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CAQMP2019 Program

July 16
10:00 - 12:00 Naoki Kawashima
Introduction
15:00 - 16:00 Mingpu Qin
Study of 2D Hubbard model within the Simons Collaboration on the Many Electron Problem

July 17
10:00 - 11:00 Kenji Harada

Tensor network technique for stochastic process
15:00 - 17:00 Anders W. Sandvik

Deconfined quantum criticality in the 2D J-Q model

July 18
10:00 - 12:00 Ribhu Kaul

Field theories and QMC studies of spin systems
15:00 - 16:00 Satoshi Morita

Improvement of higher-order tensor renormalization group method

July 19
10:00 - 12:00 Tao Xiang

Overview on the Tensor Network Renormalization of (2+1)D Quantum Lattice Model
15:00 - 16:00 Ribhu Kaul

Designer Hamiltonians for quantum spin liquids and exotic valence bond ordered states

Juy22  (Monday Symposium 1)

9:50 - 10:00 Hatsumi Mori

Opening Address
10:00 - 10:30 Anders W. Sandvik

Monte Carlo renormalization flows with dangerusly irrelevant perturbations
10:30 - 11:00 Hidemaro Suwa

Finite-temperature self-consistent dynamical simulation
11:00 - 11:30 Tao Xiang

Tensor Network Renormalization of Quantum Spin Liquids
11:30 - 12:00 Tomotoshi Nishino

Phase Transition of the Classical Ising Model on the Sierpinski Carpet
13:00 - 13:30 Laurens Vanderstraeten

Variational tensor-network methods for problems in statistical mechanics
13:30 - 14:00 Kenji Harada

Informational aspect of directed percolation problem
14:00 - 14:30 Mingpu Qin

A self-consistent constrained path auxiliary field Quantum Monte Carlo method
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14:30 - 15:00 Yoshinobu Kuramashi

Tensor Renormalization Group Approach to Scalar Field Theories in Particle Physics

15:30 - 16:00 Shumpei lino
Boundary tensor renormalization group
16:00 - 16:30 Tokuro Shimokawa
Ripple state in the frustrated honeycomb-lattice antiferromagnet
16:30 - 17:00 Akihisa Koga
Ground-state and finite-temperature properties in the generalized Kitaev model
17:00 - 17:30 Shin Miyahara
Fractionally quantized Berry phases in spin systems
17:30 - 19:00 Poster session 1
July 23
10:00 - 12:00 Natalia Chepiga

Matrix Product States for frustrated spin chains, lattices with an extended Hilbert space and constrained models in 1D
15:00 - 16:00 Wenan Guo

Engineering Surface Critical Behavior of (2+1)-Dimensional Quantum Critical Points

July 24

10:00 - 12:00 Tomotoshi Nishino
Optimization Schemes in TNS

15:00 - 16:00 Guang-Ming Zhang

Gapless Coulomb state emerging from a self-dual topological tensor-network state

July 25
10:00 - 12:00 Laurens Vanderstraeten
Variational methods for tensor networks
15:00 - 16:00 Hyun-Yong Lee
Gapless Kitaev Spin Liquid to Loop and String Gases through Tensor Networks

July 26
10:00 - 12:00 Masatoshi Imada

Variational Monte Carlo method and applications to strongly correlated systems
15:00 - 16:00 Hai-Jun Liao

Differentiable Programming Tensor Networks

July 29 (Monday Symposium 2)

9:30 - 10:00 Lei Wang
Neural Canonical Transformations
10:00 - 10:30 Akiko Masaki-Kato

Model Compression of Deep Neural Network
10:30 - 11:00 Yusuke Nomura

Machine learning solvers for strongly-correlated systems
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11:00 - 11:30 Tetsuya Sakurai

Development of Efficient Algorithms for Higher Order Tensor Renormalization Group

11:30 - 12:00 Keiichi Tamai
Statistical Description of Spatially Extended Classical Systems: Semi-bottom-up Approach
13:00 - 13:30 Qibin Zhao
Tensor Network Representations in Machine Learning
13:30 - 14:00 Ning Zheng
Nonnegative Tensor Ring Decomposition with Graph Laplacian Regularization
14:00 - 14:30 Hiroshi Shinaoka

Tensor learning approach to sparse QMC sampling of two-particle Green's function in DMFT
14:30 - 15:00 Tota Nakamura

Gaussian kernel method as an improved estimator of magnetization curve and spin gap
15:30 - 16:00 Synge Todo

Optical bistability in a low-photon-density regime
16:00 - 16:30 Jun Takahashi

Sign-problem free model for deconfined quantum criticality with plaquette VBS
16:30 - 17:00 Wen-Tao Xu

Tensor network state approach to quantum topological phase transitions

and their criticalities of Z2 topologically ordered states

17:00 - 17:30 Hiroshi Ueda
Critical behavior of the two-dimensional dodecahedron model
17:30 -19:00 Poster Session 2
July 31
10:00 - 12:00 Lei Wang

Secrets of Deep Learning
15:00 - 16:00 Natalia Chepiga

Floating phase versus chiral transition in 1D constrained models

August 5 (Monday Symposium 3)
9:30 - 10:00 Cristian D. Batista
Vison Crystals in an Extended Kitaev Model on the Honeycomb Lattice
10:00 - 10:30 Yoshi Kamiya
Non-semiclassical spin dynamics in the triangular lattice quantum antiferromagnet
10:30 - 11:00 Ryui Kaneko
Probing the numerical accuracy of the tensor-network representation for the Kitaev spin liquid
11:00 - 11:30 Chisa Hotta
Evaluating response functions from linear to nonlinear regime at finite temperature
11:30 - 12:00 Takahiro Misawa
Development of open-source software packages for quantum lattice models and their applications to quantum spin liquids
13:00 - 13:30 Zeniji Hiroi
Dimensional reduction by geometrical frustration
13:30 - 14:00 Tsuyoshi Okubo
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Large spin fluctuation in the magnetization process of frustrated square lattice Heisenberg model
14:00 - 14:30 Hyun-Yong Lee

Abelian and Non-Abelian Chiral Spin Liquids in a Compact Tensor Network Representation
14:30 - 15:00 Masaki Oshikawa

Universal Gap Scaling in Finite Quantum Ising Chains

15:30 - 16:00 Satoru Nakatsuji
Quantum Metamagnetic Transition in a Spin Ice Systems —Spin-Orbital-Liquid?—
16:00 - 16:30 Takafumi Suzuki
Quantized excitation spectra in quasi-one-dimensional S=1 Spin chains
16:30 - 17:00 Ying-Jer Kao
Fate of two quantum spin liquids on the kagome lattice
17:00 - 17:30 Toru Sakai
Numerical Diagonalization Study on Frustrated Magnets
17:30 - 19:.00 Poster Session 3
August 6
10:00 - 12:00 Cristian D. Batista
Dynamical structure factor of the triangular Heisenberg model
15:00 - 16:00 Youhei Yamaji

Finite-temperature excitation spectra of spin-orbit coupled Mott insulators

August 7
10:00 - 12:00 Masaki Oshikawa
Response of Quantum Many-body System to U(1) Gauge Field
15:00 - 16:00 Yoshi Kamiya
Quantum Monte Carlo simulation of interacting Majorana fermions on the square lattice in the strong coupling limit
August 8
10:00 - 12:00 Tsuyoshi Okubo
Tensor network approach to two-dimensional frustrated spin systems
15:00 - 16:00 Ying-Jer Kao

Correlation functions and fixed points in quantum wire junctions: a tensor network approach

Poster Session 1 (July 22)
P-01 Nisheeta Desai
Spin-S Designer Hamiltonians and Square Lattice Spin-1 Haldane Nematic
p-02 Jun Takahashi
Graph-theoretic approach for multiple discrete symmetry breakings
P-03 Bowen Zhao
Symmetry enhanced discontinuous phase transition in a two-dimensional quantum magnet
P-04 Hideaki Oba
Cost reduction of a swapping part of ATRG
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P-06

P-07

P-08

Shinichiro Akiyama

Phase transition of four-dimensional Ising model with higher-order tensor renormalization group
Daiki Adachi

Anisotropic Tensor Renormalization Group

Wangwei Lan

Tensor Renormalization Group Centered About a Core Tensor

Poster Session 2 (July 29)

P-01

P-02

P-03

P-04

P-05

P-06

P-07

P-08

Wen-Yuan Liu

Accurate finite PEPS algorithm and gapless spin liquid ground state of spin-1/2 J1-J2 Heisenberg model on squate lattices
Seishiro Ono

Toward data-driven investigation of bulk topological (crystalline) superconductors

Koki Kitai

Accelerating metamaterials design by quantum annealing

Chao Li

Topology Learning of Higher-order Tensor Network Decomposition via Genetic Algorithm

Vijay Chilkuri

Unitary Group Adapted lterative Configuration Expansion Variational Ansatz: Implementation and Applications
Hiroki Oshiyama

Kibble-Zurek physics in the transverse Ising chain coupled to a bosonic bath

Yuichi Motoyama

Analytic continuation by combining the sparse modeling method with the Padé method

Kana Nataochi

Tensor renormalization group method with oblique projection for stochastic process

Poster Session 3 (August 5)

P-02

P-03

P-04

P-05

P-06

P-07

P-08

P-09

25

Tokuro Shimokawa
Ground state and thermodynamic properties of the S=1/2 bilayer breathing-kagome Heisenberg magnet
Seyed Reza Ghazanfari
Topological phase transition in the field induced Kitaev model on the Kagome lattice
Kota Mitsumoto
Simultaneous spin and orbital glass transitions in a model frustrated pyrochlore magnet without quenched disorder
Yuko Watanabe
Quantum Fluctuations in the Neutral Ground State of TTF-CA:
Resonating Hartree-Fock Approach beyond the Adiabatic Approximation
Takatoshi Fujita
Development of Large-Scale GW+Bethe-Salpeter Equation Method for Organic Optoelectronic Materials
Fumitatsu lwase
Ab initio calculation of electric-field gradients in CCI3COHal (Hal=F, Cl, Br, 1)
Munehisa Matsumoto
Scaling 4f-3d intermetallics
Yasuhiro Tada

DMRG study of spinless fermions on pi-flux square lattice
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and Quantum Beamlines
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Behavior of materials in deep Earth and planets, such as silicate minerals, iron alloys, water and hydrogen- and
helium- gases in solid and liquid states, are still almost unknown. Our goal [1] is to establish the basic knowledge of
these materials to understand the history of Earth and planets by combining the first principles quantum calculations
on K and Fugaku Supercomputers with diffraction and spectroscopy measurements at quantum beamlines such as
SPring-8, SACLA, and J-PARC.

In this talk I will introduce our calculation of X-ray Raman scattering spectrum of solid oxygen [2,3].

[1] Post-K Exploratory Challenge 1-1-C, “Structure and Properties of Materials in Deep Earth and Planets”.
http://www.iitaka.org/~xmat/

[2] H. Fukui et al., PNAS, 201905771 (2019).
http://dx.doi.org/10.1073/pnas.1905771116

[3] L. T. Anh et al., Sci. Rep. 9, 8731 (2019).
http://dx.doi.org/10.1038/s41598-019-45314-9
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Owing to the unusual geometry of kagome lattices, their electrons are useful for studying the physics of frustrated,
correlated and topological quantum electronic states. In the presence of strong spin—orbit coupling, the magnetic and
electronic structures of kagome lattices are further entangled, which can lead to hitherto unknown spin—orbit
phenomena. In this talk, I will discuss two of the kagome magnets we studied, Mn3Sn and Fe3Sn2, using a scanning
tunneling microscopy with a vector-magnetic- field capability and temperature control.

Mn3Sn is a strongly correlated antiferromagnet consisting of only kagome layers. We observe a pronounced
resonance with a Fano line shape at the Fermi level resembling the Kondo resonance previously observed in some f-
electron materials. The magnetic field and temperature dependence indicate its strongly interacting nature. Our new
results uncover the emergent many-body resonance behavior in an antiferromagnetic topological material but without

f-electrons.



Fe3Sn2 is a ferromagnet containing a kagome bilayer. We discover that its many-body electronic state couples
strongly to the vector field with three-dimensional anisotropy, exhibiting a giant nematic energy shift. We further
manipulate the nematicity with our vector magnetic field due to its giant spin-driven electronic responses, which points
to the realization of an underlying correlated magnetic topological phrase. It provides new ways of controlling spin-

orbit properties and exploring emergent phenomena in topological quantum materials [1].

[1] Yin, J., Zhang, S.S. et al. Nature 562, 91-95 (2018).

B 2 )9 T At 3 J— : Nanoscopy of charge fluctuations in matter — Scanning Noise Microscope
(SNoiM)-
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All material generates fluctuating electromagnetic (EM) evanescent field on its surface due to charge/current
fluctuations, which are thermally agitated (thermal noise) or non-thermally excited (excess noise or shot noise). In
general, current fluctuation (or noise) in a nanoscale region of the material carries key information of the local
thermal/nonequilibrium phenomenon taking place at the given point [1]. In this seminar, I will describe an
unprecedented novel microscope, called terahertz (THz) scanning noise microscope (Fig. 1(a)), which maps ultrahigh
frequency (15-30 THz, 1 THz= 1012 Hz) current fluctuation with nanoscale spatial resolution. THz SNoiM is
demonstrated to be a powerful and unique experimental tool for studying local nonequilibrium dynamics in a variety
of material systems [2-4]. The example shown in Fig. 1(b) is the first direct visualization of hot electrons in a
GaAs/AlGaAs quantum well (QW) device, which reveals the fundamental nature of non-local hot electron energy
dissipation [4]. Physical processes probed by SNoiM are inaccessible with any other currently known methods.
Particularly, it has been demonstrated [5] that conventional near-field microscope with external light excitation is

unable to image the same phenomena that are visualized by SNoiM.

Reference:

1] S. Komiyama, J. Appl. Phys. 125, 010901 (2019).
2] S. Komiyama et al., arXiv: 1601.00368.

3] Q. Weng et al., Nano Lett. 18, 4220 (2018).

4] Q. Weng et al., Science 360, 775 (2018).
]

[
[
[
[
[6] Q. Weng et al., Appl. Phys. Lett. 114, 153101 (2019).
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[1] N. Nagaosa et al. Rev. Mod. Phys. 82 1539 (2010).
[2] M.-T. Suzuki et al. Phys. Rev. B 95 094406 (2017).
[3] G. Pizzi et al. Journal of Physics: Condensed Matter (2019). (arxiv:1907.09788).
(4]

4] T. Koretsune et al. in preparation.
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Future quantum technologies rely on the understanding of the interaction between different electronic states in
atoms or molecules. Surface supported atomic and molecular systems provide a base for such investigations with the
particular advantage of addressability. In our work we establish on-surface architectures which exhibit extraordinary
magnetic and quantum properties originating from the reduced dimensionality of the self-assembled and atomically
precise architectures.

Quantum well arrays, exhibiting band-like electronic states [1] for example, can be produced by the interaction of
porous on-surface networks with 2D Shockley-type surface states. These quantum wells have been modified by the
adsorption / condensation of Xe atoms [2,3]. By designing the Xe filling pattern in the array, a quantum breadboard
can be realized in remembrance of the breadboards used for testing electronic circuitry.

2D ‘checkerboard’ architectures of magnetic molecules containing different e.g. Fe, Mn spins, on exhibit particular
magnetic properties and serve as templates for the modification of spins by e.g. ligands. On magnetic substrates their

spin state is strongly determined by the substrate and can be selectively switched by ligation to e.g. NH3 [4]. On non-



magnetic Au(111), we have observed the first example of 2D ferrimagnetic long-range order and remanence due to the
RKKY interaction mediated by the surface states of the support [5].

Self-assembled 2D architectures contribute to our understanding of fundamental interactions involved in low
dimensional systems. In addition, we can put these in the framework of existing models towards their further

development.

Reference
[1] Lobo-Cheeca, J. et al., Science 325, 300, (2009)
[2] Nowakowska, S. et al., Nat. Commun.
DOI: 10.1038/mcomms7071, (2015)
[3] Nowakowska, S. et al., Small 12, 3757, (2016)
[4] Ballav N., et al., JPCL, 4, 2303, (2013)
[5] Girovsky, J. et al., Nat. Commun.
DOI: 10.1038/ncomms15388, (2017)
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One of the most exotic phenomena in condensed matter systems is the emergence of fractionalized particles. However,
until now, only a few experimental systems are known to realize fractionalized excitations. This calls for more
systematic ways to find and understand systems with fractionalization. One natural starting point is to look for an
exotic quantum criticality, where the fundamental degrees of freedom become insufficient to describe the system
accurately. Furthermore, understandings in exotic quantum critical phenomena would provide a unified perspective
on nearby gapped phases, i.e. a guiding principle to engineer the system in a desirable direction that may host anyons.
In this talk, I would present my works on quantum phase transitions between fractional Chern/Quantum Hall
insulators tuned by the strength of lattice potential [PRX 8, 031015 (2018)]. Here, the low-lying excitations are already
fractionalized; therefore, the deconfined fractional excitations follows more naturally, which is described by Chern-
Simons quantum electrodynamics. The numerical results using iDMRG as well as theoretical analysis of their
emergent critical properties would be presented. In the end, I would discuss their spectroscopic signatures, providing
a full analysis of experimental verification. If time allows, I would talk about my other recent works on quantum

magnets in 1+1 dimension.
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iR © ) Y1 T At 3 J— : Chiral recognition, spin filtering and molecular machines in two-dimensional
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Molecular recognition among chiral molecules on surfaces is of paramount importance in biomineralization,
enantioselective heterogeneous catalysis, and for the separation of chiral molecules into their two mirror-image
isomers (enantiomers) via crystallization or chromatography. Understanding the principles of molecular recognition
in general, however, is a difficult task and calls for investigation of appropriate model systems. One popular approach
is thereby studying intermolecular interactions on well-defined solid surfaces, which allows in particular the use of
scanning tunneling microscopy (STM). Examples of chiral amplification via the so-called ‘sergeant-and-soldiers’ effect
as well as manipulation of chiral adsorbates via inelastic electron tunneling will be presented. In a Pasteur-type
experiment at the nanoscale, molecules that constitute a dimer are spatially separated with a molecular STM tip and
their absolute handedness is determined with submolecular resolution STM.

Moreover, we report spin-dependent filtering of electrons by monolayers of these helical molecules. Finally, the first
successful electrical current-driven unidirectional motion of a synthetic molecule, the so-called nanocar, will be
presented and compared to recent results obtained for smaller molecular machines propelled by inelastic electron

tunneling.

i Bighik 2 J— ¢ Ab initio molecular properties on a quantum computer: Green’s functions and
response functions
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Since the information carrier of a programmable quantum computer is a set of qubits that exploits the principle of
superposition, essentially parallel algorithms can exist and perform computation for classically formidable problems.
Quantum chemistry is believed to be one of the most suitable research fields for quantum computation since its
problem setting is quantum mechanical by definition. There exist multiple ab initio approaches to obtain the ground
state of an interacting electronic system such as the variational quantum eigensolver (VQE) [1] and imaginary-time
evolution [2]. Apart from which approach is adopted among them, the need for calculation of various physical
properties of the target system arises. We proposed recently schemes for the construction of Green’s function [3] and
linear-response functions [4] of an interacting electronic system by using statistical sampling on a quantum computer.
We performed classical simulations of such construction for molecular systems by comparing with the accurate ones
based on the full configuration interaction calculations. The details of schemes and the results of simulations will be

explained in the talk.



[1] Peruzzo et al., Nat. Commun. 5, 4213 (2014).

[2] Jones et al., Phys. Rev. A 99, 062304 (2019).

[3] Kosugi and Matsushita, Phys. Rev. A 101, 012330 (2020).
[4] Kosugi and Matsushita, arXiv:1911.00293
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