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We established a standard method for ab initio calculation of strongly
correlated electron systems and released the codes as open source software. By introducing machine
learning methods, most accurate quantum many-body solver in the world was developed and applied to
reveal the nature of quantum spin liquids. The machine learning was also developed to extract hidden

physical quantities from spectroscopic data. These are the achievement beyond the original research

plan. The developed methods were applied to copper-oxide high-Tc superconductors and molecular
solids and the experimental phase diagrams were quantitatively reproduced without adjustable
parameters, which enabled discovery of the role of electron and spin fractionalization in the
mechanism and emergence of superconductivity and quantum spin liquids. The discovery was endorsed
by the machine learning analysis of the spectroscopic experimental data and has shown the power of
the integrated spectroscopy analyses.
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International Conference on Frontiers of Correlated Electron Sciences

2019

Shiro Sakai

Quasicrystalline superconductors under magnetic field

Spectroscopies in Novel Superconductors

2019

Shiro Sakai

Exotic pairing state in quasiperiodic superconductors under magnetic field

Interdisciplinary Symposium for Quasicrystals and Strongly Correlated Electron Systems

2019




Shiro Sakai

Hidden Fermionic excitation at the origin of Mott insulator, pseudogap and high-temperature superconductivity °?

The 8th International Workshop on Strong Collelations and Angle-Resolved Photoemission Spectroscopy

2019

Shiro Sakai

Exotic superconductivity in quasicrystals under magnetic field

International Conference on Strongly Correlated Electron Systems 2019

2019

Shiro Sakai

Theoretical study of quasicrystalline superconductors

2019

Shiro Sakai

Exotic superconductivity in quasicrystals under magnetic field

14Th ASIA-PACIFIC PHYSICS CONFERENCE

2019




Shiro Sakai

Exact diagonalization method in dynamical mean-field theory

2019

Youhei Yamaji

Finite-temperature dynamics of spin-orbit coupled Mott insulators

The 3rd Asia-Pacific workshop on Quantum Magnetism

2019

Youhei Yamaji

Origin of High-Temperature Superconductivity Revealed by Boltzmann Machine Learning

Deep Learning and Physics DLAP2019

2019

Youhei Yamaji

Hidden origin of high-temperature superconductivity revealed by Boltzmann machine self-energy inference

The 5th Conference on Condensed Matter Physics

2019




Youhei Yamaji

Hidden self-energy structures of high-temperature cuprate superconductors

Spectroscopies in Novel Superconductors

2019

Takahiro Misawa

Development of open-source software packages for quantum lattice models and their applications to quantum spin liquids

Computational Approaches to Quantum Many-body Problems

2019

Takahiro Misawa

Development of many-variable variational Monte Carlo method (mVMC) and its applications to high-Tc cuprates

Frontiers of Correlated Electron Sciences

2019

Takahiro Misawa

2019




M. Hirayama, T. Tadano, Y. Nomura, and R. Arita

Nickelate superconductivity _ A systematic computational design of dynamically stable d9 nickelates

APS March Meeting 2020

2020

d9

75

2020

Masahito Mochizuki

Chirality, magnetism, and magnetoelectricity: Separate phenomena and joint effects in metamaterial structures

The 10th International Conference on Metamaterials, Photonic Crystals and Plasmonics (META 2019)

2019

Masahito Mochizuki

Microwave-Induced Dynamical Phenomena of Magnetic Skyrmions

The 4th International Conference ~~Nanomagnetism and spintronics"” (Sol-SkyMag 2019)

2019




Masahito Mochizuki

Microwave-driven dynamics of magnetic skyrmions

The 5th International Worskhop on Topological Structures in Ferroic Materials (TOP02019)

2019
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Tomi Ohtsuki

Determining Quantum Phases of Disordered Systems by Deep Learning

RANDOM GEOMETRIES AND MULTIFRACTALITY IN CONDENSED MATTER AND STATISTICAL MECHANICS

2019

Tomi Ohtsuki

Phase Diagrams and Scaling Behaviors of Disordered Weyl Semimetals

International conference on Frontiers of correlated electron sciences

2019

Tomi Ohtsuki

Detecting topological phases in random electron systems via convolutional neural network

NTTI 2019 and BEC 2019

2019

2019




Laser-controlled superconductivity in correlated electron systems ( )

International Workshop on Frontiers of Correlated Electron Systems (Tokyo, Japan)

2019
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2019

Masatoshi Imada

Machine learning in condensed matter physics

International Workshop on Machine Learning and Many-Body Quantum Physics

2018

Masatoshi Imada

Dark Fermion Theory of Cuprate Superconductors

Ljubljana Corr®18 Correlated electron systems in, near, and far from equilibrium

2018

Masatoshi Imada

Ab initio studies and dark fermion theory of cuprate superconductors

International workshop on QUANTUM COMPLEX MATTER

2018




Masatoshi Imada

Tensor network combined with variational Monte Carlo method and application to itinerant fermion systems

International Workshop on Optimising, Renormalising, Evolving and Quantising Tensor Networks

2018

Masatoshi Imada

Machine Learning to analyze High-Tc Experimental Data and Boltzmann Machine for Quantum Many-Body Problems

International Workshop on Machine Learning for Quantum Many-body Physics

2018

Masatoshi Imada

Rejuvenated Understanding of Cuprate High-Tc Superconductors

New Frontiers of Strongly Correlated Electron Materials workshop

2018

Masatoshi Imada

Dark Fermion Theory and Ab Initio Studies on Cuprate Superconductors

12th International Conference on Materials and Mechanisms of Superconductivity and High Temperature Superconductors

2018




Masatoshi Imada

Refurbished and Rejuvenated Understanding of Cuprate High-Tc Superconductors

APCTP-KIAS Quantum Materials Symposium 2019

2019

Masatoshi Imada
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2019

Youhei Yamaji

Spin and Thermal Excitations in Kitaev-type Frustrated Magnets

KIAS-KAIST Workshop on Topology and Correlation

2018

Youhei Yamaji

Origin of high-temperature superconductivity as a non-linear inverse problem studied by machine learning

3rd International Symposium on Research and Education of Computational Science

2018




ImPACT

2018

2018

Ryotaro Arita

Cluster multipole theory for functional antiferromagnets

KPS 2018 Spring Meeting

2018

Ryotaro Arita

Superconductivity in topological materials: Insights from superconducting density functional theory

Workshop on "Quantum many body states"

2018




Ryotaro Arita

Superconductivity in topological materials: Insights from superconducting density functional theory

Conference on Topological and Correlated Electronic Materials (ToCoTronics2018)

2018

Ryotaro Arita

Anomalous transverse transport in correlated Weyl metals Mn3X

Workshop on "Frustration, Orbital Fluctuations, and Topology in Kondo Lattices and their Relatives"

2018

Ryotaro Arita

Superconductivity in topological materials: Insights from superconducting density functional theory

12th International Conference on Materials and Mechanisms of Superconductivity and High Temperature Superconductors

2018

Ryotaro Arita

Anomalous transverse transport and domain wall motion in non-collinear antiferromagnets

Kavli ITS-APW-Tsinghua-RIKEN Workshop on “Highlights of Condensed Matter Physics"

2018




Shiro Sakai

Theoretical study of quasicrystalline superconductors

International Conference on Emerging Advanced Nanomaterials (ICEAN) 2018

2018

2018

Takashi Miyake

A combined computational and machine-learning study of rare-earth-lean magnet compounds

Santorini Workshop “ Future Perspectives on Novel Magnetic Materials” , Santorini Palace Hotel

2018

Takashi Miyake

Machine learning in computational magnetic materials discovery

2018 “ Machine learning in condensed matter physics”

2018




Takashi Miyake

Computational magnetic materials discovery

10 (CCS International Symposium 2018)

2018

Takashi Miyake

Computational exploration of strong permanent magnet compounds

The 9th International Conference on Multiscale Materials Modeling (MMM2018)

2018

Takashi Miyake

Machine learning approach for prediction and understanding of magnetic properties

The 8th Indo-Japan Seminar “ Designing Emergent Materials

2019
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Takahiro Misawa, Kentaro Nomura

Semi-Quantized Pumping and Spin-Orbit Torque in Topological Dirac Semimetals

APS March meeting, Boston

2019

2018

Kota Ido, Takahiro Misawa

Variational Monte Carlo study of a magnetization curve of the Kitaev honeycomb model under a magnetic field

International Symposium on Research and Education of Computational Science (RECS2018)

2018

H®p

2018

2018




2018

2018

Kitaev

2018

Kota Ido, Takahiro Misawa

Variational Monte Carlo study on a magnetization process of the Kitaev honeycomb model under a magnetic field

PCoMS 2018

2018

Kitaev

74 2019

2019




Kota Ido, Takahiro Misawa

Variational Monte Carlo study on a magnetization process of the Kitaev honeycomb model under a magnetic field

APS March meeting, Boston

2019

CCMS

2018

Yusuke Nomura

Machine learning using Boltzmann machines for solving strongly correlated systems

Computational Approaches to Magnetic Systems (CAMS 2018)

2018

Yusuke Nomura

Machine-learning solvers for quantum many-body systems

2018

2018




Yusuke Nomura

Recent progress in machine-learning solvers: calculations of excited states and extensions to electron-phonon coupled
systems

Mini-workshop on “ Machine Learning in Physics"

2018

Yusuke Nomura

Solving quantum many-body Hamiltonians with artificial neural networks

Tensor Network States: Algorithms and Applications (TNSAA) 2018-2019

2018

2019

74

2019




Masatoshi Imada

Gap Physics ---;Bridges between Condensed Matter, Nuclear and High-Energy Physics

11RC symposium Perspectives of the physics of nuclear structure

2017

Masatoshi Imada

Multi-scale ab initio scheme for strongly correlated electrons

The 20th Asian Workshop on First-Principles Electronic Structure

2017

Masatoshi Imada

Gap Physics —Case of Superconductivity Emerging from Hidden Fermions and Excitonic Bosons

Frontiers of Condensed Matter Physics Lectures by Leading CMP

2017

Masatoshi Imada

Superconductivity and inhomogeneity in and out of equilibrium

International Conference on Cutting-Edge Topics in Quantum Materials

2017




Masatoshi Imada

Simulating quantum many body problems of fermions and quantum spins

Machine Learning and Many-Body Physics

2017

Masatoshi Imada

High-Tc Superconductivity Emerging from Hidden Fermions and Excitonic Bosons

The 19th International Conference on Recent Progress in Many-Body Theories

2017

Masatoshi Imada

Frontiers of high-Tc studies

Superstripes 2017 Quantum physics in Complex Matter:Superconductivity, Magnetism and Ferroelectricity

2017

2018

2018




Takahiro Ohgoe

Competition among superconducting, antiferromagnetic and charge orders with intervention by phase separation in the 2D
Holstein-Hubbard model

APS March Meeting 2018

2018

3 CDMSI

2017

Ryotaro Arita

Cluster multipole theory for anomalous Hall effect in antiferromagnets

APS March Meeting 2018

2018

Ryotaro Arita

Cluster multipole theory for magneto-optical Kerr effect in antiferromagnets

CEMS-Tsinghua-APW joint workshop on "Highlights of condensed matter physics"

2017




Ryotaro Arita

Superconductivity in topological materials: Insights from superconducting density functional theory

CEMS Symposium on Trends in Condensed Matter Physics

2017

Ryotaro Arita

Cluster multipole theory for functional antiferromagnets

Wilhelm und Else Heraeus-Seminar on "ab inito electronic structure theory for solids in the 21st century"

2017

Ryotaro Arita

Cluster multipole theory for anomalous Hall effect in antiferromagnets

Psi-k workshop on Ab initio Spin-orbitronics

2017

Ryotaro Arita

Pairing mechanism of BiS2 superconductor: A first-principles study

International Union of Materials Research Societies: The 15th International Conference on Advanced Materials

2017




Ryotaro Arita

Cluster Multipole Theory for anomalous Hall effect in antiferromagnets

The XXIX IUPAP Conference on Computational Physics (CCP2017)

2017

CCMS :  RESPACK

TIA® "

2017

Kazuma NAKAMURA

Search for new material structure using USPEX

7th Annual World Congress of Nano Science & Technology-2017

2017
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2018

Yusuke Nomura, Andrew S. Darmawan, Youhei Yamaji, Masatoshi Imada

Restricted-Boltzmann-Machine Learning for Solving Hubbard and Heisenberg Models

APS March meeting

2018

2018

2017




Andrew S. Darmawan

2017

2017
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2017
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2017

(on behalf of mvMC developers)

mVMC - Open-source software for many-variable variational Monte Carlo method

FOR 1807, Winter School 2018

2018

(on behalf of H® developers)

Short tutorial for software for exact diagonalization package H®

FOR 1807, Winter School 2018

2018

Spin Pumping and Inverse Spin Hall Effect in Topological Dirac Semimetals

APS March meeting

2018




2018

Shiro Sakai

Hidden Fermionic excitation at the origin of high-temperature superconductivity and pseudogap in cuprates

30th International Superconductivity Symposium (1SS2017)

2017

Shiro Sakai

Electronic structure of pseudogap and superconducting states in 2D Hubbard model

The research forefront of high-Tc cuprates

2017

Shiro Sakai

Self-energy variational approach to correlated electron systems

CEMS-Tsinghua- Asia-Pacific Workshop (APW) joint Workshop

2017




Shiro Sakai

Superconductivity on Penrose lattice

Open space between aperiodic order and strong electronic correlations

2017

2017

Youhei Yamaji

Finite-temperature excitation spectra in proximity of Kitaev"s spin liquids

International Workshop on Non-Linear Effects and Short-Time Dynamics in Novel Superconductors and Correlated Spin-Orbit
Coupled Systems, Daejeon, South Korea

2017

2017 ,

2017




2017

2017

Youhei Yamaji

Exact Wave Functions of Correlated Electrons, Finite Temperature, and Parallelization

International Workshop on Massively Parallel Programming for Quantum Chemistry and Physics 2018, Nishina Hall, RIKEN, Japan

2018

2018




Youhei Yamaji

Metallicity and Topology in Iridate Domain Walls

APS March Meeting 2018, Los Angeles Convention Center, Los Angeles, California, USA

2018

Masatoshi Imada

Boosting and optimizing superconductivity

Max Planck-UBC-U Tokyo Workshop on Quantum Materials

2016

Masatoshi Imada

Nonequi librium Dynamics of Strongly Correlated Electron Systems

Second Workshop on Ultrafast Dynamics in Correlated Systems

2016

Masatoshi Imada

Self-Optimized Superconductivity at Copper-Oxide Interfaces

ToCoTronics 2016

2016
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2016

T. Misawa

Self-optimized superconductivity attainable by interlayer phase separation at cuprate interfaces

CEMS-QPEC Topical Meeting on Superconductivity under Extreme Conditions, Tokyo (Jpana)

2017

(TIES)

2016

2016




PCoMS

2016
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2016

29

2016

H®p

mVMC-

2017




T.Misawa and Y. Yamaji

Finite-Temperature Signatures of Spin Liquids in Frustrated Hubbard Model

APS March Meeting (New Orleans)

2017

1/3

2017

2016

2017

Takahiro Ohgoe

Effects of phonons on d-wave superconductivity in the Hubbard model

1st International Symposium on Research and Education of Computational Science

2016




2016

2017

Ryotaro Arita

Emergent phenomena in 1t -electron systems

2017

Ryotaro Arita

Post Eliashberg study on high-Tc superconductivity in sulfur hydrides

CEMS-QPEC Symposium on Emergent Quantum Materials

2017




Ryotaro Arita

First-principles study on high-Tc superconductivity in sulfur hydrides under high pressure

International Workshop on Superconductivity and Related Functional Materials 2016

2016

Ryotaro Arita

First-principles Study of the lIron-based ladder Supercoductor BaFe2S3

29th International Symposium on Superconductivity

2016

Ryotaro Arita

Ab initio downfolding for spin-continuum models and its application to skyrmion materials

Psi-k workshop on Computational methods towards engineering novel correlated materials

2016

Ryotaro Arita

Effect of negative Hund"s coupling in alkali-doped fullerides

Conference: What about U ?- Effects of Hubbard Interactions and Hund"s coupling in Solids

2016




Ryotaro Arita

First-principles study on high-Tc superconductivity in sulfur hydrides under high pressure

EU-JAPAN Workshop on Computational Materials Design and Realization for Spintronics, Moltronics, Quantronics,
Superconductivity and Topotronics September 18-30, 2016, Juelich, Germany

2016

Shiro Sakai

Hidden fermionic excitation as the origin of pseudogap and high-temperature superconductivity in cuprates

International Conference on Low-Energy Electrodynamics in Solids (LEES2016)

2016

2016

2016




Shiro Sakai

Superconductivity on a quasiperiodic lattice

RIKEN-Tsinghua Joint Workshop on Emergent Matter Science

2016

2016

Shiro Sakai

Superconductivity in a quasiperiodic system

CEMS-QPEC Topical Meeting on Superconductivity under Extreme Conditions

2016

Shiro Sakai

Hidden fermion connecting Mott physics and high-temperature superconductivity

CEMS-QPEC Symposium on Emergent Quantum Materials

2016




2017

2017

Y. Nomura

What about U in surface adatom systems? - Interplay of charge and spin degrees of freedom

What about U? - Effects of Hubbard Interactions and Hund’ s Coupling in Solids

2016

Y. Nomura

Interplay of charge and spin degrees of freedom in surface adatom systems

2nd International Symposium on Research and Education of Computational Science (RECS)

2016




2016

Y. Nomura

Exotic s-wave superconductivity in alkali-doped fullerides: equilibrium and non-equilibrium properties

DMREF-FCMP Symposium on Mott Transitions and Computational Approaches

2017

Y. Nomura

Enhancing superconductivity in alkali-doped fullerides

CEMS-QPEC Topical Meeting on Superconductivity under Extreme Conditions

2017

Y. Nomura

Enhancing superconductivity in A3C60 (A=K, Rb, Cs)

CEMS-QPEC Symposium on Emergent Quantum Materials

2017




Introduction to TRILEX: local correlation + long-range fluctuation

2017

Review on first-principles calculations using DMFT

2017

72

2017

Y. Nomura

Enhancing superconductivity in A3C60 fullerides

72

2017




FCES19
http://fpmrt.riken.jp/public_html/fces2019/index.html
RESPACK: ab initio many body perturbation theory
https://sites.google.com/view/kazuma7k6r

Quantum Lattice Solver H®

https://www.pasums. issp.u-tokyo.ac.jp/hphi/en/
many-variable variational Monte Carlo method VMC
http://www.pasums. issp.u-tokyo.ac. jp/mvmc/

https://www.aoni.waseda.jp/imada/
RESPACK: Ab initio many body perturbation theory
https://sites.google.com/view/kazuma7k6rjavascript:onNext()
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