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LECTURES
June 28 (Tue)

June 29 (Wed)

June 30 (Thu)

July 1 (Fri)

July 5 (Tue)

July 6 (Wed)

July 7 (Thu)

July 8 (Fri)

July 12 (Tue)

July 13 (Wed)

July 14 (Thu)

July 15 (Fri)

N. Kawashima (ISSP)
G. Evenbly (UC Irvine)
M. C. Baiiuls MPQ)
G. Evenbly (UC Irvine)
R. Orts Mainz)

M. Oshikawa (ISSP)

T. Takayanagi (Kyoto)
R. Ortis (Mainz)

0. Legeza (Wigner RCP)

F. Pollmann (MPIPKS)

F. Verstraete (Vienna)
F. Pollmann (MPIPKS)

F. Verstraete (Vienna)
N. Schuch MPQ)
T. Nishino (Kobe)
N. Schuch

P. Corboz (Amsterdam)
T. Xiang (CAS, Beijing)
P. Corboz (Amsterdam)
T. Xiang

L. Tagliacozzo (U. Strathclyde)

Y. -J. Kao (NTU)
T. Tohyama (TUS)

N. Kawashima (ISSP)

SYMPOSIUM I (June 27 (Mon))

10:00 N. Kawashima (ISSP)
10:15 G. Evenbly (UC Irvine)
10:45 Z.-Y. Xie (RUC, Beijing)
11:15 M. C. Banuls MPQ)

11:45

13:30 N. Nakatani (Hokkaido U.)
14:00 S. Morita (ISSP)
14:30 M. T. Fishman(Caltech)

Opening

PROGRAM

Introduction

Lecture 1: Introduction to the MERA

Using TNS for Lattice Gauge Theories

Lecture 2: Introduction to tensor network renormalization
Lecture 1: From qubits to entanglement, and then to Matrix
Product States

Matrix-Product States and Symmetry-Protected Phases
Continuous MERA and Holography

Lecture 2: Simulating 2d systems with PEPS

Tensor product methods and entanglement optimization for models
with long range interactions

Detecting topological orders from Matrix-Product State based
simulations (1)

Matrix Product States and Matrix Product Operators (1)
Detecting topological orders from Matrix-Product State based
simulations (2)

Matrix Product States and Matrix Product Operators (2)
Topological order in Projected Entangled Pair States (1)
Tensor Product States applied to Statistical Lattice Models

Topological order in Projected Entangled Pair States (2)

Introduction to iPEPS (1)

Renormalization of Tensor Network Models (1)

Introduction to iPEPS (2)

Renormalization of Tensor Network Models (2)

Constructing lattice gauge theories with Tensor Networks
Programming tensor network algorithms

Dynamical properties of strongly correlated electron systems
studied by density-matrix renormalization group

Closing

Entanglement renormalization and wavelets

Some Progress on Tensor Renormalization Group
Using TNS for Lattice Gauge Theories

Lunch

Matrix Product Multi-Linear Algebra Library
Parallel library for tensor network method (tentative)

Compression of Correlation Matrices and an Efficient Method for Forming

Matrix Product States of Fermionic Gaussian States
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15:00
15:30

16:00
16:30
17:00

I. P. McCulloch (Queensland)

K. Harada (Kyoto)
H. Ueda (AICS, RIKEN)
R.Oras (Mainz)

SYMPOSIUM II (July 4 (Mon))

10:00
10:30

11:00
11:30
12:00
13:00
13:30
14:00
14:30
16:00
16:30

17:00

H.-J. Liao (CAS, Beijing)
T. Okubo (ISSP)

H.-Y. Lee (SKKU)
F. Verstraete (Vienna)

T. Takayanagi (Kyoto)
S. Yang (Perimeter)

T. Nishino (Kobe)

P.-C. Chen (NTHU)
S. Mohri (ISSP)

0. Legeza (Wigner RCP)

SYMPOSIUM I (July 11 (Mon))

10:00
10:15

10:45

11:15
11:45
13:00
13:30

14:00

14:30
15:00
15:30
16:30
16:45

33

M. Takigawa (ISSP)
Y.-J. Kao (NTU)
T. Xiang (CAS, Beijing)

N. Schuch (MPQ)

L. Tagliacozzo (U. Strathclyde)

T. Yanai (IMS)

T. Tohyama (TUS)

F. Pollmann (MPIPKS)
P. Corboz (AMsterdam)
H.-H. Zhao (ISSP)

N. Kawashima (ISSP)

PMEZE X VE S6 B4 5

Coffee

Topological order and space group symmetry fractionalization in the frustrated
J1-J2 Heisenberg model.

Branching and tensor network

Real-space parallel infinite-size density matrix renormalization group

Kitaev honeycomb tensor networks: exact unitary circuits and applications

Heisenberg antiferromagnet on the Husimi lattice
Magnetization process of kagome lattice Heisenberg antiferromagnets: 1/3
plateau state and effects of Dzyaloshinskii-Moriya interaction

Featureless Quantum Insulator on the Honeycomb Lattice and Square lattice

Lunch

Boundary States in CFTs and Continuous MERA

Tensor networks with loop optimization

Mean-Field Behavior in Uniform Tensor Product State

Poster session

Quantum critical spin-2 chain with emergent SU(3) symmetry

"Order parameters" of bond-type symmetry protected topological phases in
two dimensions

Tensor product methods and entanglement optimization for models with long

range interactions

Greetings

Steady States of Infinite-Size Dissipative Quantum Chains via Imaginary
Time Evolution

Majorana Positivity and the Fermion Sign Problem of Quantum Monte Carlo
Simulations

Chiral Projected Entangled Pair States

Lunch

Finite bond dimension effects in tensor network states

Molecular electronic structure theory based on ab initio density matrix
renormalization group

Density-matrix renormalization group study of Kitaev-Heisenberg models on
honeycomb and triangular lattices

Coffee

Many-body localization: Entanglement and efficient numerical simulations
Recent advances in simulating the 2D Hubbard and t-J models with iPEPS
Variational Monte Carlo Study of fermionic models with tensor networks

Closing
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Aug.8

Openig
Kenichi Takarabe Opening talk
Masashi Takigawa Welcome speech by Director of ISSP

Exotic high-pressure phases

Shinji Tsuneyuki Plenary F}ilrst-principles theoretical study on exotic high-pressure
phases

Shinji Watanabe Invited New quantum criticality revealed under pressure
QCP and superconductivity

Pressure-induced heavy fermion superconductivity in

K ki M hi  Invi .

azuyuki atsubayashi nvited PrToAlso (T=Ti, V)

Tuson Park Invited Quantum critical behavior in the unconventional
superconductor CeRhIns

Naoyuki Tateiwa Invited Miniature ceramic anvil cell mCAC for magnetic

measurements under high pressure

Megabar chemistry

Alexander Drozdov Invited 200 K superconductor at Mbar in sulfur hydride

Mari Einaga Invited Crystal structure in sulfur hydride under high pressure

Poster session(1)

Aug.9 CDW and other novel superconductors

Choong-Shik Yoo Invited Superconductivity and magnetic ordering in dense
molecular systems

Hidekazu Okamura Invited Optical study of excitonic insulator Ta2NiSes under high
pressure

Megabar chemistry

Ross Howie Invited Evidence for phase transitions in hydrogen at multi-Mbar
pressures

Shanti Deemyad Invited The many faces of the lightest metal LITHIUM under
Pressure

. D i i f impl

John Tse Invited yngmlcs and metadynamics of compressed simple
hydrides

Organic superconductor
Pressure and magnetic-field-induced small 2D fermi

Keizo Murata Invited surface in the quasi-1D organic conductor, HMTSF-
TCNQ

Novel design of thermoelectric semiconductor

Takuma Shiga Invited Tuning phqnon transport by nanostructures for
thermoelectrics

Aug.10 Megabar chemistry

CALYPSO: a useful tool for materials discovery at high

Yanming Ma invited
pressures

Eva Zurek invited Teoretical Prediction of Superconducting Hyrides Under
Pressure

Searching for new semiconductors under pressure: Structural study and phase transition

Pressure-induced  decomposition and  precipitate

Bernard Weinstein Invited .. S .
rhar ! ! vt formation in crystals: Prediction of material trends

Searching for new semiconductors under pressure: Electronic and optical properties
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. . . High ff h. i ition i
Sebastian Mahlik Invited 1g plTess.ure eifect op ¢ grge transfer transition in
lanthanide ion dopants in solids
DuckYoung Kim Invited Novel allotrope of silicon (Siz4) with a quasi-direct
bandgap
High TC Superconductors
Hiroki Takahashi Invited Pressure-induced  superconductivity in iron-based
compound BaFe2Ss
Hiroshi Kontani Invited Orbital Order and Superconductivity in FeSe and Other
Fe-based Superconductors
Advanced high-pressure technique and novel chemistry and physics
Takanori Hattori Invited High-pressure neutron diffraction at J-PARC
Poster session(2)
Aug.11 Advanced high-pressure technique and novel chemistry and physics
Next generation synchrotron portable large volume High-
Yann Le Godec Invited P/T/Stress/Tomography cell for extreme chemistry and
earth sciences
Maosheng Miao Invited Novel chemistry under high pressure
Renata Wentzcovitch Invited Nature of the volume isotope effect in H20 ice
Electronic, transport, and optical properties of III-V and other compound semiconductors
under pressure
ITI-V semiconductor under pressure
Experimental and theoretical analysis of electric field
Agata Kaminska Invited effects in  GalN/AIN multi-quantum wells — high pressure
and time resolved study
First-principles analysis of the pressure effects on the
Mikhail Brik Invited structural, electronic and optical properties of binary and
ternary semiconductors
. . High-pressure investigation of deffect levels in
And P Invited .
narew s nvite InAs/InAsSb type-II superlattices
Low dimensional system under pressure
Taizo Sasaki Invited Pressure change of phonon of black phosphorus and
phosphorene
Closing session
Kotani Hiroshi Review talk from WHS
Bernard Weinstein Review talk from HPSP17
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R : Dy-free high coercivity Nd-Fe-B permanent magnet
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Due to the recent concern about the stable supply of heavy rare earth elements, attaining high coercivity in Nd-
Fe-B magnets without Dy has received intense research interest. In this talk, we will update our recent progresses
toward the development of high coercivity Nd-Fe-B permanent magnets. To obtain complete understanding of the
microstructure-coercivity relationships, we revisited the microstructures of Nd-Fe-B sintered and hot-deformed
magnets using aberration-corrected STEM complemented by atom probe tomography (APT). We found that the
structure and chemical composition of the grain boundary phase varies depending on the orientation of grain
boundaries, i.e., the grain boundary phase parallel to the c-planes are mostly crystalline with a higher Nd
concentration in contrast to that lying parallel to the c-axis that contains higher Fe content with an amorphous
structure. Based on these new findings, we developed a method to enhance the coercivity of the anisotropic Nd-Fe-B
magnets substantially without relying on Dy.
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In this talk, we will discuss two types of mechanisms responsible for intrinsic resistance in superfluid spin
transport in easy-plane magnetic wires: thermally-activated and quantum phase slips. First, we theoretically study
thermally-activated phase slips within the stochastic Landau-Lifshitz-Gilbert phenomenology, which runs parallel
to the Langer-Ambegaokar-McCumber-Halperin theory for thermal resistances in superconducting wires [1]. To that
end, we start by obtaining the exact solutions for free-energy minima and saddle points. We provide an analytical
expression for the phase-slip rate in the zero spin-current limit, which involves detailed analysis of spin fluctuations

at extrema of the free energy.

Secondly, we theoretically investigate effects of quantum fluctuations on superfluid spin transport through easy-
plane quantum antiferromagnetic spin chains in the large-spin limit [2]. Quantum fluctuations result in the decaying
spin supercurrent by unwinding the magnetic order parameter within the easy plane, which is referred to as phase
slips. We show that the topological term in the nonlinear sigma model for the spin chains qualitatively differentiates
decaying rate of the spin supercurrent between integer and half-odd-integer spin chains. We propose an experimental
setup for a magnetoelectric circuit, in which both phase slips can be inferred by measuring nonlocal

magnetoresistance.

5% : [1] S. K. Kim, S. Takei, and Y. Tserkovnyak, Phys. Rev. B 93(2), 020402(R) (2016)
[2] S. K. Kim and Y. Tserkovnyak, Phys. Rev. Lett. 116(12), 127201 (2016)
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Spin state is a characteristic degree of freedom in a multi-electron and multi-orbital system (e.g. magnetic ion
under crystal field) where crystal field splitting (A) and Hund's coupling (J ) are delicately competitive. Low spin
[LS] (or high spin [HS]) state emerges when A (or J ) overwhelms the other. Recently, we found a low entropy phase
in a spin crossover cobaltite LaCoO3 at ultrahigh magnetic fields of above 100 T by means of magnetization
measurement up to 140 T [1]. Various exotic orders are claimed as its origin such as LS/HS order and excitonic order.
They are considered to be stabilized by the correlation effects based on analysis of the two-orbital Hubbard model [2,
3]. The excitonic phase is characterized with the spontaneous and quantum-mechanical mixing of the wave functions

of LS and HS states. Whereas, the LS/HS ordered phase is the spatial alternation of the LS and HS states.

In the talk we briefly review our experimental results on LaCoO3 [1] and Y-doped Pr0.7Ca0.3Co0O3 [4]. Then we
discuss the physical origin of the possible stabilization of exotic phases [2] and their field effects [3]. We also mention

our future plan.

[
[2
(3
[4

A. Ikeda et al., Phys. Rev. B 93, 220401(R) (2016).

J. Nasu et al., Phys. Rev. B 93, 205136 (2016)

T. Tatsuno, et al., J. Phys. Soc. Jpn. 85, 083706 (2016)
A. Tkeda et al., Phys. Rev. B 94, 115129 (2016).
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[1] H. Iwasawa et al., Phys. Rev. Lett. 105, 226406 (2010).
[2] H. Iwasawa et al., Phys. Rev. Lett. 109, 066404 (2012).
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We studied several different materials systems with the focus on the appearance of defects. Thereby, alloys, oxides
and surfaces were considered from the theoretical point of view using ab-initio methods. The main results were
achieved with the Korringa-Kohn-Rostoker Green's function method (KKR), which is based on the multiple scattering
theory and the density functional theory. This combination offers advantages compared to other ab-initio techniques
when dealing with disordered systems or magnetic properties. For example, the coherent potential approximation
describes an effective medium, which approximates randomly distributed atoms within the material and was recently
extended to include also nonlocal effects like short-range ordering. On the other hand, the magnetic force theorem

offers a fast and effective method for the calculation of the magnetic exchange interactions.

With these tools, we studied for example disorder in metallic alloys ranging from periodic long-range order over
short-range order and totally disorder to segregation of the alloy constituents. We showed for AgPd alloys that the
short-range order alters strongly the electronic structure [1]. The latter might be then an indicator for short-range
order in experimental investigations. Defects play also a crucial role in oxide systems. The influence of oxygen
vacancies and antisite disorder on the electronic and magnetic properties was studied for SrCoOs[2] and
SreFeMoOQOs[3]. We obtained good agreement with experimental observations. Besides, we calculated the crystal field
parameters for single holmium atoms on a Pt surface from ab-initio and used exact diagonalization in order to resolve
the splitting of the energy levels. The aim was to understand possible excitations and the high magnetic stability of

the holmium atoms observed in surface tunneling experiments[4].

References:

[1] Hoffmann et al J. Phys.: Condens. Matter 28, 305501 (2016)
[2] Hoffmann et al Phys. Rev. B 92, 094427 (2015)

[3] Saloaro et al ACS Appl. Mater. Interfaces 8, 20440 (2016)
[4] Miyamachi et al Nature 503, 242 (2013)
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Atom manipulation with the scanning tunneling microscope (STM) makes it possible to create ultimately small
structures at surfaces. We extended this technique to III-V semiconductors [1,2] and found that an atomically precise
electrostatic surface-potential landscape can be designed by the controlled positioning of charged adatoms. In this
way, quantum dots with identical, deterministic sizes can be created one atom at a time. By using the lattice of the
InAs(111)A surface to define the allowed atomic positions, the shape and location of the dots is controlled with

effectively zero error. The dots are assembled from -1 charged indium adatoms, leading to the confinement of intrinsic
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surface-state electrons [3]. This approach enables one to construct quantum dot assemblies whose quantum coupling
has no intrinsic variation but can nonetheless be tuned over a wide range.

In a related experiment, we found that the charge state and tunneling conductance of a single organic molecule
adsorbed on InAs(111)A can be controlled by the adatom-induced gating potential [4]. Depending on the potential,
the charge state can be tuned from neutral to -1. Moreover, the molecule changes its orientational conformation upon
charging. This coupling between charge and conformation induces a conductance gap more than one order of
magnitude larger than reported previously. The observed behavior can be understood as charge transport through a
gated molecular quantum dot with coupled charge and orientational degrees of freedom.

Atom manipulation in combination with STM-based spectroscopy provides detailed insight into the quantum-
physical properties of artificial surface structures at the smallest size scales. Understanding and controlling these
properties - and the new kinds of behavior to which they can lead - will be crucial for integrating atomic-scale

devices with existing semiconductor technologies.

[1] S. Folsch et al., Phys. Rev. Lett. 103, 096104 (2009).

[2] J. Yang et al., J. Phys. Condens. Mater. 24, 354008 (2012).
[3] S. Félsch et al., Nature Nanotech. 9, 505 (2014).

[4] J. Martinez-Blanco et al., Nature Phys. 11, 640 (2015).
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[2] D. Mizuno, R. Bacabac, C. Tardin, D. Head, and C. F. Schmidt, Phys. Rev. Lett. 102, 168102 (2009).
[3] Irwin Zaid, D. Mizuno, Phys. Rev. Lett. 117, 030602 (2016)
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PR - PG 2 J— : Quantum oscillations and Chiral anomaly without magnetic field in Dirac and
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Elastic strain is known to act as a pseudomagnetic field on the low-energy Dirac electrons present in graphene. We
show that similar effect occurs in the recently discovered class of Dirac and Weyl semimetals whose low-energy
electronic structure resembles that of graphene but promoted to three spatial dimensions. This gives rise to some
remarkable phenomena in these materials including quantum oscillations driven by strain in the complete absence
of external magnetic field and various novel manifestations of the Chiral anomaly such as the concept of "topological
coaxial cable" which supports hydrodynamic flow of electrons with potentially very low dissipation. We describe these

intriguing phenomena in some detail and discuss constraints on their experimental observability.

57  BEBIZE L DB SOBE 4 E  eressssessesssessessssessssesssesssssssssssssssssssssessssssssasssnans sannEENE



B8 - Nonstationary Quantum Hall Effect in a Mesa Junction of a Charge Density Wave Conductor
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The technique of focused ion beams was applied to a quasi 1D compound NbSe3 possessing the charge density
waves (CDW). Here, a micron-width Hall bars stretching transversely to CDW chains were fabricated and studied in
high magnetic fields. The complex of observed nonlinear and nonstationary effects is counterintuitive with respect to
common notion for CDWs: the conductivity drops below the threshold rather than rising, Shapiro steps are quantized
in voltage rather than in current, etc. [1].

The interpretation [1,2] invokes the deformable CDW in a restricted geometry for the quantum limit of carriers in
remnant small pockets. In realities of the NbSe3, the carriers are concentrated at the lowest one-two Landau levels
forming, at no current, a fractionally (n<1) filled quantum Hall (QH) state.

The gigantic dielectric constant of the CDW reduces the electric field of the Hall voltage directed along the CDW
chains allowing for strong redistributions of the electronic density unthinkable in usual circumstances. At low
temperature T<1K, the experimental Hall voltage ~1meV forces all carriers to densely fill a fraction n of the chain
length thus forming, under the current, the integer QH state while leaving the fraction (1-n) of the chain length
unoccupied. The electric field in charged regions adjacent to the boundaries easily exceeds the pinning threshold of
the CDW, then the depinning propagates into the nominally pinned central region via sharp domain walls. Allowing
for phase slips provides the exchange among reservoirs of normal and condensed electrons which gives rise to
compensated collective and normal pulsing countercurrents driven by the Hall voltage.

This scenario is confirmed by a numerical modeling [2].

[1] Yu.l. Latyshev, A.A. Sinchenko A.P. Orlov, S. Brazovskii and P. Monceau, to be publ.
[2] S. Brazovskii, Physica B, 460, 236 (2015).
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Postdoctoral researcher positions at the Institute
for Solid State Physics, The University of Tokyo

10.

11.

. Available position: postdoctoral researcher

. Number of openings: a few

. Job description: Experimental or theoretical research
It is advisable to consult with appropriate faculty members (either professors or associate professors) at ISSP and
develop an appropriate research plan before document submission. Research themes that span more than one
research area at ISSP are also welcome.

. Eligibility: The candidates are expected to meet the following conditions:
(1) Less than 10 years from obtaining a PhD or equivalent degree; Applicants scheduled to obtain a PhD degree

before the starting date are also eligible.

(2) Neither having a primary job nor being a graduate student or postdoc on the scheduled starting date.

Term of office: Initial appointment will be for 2 years, renewed annually It is possible to apply for a one-year
extension after two years.

. Working arrangement/salary:
5 days a week (equivalent to 38 hours 45 minutes). The contract includes unemployment insurance, health
insurance, and a commuting allowance. The annual salary is approximately JPY 4.3 million (including tax).
. Selection /nomination:
Selection is based on the documents listed below. Moreover, a host faculty member is interviewed by a judging
committee.
. Application documents:
(1) Curriculum Vitae
(2) List of Publications
(3) Reprints of up to three major publications
(4) Description of past research and main achievements (within 2 pages/A4 or letter size)
(5) Research plan (within 2 pages/A4 or letter size)

(6) Recommendation letter by an academic supervisor or a reference.

. Deadline:

Application should reach the ISSP general affairs office by 17:00 on April 14, 2017.
Starting date:
After September 1, 2017, before February 28, 2018.
Applications should be addressed to:
(Online submission:)
First, send an e-mail to the following e-mail address.
< ISSP general affairs office > issp-jinji@issp.u-tokyo.ac.jp
State “Application for postdoctoral researcher position (with the name of the Host Professor)” in the subject
line.
Do not attach any documents.
Secondly; upload the application documents. The URL for upload will be informed.
(Postal mail submission:)
Send application documents to enclosed in an envelope and clearly labeled in red color ‘“Application for
postdoctoral researcher position (with the name of the host professor)” on the front. The documents should be
sent by registered mail.

Administration Office,

The Institute for Solid State Physics, The University of Tokyo,
5-1-5 Kashiwanoha, Kashiwa,

Chiba 277-8581,

JAPAN
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