutative geometry

By dividing space-time into extremely fine pieces, it is expected that one can eventually
encounter a quantum unit of space-time. Non-commutative geometry is a mathematical 
framework to describe the geometry comprising no-longer divisible units. I have been 
exploit ing non-commutative geometry that effectively appears in the context of 
quantum Hall effect. I am particularly working on spherical non-commutative geometry 
realized in the magnetic field generated by a monopole. This system has a close relation to 
deep mathematical concepts such as the Hopf fibration and index theorem. 

Related Technology 
・Mathematica calculation
・Advanced mathematics such as group theory, differential geometry, and topology
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 Quantum Hall effect (topological insulator)

I am interested in the physics of topological insulator, in particular, quantum Hall effect.
Quantum Hall system is a system whose bulk property is insulating while its boundary 
property is metallic. Importantly, the metallic boundary current is immune to impurity 
scattering, and its robustness is guaranteed by topological invariant defined in the bulk.

I have been working on relativistic quantum Hall effect on graphene and higher even
dimensional quantum Hall effect from a theoretical standpoint. While the quantum Hall
effect was originally formulated in two dimension, we succeeded to generalize it in higher
even dimensions and unveiled universal formulation of the quantum Hall effect. In a 
modern point of view, the higher even dimensional quantum Hall effect is classified to the
topological insulator of A-class. Although the higher dimensional quantum Hall effect has
been regarded merely as a hypothetical system, a modern cold atom system of optical
lattice has provided an opportunity to simulate the higher dimensional system
experimentally, regarding the energy spectrum as a new dimension. Future developments
of the higher dimensional physics are greatly anticipated. 
I have also studying odd dimensional generalization of the quantum Hall effect. While 

natural set-up for the quantum Hall effect is even dimension, I have shown that by
regarding the odd dimensional system as a subspace embedded in one dimension higher
even dimensional one, the odd dimensional system finds its natural origin. I am going to 
clarify physical properties of the odd dimensional, especially three dimensional, quantum
Hall effect in a future. I am also interested in topological metals such as Weyl semimetal –
a three dimensional counterpart of graphene.
 Non-commutative geometry
Dividing the space-time in extremely fine pieces, it is expected that we will eventually

encounter a quantum unit of space-time. Non-commutative geometry is a mathematical 
framework to describe the geometry made of no-longer divisible units. I have been
exploiting the non-commutative geometry that effectively appears in the context of
quantum Hall effect. In particular, I am working on spherical non-commutative geometry
realized in the magnetic field generated by monopole. This system has close relation to
deep mathematical concepts, such as the Hopf fibration and index theorem. 
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・Mathematica calculation 
・Advanced mathematics such as group theory, differential geometry, topology etc 
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Research Topics 
・Developing a Compton camera using scintillators for measuring environments
・Developing of a radioactive inspection system for shiitake mushroom bed logs
・Developing of an electron-tracking Compton camera using SOI pixel sensor
・Origin of ultra-high-energy cosmic rays using multi-wavelength observation
・Simulation of mirror layout for a large size telescope of the Cherenkov Telescope Array
Research Seeds 
① Development of a radiation detection system (gamma eye group)
Gamma-ray detection systems have progressed in areas of high-energy physics,

gamma-ray astronomy, and nuclear medicine. Since 2011, this detection technology has
been used for environmental monitoring because of the Fukushima Daiichi nuclear power
plant accident. We have developed a Compton camera to visualize arrival directions of
gamma rays for environmental monitoring (Kagaya et al. 2015). We measured gamma
rays with an environment of a low-level contaminated area (~0.1 μSv/h) and nuclear
medical facilities (Watanabe et al. 2017). Moreover, we developed a Compton camera for
high-dose-rate environments and carried out measurements at the Fukushima Daiichi
nuclear power plant (Katagiri et al. 2018). Furthermore, we developed a portable
radioactive inspection system without a shield for shiitake mushroom bed logs
(Japanese patent application No. 2017-04692). We took outdoor measurements at a low-
level contaminated area to select safety bed logs (< 50 Bq/kg) using screening tests.

②Study of gamma-ray astronomy and ultra-high-energy-cosmic rays (UHECRs)
The origin of UHECRs is an important astrophysical problem. The acceleration sites and

the acceleration mechanisms of UHERCs remain unsolved since their discovery 50-60
years ago. We have investigated the possibility of acceleration of UHECRs in nearby
active galactic nuclei (AGNs) using archival multi-wavelength observational data. Also, I
am a member of the Cherenkov Telescope Array (CTA) project: a next generation TeV
gamma-ray observatory. The Japan group has been developing the large telescope. I
evaluated the weather durability of a mirror and simulated the mirror layout.
Related Technology 
・Development of radiation inspection systems
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