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Research Topics 
・Reconstruction of renormalization group theory by singular value decomposition
・ Information-geometrical analysis of gauge/gravity correspondence
・Tensor network approach to various physical problems
・Composite operator approach to strongly correlated electron systems
Research Seeds 

(1) Interdisciplinary physics research based on quantum information theory
In recent years, information-theory-oriented approaches
have become quite powerful at forecast ing common
mathematical structures inherent in many branches of
theoretical physics. Based on this fascinating concept, I
a m  w o r k i n g  o n  v a r i o u s  p r o b l e m s  ,  p a r t i c u l a r l y
address ing  the  quan tum/c lass ica l  co r respondence
in terms of quantum data storage into curved memory
space.  I  am a lso  in teres ted in  s ingu lar  va lue
decomposition and its application to statistical physics.
To proceed with research efficiently, I am corroborating
with many researchers within and beyond Japan. I am
also proceeding to publish specialized textbooks in addition to original research
papers.

(2) Composite operator approach to strongly correlated electron systems
Magnetism and superconductivity are two major research topics in condensed
matter physics. These phenomena sometimes originate from strong electron
correlation, which drastically changes non-interacting band dispersion of electrons.
We analyze the deformed band structure in terms of the composite operator
approach, which can detect how electrons are dressed with non-local magnetic
fluctuation. The detection naturally elucidates the understanding of the mechanism
of nontrivial magnetism and high-Tc superconductivity.

Related Technology 
・super-parallel computation techniques realized in K computer
・ lecture of information physics based on my textbook
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(1) Interdisciplinary physics research base on quantum information theory
In recent years, information-theory-oriented

approaches are quite powerful to forecast the common
mathematical structures inherent in many branches of
theoretical physics. Based on this fascinating concept, I
am working on various problems. In particular, I am
focusing on the mechanism of quantum/classical 
correspondence in terms of quantum data storage into
curved memory space. I am also interested in the
singular value decomposition and its application to
statistical physics. 
To proceed research efficiently, I am corroborating

many researchers inside and outside Japan. I am also
proceeding to publish specialized textbooks in addition to original research papers in
order to facilitate the growth of this research field. 

(2) Composite operator approach to strongly correlated electron systems
Magnetism and superconductivity are two major research topics in condensed

matter physics. These phenomena sometimes originate from strong electron
correlation, which drastically changes non-interacting band dispersion of electrons.
We analyze the deformed band structure in terms of the composite operator
approach. The approach can detect how the electrons are dressed with non-local
magnetic fluctuation, and the detection naturally leads to the understanding of the
mechanism of nontrivial magnetism and high-Tc superconductivity.

Related Technology
・super-parallel computation techniques realized in K computer
・ lecture of information physics based on my textbook
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Research Topics 
・Measurement of linear and nonlinear susceptibilities, and magnetization curve
・Data analysis and parameter identification based on hysteresis models
・Monte Carlo simulation of magnetic lattice system
Research Seeds 

Related Technology 
・Numerical Analysis
・ Instrumentation and Measurement
・Research on Phase Transition and Critical Phenomena

Fig.  1.  Schematic  of  measurement .

Fig. 2. Asymmetric BH loops. 

Fig. 4.  Halbach  array.
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Fig. 3. Halbach-type spin. 

●Hysteresis Measurement by Lock-in Amplifier
Figure 1 shows a schematic of the measurement

system. The system includes a Lock-in amplifier (LIA), 
a function generator (FG), a bipolar power supply 
(BPS), and a personal computer. To supply an AC 
current to the primary coil, the BPS is driven by the 
FG. The BPS also provides a reference signal to LIA 
by shunt resistance. By connecting the signal output 
from the secondary coil to the LIA, we measure the 
in -phase  component  V ’ n - 1  and  the  ou t -o f  phase  
component V’’n-1 of the fundamental and harmonics 
of the output voltage V. Both V’n-1 and V’’n-1 are 
measured sequentially using a harmonic detection 
f u n c t i o n  o f  t h e  L I A .  T h e n  a  B H  l o o p  c a n  b e  
reconstructed from V’n-1 and V’’n-1 by inverse Fourier 
transform. Figure 2 shows minor asymmetric BH 
loops measured at  var ious f ie ld  ampl i tudes.
Because the LIA can extract a signal with a known
carrier wave from an extremely noisy environment,
this system is suitable for measuring　BH loops
of micro-magnets.

●Research on Halbach-type Spin System
We have studied the feasibility

and specific properties of a
new type spin system , which
is analogous to the Halbach
array of ferromagnets, using
Monte Carlo simulation. ハルバッハ型スピン系
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