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Workshop Program

Week 1 (July 17-July 21): Monte Carlo Method and Magnetism

July 18, 14:00- N. Kawashima (ISSP, University of Tokyo)

Quantum Monte Carlo algorithms based on world-lines
July 19, 14:00- A. Sandvik (Department of Physics, Boston University)

An introduction to the stochastic series expansion method
July 21, 11:00- N. Trivedi (Physics Department, The Ohio State University)

Dynamics from Quantum Monte Carlo Simulations: Part I
July 21, 14:00- N. Trivedi (Physics Department, The Ohio State University)

Dynamics from Quantum Monte Carlo Simulations: Part I1

Week 2 (July 24-July28): Low-dimensional systems and density matrix renormalization group

July 24, 14:00- T. Kato (ISSP, University of Tokyo)
Quantum Dissipative Systems

July 25, 14:00- S. Miyashita (Department of Physics, University of Tokyo)
Magnetism in Nano-Scale Systems

July 26, 11:00- K. Hida (Department of Physics, Saitama University)

Field Induced Multiple Reentrant Quantum Phase Transitions in Randomly Dimerized
Antiferromagnetic S=1/2 Heisenberg Chains
July 26, 14:00- E. Jeckelmann (Institute for Theoretical Physics, University of Hannover)
Introduction to the Density-Matrix Renormalization Group
July 27, 11:00- K. Okunishi (Department of Physics, Niigata University)
Is DMRG a renormalization group? ---unconventional introduction to DMRG---

July 27, 14:00- E. Jeckelmann (Institute for Theoretical Physics, University of Hannover)
Recent Developments in DMRG
July 28, 14:00- C. Batista (Los Alamos National Laboratory)

Frustration in Low Dimensional Systems

Week 3 (July 31-Aug.3): Novel numerical methods, fermion systems, and various applications

July 31, 14:00- M. Imada (Department of Applied Physics, University of Tokyo)
Fermion Simulations
Aug. 1, 11:00- Y. Motome (Department of Applied Physics, University of Tokyo)

Exact diagonalization study of Mott transition in the Hubbard model on an anisotropic
triangular lattice
Aug. 1, 14:00- J. Corney (Department of Physics, The University of Queensland)
Gaussian Quantum Monte Carlo Methods
Aug. 2, 11:00- K. Harada (Dept. of Applied Analysis and Complex Dynamical Systems, Kyoto Univ.)
Loop Algorithms with Non-Binary Loops



Aug. 2, 14:00- A. Sandvik (Department of Physics, Boston University)

Quantum Monte Carlo simulations in the valence bond basis

Aug. 3, 11:00- P. Werner (Columbia University)
A continuous-time solver for quantum impurity models
Aug. 3, 14:00- S. Todo (Department of Applied Physics, University of Tokyo)

Quantum Phase Transitions in Low Dimensional Magnets

Week 4 (Aug.7-Aug.8): Analytical approaches and systematic numerical approaches

Aug. 7, 14:00- N. Prokof'ev (Department of Physics, University of Massachusetts, Amherst)
Worm algorithm and its applications
Aug. 8, 14:00- M. Troyer (Institut fiir Theoretische Physik, ETH Hiinggerberg)

The ALPS Project: Open Source Software for Classical and Quantum Lattice Models

Symposium Program

9th August
9:50 Kazuo Ueda (ISSP, University of Tokyo)
Opening Address
10:00 Takeo Kato (ISSP, University of Tokyo)
Quantum Monte Carlo study of many-body systems coupled with lattice degrees of freedom
10:30 Minoru Takahashi (ISSP, University of Tokyo)
Calculation of correlation functions of spin 1/2 XXX chain
11:00 Hiroyuki Nojiri IMR, Touhoku University)
Dynamics and magnetization process of triangle based low dimensional systems, ring, tube, helix and
ball
11:30 Hirokazu Tsunetsugu (Yukawa Institute for Theoretical Physics, Kyoto University)

Spin Nematic State in a Triangular Antiferromagnet
12:00 Yukitoshi Motome (Department of Applied Physics, University of Tokyo)

Metamagnetism and related critical phenomena in pyrochlore Heisenberg antiferromagnets
12:30-14:00 (Lunch)

14:00 Naoki Kawashima (ISSP, University of Tokyo)
Emerging spatial structures in SU(N) Heisenberg model

14:30 Kenji Harada (Dept. of Applied Analysis and Complex Dynamical Systems, Kyoto Univsersity)
Quantum Phase Transition between Two Ordered Phases with Unrelated Symmetries

15:00 Eric Jeckelmann (Institute for Theoretical Physics, University of Hannover)

Stripe formation in doped Hubbard ladders

15:30-16:00 (Tea Time)

16:00 Kouichi Okunishi (Department of Physics, Niigata University)
Real space renormalization group approach for the corner Hamiltonian
16:30 Matthias Troyer (Institut fiir Theoretische Physik, ETH Hiinggerberg)

The fate of vacancy-induced supersolidity in *He
17:00 Synge Todo (Department of Applied Physics, University of Tokyo)

Universal Relation in Critical Temperature of Strongly Anisotropic Magnets
17:30 Philipp Werner (Columbia University)

DMFT results for the spin-1/2 Kondo lattice model
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(P17)

(P18)

(P19)

Tomonori Shirakawa (Department of Physics, Chiba University)

Spin-triplet superconductivity in the double-chain Hubbard model with ferromagnetic exchange interaction
Hiroaki Matsueda (Department of Physics, Tohoku University)

Density matrix renormalization group study of dynamics in correlated electron systems with environment
Isao Maruyama (Department of Applied Physics, University of Tokyo)

Stability of One-dimensional Mott Insulators against Charge Fluctuations by the Density Matrix
Renormalization Group Method

Takayoshi Tanaka (Department of Physics, Tohoku University)

Numerical study of diluted orbital

Munehisa Matsumoto (ETH Zurich)

Effects of Impurities in Quasi-One-Dimensional Haldane Antiferromagnets

Andreas Liuchli TRRMA - EPF Lausanne)

Pairing Phase in Bosonic Systems with Correlated Hopping

Chitoshi Yasuda (Dept. of Physics and Mathematics, Aoyama Gakuin University)
Bond-Dilution-Induced Quantum Phase Transitions in Heisenberg Antiferromagnets

Hiroaki Onishi (Advanced Science Research Center, Japan Atomic Energy Agency)

Low-energy properties of one-dimensional spin-orbital model

Hideaki Obuse (Condensed Matter Theory Laboratory, RIKEN)

Surface and corner multifractality in two-dimensional symplectic class

Takashi Oka (Department of Physics, University of Tokyo)

Non-linear transport in a commensurate CDW and universal KPZ fluctuation

Nobuya Maeshima (Institute for Molecular Science)

Dynamical properties of photoexcited states in one-dimensional dimerized Mott insulators

Shiro Sakai (Department of Physics, University of Tokyo)

Quantum Monte Carlo study of the multiorbital Hubbard model with spin and orbital rotational
symmetries

Yoichi Asada (Department of Physics, Tokyo Institute of Technology)

The Anderson transitions in 3D, 2D, and below 2D

Sei Suzuki (Department of Physics, Tokyo Institute of Technology)

Mean field quantum annealing

Chisa Hotta (Aoyama Gakuin University)

New type of quantum liquid of spinless fermions on an anisotropic triangular lattice

Shin Miyahara (Aoyama Gakuin University)

Magnetization plateaux for distorted triangular antiferromagnet Cs2CuBra

Kiyomi Okamoto (Department of Physics, Tokyo Institute of Technology)

Re-entrant quantum phase transitions with respect to the XXZ anisotropy parameter in spin chains
Yasuyuki Kato (Institute of Solid State Physics, University of Tokyo)

Modification of Directed-Loop Algorithm for Continuous Space Simulation of Bosonic Systems

August 10, 2006

9:00

9:30

10:00

11:00

11:30

Daniel Cox (Institute for Complex Adaptive Matter of the University of California)
ICAMipedia

Daniel Cox (Institute for Complex Adaptive Matter of the University of California)
I2CAM Fellowships

Masashi Takigawa (ISSP, University of Tokyo)

A new high field phase in the frustrated 2D dimer spin system SrCu2(BOs)2

10:30-11:00 (Tea time)

Hidekazu Tanaka (Tokyo Institute of Technoloby)

Magnetic Quantum Phase Transitions and Critical Behavior in TICuCls and KCuCls

Marcelo Jaime (National High Magnetic Field Laboratory, Los Alamos National Laboratory)

A Bose-Einstein condensate of magnons in anisotropic quantum magnets BaCuSi2Os and NiClz-4SC(NHz)2



12:00 Cristian Batista (Condensed Matter and Statistical Physics, Los Alamos National Laboratory)
Geometrical Frustration and Dimensional Reduction at a Quantum Critical Point

12:00-14:00 (Lunch)

14:00 Takafumi Suzuki (ISSP, University of Tokyo)
Searching for a supersolid phase in three dimensions
14:30 Toru Sakai (Japan Atomic Energy Agency/Spring-8)
Field-Induced Quantum Critical Phenomena in Quasi-1D Spin Systems
15:00 Kazuo Hida (Department of Physics, Saitama University)
Emergence of Long Period Antiferromagnetic and Ferrimagnetic Orders Due to Anisotropy Modulation
in High Spin Heisenberg Chains

15:30-16:00 (Tea Time)

16:00 Masayuki Hagiwara (High Magnetic Field Laboratory, Osaka University)
Tomonaga-Luttinger liquid induced by a magnetic field in a gapped quasi-1D antiferromagnet
16:30 Masatoshi Imada (Department of Applied Physics, University of Tokyo)
Quantum Critical “Opalescence”
17:00 Joel Corney (Department of Physics, The University of Queensland)
Phase-space methods for fermions: bounded distributions and stochastic gauges
17:30 Kazushi Kanoda (Department of Applied Physics, University of Tokyo)
Highly Correlated Electrons on Triangular Lattice; Mott Criticality, Spin Liquid and Superconductivity
18:00 Party

August 11, 2006

9:00 Christian Riiegg (Department of Physics and Astronomy, University College London)

Finite Temperature Effects on the Excitation Spectrum in Quantum Critical Magnetic Insulators
9:30 Hiroshi Kageyama (Department of Chemistry, Graduate School of Science, Kyoto University)

Ton Exchange as a Tool to Explore Two-Dimensional Square Lattice Antiferromagnets
10:00 Tsutomu Momoi (RIKEN)

Magnetic multipole orders in frustrated ferromagnets

10:30-11:00 (Tea Time)

11:00 Yutaka Okabe (Department of Physics, Tokyo Metropolitan University)

Duality and finite-size scaling analysis of the two-dimensional diluted Villain model
11:30 Hideaki Maebashi (ISSP, University of Tokyo)

Kondo Problems in Quantum Critical Environments
12:00 Seiji Miyashita (Department of Physics, University of Tokyo)

Magnetic structure in inhomogeneous systems and time-dependent systems

12:30-14:00 (Lunch)

14:00 Naomichi Hatano (Institute of Industrial Science, University of Tokyo)

A numerical algorithm for the eigenvalue distribution of non-Hermitian matrices
14:30 C. L. Henley (Cornell University)

The correlation density matrix: new tool for analyzing exact diagonalizations?
15:00 Masaki Oshikawa (ISSP, University of Tokyo)

Ferromagnetism and Quantum Statistics
15:30 Nikolay Prokof'ev (Dept. of Physics, University of Massachusetts, Amherst)

Flowgram method for precise studies of poly-critical points and deconfined criticality as a theory of weak
first order transitions

16:00 Anders Sandvik (Department of Physics, Boston University)
Deconfined quantum criticality in a 2D Heisenberg model with four-spin interactions
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Workshop Abstract

July 18 Quantum Monte Carlo algorithms based on world-lines
N. Kawashima (ISSP, University of Tokyo)

A brief review is given on various quantum Monte Carlo methods and their relationships. Starting from the
Swendsen-Wang algorithm for the Ising model, I discuss the loop algorithm as a natural extention of the SW
algorithm to quantum systems. Also discussed is the relationship of the loop algorithm to a few other important
algorithms, such as the stochastic-series-expantion method and the worm algorithm. I will also mention possible
further generalizations and important open problems.

July 19 An introduction to the stochastic series expansion method
A. Sandvik (Department of Physics, Boston University)

Stochastic series expansion has emerged as one of the most powerful methods for studying quantum spin and boson
systems, at finite temperature as well as in the ground state (ultra-low temperatures at which finite 7 effects are
completely negligible). Here I will give a basic introduction to the method, focusing on applications to the S=1/2
Heisenberg model for which a loop algorithm is particularly efficient and easy to implement.

July 21-1 Dynamics from Quantum Monte Carlo Simulations: Part I
N. Trivedi (Physics Department, The Ohio State University)

The first part will focus on 7=0 variational methods. I will show how dynamical information about excitations can
be obtained using exact sum rules and moments of the spectral function. I will apply these ideas to the
superconducting state of cuprates. I will also discuss the effects of disorder on the excitation spectrum of the
cuprates.

July 21-2 Dynamics from Quantum Monte Carlo Simulations: Part II
N. Trivedi (Physics Department, The Ohio State University)

The second part will focus on non-zero 7" methods: Path integral quantum Monte Carlo and Determinantal
quantum Monte Carlo methods. I will show how the imaginary time information on the spin, charge and current
correlations can be analytically continued ‘without much sweat’ to obtain the corresponding behavior of the NMR
relaxation rate, the density of states and conductivity at low energies. I will apply these ideas to the BCS-BEC
crossover in cold atoms with a discussion of the pseudogap behavior as well as conductivity at the SC-I transition in
quench condensed films.

July 24 Quantum Dissipative Systems
T. Kato (ISSP, University of Tokyo)

I will review theoretical study of macroscopic quantum systems with dissipation. After the introduction of
fundamental aspects including the coherent-incoherent crossover, localization transition, relevance to the Kondo
problems, I will present recent numerical study on quantum dissipative systems.

July 25 Magnetism in Nano-Scale Systems
S. Miyashita (Department of Physics, University of Tokyo)

I will discuss types of dynamical magnetization processes of molecular magnets depending on the energy structure
at the avoided level structure. So far we have studied a mechanism due to the non-adiabatic transition (Landau-
Zener type) and a mechanism due to a kind of thermal process (Magnetic Feohn type). We will discuss the
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dependence of magnetic plateau on the parameters of the system. WE also study mechanisms of the energy gap and
characteristics of magnetic ground state. I will also discuss on the dynamical properties of one-dimensional chains.

July 26-1 Field Induced Multiple Reentrant Quantum Phase Transitions in Randomly Dimerized
Antiferromagnetic S=1/2 Heisenberg Chains

K. Hida (Department of Physics, Saitama University)

The multiple reentrant quantum phase transitions in the S=1/2 antiferromagnetic Heisenberg chains with random
bond alternation in the magnetic field are investigated by the density matrix renormalization group method
combined with interchain mean field approximation. It is assumed that odd numbered bonds are antiferromagnetic
with strength o/ and even numbered bonds can take the values & and Jy (J>>>0) randomly with the
probabilities p and 1-p, respectively. The pure version (p=0 and p=1) of this model has a spin gap but exhibits a
field-induced antiferromagnetism in the presence of interchain coupling if Zeeman energy due to the magnetic field
exceeds the spin gap. For 0<p<1, antiferromagnetism is induced by randomness at the small field region where the
ground state is disordered due to the spin gap in the pure version. At the same time, this model exhibits randomness
induced plateaus at several values of magnetization. The antiferromagnetism is destroyed on the plateaus. As a
consequence, we find a series of reentrant quantum phase transitions between transverse antiferromagnetic phases
and disordered plateau phases with the increase of magnetic field for a moderate strength of interchain coupling.
Above the main plateaus, the magnetization curve consists of a series of small plateaus and the jumps between them.
It is also found that antiferromagnetism is induced by infinitesimal interchain coupling at the jumps between the
small plateaus. We conclude that this antiferromagnetism is supported by the mixing of low-lying excited states by
the staggered interchain mean field even though the spin correlation function is short ranged in the ground state of
each chain.

July 26-2 Introduction to the Density-Matrix Renormalization Group
E. Jeckelmann (Institute for Theoretical Physics, University of Hannover)

The Density Matrix Renormalization Group (DMRG) designates a set of numerical techniques for studying a broad
class of quantum and classical systems. In this talk I will first introduce the underlying concepts of the DMRG,
starting from Wilson's Numerical Renormalization Group. Then I will describe White's original DMRG algorithms
for calculating ground state and low-energy properties in one-dimensional quantum lattice models of interacting
spin and fermions. An analysis of numerical errors in DMRG calculations follows. Some aspects of an efficient
implementation of the algorithms will also be discussed. Finally, I will give an overview of extensions to the DMRG
algorithm, including the treatment of two-dimensional quantum systems and non-local Hamiltonians in quantum
chemistry and nuclear physics, systems with bosonic degrees of freedom, the calculation of dynamical properties,
and applications to transfer matrices for classical and finite-temperature quantum systems.

July 27-1 Is DMRG a renormalization group? ---unconventional introduction to DMRG---
K. Okunishi (Department of Physics, Niigata University)

In this second talk, I will first present the variational formulation of DMRG based on matrix- and tensor-product
states. Then I will briefly discuss the relationship to quantum information and entanglement. Recent developments
in generalizing the DMRG to calculate the spectral properties and the full time evolution of quantum systems
(transport, dissipation, ...) will be discussed in detail and some new algorithms based on matrix- and tensor-product
states will be outlined.

Density matrix renormalization group has been established as one of the most reliable numerical tools to
investigate the ground state of 1D quantum many body systems. In fact, a lot of interesting properties of 1D
quantum spin/correlated electron systems have been clarified by DMRG. Moreover, a variety of extensions of
DMRG is recently developing, such as dynamical DMRG, time dependent DMRG....etc. Of course, these are
fascinating and important topics. In my talk, however, I want to focus on some fundamental ideas behind DMRG
rather than recent algorithmic/technical developments. This is partly because the theoretical back ground of DMRG
seems to have connections to a wide area of physics such as quantum imformation, integrable systems, .... I think
that a review of the theoretical background becomes potentially important in considering such connections to other
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fields in physics. Another reason is that a certain part of my interest is now toward some fundamental question that
has been attracting me since begining of my research on DMRG: Is DMRG a renormalization group in the Wilson's
sense?

Plan of my talk is following: (1) matrix product eigenvector and variational approximation for a transfer matrix in
2D classical systems, (2) connection to the ground state of a quantum Hamiltonian(White's DMRG), (3) matrix
product wavefunction in the Hamiltonian problem, (4) “critical phenomena” in the reduced density matrix, (5) Is
DMRG a renormalization group?: a comparison to the Wilson's NRG, etc...

In the first half, I try an unconventional introduction to DMRG, starting from the transfer matrix in a 2D classical
system. Then I want to explain recent my consideration about DMRG. Thus the latter half may include not
established but trial contents.

July 27-2 Recent Developments in DMRG
E. Jeckelmann (Institute for Theoretical Physics, University of Hannover)

In this second talk, I will first present the variational formulation of DMRG based on matrix- and tensor-product
states. Then I will briefly discuss the relationship to quantum information and entanglement. Recent developments
in generalizing the DMRG to calculate the spectral properties and the full time evolution of quantum systems
(transport, dissipation,...) will be discussed in detail and some new algorithms based on matrix- and tensor-product
states will be outlined.

July 28 Frustration in Low Dimensional Systems
C. Batista (Los Alamos National Laboratory)

In this lecture I will introduce the notion of geometric frustration and discuss its multiple consequences for low
dimensional quantum magnets. We will analyze the role of frustration in different models. In some cases, the
theoretical predictions will be contrasted with experimental results on magnetic insulators that are well described
by the corresponding model Hamiltonian. We will also construct models based on theoretical grounds to demonstrate
the possibility of exotic phases with fractional excitations in two or three-dimensional systems. These examples will
help us to understand how geometric frustration amplifies the effect of quantum fluctuations leading to exotic states
of matter.

July 31 Fermion Simulations
M. Imada (Department of Applied Physics, University of Tokyo)

I review unbiased numerical methods for strongly interacting Fermion systems. I particularly focus on methods
which are free of negative sign problem. Applications including the studies on quantum spin liquid phase are also
discussed.

Aug 1-1 Exact diagonalization study of Mott transition in the Hubbard model on an anisotropic
triangular lattice
Y. Motome (Department of Applied Physics, University of Tokyo)
We present our recent results on the effect of geometrical frustration on the Mott transition. Recently it has been
suggested in both experiments and theories that the frustration can open a way to have an insulating phase without
any conventional symmetry breaking such as an antiferromagnetic order. To examine this possibility further, we
theoretically study the metal-insulator transition in the Hubbard model on an anisotropic triangular lattice by the
Lanczos exact diagonalization method. We carefully analyzed finite-size effects by imposing the twisted boundary
conditions to extract intrinsic properties of phase transitions. The phase diagram is obtained by the systematic
analyses of the Drude weight, double occupancy and magnetic correlations, and is discussed in comparison with
other theoretical results.
This work has been done in collaboration with T. Koretsune and A. Furusaki.
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Aug 1-2 Gaussian Quantum Monte Carlo Methods
J. Corney (Department of Physics, The University of Queensland)

Gaussian Quantum Monte Carlo Methods are a class of simulation methods based on phase-space representations
of quantum states. By use of an appropriate over-complete basis set, one can represent arbitrary quantum density
operators as positive distributions over a generalised phase-space. Such a representation allows quantum
evolution, either in real time or inverse temperature, to be viewed as a continuous stochastic evolution of phase-
space variables.

Phase-space methods based on coherent-state expansions have long been used to simulate bosonic systems, with
great success. The original positive-P representation, based on a coherent-state expansion, was successful in
simulating light propagation in nonlinear media and calculating the resultant quantum correlations. It was also
used to simulate the short-time dynamics of Bose-Einstein condensate formation. The extension to general Gaussian
bases means that fermionic systems, such as the Hubbard model, can also be simulated.

In this talk, T will give an overview of phase-space methods in general and Gaussian QMC in particular. I discuss
the limitations of coherent-state based methods and the advantages of using a Gaussian basis. Using the example of
the Hubbard model, T will show how the Gaussian method can be applied to nontrivial problems, discussing its
advantages and challenges. I will also cover issues to do with numerical implementation, and ways to extend the
applicability of Gaussian QMC beyond the current implementations.

Aug 2-1 Loop Algorithms with Non-Binary Loops
K. Harada (Dept. of Applied Analysis and Complex Dynamical Systems, Kyoto Univ.)

Using a non-local update in a quantum Monte Carlo (QMC) simulation, we can sample various configurations for a
quantum model very efficiently. The loop algorithm is one of the QMC algorithms with a non-local update in the
shape of a loop. Particularly a loop update can combine with the high symmetry for a quantum model. It is called a
non-binary loop update. I review loop algorithms with non-binary loops and show its applications for quantum
models with a high symmetry.

Aug 2-2 Quantum Monte Carlo simulations in the valence bond basis
A. Sandvik (Department of Physics, Boston University)

Quantum Monte Carlo simulations of spin systems have traditionally been carried out in the standard basis of
eigenstates of the z spin components. It was recently realized that simulations in the valence bond basis (which is
overcomplete and non-orthogonal, with the basis states being products of pair singlets) has certain advantages in
some cases, including no sign problem for a large class of multi-spin interactions that cause sign problems in the
standard basis. I will give an introduction to a Monte Carlo scheme for projecting out ground states of S=1/2 models
in this basis.

Aug 3-1 A continuous-time solver for quantum impurity models
P. Werner (Columbia University)

One of the fundamental challenges of theoretical condensed matter physics is the accurate solution of quantum
impurity models. They are important both in their own right and as a crucial ingredient in the dynamical mean field
(DMFT) method of approximating the properties of interacting fermions on a lattice.

For two decades, the Hirsch-Fye algorithm, which uses a discrete Hubbard-Stratonovich transformation to
decouple interaction terms, and exact diagonalization have been the methods of choice. Hirsch-Fye type methods
require a fine grid spacing to capture the short time behavior of the Green function, which makes simulations at low
temperature and strong interactions prohibitive, while exact diagonalization represents the continuous density of
states of the reservoir by a small number of levels.

Recently, a new class of impurity solvers has been developed, based on the stochastic evaluation of a diagrammatic
expansion of the partition function and the resummation of diagrams into determinants. Two complimentary
approaches are possible: a weak-coupling expansion in powers of the coupling constants or a strong-coupling
expansion in powers of the impurity-bath mixing. These algorithms require neither auxiliary fields nor a time
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discretization.

I will discuss the strong coupling approach in a representation which is suitable for density-density interactions
(the general formulation for models with exchange and pair hopping terms will be presented during the conference).
The important feature is that the perturbation order which is needed decreases as the interaction strength is
increased. I will demonstrate that the new algorithm allows unprecedented access to the low-temperature physics
for interaction strengths of the order of the Mott critical value.

Aug 3-2 Quantum Phase Transitions in Low Dimensional Magnets
S. Todo (Department of Applied Physics, University of Tokyo)

In this talk, as an application of the loop cluster quantum Monte Carlo method, I will give a review on various spin-
gaped ground states in low-dimensional quantum magnets and quantum phase transitions between them. After a
brief introduction of our numerical method and basic property of spin-gaped magnets, I will discuss the following
topics: topological order parameter, ground phase transitions, edge spins, quantum surface transition, effects of
randomness, ete.

Aug 7 Worm algorithm and its applications
N. Prokoflev (Department of Physics, University of Massachusetts, Amherst)

I will discuss the basic idea of updating the configuration space of closed loops by using end points of one open loop.
I will present a complete derivation for the Ising model, and explain how the same strategy works in other classical
and quantum statistical models. It has been successfully used to study spin, interacting bosonic and fermionic
systems, both in the lattice and continuous spaces.

Aug 8 The ALPS Project: Open Source Software for Classical and Quantum Lattice Models
M. Troyer (Institut fiir Theoretische Physik, ETH Hiinggerberg)

We present the ALPS (Algorithms and Libraries for Physics Simulations) project, an international open source
software project to develop libraries and application programs for the simulations of strongly correlated quantum
lattice models, such as quantum magnets, lattice bosons or strongly correlated fermion systems. Development is
done on common XML and binary data formats for, on libraries simplifying and speeding up code development and
on full featured simulation programs. These programs enable non-experts to get started with numerical simulations
by providing basic programs implementing the important algorithms for quantum lattice models: classical and
quantum Monte Carlo (QMC) programs using non-local updates, extended ensemble simulations, exact and full
diagonalization (ED) programs as well as density matrix renormalization (DMRG) programs. The software is
available from our web sever at http://alps.comp-phys.org/

Workshop Abstract

9a-1 Quantum Monte Carlo study of many-body systems coupled with lattice degrees of freedom
Takeo Kato (ISSP, University of Tokyo)

Importance of electron-lattice couplings have been recognized for long time in low-dimensional correlated systems
like organic conductors. It, however, remains an unsolved problem to consider strong competition between different
phases induced by changing dimensionality of the system. In order to approach this problem, I have recently
developed a novel algorithm to deal with correlated systems coupled to lattice degrees of freedom based on the
stochastic series expansion (SSE) method. By applying it to the spin-Peierls model with interchain exchange
interaction, I discuss competition effects between antiferromagnetism and spin-Peierls transition. I also mention
other applications of the present algorithm.
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9a-2 Calculation of correlation functions of spin-1/2 XXX chain
Minoru Takahashi (ISSP, University of Tokyo)

The calculation of the correlation functions of Bethe ansatz solvable models is very difficult problem. Among these
solvable models spin 1/2 XXX chain has been investigated for a long time. Even for this model only the nearest
neighbor and the second neighbor correlations were known. In 1990's Kyoto group gave multiple integral formula for
the general correlations. But the integration of this formula is also very difficult problem. Recently these integrals
are decomposed to products of one dimensional integrals and correlation functions are expressed by log2 and
Riemann's zeta functions with odd integer argument {(8), { (5), £ (7),.... We can calculate density matrix of successive
six sites. This means that all correlations in successive 6 sites can be calculated. These methods can be extended to
XXZ chain. I will review recent progress in the calculations of correlation functions.

9a-3 Dynamics and magnetization process of triangle based low dimensional systems, ring, tube,
helix and ball

Hiroyuki Nojiri (Institute for Materials Research, Touhoku University)

A spin chirality brings a new internal degree of freedom in spin systems made up of triangular spin rings such as
prism, tube, helix and polyhedron. The cross term of the chirality and the spin gives rise to a variety of magnetic
properties in such systems. A simple but interesting example is found in the spin ring. A purely adiabatic
magnetization process is confirmed by the observation of half-step magnetization. Similar behavior is found in a spin
polyhedron of tri-diminished icosihedron, where the ground state is doubly degenerated. In spin polyhedron of huge
number of states, the magnetization plateau is found at the 1/3 of saturation and is interpreted by the order by
disorder mechanism.

It is also important that the spin chirality is closely connected with the structural chirality. In a triangle ring, the
distortion from the regular triangle mostly results in the chiral structure that gives the difference between the
upward and the downward directions in the spin ring. When such chiral rings are connected into a chain, a helix of
mono-chirality can be formed and the non-linear properties are expected in both dielectric and magnetic sectors.

9a-4 Spin Nematic State in a Triangular Antiferromagnet
Hirokazu Tsunetsugu (Yukawa Institute for Theoretical Physics, Kyoto University)

In some triangular antiferromagnets, no magnetic long-range order is observed, but specific heat and magnetic
susceptibility indicate the presence of gapless excitations. To explain these properties, we have proposed a scenario
of spin nematic order and compared the results particularly with NiGazS4, a spin-1 system. I will report the effects
of quantum fluctuations in the nematic ordered state on observable magnetic properties, and also other
characteristic correlations.

9a-5 Metamagnetism and related critical phenomena in pyrochlore Heisenberg antiferromagnets
Yukitoshi Motome (Department of Applied Physics, University of Tokyo)

It is well known that the Heisenberg model with classical spins on the highly-frustrated pyrochlore lattice has a
massively degenerate ground-state manifold and does not order magnetically at any temperature if the exchange
interaction is limited to between nearest-neighbor spins. This fact is not changed by the addition of magnetic field;
the degeneracy survives and the magnetization process does not show any characteristic feature up to the saturation
field, at any temperature. However this system is in a ‘critical’ state, and dramatic changes can be expected
whenever a perturbation is introduced which lifts the degeneracy of the ground-state manifold. In this presentation
we explore the fascinating new effects which arise in an extended Heisenberg model originally introduced to explain
the metamagnetic transition seen in Cr spinel oxides, ACr:0s (4=Cd, Hg). In particular, we consider the
consequences of thermal fluctuations on a Heisenberg model perturbed by additional longer-range interactions
(which can lead to a variety of different forms of magnetic order), and of additional biquadratic interactions (which
favour states with collinear spins). Using classical Monte Carlo simulation and low-temperature expansion
techniques, we uncover a range of novel phenomena as a consequence of the delicate interplay among different
perturbations; a spin-liquid metamagnetic state which exhibits a ‘spin pseudogap’ without any long-range magnetic
order, a spin-nematic state with quadrupole ordering of spins, and a fluctuation-driven metamagnetic phase.
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9p-6 Emerging spatial structures in SU(M) Heisenberg model
Naoki Kawashima (ISSP, University of Tokyo)

The ordinary Heisenberg model that possesses the SU(2) symmetry can easily be generalized to higher symmetry
simply by regarding a symbol Sin the Heisenberg Hamiltonian as a generator of the SU(M) instead of SU(2). Here
we concentrate on the two-dimensional model with symmetric representations, namely, the cases where an SU(MN)
spin can be expressed as a small number of, say M, bosons with N types. Besides possible connections to electron
systems with orbital degeneracy, this model is interesting for several reasons. For example, it is theoretically
predicted that, depending on the value of A/ and N, the SU(MN) Heisenberg model may exhibit a quantum disordered
state as well as various ground states with non-trivial spatial structures, such as the dimerized state and the striped
state. From quantum Monte Carlo simulation, we find that it is indeed true for M=1 but only for M>=5 where
spontaneous dimerization can be observed. The case of M>1 and the possibility of the disordered ground state are
also discussed.

9p-7 Quantum Phase Transition between Two Ordered Phases with Unrelated Symmetries
Kenji Harada (Dept. of Applied Analysis and Complex Dynamical Systems, Kyoto Univ.)

We show results of quantum Monte Carlo simulations for the quasi-one dimensional S=1 biquadratic Heisenberg
antiferromagnet. When the spatial anisotropy is varied, a direct phase transition from the spontaneous dimerized
phase to the Neel ordered phase is observed. If it is a continuous phase transition, it shows an unconventional
critical phenomena that may separate two phases of which the symmetry group of the lower-symmetry phase is not
a sub-group of the other.

9p-8 Stripe formation in doped Hubbard ladders
Eric Jeckelmann (Institute for Theoretical Physics, University of Hannover)

We investigate the formation of stripes in six-leg Hubbard ladders doped away from half filling using the density-
matrix renormalization group method. A parallelized code allows us to keep enough density-matrix eigenstates and
to study sufficiently large systems to extrapolate the stripe amplitude to the limits of vanishing DMRG truncation
error and infinitely long ladders. Our work gives strong evidence for the existence of a long-range ordered stripe
phase above a critical coupling U/t in Hubbard ladders.

[1] G. Hager et al., Phys. Rev. B 71, 075108 (2005)

9p-9 Real space renormalization group approach for the corner Hamiltonian
Kouichi Okunishi (Department of Physics, Niigata University)

The density matrix renormalization group(DMRG) is a very powerful numerical tool to study 1D quantum many
body systems. In my talk, I would like to focus on some fundamental aspects of DMRG particularly of the infinite
system size method, which may be a challenging problem to understand the success of DMRG and its implication to
the critical phenomena. When considering the theoretical background of DMRG, it is essentially important to
analyze the nature of the eigenvalue spectrum of the reduced density matrix. I explain the relation between the
reduced density matrix and the corner Hamiltonian, which is a generator of Baxter's corner transfer matrix in 2D
classical systems. I then present a novel real-space-renormalization group approach for this corner Hamiltonian and
demonstrate it for the S=1/2 XXZ spin chain. I also examine the renormalization group for the S =1 Heisenberg
spin chain and then discuss implications of the eigenvalue spectrum of the corner Hamiltonian to DMRG.

9p-10 The fate of vacancy-induced supersolidity in 4He
Matthias Troyer (Institut fiir Theoretische Physik, ETH Hiinggerberg)

The supersolid state of matter, exhibiting non-dissipative flow in solids, has been elusive for thirty five years. The
recent discovery of a non-classical moment of inertia in solid ‘He by Kim and Chan provided the first experimental
evidence, although the interpretation in terms of supersolidity of the ideal crystal phase remains subject to debate.
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Using quantum Monte Carlo methods we investigate the long-standing question of vacancy-induced superflow and
find that vacancies in a *He crystal phase separate instead of forming a supersolid. On the other hand, non-
equilibrium vacancies relaxing on defects of poly-crystalline samples could provide an explanation for the
experimental observations.

Reference: cond-mat/0605627

9p-11 Universal Relation in Critical Temperature of Strongly Anisotropic Magnets
Synge Todo (Department of Applied Physics, University of Tokyo)

A novel universal relation in the critical temperature of quasi-one-dimensional magnets is investigated by the
cluster Monte Carlo method. It is found that in the weak interchain coupling regime the critical temperature obeys a
chain mean-field like relation with a reduced effective coordination number [1,2]. Furthermore, the renormalized
coordination number is universal, i.e. independent of spin size. This universality is rigorously proved for the case of
Ising anisotropy by considering a mapping to the quantum Ising model.

[1] C. Yasuda, S. Todo, K. Hukushima, F. Alet, M. Keller, M. Troyer, and H. Takayama, Phys. Rev. Lett. 94, 217201 (2005).
[2] S. Todo, cond-mat/0606790.

9p-12 DMFT results for the spin-1/2 Kondo lattice model
Philipp Werner (Columbia University)

I will reformulate a recently developed strong-coupling, continuous-time impurity solver in a manner appropriate
for general classes of quantum impurity models. The method will be applied to the dynamical mean field theory of
the ferromagnetic and antiferromagnetic Kondo lattice model. I will show results for the metal-insulator transition
and magnetic ordering in the half-filled Kondo lattice and briefly discuss the relationship to orbital selective Mott
states in multi-orbital models.

P1 Spin-triplet superconductivity in the double-chain Hubbard model with ferromagnetic exchange
interaction

Tomonori Shirakawa (Department of Physics, Chiba University)

Mechanism of spin-triplet superconductivity has been one of the major issues in the field of strongly correlated
electron systems. Here, the ferromagnetic interaction between electrons is believed to play an essential role in the
occurrence of triplet superconductivity. In this paper, we study the simplest model in this context: i.e., the model of
two Hubbard chains coupled with Heisenberg-type ferromagnetic exchange interaction . This model may be
regarded as the degenerate two-band Hubbard model with the on-site Hund's rule coupling in transition-metal
oxides. This model may also be regarded as the Hubbard chains with the interchain ferromagnetic interaction which
may come from the ring-exchange mechanism in quasi-one-dimensional organic materials [1].

We use the density-matrix renormalization group (DMRG) method and exact-diagonalization technique on small
clusters to calculate the charge gap, spin gap, binding energy, pair correlation functions, etc., as well as the
anomalous Green's function of the model. We thereby show that the model contains the state of mobile ‘rung-triplet’
pairs, i.e., spin-triplet superconductivity, in the wide parameter and filling region. The binding energy, e.g., scales
well with o/ when ¢/ is large. We also show that the spin gap corresponding to the Haldane gap for the spin-1
Heisenberg chain opens at half filling, the size of which becomes small away from half filling.

[1] Y. Ohta et al., Phys. Rev. B 72, 012503 (2005).

P2 Density matrix renormalization group study of dynamics in correlated electron systems with
environment

Hiroaki Matsueda (Department of Physics, Tohoku University)

We study dynamical properties of one-dimensional correlated electrons coupled with enviroment. There are two
topics in this study: one is whether the spin-charge separation is robust in materials where electrons strongly
interact with phonons. Since the separation provides novel optical properties such as gigantic third-order nonlinear
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response, it should be understood how the separation is realized in materials. Starting with the Hubbard-Holstein
model at half-filling, we calculate the single-particle excitation spectrum by using the dynamical density matrix
renormalization group (DMRG) method. We find that the spin-charge separation is robust in the presence of the
electron-phonon coupling. However, both of the spinon and holon branches are affected by phonons. For
interpretation of the DMRG results, we propose an effective model for the spectrum that is defined by a
superposition of spectra for the Holstein model. The second topic is time evolution of correlated electrons coupled
with localized spins. One motivation is ultra-fast photoinduced phase transition recently observed in cuprates,
manganites, and organic compounds. Here, the energy dissipation plays a crucial role. Since the exchange energy is
large in some oxides, the fast relaxation may be possible by emitting magnon excitations. Starting with the extended
double-exchange model, we study the transient spectrum of mobile electrons and time evolution of the spin-spin
correlation for localized spins by using the time-dependent DMRG method. We discuss the effect of the spin degrees
of freedom on the relaxation.

P3 Stability of One-dimensional Mott Insulators against Charge Fluctuations by the Density Matrix
Renormalization Group Method

Isao Maruyama (Department of Applied Physics, University of Tokyo)

Collapse of one-dimensional Mott Insulators due to charge fluctuation is studied by the DMRG method, where the
charge fluctuation implies injection of electrons and holes from out of the system. To introduce this “doping” effect,
we construct a Hamiltonian, which does not conserve a particle number but still preserves the particle-hole
symmetry. Due to the U(1) symmetry breaking term, zero temperature fluctuation of the total particle number is
finite even at half filling and is proportional to the inverse of the Coulomb interaction in the strong coupling.

The U(1) symmetry breaking term in the present model can be regarded as a mean field of an inter-chain hopping
when we use a string type decoupling. If the interchain hopping is irrelevant, total number of the 1D system is
conserved and the 1D Mott insulator is realized. Quantum phase transition collapsing the Mott gap is also discussed.

We extend the DMRG method to treat a generic fermionic system with a U(1) symmetry breaking term where its
total fermion number is not conserved.

P4 Numerical study of diluted orbital
Takayoshi Tanaka (Department of Physics, Tohoku University)

Various exotic phenomena in correlated electron systems are studied from the viewpoint of the internal degrees of
freedom of electron, i.e. charge, spin and orbital degrees of freedom in strong Coulomb interaction. Recently, dilution
effects on the orbital ordered state are examined experimentally in KCuF3 which is a prototypical material showing
the long-range orbital order. It is revealed that, by replacing Cu ion by Zn which does not have the orbital degree of
freedom, a reduction of the orbital ordering temperature (Too) is more remarkable than that in diluted magnets, and
Too disappears at a certain Zn concentration which is lower than the percolation threshold. We investigate
theoretically dilution effects in orbital systems.

(1) The classical e orbital model is analyzed by the Monte-Carlo (MC) simulation and the cluster expansion
method. We show To decreases more rapidly by increasing dilution in comparison with the diluted magnets, and
reproduce the experimental results in KCu;+ZnFs.

(2) We analyze the two dimensional version of the quantum eg orbital model, termed the orbital compass model by
quantum Monte-Carlo simulation. It is known that at low temperatures, this model shows the orbital alignment
along one direction in the two dimensional lattice, i.e. the directional order. We show that the directional ordering
temperature decreases by dilution more rapidly than the diluted Ising model, but more slowly than the classical
compass model. This result implies that the quantum effects stabilize the directional order.

P5 Effects of Impurities in Quasi-One-Dimensional Haldane Antiferromagnets
Munehisa Matsumoto (ETH Zurich)

For spin-1 quasi-one-dimensional antiferromagnets that have quantum disordered ground states, the effects of
magnetic and non-magnetic impurities are investigated utilizing the quantum Monte Carlo method with the
continuous-time loop algorithm. Impurity-induced transition temperatures are determined with respect to the
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concentration of host spins and the nature of the phase transition between the paramagnetic phase and the
impurity-doped valence bond solid state is discussed. The qualitative differences between the species of impurities in
the impurity-induced phase transitions are discussed by investigating the local magnetic structure around
impurities.

P6 Pairing Phase in Bosonic Systems with Correlated Hopping
Andreas Liuchli IRRMA - EPF Lausanne)

Motivated by the physics of mobile triplets in frustrated quantum magnets, the properties of a two dimensional
model of bosons with correlated-hopping are investigated. We study the phase diagram of this system as a function
of density and the strength of the correlated hopping term, based on Quantum Monte Carlo simulations in the SSE
formulation. We confirm the existence of two different phases, first reported in a mean-field study: a conventional
single particle Bose condensed phase, and in addition a less studied phase where only pairs of bosons condense. We
comment on the performance of the standard single worm SSE in the pairing phase, and on the possibility of using a
“double worm” algorithm to improve the efficiency.

This work has been performed in collaboration with K.P. Schmidt and F. Mila (EPF Lausanne).

P7 Bond-Dilution-Induced Quantum Phase Transitions in Heisenberg Antiferromagnets
Chitoshi Yasuda (Department of Physics and Mathematics, Aoyama Gakuin University)

Bond-dilution effects on a ground state of the S=1/2 quantum antiferromagnetic (AF) Heisenberg model consisting
of bond-alternating chains on a square lattice was investigated by means of the quantum Monte Carlo simulations
with the continuous-imaginary-time loop algorithm. The magnitude of the stronger (weaker) intra-chain interaction
is put unity (o) and that of the inter-chain interaction /' The ground state of the pure system is the dimmer state
with a finite spin gap for small a and J7 When spins are randomly removed from the system in the dimer state (site
dilution), a spin which formed a singlet pair with the removed spin before dilution becomes nearly free, which we
call effective spins. Between two of them, however, there exists the finite interaction /z» mediated by a sea of singlet
pairs. Since the effective interaction is AF (ferromagnetic) when the two effective spins are in the different (same)
sublattices, an AF long-range order (LRO) is induced with an infinitesimal concentration of site dilution. When
stronger bonds are randomly removed from the system in the dimer state (bond dilution), on the other hand, the
effective spins are always induced in pairs at both ends of the removed bonds. Since the two spins are located on the
different sublattices, a singlet pair is reformed through the short-range effective AF coupling <ar of O(J2). In contrast
to the site-diluted case, there exist two effective interactions. For small concentration of dilution, if </ is sufficiently
larger than e/mn, the system is in the disordered phase. The phase transition between the disordered and AF-LRO
phases occurs when the magnitudes of ar and /s are equivalent.

P8 Low-energy properties of one-dimensional spin-orbital model
Hiroaki Onishi (Advanced Science Research Center, Japan Atomic Energy Agency)

By using a density-matrix renormalization group method, we investigate the ground-state properties and the spin-
gap formation of a one-dimensional spin-orbital model, in which the original SU(4) symmetry is broken due to the
effect of the Hund's rule coupling.

P9 Surface and corner multifractality in two-dimensional symplectic class
Hideaki Obuse (Condensed Matter Theory Laboratory, RIKEN)

We numerically calculated surface and corner multifractal exponents at the critical point of the two-dimensional
disordered system with the spin-orbital interaction. We confirm that the surface and the corner multifractal
exponent satisfy a certain relation derived from the conformal field theory.
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P10 Non-linear transport in a commensurate CDW and universal KPZ fluctuation
Takashi Oka (Department of Physics, University of Tokyo)

Solitonic excitations (kinks and anti-kinks) dominate the dynamics of a one dimensional commensurate CDW (e.g.
polyacetylene) in finite electric fields. In finite temperature, we predict that the dielectric breakdown of such
systems shows features characteristic of the KPZ universality class. We also propose (optical) experiments to verify
this phenomenon.

P11 Dynamical properties of photoexcited states in one-dimensional dimerized Mott insulators
Nobuya Maeshima (Institute for Molecular Science)

Dynamical properties of photoexcited states are theoretically studied in a one-dimensional Mott insulator
dimerized by the spin-Peierls instability. Numerical calculations combined with a perturbative analysis have
revealed that the lowest photoexcited state without nearest-neighbor interaction corresponds to an interdimer
charge transfer excitation that belongs to dispersive excitations. The adiabatic potential of this excited state as a
function of the lattice dimerization has demonstrated that the dimerized phase is destabilized by the photoexcitation
from the ground state to this excited state. We also discuss the purely electronic origin of midgap states that are
observed in a latest photoexcitation experiment of an organic spin-Peierls compound, K-TCNQ (potassium-
tetracyanoquinodimethane).

P12 Quantum Monte Carlo study of the multiorbital Hubbard model with spin and orbital rotational
symmetries

Shiro Sakai (Department of Physics, University of Tokyo)

Combining the Trotter decomposition and a series expansion of the partition function with respect to Hund's
exchange coupling, we develop a new quantum Monte Carlo (QMC) algorithm for multiorbital systems with spin and
orbital rotational symmetries. While the conventional QMC method has difficulties to treat the spin-flip and the
pair-hopping terms of the Hamiltonian, we show that our new approach enables us to simulate these terms
efficiently. To demonstrate this, we apply our algorithm for studying ferromagnetism in the two-orbital Hubbard
model within dynamical mean field theory (DMFT). Our results reveal how important it is to account for the correct
SU(2) symmetry of Hund's exchange. Otherwise, i.e., for an Ising (Zs) symmetry, Curie temperatures are grossly
overestimated. We also calculate the tsg spectral functions of SreRuQO4 by three-band DMFT calculations with tight-
binding parameters from the local density approximation as input and with proper rotational symmetries, which has
been impossible before.

P14 The Anderson transitions in 3D, 2D, and below 2D
Yoichi Asada (Department of Physics, Tokyo Institute of Technology)

We report our new precise estimates of the critical exponent for the divergence of the localization length at the
Anderson transitions in 3D. We have finally confirmed that the values of the critical exponent for three symmetry
classes (orthogonal, unitary, and symplectic) are different. We have also estimated the scaling beta function for the
quasi-1D localization length, which indicates that the finite size scaling of the quasi-1D localization length depends
on the symmetry in the metallic and critical regions, but not in the strongly localized region.

We also report numerical study of the Anderson transition in systems with spin-orbit coupling in 2D and below.
Such systems are an exception to the prediction of Abrahams et al. that there is no metallic phase in 2D and below.
We have estimated the critical exponent for the 2D Anderson transition in systems with spin-orbit coupling, and
then studied the quantum transport property in the 2D metallic phase. Our results in the 2D metallic region support
the Hikami-Larkin-Nagaoka's prediction that the 2D metals have perfect conductivity. We have also investigated the
possibility of an Anderson transition below 2D. Our simulations on the Sierpinski carpet suggest that an Anderson
transition occurs even below 2D in the presence of spin-orbit coupling. The lower critical dimension might be
between 1D and 2D.
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P15 Mean field quantum annealing
Sei Suzuki (Department of Physics, Tokyo Institute of Technology)

Quantum mechanical approaches are attracted in computational sciences. The quantum annealing is a novel
technique for optimization of various disordered problems. It utilizes the dynamical motion of quantum state driven
by handling quantum fluctuations. As an important direction, we focus on realistic numerical methods to carry out
the quantum annealing in classical computers. The mean field quantum annealing, which we discuss, is a rough but
non-trivial method. It is applicable to large problem sizes and yields an answer fast. However it is not clear how the
mean field method is valid. In our study we investigate the validity of this method for elementary models and clarify
the property of this method in comparison with other known optimization techniques. In my presentation, I will
report our results of numerical calculation and discuss the limitation of the mean field quantum annealing. I will
also present an improvement of the mean field approximation.

P16 New type of quantum liquid of spinless fermions on an anisotropic triangular lattice
Chisa Hotta (Aoyama Gakuin University)

We propose a new type of liquid state of charges in the spinless fermion system on a triangular lattice under strong
inter-site Coulomb interactions, V. In the strong coupling limit (¢# =0), the ground state is classical and disordered
due to geometrical frustration. The introduction of small ¢ drives the system to a partially ordered phase which we
call a “pinball liquid”. A possibly long range ordered Wigner crystal solid coexist with a liquid component which is
moving around them like a pinball. This liquid is dominant over wide range of filling, even away from the regular
triangle. The phase diagram of the present system on an anisotropic triangular lattice is given and a relevance to
the organic crystal, & ET2Xis discsussed.

P17 Magnetization plateaux for distorted triangular antiferromagnet Cs2CuBr4
Shin Miyahara (Aoyama Gakuin University)

Cs2CuBrs is a new two-dimensional spin-1/2 system, where 1/3 and 2/3-plateaux have been observed in external
magnetic fields. It is expected that the magnetic behaviors of the material can be well explained by a spin-1/2 two-
dimensional antiferromagnetic Heisenberg model on a distorted triangular lattice. In the model, there are two types
of interactions, <4 and b, where i chains are coupled with inter chain interactions k2. Using an exact
diagonalization method, we investigate magnetic properties in the plateau phases. In the 1/3-plateau phase, three-
fold degenerate translational symmetry broken ground state is realized. On the other hand, 2/3-plateau has a
translationally symmetry broken state where J/=1 and M=1/3 chains along 1 bonds alternate with each other.

P18 Re-entrant quantum phase transitions with respect to the XXZ anisotropy parameter in spin
chains

Kiyomi Okamoto (Department of Physics, Tokyo Institute of Technology)

I will discuss the re-entrant quantum phase transitions in quantum spin chains when the XXZ anisotropy
parameter is run. In some cases, for example, we can see the succesive transitions such as TL-Neel-TL-Ferri, where
TL means the Tomonaga-Luttinger spin-fluid state. This phenomenon can be found in .S=1/2 spin chains having
three key words: XXZ anisotropy, trimer nature and frustration. We also find that four Berezinski-Kosterlitz-
Thouless quantum phase transition lines meet together at one point in the phase diagram on the plane of quantum
parameters.

P19 Modification of Directed-Loop Algorithm for Continuous Space Simulation of Bosonic Systems
Yasuyuki Kato (Institute of Solid State Physics, University of Tokyo)

The directed-loop algorithm (DLA) is one of the most robust algorithms for quantum Monte-Carlo simulation, and
enjoys very broad applicability. Updates of world-line configurations in DLA are done by a worm, which consists of a
pair of discontinuity points moving stochastically on world-lines and altering the state on the line just behind itself.
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The direction of motion of a discontinuity point is altered only by scattering at vertices that are placed between
world-lines or on a single world-line with density determined by the Hamiltonian. However, when one applies the
method to a system such as the Bose-Hubbard model with #<<U (¢ is the hopping amplitude and U is the on-site
energy), the efficiency of the method is low because of high density of vertices due to large U. We improve DLA by
omitting the vertices that express the effect of U in this paper. The effect of Uis reflected in other procedures. We
demonstrate the efficiency of the new method by applying it to the interacting dilute Bose gas system in a discrete
space that has the aforesaid difficulty.

10a-1 ICAMipedia
Daniel Cox (Institute for Complex Adaptive Matter of the University of California)

Prof. Daniel Cox, co-director of ICAM will lead a discussion on contributions to the new ICAMipedia web pages
where we can describe to the larger public (other scientists, interested young people, educated public, and our
community) the exciting developments of our field.

10a-2 I2CAM Fellowships
Daniel Cox (Institute for Complex Adaptive Matter of the University of California)

Prof. Daniel Cox will lead a session in which participating junior scientists develop ideas for exchange fellowships
through ICAM based upon the science of this meeting.

10a-3 Anew high field phase in the frustrated 2D dimer spin system SrCuz(BOs)z
Masashi Takigawa (ISSP, University of Tokyo)

The frustrated 2D dimer spin system SrCu2(BOs)2 shows magnetization plateaus at 1/8, 1/4 and 1/3 of the
saturated magnetization, where symmetry breaking superlattices of triplets were observed by NMR experiments
(Science 298 (2002) 395). How the spin density distribution evolves between the plateaus is a highly non-trivial issue.
One possibility is that the hopping of triplets “melts” the superlattice and the Bose-condensed phase with the
transverse AF order appears instead. Another possibility is the “supersolid” phase, in which a superlattice of the
longitudinal component coexists with the transverse AF order. The nature of the phase may be even more
complicated by the presence of Dzyaloshinskii-Moriya interaction, which produces an effective staggered field (J.
Phys.:Condens Matter. 17 (2005) L61). We performed !B NMR experiments in the field up to 31 T above the 1/8-
plateau phase. The NMR spectra show discontinuous change upon leaving the 1/8-plateau. However, the maximum
hyperfine filed at the B nuclei remains nearly unchanged, indicating that the superlattice of largely polarized triplet
dimers still persists above the 1/8 plateau phase. The ordering temperature in the high field phase agrees with the
peak of the specific heat reported by Tsujii et al. (cond-mat/0301509). The sharp fine structures of the NMR spectra
in the plateau phase, however, become broadened as the field increases. Possible scenarios to explain the evolution of
NMR spectra will be discussed. This work was done in collaboration with S. Matsubaral, M. Horvatic, C. Berthier,
H. Kageyama and Y. Ueda.

10a-4 Magnetic Quantum Phase Transitions and Critical Behavior in TICuCls and KCuCls
Hidekazu Tanaka (Tokyo Institute of Technoloby)

TICuCls and KCuCls are magnetically characterized as three-dimensionally coupled spin-dimer system. Their
ground states are spin singlets with excitation gaps A/ks of 7.5 K and 31 K, respectively. The origin of the gap is the
strong antiferromagnetic exchange interaction in the chemical dimer to form a spin dimer. In a magnetic field, which
is higher than the critical field H: corresponding to the gap, these systems can undergoes magnetic ordering with the
transverse-ordered moments [1,2]. The field-induced magnetic quantum phase transition (QPT) in TICuCls has been
extensively studied by various techniques. The results obtained were in accordance with theory which describes the
field-induced magnetic QPT as the Bose-Einstein condensation of spin triplets [3]. For example, the critical exponent
@ of the phase boundary defined by 7(H) ~ (H-H)V* is close to @sec = 3/2 derived from the magnon BEC theory [3,4].
Under a hydrostatic pressure P, the gap decreases and closes completely at £ = 0.42 kbar and 8.2 kbar for TICuCls

23



and KCuCls, respectively [5]. For P> P, these systems undergoes antiferromagnetic ordering, which is characterized
by the same ordering vector as that for the field-induced magnetic ordering. The gap and Néel temperature are
presented as functions of pressure. The occurrence of this pressure-induced magnetic QPT is attributed to the
decrease of the intradimer interaction and the increase of interdimer interaction with applied pressure. The present
results are discussed in connection with recent theory [6,7].

[1] H. Tanaka et al.: J. Phys. Soc. Jpn. 70 (2001) 939.

[2] A. Oosawa et al.: Phys. Rev. B 66 (2002) 104405.

[3] T. Nikuni et al.: Phys. Rev. Lett. 84 (2000) 5868.

[4] N. Kawashima: J. Phys. Soc. Jpn. 73 (2004) 3219.

[5] K. Goto et al.: J. Phys. Soc. Jpn. 73 (2004) 3254, cond-mat/0602540.

[6] M. Matsumoto et al.: Phys. Rev. B 69 (2004) 054423.

[7] O. Nohadani et al.: Phys. Rev. B 72 (2005) 024440.

10a-5 A Bose-Einstein condensate of magnons in anisotropic quantum magnets BaCuSizOes and
NiCle-sSC(NH2)2

Marcelo Jaime (National High Magnetic Field Laboratory, Los Alamos National Lab.)

Quantum magnets BaCuSi20s [1] and NiCl2-4+SC(NHs)2 [2] attracted significant attention in the last years, because
magnetic fields can be used to tune a canted antiferromagnetic state regarded as a Bose-Einstein condensate of
magnons. The coupling between spin and lattice degrees of freedom, however, was not yet studied in the ordered
state. Different anisotropy in their crystallographic lattices and their spin arrangements, spin 5=1/2 Cu2* dimers in
BaCuSiz206 and S=1 Ni2* in NiClz-sSC(NHz)2, are responsible for different degree of spin-lattice coupling. While the
former only displays weak lattice effects, the later shows a significant magnetostriction that changes sign as the
canting angle between spins is reduced and the spin arrangement evolves gradually from AFM at the critical field
H:i, to FM at the saturation field H. Recent specific heat, magnetocaloric effect and magnetostriction
measurements at high magnetic fields will be discussed for these two fascinating compounds.

10a-6 Geometrical Frustration and Dimensional Reduction at a Quantum Critical Point
Cristian Batista (Condensed Matter and Statistical Physics, Los Alamos National Lab.)

Competition between ground states near a quantum critical point is expected to lead to unconventional behavior in
low dimensional systems. New phases of matter have been predicted, and explanations proposed for unsolved
problems including non-Fermi liquid behavior and high temperature superconductivity using two-dimensional (2d)
theories. In this talk, I will present a theory that describes the Bose-Einstein condensate (BEC) quantum critical
point (QCP) in layered systems with a frustrated inter-layer coupling. I will demonstrate that the main effect of this
geometric frustration is to reduce the dimensionality of the QCP (its critical exponents are the ones expected for a 2d
system). In addition, I will compare this theory with the first experimental evidence of dimensional reduction at a
QCP observed in the Mott insulator BaCuSiz2Os (Han Purple).

10p-7 Searching for a supersolid phase in three dimensions
Takafumi Suzuki (ISSP, University of Tokyo)

Since the fascinating features of solid helium were presented by torsional oscillator experiments for the solid
helium four [1], ordered states on the bosonic lattice models have received a great deal of attention. Recently, the
existence of the supersolid phase in the hard-core bosons on the triangular lattice was demonstrated by a numerical
calculation [2]. Such bosonic lattices can be experimentally realized by trapping the ultra-cold bosonic atoms into the
optical lattices. It is useful to study the ordered states on the bosonic lattice models in order to clarify the
characteristics of the supersolid state. In this study, we investigate the ordered states of the hard-core bosons with
unfrustrated hopping and nearest-neighbor repulsion on the face-centered cubic (FCC) lattice. The static structure
factors and the superfluid density are calculated, using a quantum Monte Carlo method. At the half filling and the
three-quarter filling, the ordered phases with the crystalline lattice appear below the critical temperature. However,
between the two fillings, there appears the phase in which the long-range diagonal order and the superfluidity
coexist. This phase is in contrast to the ordered phases observed for Ising spins [3]. We discuss more details of the
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supersolid states on the FCC lattice.

[1] E. Kim and M. H. W. Chan, Nature 427, 225 (2004); Science 305, 1941 (2004).
[2] S. Wessel and M. Troyer, Phys. Rev. Lett 95, 127205 (2005).

[3] K. Binder, et. al., Acta metall. 29, 1655 (1981).

10p-8 Field-Induced Quantum Critical Phenomena in Quasi-1D Spin Systems
Toru Sakai (Japan Atomic Energy Agency/Spring-8)

Using the numerical diagonalization based on the Lanczos algorithm, we investigate the magnetization process of
several spin ladder systems with the next-nearest-neighbor interaction, or the ring exchange interaction. The finite
size scaling analysis based on the conformal field theory and the recently developped level spectroscopy method
reveal that a magnetization plateau would appear at half the saturation magnetization, if the next-nearest-neighbor
or ring exchange interaction is sufficiently large. In addition the mean-field approximation for the interladder
interaction suggests that the quasi-1D system possibly exihibit a field-induced incommensurate order in some
regions close to the magnetization plateau. Several phase diagrams in the ground state of the 1D system are also
presented.

10p-9 Emergence of Long Period Antiferromagnetic and Ferrimagnetic Orders Due to Anisotropy
Modulation in High Spin Heisenberg Chains

Kazuo Hida (Department of Physics, Saitama University)

In integer spin antiferromagnetic Heisenberg chains, the easy plane single-site anisotropy IX>0) destroys the
Haldane ground state leading to the large-D phase while the easy axis single-site anisotropy (2)<0) drives the
Haldane state into the Neel ordered state. In this context, it is an interesting issue to investigate how the ground
states of the quantum spin chains are modified if the easy-axis and easy-plane D-terms coexist in a single chain. In
the present study, we investigate the ground states of the high spin Heisenberg chains with period 2 modulation of
single site anisotropy. It turns out that various phases such as Haldane phase, large-D phase, Tomonaga-Luttinger
liquid phase, Néel phases of various structures and ferrimagnetic phase appear depending on the strength of
modulation and spin magnitude.

10p-10 Tomonaga-Luttinger liquid induced by a magnetic field in a gapped quasi-1D antiferromagnet
Masayuki Hagiwara (High Magnetic Field Laboratory, Osaka University)

The Tomonaga-Luttinger liquid (TTL) is a universal low-temperature state of gapless, one-dimensional (1D)
quantum systems. 1D antiferromagnets having an energy gap are expected to become a TLL, when a strong
magnetic field is applied to collapse the energy gap. To date, however, all experimental evidence in these
antiferromagnets has been either controversial or circumstantial. In the spin-1 bond-alternating antiferromagnet
NTENP, we have observed an unambiguous signature of a TLL: a linear temperature (T) dependence of the
magnetic specific heat (Cmag). The linear Cmag appears only in magnetic fields above the critical value H: = 9.3 T and
the Sommerfeld constant Cmag/T increases as the field is reduced toward H.. This field dependence agrees well with
the results of our calculation, providing a conclusive evidence for a TLL.

10p-11 Quantum Critical “Opalescence”
Masatoshi Imada (Department of Applied Physics, University of Tokyo)

Divergent carrier-density fluctuations equivalent to the critical opalescence of gas-liquid transition emerge around
a metal-insulator critical point at a finite temperature. In contrast to the gas-liquid transitions, however, the
critical temperatures can be lowered to zero, which offers a challenging quantum phase transition. We present a
microscopic description of such quantum critical phenomena in two dimensions. The conventional scheme of phase
transitions by Ginzburg, Landau and Wilson is violated and an unconventional universality appears. It offers a clear
insight into the criticalities of metal-insulator transitions associated with Mott or charge-order transitions. Fermi
degeneracy involving the diverging density fluctuations generates emergent phenomena near the endpoint of the
first-order transition and must shed new light on remarkable phenomena found in correlated metals like
unconventional cuprate superconductors.
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10p-12 Phase-space methods for fermions: bounded distributions and stochastic gauges
Joel Corney (Department of Physics, The University of Queensland)

Gaussian Quantum Monte Carlo Methods are a class of simulation methods based on phase-space representations
of quantum states. Successful simulations of the Hubbard model showed that, for this case, GQMC did not suffer the
same sort of ‘classic’ sign problem as other comparable methods. However, GQMC does have its own difficulties. A
known issue in phase-space methods is to do with the boundedness of the underlying distribution, and the ability of
stochastic equations to sample this distribution. I will cover recent investigations into the type of distributions that
arise for interacting systems, the effectiveness of ‘stochastic gauges’ to control distribution tails, and efficient
simulation methods.

10p-13 Highly Correlated Electrons on Triangular Lattice; Mott Criticality, Spin Liquid and
Superconductivity

Kazushi Kanoda (Department of Applied Physics, University of Tokyo)

The layered organics, x-(ET)2.X, are model systems for the study of strongly correlated half-filled-band electrons.
Here we present two progresses in the Mott physics through the transport and NMR studies on this family of
materials.

One is the Mott criticality in 2D. x-(ET)2Cu[N(CN)2]Cl is a Mott insulator with a quite low critical pressure to Mott
transition. The resistance measurements of this material under precisely controlled pressure showed that the first-
order Mott transition has a critical endpoint at 40 K, where the resistive jump vanishes and critical pressure
derivative of resistance is divergent. Remarkably, the transport critical exponents obtained do not belong to any
universality class known so far. The implication of this finding is discussed. A recent NMR study on the Mott
criticality is also presented.

The other is the realization of the spin liquid and its Mott transition. The Mott insulator x-(ET)2Cu2(CN)s has a
nearly isotropic triangular lattice and is a model system of frustrated quantum spins. The 'H and 3C NMR
experiments showed no indication of magnetic ordering down to 30 mK. The spins are likely in the quantum liquid
state. Under pressure, it undergoes Mott transition to the Fermi liquid which shows superconductivity at low
temperatures. We present the pressure-temperature phase diagram and the NMR/transport results on the nature of
the spin liquid and superconductivity.

This work is a collaboration with F. Kagawa, Y. Shimizu, Y. Kurosaki, H. Kasahara, T. Kobashi, K. Miyagawa, M.
Maesato and G. Saito.

August 11, 2006

11a-1 Finite Temperature Effects on the Excitation Spectrum in Quantum Critical Magnetic Insulators
Christian Riiegg (Department of Physics and Astronomy, University College London)

The compound T1CuCls represents a model system of dimerized quantum spins with strong interdimer interactions.
We have investigated the triplet dispersion as a function of temperature by inelastic neutron scattering experiments
in zero magnetic field. The description of Troyer, Tsunetsugu, and Wiirtz provides an appropriate quantum
statistical model for dimer spin systems at finite temperature, where many-body correlations become particularly
important [Ch. Riiegg et al., Phys. Rev. Lett. 95, 267201 (2005)]. The temperature-dependence of the excitation
spectrum is subsequently investigated by the same experimental technique at finite field around the quantum
critical point at H., where the triplet gap is closed at 7=0 K and field-induced BEC of magnons occurs. The observed
renormalization effects in the quantum critical region as well as the phase with long-range magnetic order will be
discussed and compare to the zero-field results.
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11a-2 Ion Exchange as a Tool to Explore Two-Dimensional Square Lattice Antiferromagnets
Hiroshi Kageyama (Dept. of Chemistry, Graduate School of Science, Kyoto Univ.)

Soft chemical approach provides us new routes for the construction of new magnetic materials. Two-dimensional
(2D) S=1/2 square-lattice antiferromagnets (CuX)LaB2AO7 (X=Cl, Br; B=Nb, Ta) have been obtained by the ion
exchange between Dion-Jacobson layered perovskites RbLaBz0O7 and CuXz. Here the magnetic [CuX]* layer is well
separated by nonmagnetic perovskite slabs so that 2D magnetic properties are expected. The obtained materials
shows a variety of magnetic behaviors. (CuCl)LaNbzO7 has a spin singlet ground state with an energy gap of 2.3
meV to the first excited triplet state [1]. Application of the magnetic field leads to the magnetic order described by
the BEC of magnons [2]. On the other hand, (CuBr)LaNb207 undergoes a magnetic ordering of the stripe tope at 31
K and the analysis of the data indicates strong frustration in the layer. It is found that (CuCl)LaTa207 also exhibits
a long-range magnetic ordering at 6 K. We have recently succeeded to obtain the solid solution series Cu(ClBri-9yNb2O7
(0<x<1) and (CuCl)La(Nbs-yTa,;)O7 (0<y<1), which allows to investigate the magnetic phase diagrams between the
spin-liquid state and the antiferromagnetic state. The structural and magnetic properties of these systems will be
presented.

[1] H. Kageyama et al., J. Phys. Soc. Jpn. 74 (2005) 1702.
[2] H. Kageyama et al., J. Phys. Soc. Jpn. 74 (2005) 3155.

11a-3 Magnetic multipole orders in frustrated ferromagnets
Tsutomu Momoi (RIKEN)

We present a new scenario for the breakdown of ferromagnetic order in two-dimensional quantum magnets with
competing ferromagnetic and antiferromagnetic interactions. Dynamical effects lead to the formation of magnon
bound states, which undergo Bose-Einstein condensation, giving rise to magnetic multipole order. This scenario is
explored in some detail for extended Heisenberg models on a square lattice and a triangular lattice. On a square
lattice, two-magnon bound states are most stable, giving rise to bond-centered spin nematic (quadratic) order. In
particular, we present numerical evidence confirming the existence of a state with dwave nematic correlations but
no long-range spin order, lying between the saturated ferromagnetic and antiferromagnetic phases. On the other
hand, in a multiple spin exchange model on a triangular lattice, three-magnon bound states are most stably formed,
leading to the appearance of magnetic octupole order.

11a-4 Duality and finite-size scaling analysis of the two-dimensional diluted Villain model
Yutaka Okabe (Department of Physics, Tokyo Metropolitan University)

The effect of dilution on the phase transition has been extensively studied since the pioneering work by Harris.
However, not so much attention has been given to the dilution effect on the Kosterlitz-Thouless (KT) transition. The
duality plays an important role in the phase transition. We here investigate the two-dimensional diluted Villain
model, which has the exact duality mapping, by using the Monte Carlo simulation with the cluster algorithm. We
examine the duality relation which is expected to hold for the two KT transition points of the diluted Villain model.
We propose and use an ab-inito finite-size scaling analysis for the KT transition.

11a-5 Kondo Problems in Quantum Critical Environments

Hideaki Maebashi (ISSP, University of Tokyo)

The asymptotic low temperature singularities in the thermodynamic and transport properties of many solids
appear to be due to impurities. While several impurity models have quantum critical points (QCP's), where such
singularities may be expected, they require special symmetries unlikely to be present in real systems. An alternate
possibility is that the environment around the impurities is near a QCP, so that singular low energy fluctuations are
present. We investigate the problem which couples such fluctuations of the quantum critical environment to the
quantum fluctuation or Kondo effect of ordinary spin-1/2 magnetic impurities (not requiring any special symmetries)
[1,2]. We show that the problem maps onto a multichannel problem. A variety of fixed points is discovered
asymptotically near the QCP. Among these is a new variety of stable fixed point of a multichannel Kondo problem
which does not require any channel symmetries. At this point Kondo screening disappears but coupling to the
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critical spin fluctuations remains. Besides its intrinsic interest, the problem is an essential ingredient in the problem
of antiferromagnetic QCP's in heavy fermions.

[1] H. Maebashi, K. Miyake, and C.M. Varma, Phys. Rev. Lett. 88 (2002) 226403.

[2] H. Maebashi, K. Miyake, and C.M. Varma, Phys. Rev. Lett. 95 (2005) 207207.

11a-6 Magnetic structure in inhomogeneous systems and time-dependent systems
Seiji Miyashita (Department of Physics, University of Tokyo)

We will discuss ordering structure in inhomogeneous systems and time-dependent systems. The former is
motivated by the problem to find in what condition the super-solid state appears. So far, the condition has been
studied in uniform system. However, by the recent development of nanoscale design of material and also of the
technique of optical lattice, we may control inhomogeneous structure of the lattice. Here we will study a system
where the system parameters change in space and study the local ordering patterns. In particular, we explore the
possibility to find the coexistence of the spatial density order (DLRO) and the super-fluidity (ODLRO). We study the
following spin model (Matsubara-Matsuda model). The latter is motivated by the experiment on the optical lattice
where the system is changed from a solid state due to the periodic optical potential to a super-fluid state (BEC). We
will discuss the metastable or spinodal phenomena in pure quantum mechanical systems.

11p-7 Anumerical algorithm for the eigenvalue distribution of non-Hermitian matrices
Naomichi Hatano (Institute of Industrial Science, University of Tokyo)

We have developed a numerical algorithm of computing the eigenvalue distribution of non-Hermitian matrices with
the memory size of O(N), where Nis the dimension of the matrix. The algorithm basically computes the norm of the
Green's function from its largest singular value, which involves (i) the matrix inversion of non-Hermitian matrices
by the biconjugate gradient method and (ii) the calculation of the largest eigenvalue of a Hermitized matrix by the
Lanczos method.

11p-8 The correlation density matrix: new tool for analyzing exact diagonalizations?
C. L. Henley (Cornell University)

Is there an unbiased way to determine numerically any important correlations, even unforeseen ones, in a lattice
model of strongly interacting spins or fermions? Let pa, ps, and pa,B be the reduced, many-body density matrices for
(respectively) the small clusters A and B, offset by a vector r, and their (disconnected) union. Then all possible
correlations are contained in the “correlation density matrix”, p¢(r)=paB— paxps. Via singular-value decomposition we
write peorr = Zi Ai DAA) @ (B), where ®; and ®@’; are normalized operators on the respective clusters; the terms
represent different correlation functions, their strength given by the magnitudes |A; |.

The procedure, tested on a ladder model of spinless fermions, correctly identified the growth of superconducting
correlations, but only a DMRG-based version of the method would have a chance to probe the (Luttinger liquid)
criticality. We propose that the correlation density matrix is more promising for non-critical states: to detect any
strong order in an ordered state, or to confirm the nonexistence ofany order in a spin liquid state.

11p-9 Ferromagnetism and Quantum Statistics
Masaki Oshikawa (ISSP, University of Tokyo)

Although ferromagnetism has been known to mankind for a long time, its mechanism is rather nontrivial.
Ferromagnetism occurs because the electron spins are aligned in the same direction spontaneously, but there is no
such explicit fundamental interaction. Rather, it must be caused primarily by quantum effect and spin-independent
Coulomb interaction. However, Fermi statistics of electrons is an obstacle to realize ferromagnetism. In fact,
Eisenberg and Lieb proved that a wide range of “spin-1/2 boson” models with repulsive interaction has a completely
spin-polarized groundstate.

In this talk, I discuss a possible mechanism of ferromagnetism in spin-1/2 fermions. We consider a U= Hubbard
model with a magnetic flux, which only couples to the orbital motion and not to the spin. When the flux per
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plaquette matches the density of fermions, the fermion may be transmutated into boson and the ferromagnetism
could be realized. We study the model numerically and find an evidence that the ferromagnetism is indeed realized
by the statistical transmutation.

[1] Y. Saiga and M. O., Phys. Rev. Lett. 96, 036406 (2006).

11p-10 Flowgram method for precise studies of poly-critical points and deconfined criticality as a
theory of weak first order transitions

Nikolay Prokof'ev (Department of Physics, University of Massachusetts, Amherst)

We performed a comparative Monte Carlo study of the easy-plane deconfined critical point (DCP) action and its
short-range counterpart to reveal close similarities between the two models for intermediate and strong coupling
regimes. For weak coupling, the structure of the phase diagram depends on the interaction range: while the short-
range model features a tricritical point and a continuous U(1)xU(1) transition, the long-range DCP action is
characterized by the runaway renormalization flow of coupling into a first (I) order phase transition. We develop a
“numerical flowgram” method for high precision studies of the runaway effect, weak I-order transitions, and poly-
critical points. We prove that the easy-plane DCP action is the field theory of a weak I-order phase transition
between the valence bond solid and the easy-plane antiferromagnet (or superfluid, in particle language) for any
value of the weak coupling strength. Our analysis also solves the long standing problem of what is the ultimate fate
of the runaway flow to strong coupling in the theory of scalar electrodynamics in three dimensions with U(1)xU(1)
symmetry of quartic interactions.

11p-11 Deconfined quantum criticality in a 2D Heisenberg model with four-spin interactions
Anders Sandvik (Department of Physics, Boston University)

I will discuss the valence-bond-solid (VBS) phase and the Neel-VBS quantum phase transition in a 2D S=1/2
Heisenberg model which in addition to the standard nearest-neighbor exchange includes a four-spin interaction (a
subset of the fours-spin cyclic exchange terms). Quantum Monte Carlo simulations, carried out in the valence bond
basis, show evidence for deconfined quantum criticality in this model. As predicted theoretically, the spin correlation
exponent 1 is anomalously large and there are explicit signs of an emergent U(1) symmetry at the critical point.
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%P : Professor Dr. Dieter Richter
(Director of the Institute for Neutron Scattering at the Solid State Division of the Forschungszentrum
Jilich and Chair for Physical Chemistry (Neutron Scattering) at the University Miinster)

W H : Neutrons in soft matter science

HE:

The lecture commences with an introduction into soft matter science and the role of neutron scattering in this field.

Thereafter some examples for outstanding neutron results on key problems in soft matter science will be given.

(1) We will examine neutron spin echo results addressing the molecular dynamics of polymer chains in the melt,
elucidating limiting processes to reptation: contour length fluctuation (CLF) and constraint release (CR). Thereby we

will show that other than considered so far CLF contributes significantly to CR processes.

(11) After examining the large scale dynamics of synthetic polymers, we will turn to biopolymers and present the first
direct dynamic measurements of large scale domain dynamics of Taq polymerase, a protein essential for DNA

replication.

(i) Relevant systems in soft matter are often multicomponent materials, where key components at low
concentrations determine the properties. As an example we will consider amphiphilic polymers which boost the

emulsification efficiency of surfactants in microemulsions.

(iv) Finally, self-organisation is one of the key phenomena in soft materials. We will look on self-assembling polymers

which winterize Diesel fuel as well on proteins which inhibit the calcification in soft tissue of mammals.

HIF : 2006 4£7 H 14 H(&) T 1R 30 o5~
5 R ARE 6 B KEE
1 LBV S
GRER2ZMMERR AR B E R EEM)
EH : BTERRGEHEORH L WETFIRE - AEVHBIEEIET o)V I ik
HE:

WA, BOE TR E R OMERHIC BN T, BFWEIRECHET =L JIRIRZ: 8OO OE TIREN, R TERR A
I CRE L RDOPSTETND, HTH IEFRTORTFHEABRLIL, TR - RKKY HAERIC X DB - JHIED
BEONE T D X218 U CHN A R TR ﬁﬁm\:®E¥%6%®ibﬁ%tﬁh&LT@%LM%%%%%*
OT, ZOOWRENDEREIT> TS, U EDlE, RN RT I AN —Ya U EHVTHEAKRFEZHS X2, BTE
FaSIZiA 9 EVnH b D, b HOEDIE, @MERYE COFETFTORTERRSZOER TH D, MFICONTL, Fx
DT R LTz A v 7 a TR ProlraO7 W AV ARIKEG L I & bR D HHRRE R — LR % T

T 5, BECOWTIE, I<hl, B LIEME Yb 2e BRIt G COBERIET = b JREBGIZ OV T
Do

31



A F R

G|
O ¥k 184£9 A 1 Bt
®
K4 i ] W 4 woo® N A
BoOW OB | WYEEREREsm B | SERILREEE I S b
O ¥Rt 184£10 A 1 Bt}
(B9 (%8))
K 4 i % W 4 A TN
L R S - U I B - S R NS RL os  o
BB W RN W | g R
) KB TR — R R
Nk S R R BERCH R Se b S PFE T S
PRI ERRISAEL0 AT L H ~ k19463 131 H
: e o KB HEORROC R TR e R
" e o | KB IR B

32




HECRAOTEDI e B R R 5D TEN

TRICEVIMTFORFEZ W LET, BEEOHE., fWEEOISH LBV LET,

1. BFIEERfI4 %5 L AN B
FRRRER RSP (FERAFZEE) BT 14
2. AR
WHFEEE CTIELEMIBERE T (BET - (KI5 - 3RE35) TOWMEIZ & IRV E TOMBIE T RWE & T 0ICE T
T 5 L4k, BEIEEROBEEARERM, WET 27T ABEEIT> TOET, AXLETIEI NS OHFFE %
ICHEET 2 BN S0 . DRI 2 EFAFHZHE L SN TE 2 ETHRE 2 HL LT,
3. IRLEERE
BEERE T, 3. N ERELU RO ZRSH,
4. &
N5 ELT D, I LEfRIZTE L, 1RIZERELET D,
5. AZHEY)
Rk 1 81 1H21H (k) 45E
6. FH{LHFE
RER T2 D~ < BUOEEH
7. PEHEE
(1) HEOBE
OtE=
OlEE (RFE-CcAl, GEA)
OXRGRHSCY A b (FFICEELRFHRUCOMEITS 2 L)
OFZimc B (3 FRFLEE)
OMFZEiEDE L (2 0 0 O FREE)
O5%OMEOIEA (2 0 0 0 FRE)
(1) IEFEDE
OlEE (REE-CcAl, GEA)
OXRGRHSCY A b (FFICEELRFHRUCOMEFIT 5 Z L)
OFZimc B (3 fRFLEE)
OFTBOEF I ITHEHE ST L AIEEEARNCONWTOERE (TERE D & BIER e ~E %)
OWMEERMOE LD (2 0 0 0 FRE)
OA%OMFEORA (2 0 0 0 FFRE)
8. EHHIEHL
T277-8581 TIEERMTHOES TH1ES =
HRRFPMMEANE - 557V —F NEF— L
Eih 04-7136-3205
e-mail jinji@kashiwa-jimu.u-tokyo.ac.jp
9. AECET MW EbEL
FIRRKFZDIEFIC TR ER BE M IERFZEE P Bh3#d®  BARSEh
7% 04-7136-3330
e-mail uwatoko@issp.u-tokyo.ac.jp

10. HEEEHEHE

M RERBE M MEIF R (ERIFEE) B RISEEIEET ), 203 TBEREETS) o5&k EL, BEOLEITE
BEé4nrz L,
11. ®EHIE

B KOTSRS I CRERERE N LET, 2720, BEEORWEEE, REERE V- LET,

SRR 184E 7 H20H
WRUREMMEIZEAT R
B XK

33



TRAUCZ VBT OREE W= LET, BEEOHE, FEEDOSELBENN-ZLET,

1. BFFEEM4 %R L OVASE B
MR MEIFSEE M (REMFEE)  BF 14
2. WIRAR
TSR 7 O TR T E e N THEE 258 & LB Ttk O BRGIFFE 21T 5 & T, BmeHllZEoR L
WHFFETFEDOBRFE 1T 9. LA EOBIZE 2 BiIlBINICAT 5 B O H 2 B TR E 27 LT 5,
3. IREEE
BEHHRET. 7713, Zh RS EoENZRDT,
4.1 M
TS ELTD, ERELETEE L, 1REIEZREL TS,
5. AZEREY)
WRk1 94E1H 9H (k) %
6. FHIEHREH
REH 72 D~ BV RE
7. PEHEME
(1) HIEOHE
Ofjid==
OEEE (WEETH., TEALT)
O A b (RRICEERGRSUCOMAMF TS Z &)
OEFFRLOBIR (3 FRREE)
OBMEERMOE LD (2 0 0 0 FRE)
O&%OEOI A (2 0 0 0 FHE)
(7)) IEEOHE
Ol (WEETH., TEALT)
O%fEmrY A b (RRICEERGRSUCOMAF TS Z &)
OEFZRLOBIR (3 FRREE)
OFfBDEF I35 EHE ST L AIEEZRACOWTOERE (TERRE ) & B8 e~ %)
OMFZEREDE L (2 0 0 O FREE)
O&%OEDOIE (2 0 0 0 FRE)
8. TEPEML
T277-8581 THERMHMOES TH1ES 5
BRI AT - 557 V—T NFETF— A
EiF 04-7136-3205
e-mail jinji@kashiwa-jimu.u-tokyo.ac.j
9. AREFIZEEHT WA bR
BURKZ M TR R SR AR BhEdR Rm BA
EiL 04-7136-3337
e-mail osada@issp.u-tokyo.ac.jp

10. VEEFH
MFRERER SR EFZEE M (REFIRE) BIRIGEEEAT), Tk TEREEY OoFZ2EEL, BEOSHAIFEN
ETHZ Lk,
11. ®EHIE
HIRKFEYEFRFTER SO TERREVZ LET, 2720, BEEORWEAE., IREEREWTZLET,

Rk 18 4E 9 A 21 H
HURXRFIERT FERT

E B Ok

34



REORZEPW T B8 (88 R0
ZEN

FRER

[
p=ill

ARWFFEFTICBWTC, 77—~ (%) TRER BLOT—~ (D) BEREZREWZEL RER) ok B#H R (Bh#ER)
ETFRDOEBYAELET,

I. ABEOXS;

1. T

(1) 77—~ (%)

oo

Gy F-VETEAR B E O A B L & BEER OATTE

W ETE T VB KD EFIE RO
LEMBEREE TI231T 25w E 0Bk
D EREEEER X BT L Y o L— X OB% - W5

- 0 0

o 7L
53 TGO T
(2) ABEAR

a BiEdR 14 14

d : B E 38R e : HFFEIIBhER
(3) # ™

ade:

b c
f

b : B
14

c : BhEu%
14 f: B

SERR194FE 4 H 1 H ~FRk204F 3 A31H

COERR194E 4 H 1 B~ FRk194E 9 A30H

CEARI94E10H 1 B~ %204 3 A31H
(4) Mg

14
14
(I@4F)
GUEZ))
(%)

OWrgeE O, £ O RER M THFE LOEEZK 5,

OWFFeE 3 L ORNIEET & OO ERE . R %2 6T 5,
@725~ %< OWE ZAFEANC BT DHFRFIMCFETD Z &,
2. %A

(1) 77—~ (%)

WSEHEA LT —~ (%) ZR%E

iz E - 3BhE®E 2~34
]

B 194 A 1 B~ P20 3 H31H

M1 PRRI9ME 4 A 1 A~ FRRI94E 9 H30H

F I3 ERI94ELI0H 1 H ~ERk204E 3 A31H
(4) Mg

OBFZEEOUE, £ Ol TREZR#iPH THFE Lo R %

75,
OWIZe# & L CBE TR 300 51 (FZH 150 H ). 38 L ORI & oM o E s
ORI TL » AU EZR®RET 5,

ER 23667 D,

35



3. ZFL LT, AEFNAENEENZEAR L LTEK 19 FEPICHAAVETEL T HEIFRO LB TH D,

K 4 3 300 & AW HYPTE
BLICK, Robert TAY R University of Wisconsin H19.3~H19.7 B A
DAHM, Thomas F A University of Tubingen H19.3~H19.8 J:(ﬂ])ﬁﬂ
. AZFHEL)
A1 81 1A24R0 (B) (M%)

. $2HEE
(1) TIRER] DOGE
®%%§itm§ﬁ%(ﬁﬁ%#%%ﬁ%m%mﬁ%)
@%ﬁ)xk FEHR ORI 5
OWFFestmE RBFFEFTHTE FTREI OHEE & & 1e)
mﬂfﬁﬁﬂ OBAEE. EiR () OMICROEERLETY,
OF—~ (58 B L OEAROHFIEE
QL FD 4 8lconWCEHEL=b D
WD D]
< ARFFEANC R D IFEBLERT B4 (LA B I OB & OFFHTA I Sl (WP ERTCATA
g EID Z &)
- TREWTE H K
- MERFIERE HR)

V. FERIE LK OHWG ek
T277-8581 THERMMTMODOZE 5-1-5 HARURFAMHX AN E T — 4
#afi 04-7136-3205 e-mail : jinji@kashiwa-jimu.u-tokyo.ac.jp

V. HEEFEHE
(1) ISFHIER L TEIAMEFTA L & 5 COME 25 2 &,
(2) BfElc REZR BhEER) IGEEEET) 03 Mg (BRE) Eh) AES L, FETHXDZ L,

h:

VI. ®EHE
UL RZOVEFTE AT N RE WSS CORRICHE S X | WIEHFERTERRS TIRET 5,

R85 7 H20H

WA KW SE T &
B W XK

36



w N

2007 4 1€ H K1 )1 D1 oL WE et i /a5
ZEN

2007 GERED F A 93 T 7 HGEL) (2R3 2 A AR R OMTFERT B &2 FRRo@ ) A5E L E T,
HEBICSENL - Tid, FRLBIREZERRZR L BITHADLED L HFE LS D Lo B W LET,

L X

PR B

it

s REEANFALR, VR ORFEE

: PTE OWF LT RS

AWFEFTEORRIL, BT 7 7 A ML DA DH L 720 £, WYETFERTIR T PR A JE ek o
FIEDHEN—VIZT 7 EA L THEEZ 7 A V& Xy ra— L, fBRO B, A—/VICHAT LT
LTLIZEN, RATEZD 2 B LOHFE FEOFEMIC-> & £ LT, http:/nsl.issp.u-tokyo.
ac.jp/usjapan2007/index.html % ZTZHE < 72 X0y,

4. JREEREEIY 2006 4E 11 A 15 B (k)

5.

R

1) BIRSNIWFEEHE CIRE Sha AT, @H, A —727 VU v VESLFZEET (ORNL) 4~64, Ty I ~T U EH
SEAFZERT (BNL) 8 AR & 70 2 RIAZ T, JRIEBHIMIL 4~ 6 BT (&R LR,
2) ARAFETIH, BHETFEELEB 2R LKE TV v 7 ~T VENFZERT (BNL) 88X 04 —2 U v PESLFZERT
(ORNL) OWF%E#E & OILFERTIEIT K 2 H KW 78 % 554 U £ 7, 723, BNL @ HFBR WFZE47 O K ASF T fE 0,
BNL ([ZHERFJERT AN AR B L 7o P tdiid. ORNL ~B&&HTh v . BNL & o H[FEFZEITZ ORNL @ HFIR Ji+
S LOVNIST @ NBS i FF2F A L THEMINTWET,

3) ZoW7

FEOBIER B O ERMTIEZ SN TO TERMIT, FHEEtHEEREZR R, FHYN®RE, KT OERICE

WA EEN,

4) WrIEET

O

lip=wiz

v
Y

" F P
HE & 3

¥ o
=

E
B =

ZESORFEDOERIT, RO ILTT,
Jo o Bt (MERr - ZER)
oA (RSB
iR GEURIEH)
(MR
F& 8L (PpiEn)
o (WVERF - BNL AR Y 5p5)
1I33& (BAAEE - ORNL 1Y)
Vi = W= S VAL 1))
& (Wpikarr)

|

37



Pk 18 R RIS — 5

I

SN

KoK KRFEEME LIZ@ET TO
i&fk%@%ﬂ% &R

18. 10. 24~18. 10. 25
(2 A

60
(11)

Ot
e
YA/
/A
PN
At

e

it
s
B
ek
@ =5

JIVERI SN

CRARKRE: - #i5
(RIS
(ORISR
(H AR 7075 B R )
CGRAL KR - HEHFERL
(BRRE MRS A A ) AR 5 -)
GCENELTE R )

RATFERL)

T AR O —HEE
R & FZBRAVARGIE

SEHRER OFEE

18.11.20~18.11. 22
(3 A)

70
(12)

O/hHE

=
S
w2
jils
s

Jlid)
EEN
I
il
JUAT

#
Gk
(5
1%
R/
B
YA
i

JUN K « BE2RF3ERR)
CREBRF: - ALS-WF5ERT)
(PERFZERT)

UM R - BSEAFSERT)
CRED TR - Mk 50)
(B EHRBKRF: - THHFERD
(PERFFERT)

(R BIIRRIAEM R BER )
RO R - ERH)
= (bMhE RS - SRR
(PERFZERT)

(KBRS - BARFFERL)

BEAE U ROYH

18.11.27~18.11.29
(3 HFH)

80
(20)

OFFic
At
e
1
FH A
(10

( A AJF 710 5E B s )
(HERFZERT)

(PERFZERT)

(PERFZERT)

CRRLERE - BRI 4 -)
CR#KRZF - EEIERL)

Hr T IR RS AR DAL

18.12. 7~18.12.8
(2 BHFH)

50
(26)

Ot
A
ik
gntt
B
I
At

1Ef2
%
HE—
JE =
il

(G BRT - SRR
CGRALKRZ: - HEHFERL
CGRAL KR - HEHFERL
(L EEBKRY: - BT
IR RS - #LT )
(RIS

(R SERT)

FHEDHER BT D A=/ —a
2 — X FIHOBUK & RE

18.12.11~18.12. 13
(3 A)

100
(20)

oA
JEs
AT
At
K

(PERFFERT)

(HERTFZERT)
CRARKR - g
(PERFZERT)
(PERFZERT)

KA hn=7 AR

18.12.14~18.12. 15
(2 HFH)

100
(20)

OsA
H

(P tEIF5ET)
CRILRE: « TR0MERL

38

() IRESGEHE ORRERERE




Epk 18 4EHE

%

JUM kR R —%

IRFEHTEE

&4 i o W % @& H BRI E
o IR R T TARIE D N
iom o M ETRARLEN A =2 A A PORENE RS ,
kon o TGRS G TR A AE U7 iy OGS X Ol & f
wooom o LR WAL TIIC & B AiHE o F— IEARHE A R OHESE "
koo o GACEEEIIEREE SPMIC & 3 i 47 F- Wkt ,
Bom gk g RO LY AR A LIRS FOR R ,
won E o ROSPERRIERET Sy F— M Oy D R OB ,
oA g RTRIREREDT TR SHRB b B\ R AR DB ,
Komo g SRR F J BE DI TS & TR A
w0k A& owm T IR F ) HEE DI THEE & IR ,
i I L L T O FAISE R O B R E oW
gowo R TRLEIER b BRI 1 B FE AR DT ’
heom o SRR LR HE RO LA SR OB ,
B g M RIRTER FEA) T NMRIE S 5 5 .
om g s R F o 3= L R3H IO L OIS :
womoow G FesPIc 513 3 1E ) R XHsHil "
o v ow I TEEEIER CesPdsSis RS HBUEFA & Z OIE S 3 ,
Bk oE A R CRIT= L FT > E LR ORS ,
Bomog = ISR 1RSSR DIE ST ,
wof wop LR 5 TR O #E ,
WM s e R FEI L — Y — DR W
WoOWo = @ﬁ?‘*@#m%ﬂ YBCOZ 4 v ADKA 50K k2
& SRR FBAL AT ,
from g GERTEES P ETRIEE Bis AR S AR 750 "

39



Woao @ i Er LR DT -
Beomowope G STRREIERRER FIOTRREIETE 74T X B s D% ”
oo ok ERSES7SEOUBHBRERAT g oo RO y
HOF B an g oE TR HRER DRI 19 v
TECEEE A L SR eSO ,
Ko ox g MCERE R O BT (AR OT FREOBIE LT,
A SR LB
Aog g - [IOTPIRERETFRERET AR S 797 D% .
o g g BRI LS9 BOF AR5 :
CNEVIE T AL AR T RO A 75 .
I I s %iggotron Radiation Research Center X L DOTFSE ”
wog o SMEERLER BRI AOIE A7 R G
dols @ CETIEIER RIATRRREIETE 04T X 5 56 FARIBORRE ,
W g g gEEEE R RIBIERSEAN € — 15 £ S DRt - :
A TR T EHE A RN B AR T e E— A5 1 2O
R it ’
Ko g GREREREDCARRE CUTEASTRIA B LSRN T RV — B OB ”
1% i QWQ%E%I%W%ﬂ I RO PR T2 B 2 SR I O M A ”
oo ke EHEES7SEOUBIBRERAT s e b y
HOR Of B gﬁgiﬁﬁﬁmﬁgiﬁ Db — Ly MR 25 S5 ”
o g DR R HO e P TR D I A v
kowofeowy LRBRERARIERERESEE AT amin e — 55 4 > ol - i :
Wop o g R IERIERRIIEEIES e pneo i ko OB y
wow o T ERIRRRREREREIET gt s nm T s sn ki o S A v
oo e - BTRVEERERROEHLAARLT OGN B SHANE— AT S BXOZOMT
= e e
W A ggg*ﬁw%ﬁ%ﬁﬂﬁﬁﬁﬂ%ﬁ N E — 15 4 L DR - T ,
W ow g WOV EBERMMIREREET ST BRI AL S ST ke,
H 2 Bk S A4 v Ot
bt LRTIERREREE R R RO R RN 5 2 790 IR D S A ”
KOk - SHOTRIRERE TR RSO C— A5 4 > Dt - 34 "
GO T e PRI TSR E — 55 A YOl - il :
* o w o BHEEREIREE - BHIDERE— A5 4 VB BODBEFROMT - I v
AT B B iﬁ%ﬁg*mﬁtyﬁ“ Yol BT & BRENET ) B ORALBR "




OB g;y&—m@%%%%m&%%m& BT RO S 2 7 A ERI%E g
?&“ ;‘?é ﬁ k %:%%b%—ﬂﬂﬁﬁﬁ%%*gbﬂﬁ%ﬁf%ﬁﬁéﬁ Kﬁ‘fﬁﬂf]ﬂiﬁ%@ﬂ% ”
% /{\A % §I§v¥~buﬁ%§ﬂ%%*§DU%ﬁﬁﬂﬁﬁﬁ§&" %ﬁ&f%?%o)m% ”
U we w G RARTIEROEREIERAR oo mmo v— smmcm s ,
ﬁ} 7¥ E B% gll?g?“bu%%ﬁ%%%%ﬁ%ﬁﬂ'%m%ﬁﬁ %Jﬁ?&j}”%??ﬁ@ Eﬁ%m% ”
2’: EE] aﬂ! 33%;%%ﬁF“bUiE%%ﬂ%%%%’gﬁiﬁﬂiﬂ%ﬁﬁ ﬂr%g% R ?—. AD ﬁﬁ%ﬁﬁ?%’% ”
Wk BEErENEETERRREIAT 0 op .
*ﬁi %'; @ EE E;I?¥?“bu%%ﬁ%%%%ﬁ%ﬁﬂ'%m%ﬁﬁ ﬁ{z&i%ﬂuiﬂé%?lﬁ@ Eﬁ%m% ”
o4 g pERLFONERERERSHERAIET papemonmeoe=sy 27 soms ”
o ek pE R IEGEEREIRBENEIAT 6 emmso v — sowmomT ik ”
P, ﬁgg#@im%ﬂ ﬁ%gﬁg%EOTyfﬁv—F%@ﬂ%%@@%w&ﬁﬁ b -
R, ﬁgg#ﬁﬁMﬂﬂ%m i i
 omom o %mg#&%ﬁﬂﬂ%% ” i
., §%?i%ﬁ%§ﬂ#ﬂ%m i |
%
AR R
H B 1E #® Bj] %{ = " ”
v — KRBT R) ” 4
mER B = % B
- SRR e i i
El 1] = EIJ Eb?!lﬁ
e i . i
KA W R
P %ggﬁiiﬁm%ﬂ b Tk M LRSI O 7 v 7 L— K ”
: JEHEH A TR i i
wowom o
B o o og WTUORRCER LTI A OIS K OMIE FIBY 5t il
2 B T HLIBR
. KB E I 4 — RS FICHB T 5 E R RS T ORI RR) ,
AWk R S BT B B
BOOE @z b ST HREIERER Wl — K F ) F 2 — 7 ORI O R ”
Wi BT BE RIWEL - BORMPFSERERE PR OB T - EALEA & RBI ”
—
K 4 7 B w % @& H IR
won — R ﬁﬁéﬁ*ﬁiﬁ% 209 FAKA MEBHGATPioT=Fe RuOSDEEAK I\ A
} EM T ENE TR ) ,
BB
el SRR PSR R 2 P Ui F ORI & fit
By W S HE O B3R

47



O g g U TRRRERIER KFEAA K L— b OKED FHIRBIOIE HZEIL A
RO MBI i .
R
M g SRR IR . |
P HIIE FICB 5 PRIk A v FCabt OB T 3,
KEEES o
woa % gﬁg*ﬁ*ﬁikﬁiwm%ﬂ VU AL B — W KRR D e ”
BT g o IR RIIE RIS B 0 RIS v
o kg DERCELTEE Ru7AHA MVUEE RO 2L NLOTE GlikE
o BT T TR
Ko om ok RETARRRIER = fa bk FRAEEBEONMR w
TR E SRR IER . .
OB R
g DR UL RTIOBrO UG & 2 E L RBOMRAS:
e W - UL & B %
K % ek SPRIEIER 9 WIEATHAERE N 1 7 2 A { MEAWOREE R
Wi gﬁgiﬁﬁmﬁﬂ SEIPAIIC T 5 2 b L— b Ul =/l PRI OIGRRALIE
o AT ” i
. SRR R i |
R gt
b g SRR BIPENICT 72 L L— | LGB PLInOc B S
ey e
Wow gy SRR 7 LSYDRHR AR 7 AL ISR AL ”
SRR R , )
nof ke SR
i o G STRAEIERER 55 2 B DR AREDOTI% "
. TN TR T4 Pra2&lef u /a7 RBILHOBAR 7 A L —a v d
Bov w2 gL e ”
Bk g SUERTLEER 5 1 JOEDMETHIOTE TARRED 51 KR MOk
feow g g iy ETAREERER LRI FALEBHEIC B BRI & TRBIFORDR v
Az TR s i
Bowom SEELLH FRRSOICRERE (V)
ol m o WREHEEHOKICTIEE Y #— A EY b a=s REHIELES /IR T RO
IR o
PR §%§%@%3 CO0T7 =3 3 1 1L M RS S DT S P %
2 oW 2 = ﬁgig}ggﬁ%m%ﬂ ” ”
oW 4 @gg*ﬂi% 7 = vk Y REAETEID Bk & Yk ”
oo SRR ) )
o IR S TRER ORI & Wi :
T R e IR R DB - B o
Y = = I Al ()
ﬂi # @ H*E%ﬁﬂ%ﬁﬁ%ﬁ%ﬁ?ﬁ~l\[ﬁﬁ?ﬂ%%mjﬂ {&mﬁwlﬁﬁ;o)ﬁ%}‘ﬁ% ”

FAEWIER




ga - w COIRTRESTTER V57 2 ATBY B R LR E BAFRORIICONT G
@ W ow = JOERRTHEER [EHIBYE T & — ATEIT & 5 SR iV KO mi%E N #
RO EE IR
BOEE S i > ’ "
Nk g PR EPRITARRE 5 A O B TRV ”
b g ORI Ge(00D) Kifi s & % Snlif Ge(00) Kifi Ol FREDH—
B SR
i we JUNKHRRAEIT R Si(001) i E~DNalk#HIZ &L B UX DETEX D#ED .
i Yow o STM%
- R i i
WORR i
WOR g L EBCRIBRBGEAEE > RO ,
B — 2 %ﬁgiﬁiﬁ Ag(100)Zifii 112 fnk U 7= Tils (s R ek & 13
\ iﬁﬁ%fmiﬁﬁﬁ%ﬂ Vi 4
& " giam
B T >/ MEOBAEHNED DO BRI L FL A= o
H  COEZ7zu— 72AFMVY Y 75 7 4 —FkOB%
WOk w gﬁgéﬂwﬁﬁ%%t”“ PR AT AFET 5 K=< MR FORKFMESE ”
SRR TR
IN B B OB -2 ” ”
. SR CE TR
=i &% B ” ”
#ow & %ﬁﬁiii%“%ﬂ O R N B R R~ 0 R T-IREOMIZ%  Lippmaa
KA wom SR IERER RORPRUSHLAS LR A £ ) — ,
N HOTRE TR i .
ROWCE L i
o ko o OCCRRREIET v s AR WA A BT X B Rl Aok,
T BB
E %%%ggmﬁﬁﬁ*ﬁwﬁﬂtyﬁ“ WA L BRI A DD Y 7 NI T T Y— LM 7
BOM B Q%Q%I%% I5IR K251 5 RIE O KEO TR IR
. T b | i
Gk w ORISR = OEEWINY Y ASORFRENFONE ik HR
‘ 2 s B k)
GO0 gs xR ERERER AT~ U ™ A3 TRk )2 OW% ”
- KBV RF B SR | .
R R i
HoW o+ %ﬁﬁﬂﬁ%ﬁlﬁ% Bk~ % AAD T B% "
AN o = B ERFB T 22pr et Xa—Ev 7 vELTLZAZHWEBEDSe-TTFR AL o
= B WEOW%
. B TR TR , ,
S =t
N B ﬁ;@*ﬁlﬁm%ﬂ T R BIIL AP0 N AT "
Hi F BT R ) ,
IR g e
i BT AR TR , ,
fle W OR R

43



N BB D LA OIER B RSB0 5 YW EAMORED b 2 1B+ 35 S
_— By AT ” .
W ok e IR Yolb A~ DIE S ,
heom o SRR Fa—Ey s T U EAE N BIE LR ,
wow o BT ) ,
R ) )
gy o w GRS SRERTFRPED RV ) ¥ IEADIO R FE R A E DI "
Koo ow o PSRRI | i
i g T IR B LTIk (EIOIE S T OEHE "
Wom g R i .
nof ek S EIRIRER ’ »
B o kR CePt:Ge: i FARIEDFE SR ,
WOkt SRR ) ,
T HoCusSizREARE DIE J41 R ,
e ” .
wowmm ISP P RisCrond W o ATt ;
W OE ﬂu;izgiﬁlém%ﬂ " n
oo om SRR Bufb AP H R B 5% "
A T e i i
W OB b E;ué%ﬁl%m%ﬂ %i@?;ﬁil\rigﬁ;%)éé%(}ezmzxm)e:a‘sh‘éFeo))%'mf& ”
KB w o IR ] )
& 5 jﬂw‘lg#ﬁ%ﬂ%ﬁ 7 = ENMX-Chaing$ Iz BIF 5 i h T B XU HIE "
N SRR i .
TN ” i
ko kg SRR g’ "
we gF me o BPULERPREE A 25— 4rRusFe, CrSiOIE S A AL ,
N i i
ok v R R RMCATIOTHE iS5 B Wi ,
N | i
o e oy R TN MEAROREEHEC KETEDDROTE 7

44



BRERA BT 2R SR

IR R TR A S 120 MEAHOREEE RETIEDMRON%E b K
e SRR B TR i i
G} E (IE.{ {l%:t%*%
Hom o = gmgﬁﬁiﬁimﬁﬂ HKIESGPa% Ml % B BRIE F OB Sk Dbt "
Arumugam N TR S SR ” ”
Sonachalam IR A=
KRR KSR
% 7': % ﬁt%@ Vi V4
BRIV A B SR i |
AR i
e FRBE RN A NI M0 XK=In SO LTS H A b
o Yo OV SIS BT DT 70
FE R TSR | i
ELEE e
bowow o AL B4 LERIPE AT BIE By s,
1 | B =] N I
S owe g EBIOVELEREER WES Y /32T - 7uUzy MEOHIE FOGRIIE
X 4 MR T RSB i i
B EE piaw
o g5 g AR 2y S a st Mt B B EREOEDART
oo s 52§;ﬁm%ﬁ%%%%%g%m%tya— ] ]
% %1 s ﬁ S{Tﬁé%ﬁmﬁﬁﬁ%%%%%g%ﬂ%tyﬁﬂ ” ”
o He oz e R IR HERIE DR AT PR OIEIE PRI IE
Won SRR B ERUGRE =7 LERIPO0 78 1Y —WARANE
] ¥ PEDFE
o HRE T AR
= # M piam ™ 4 g
ko0 oz g bR B#% 8 F—7 LECaAsicBIF B5E T 15 v 7hb0%% K Il
e i i
I 2 fﬁﬂiéilégﬁ GaAs (110) #REOH—FHGHRLBHNEL T vy
% Ral—vay
N o GIKETER MBI LES IO ERENT 0 - 7/ WO,
] ¥ PEDFE
Kow o ow HOROCR LR IS FRRRIL 53 ) 3 il EORWRIIE 1y g
ﬂ BT 7 IellE .
wow o SRR LR ” i
ol - SRR i .
, BRIRIR VA T2 i .
BB
BOE B $”§*@I*W%ﬂ PPMSIZ i U 72377 RUE R ) 56 4 B O B & i
TR I e BRI B BB IR ) A — LD H 5 A s
” THBREA Y Fy— EYRR + KT 1) — ] ]
G . L
Mol T g?ﬁg*@*% , ,

45



LS N %g%ﬁ?ﬁ?ﬁ%lﬁ WHWEENR Y F— L Dnearly constant dielectric loss i =
. AR F =+ EVRR+ 585 b —
A ’ ’
W dommoemEs i |
franen
& W ﬁggﬁk% R A A2 B ALSIT LI —ADEALF 35 R ”
RS K2R T 2R S o —L B EEEIC & B Cu-Fed b D) / Felig b v
TroHSA e Bl IR O LG
Aol ager  BUEREDR i .
" R TEAERAM TR ELFANDIEC L BB ROHIIERE. MO L 5 |
MO R gy BORS% Fol
B e ZnSe/BeTe LKA 4 7 TR FLITEY B EMERBES 4 |
= B T S A AT
; TR ERRERT IR
fo AT i B ’ ’
o g g PRSI H— HERS FICBY 5 RN FOY (70 ket
B T WIS B %
WO w s AT i |
i’%: [N ?‘,3 %_ gg;&gk% " ”
P A e EO WO — K T ) F 2 — 7 REARO SRS FEA
i Bk B ] BB
V2 S AV f;i§§ RSB ER ” ”
e ERSOREARIERR i .
e
% W ¥ 4E imiﬁﬁ%@%% REALTESAZST K — 7Bk TSI BRI T/ il 4
wom g gy R REEEERER , sl e
won oy DETIRIZS ST A TR AT A , fikilr it
CIE I T el TR UT:Sia(T=Ir Ru)DTIE - KRR R &
dﬁ ZB 'IE ‘Hj ?é?;gg%ﬁ%m%ﬁﬁ v Vi
on - ow SRR R —— ,
e BUOEECIERRERT IR
R R P * 4 4
W A A3 PSSR 2 2R H U RIEMIZ B B BTN RESHI ,
R T TR Celb AT BHRBIERI%E ,
¥ opyow g7 S EREIRER , "
o g g SEEELEE B 72 3 5 DR R (L B i ”
IR RIS Y & — . |
R
IR TR i .,
Pere BEOWE gt
s - R g%g#@%m%ﬂ — TR DR B R L ”
btz AEEEARR i |

46



X H

R SE BRI R
A

ZRTCHENE R O BRI S LR

Bz il

¥ | -

SRR BT SERL
Bz

A F BT X D1 SN D IEFH R OREALIIE

PN

i

SUERR S BIAERSERL
PR

r
P

B

FARR A BRI SRR
MR

% e

sy

SUERR A BIAERSERL
16 Lae

=M

R LR 2 LR RL
il

n

& 1

AR LEMHER 2 TRl A et
o=

Wt

SR LSHE R TSRl A se Rt
PR

g

£

R L EMHER S LR AR SE Rt
16 L3R

LU 2

1E
%

=

RBOR BRI SR
B F

BAFA CHOT A Y IR T R Z — ORISR R

Fa-v IV ATV

KRR AT SE R
A

V4

BoA

L

KRR A BRI SRR
BLHE

n

R

#

#

kmg%@m%fﬂ%ﬂ%ty&~

% AMEEMENT A RRT 70V 2 OBH%E

VAR

I\

KBRS R 7Rl Ep e v & —

FHTERZER

V

= H

el

RBOR BRI R
B3R

R

&

RR AR RleE s v &2 —
o=

RIS EE T TORALNIE

‘N)gzl_-

KRR A BRI SE R
BLHE

N

|

BRLLR % AR A FER)
o=

ZFLVEBENT R 2 TSR U Te e 3600 -1 D BRI G AL R

< | B

b

IRESR IR BRI E R
Bhi

AR T B D UEE W RIS T OREAL I K OV <UL

-

iy
ol

IRESR S B AR E R
e

N

JUN R EBRAET SE R
B F

ISR TETE R AT VIR AL S O REA LR

w
i . R 13

g

JUNRE BN
s tamr

n

=r
pEIN

N D

NN S LT
Bz

Ba VS iR OmRig 5wtk

5

e

e RN L g e
16 Lae

n

R EE YN AR T
HREK

RMnsSned3 X 'RMneGes(R=rear earth)& @D il

it

n

=

Bk AR b YL ZE T
FALHIZE R

77 b L— MU DRSS T TORALNIE

BE | | %

BRI TR
CRE S

n

® ||| w5 |E|F| S

T

Iy

BUL2ABFERT h YR SE T
IERERPERRITIE R

A B R S R ER NV OBRRESEL « BEURGTNIE

i

..H

YL AR AR R SE T
MRS R

PNV A= T2y bW FIZB 1 5 SrisCusOs Hif

I DREALHIE

n

47



WHEAR - FERIEP 7 7 R

i3 i w % @M H BEGET R
Wl gﬁgkﬁﬁimﬁﬁ R e L MOk
Yu Derrick E.C. %ﬁ%@iﬂ?m%ﬁ ” ”
PR i .

N JEHE AR
& W P OFE ey ” ”
RN e EJ7Hs PRI MR TN, HEHHEI A L)
P i .
: ~ SRR R , »
B R e
B w EAEREER i .
ST L IR MR S BRI BTG TMEIEIC X 5% ”

. M ] , ,
O
. T TR T A 02 0T R RO R B E KT 5 A b L
BOE R L Ty — 2 D% g We I
WEERK - FHEEEG 7 7 R

E % i % @ H BIGET B
WU AOF TR Cu-ColFets &2 dF 7 ColFeliePt K 7D HLEh, JHIEN ‘
oA L RS PELA
Bom o fp POCHERELER ’ "
o m g g KA - REEEGIER P (A B ST 4 L 275 4 | (MgsSiOs) ]
‘ﬂ - i oy
te g TR B D7D A ) ¥y KSR O T ’
N ) i
bk g T SERLERER FZIKIT & 5MTiOAE O ’
AR TR

o moH N ” y

L TU—F 4 27— R N % R AL i
? R D

o ow g DORKETRE KRGV HA KBECT /YT LL A KIE L 27 b %

B e S SR A S 2% W 5
w ok 9 ﬁﬁgiii%ﬂﬁﬂ ERT AR Y H VBT B BRI OB 16 2 5 b7 8
; BRSO RRIER B A D K EORL T & Z otk e LT L T
o g g ARG R EIEARERINO LI 7 v 7L 44 MEAMOR L% 57 b7 &

- B £ G2 Ol TG
oo o LR TR BRAL I TIEIC L D RS h CARS N T/ h— AL ¥ 57 b7 &
it f e Ko DI B TSR E

48



X il E 8

Koip e A PR STITBUBIRRERER HERRAH AT & 2 SR A H R D Ak TR
R 5
o %igiﬁﬁﬁﬁﬁﬂ#ﬂ%ﬂ . i
g MG IR RRIC & B 1T THHEE IV T USRI S gy e
T = o F BHHT 2T ADRI%E v ;
ﬁ,‘;‘ 7}( s EE ?}ﬁf;ﬁ%]:%f—ﬁﬂ%ﬂ %X?X%?‘/ﬁ‘/@ﬂ%ld’o’h‘é%ﬁf'@liﬁﬁ%ﬁ’?@lﬂ %%Eﬁﬁ&@%‘ﬁ
THE TR T et 1 bk b T
w oo VAT AR B D R b RN olihs
. THE TR T <A PO TS AR AL O — R
o TN TN , ,
HOHOW i
nowp g g THELERETEE <A DU T T AR A R 0 6 Il [~ ]
K IO = - ] H—RYF ) Fa—TDERH
e T ] S T B O X R ] e T T o R
" g OO R AR R ) i
-
FORCAE A AR IR . .
KA e
Mooz BRETYIATIITAZAMER gt - oRtti ,
w oW B g”g*ﬁlﬁm%ﬂ FHoCusSi, Bl i O REL RO IR 2 y
M ) , ,
e
W JF owo LR A 25— UL AORPE & EEOR% ’
WL KB TSR . i
AR e
& W oH gbgmiﬁ%ﬂiﬁm%g H—KF ) F 2—T WA B OB y
ok gk R B s — LA B DRI ,
WoOE A A ﬁ”g*ﬂi@ﬁ NisMnGad Rtk y
K 0o ggg#&z#m%ﬂ Z;%ﬁ%m;5$m%ﬁﬁ¥§w@mmm%ﬁm@¢ S
. By ERZPE T AR5 ” ”
O RARE o
Pk A §§§%$WMM%% S KT RS FER TR (Ashra) SEARTEAEA ”
¥J" m Ylﬂ:t: = %ngjﬁ?m%*J‘ " n
. N . i
e
EHE$ER
£ % it B w % @M H BT AL
R TR TR UL TR B A C ke R R T DAL -

49



ik 18 AFEER I
A—N—3 2 Ea—FEFHRRFE

i R R % B 5 4 N
i A SR OO WY T TARICBE BT BB B BTk
QLML P LR BB % Al B B 2 Lk TR O R
g EEPRRILLEMARIEREEN e mom o TR B R I X BRI ORI
B KR R TR e R g g EBRBILAMCESHL - AE Y - WP LT —
BT AT
SRR BT SR oo R EROR R EY TR LB SR A= L=
B F o Tayv
QWQ%@%W%ﬂ oM % HEOFEFAOMEY Y2 —Sa
Dk S RAT % W RIS KGRI E B RILT 2 F ) A KB HREONE
DS PRUMIEREIRRGE - IRLE O e s 5 B0 R RSO il
o S TIEBIRY =W g AEL IS RBICBI B A Y 2 — L COIEIBISE OB
s R WS I RES WG B 5 ROBEIEN & Rk
R L OB S ARSI
WO - BHRHIFIE R W e BB CEO R X B ORILEERE O R
FIERFER i F—thr
LT AR O = B OB RS —SRRE
FJuE
§#§¥*%%W1%ﬂ FEUI % ZERMEE Lo dOL TR B L RO BRI
PR AR R b o g BT RE— RN =R T F 2T OB £
i - Wy
L L BRETE RS W BB SmRAMRS Y FAKA F DS
B TR WKL JEPAEREECOM AR
S b oy EBRRRILMCHETS /23 ) =7 R E REEEO R
B T %
PR LR E I LR WO R - & B AROREBOTIE L BIEORE
PRI LRI LR RO 8h BN R L7 TR M B M B LA
ﬁggﬁkﬁﬁﬁﬁﬁﬁﬁ OB 2 M IEEREREOSH : Zay s - FeU s 5 R A LT
Emgﬁ*%@I%% B % o
LB B R B d A U ‘ s
CO B PR R RFAT 4 T RS T~ ORI
= [ 22 PN 2L o B 254
g%ﬂ%ﬁ%ﬁi*ﬁWE BosEpt % W T ZEY A T RRIEBT B LD
QWQ%@%W%ﬂ NoH % TSR L— MEEE AL S YT B

50



WL - BERRERERE T ) ~ 7 ) 7 AV BgERT

s B % b HIRBLTIZH 5 Ce0MfiEhDO 7V ) &RE D)
KBOCERPBE DFIER RS o a5 BUCIES </ HIROTE FRREE IS Y 21— 3
E = vy S AOB%

PUSRIRLERIRRTT VT VIR e k&7 =7 AT B Mk

KR SR B N

RS HOMEOE M WEORE L e

§%§@*%@I%% KW ¥ BORHNC X BSilxGexkii M~ DK IEEADEBO A
R RS RuTAHA MUIRIEHETIC B 5 5 FREOR Y S 2
B LI R

SRR LR WO Bk BBk ERTE R & 7B O

FR R . . A e 2t K

LT BT OB % AR T RICE AR R A A L e ]

e S AR IS LR RS ] L 1 .

WS T * GO T W ARSI

BT Be B M B ISUOTRPACHY BB EEL

JOIOCERER CERTIN RS o e o o R FHEOEDOY Sal—3 327 L=y = Ol E
Al o SUREAREVRADIN

Ak LR AT Bk B RERCRIEEEON R I

77 ok R EREE R RO B B S O

Ak i S et W RPE Y740 0k 2 PRI & 5 S8 T RO
KBOCERHE CEIER R TR 75 9 7 AT L2 RS R B 5. 7
HHEBhF o T 7 RS DR RO

QWQ%*%%I%W%ﬂ wOIE A W BRI & BBERT ) MO BRI

o TR M B A R FOBIEMRICH B BIRK MO O BT
S EREBIERBIER Bk MK AR S LR OB & TR

FR R Vo b PSRRI O M IS < disorderdfEfE FITH B
o B Sy it

PR TIPSR ok Bk HNE SRS RIEEOMGRIE & T

IR T ~ = IR A

%?ﬁﬁ ﬁ% [Il% = @%ﬂiﬁﬂ%k%”%ﬁﬁﬁ%@#ﬁ%%%

e g % B/ WO R A & RO O

s A BRTE R Mo EE RPHREEADRHEROR LT T L Ok k B

G TR LEARBIER e K AR E BN G TGO
§*§*$ﬁ“ﬂﬁ%m WO R E R ORGSR EEIC OV TORTE Y T h L n
s A BETE R S OH N SUOERICBI BE B A LB B D
b B WA RIS — MRAHS O KR DR

FR T \ e

pok BB W OME VB SIEL R FHEABS

51



Yk 19 AE AT EMA A R 5O RN

R 105
ERL18E10H 16 H
BARE MU R %

HRCR WM IEAT R
N I B S /=P 7S

PRk 19 AR BERT O R SORZEMTERT AR F I O A 5HTDWT GEAD

DT EIZHONT, FROEBYVAZELETOT, EHEAOHREICZOBEMN - EEBIT, PFRETY > T
BIRORNE D XIA LS BEY FH 5 WEEWET,

E
1 REHE (EESH)
D JEFEFE (k. WEER - M) CFR 19 42 4 A ~FRE 19 45 9 H B E i s)

(1)
2 HFFH (F—R—a3 2 2—4F) (AL 19 45 4 B ~ 5% 20 4E 3 A F266E57)
(3) HEFEFM (b M HCEL - K ME A CER% 19 45 4 A~k 20 45 3 A 3Ehisy)
(4) EWFgES (KR 19 4F 4 H ~YRK 19 4F 9 H il 6 5y)
2 HGEER
ENLRFEN, A, RN RFEROEAAFIEREEE (LT TRZE%) L)) OB, FEE NS ZUcET 54,

7ol U, EREDFEDAT 9 RFFEDOUIUEENIIRY £, KRFBEFEICH > TUTRFHFOHBDFED T, ﬁ%%’i’ﬁ?% )
E1) ELRRREAITIEEEB L EFTHFL TRV, 28, 1R S 2 EERRP AT 1 4% Al LET,
Flo, PR T FETHo THELMRBICAFTETHLEFIIRE RS LET, TOHEITIE, PRI AT ERY
BENBANFTECHDLEOHEm God - #H)) ZBEEICRMA L, APRICHIRR OGRS S h o & & mER

HL W& Ed,

3 WA
HRKFMERFGEAT R — L X— 0 [EEY 19 425 BT I [FR) B A SR 3E |
(http://www.issp.u-tokyo.ac.jp/kyoudou/h19zkyoudou.html) % T8 < 720>,
HEEEIL, 22,6 &vre—RL, GEA - #fHOS 2, FRRETERERELTILEIN,
BAHE : T277-8581 THERMAMHMOES—1-5
FRORCR S0 i X 5 R A AT P 24 B[RRI FH AR
Ei%E 04—7136—3209

4 ESLIR
(1) z—r—arva—rotEfA ERISEIZHAH (H) %5
@ TR okER R SERRISIEILHIGH OK) &35

(3) oo EEFIH Rk184E12H A H (H) &5
5 REQME
Rk 1943 A T A)

52



SPK 18 SEEIMB RS DZANICDNT

1% 5 W 4
% & (1)
f: y
16 8, 980, 000
2. R % & o FE AR
R OB OE B (M) )
W% @ H WO BF %2 44 % B
WEMEmy | A a5

FL 7 4 FHRARY =T L KD

ERALF AT

B 7 B

VML B 2 B2 e 840, 000 o sl Al
BT - AL E T (kR EERAF 7T | 00 000 B PR R T i
AR e AT %2 » 000, % 2 el Fil
WAL £ 2 BROMELY | ¥ R U~ | 100 000 B P TR R T i
fiE SEHFGEHT » 000, How sl Fl
WEL TR L 2 W LB L 0% B PP TR R T i
o b= 2 B 8, 067,000 % % Sl Fodl
1 PO O B FE 12 T 01T 7= I
IHBERE L REBIC & 7 RREHE | = 250 T30 10, 937, 850 e
& - BTk RE T o e B

. A A TR LR - 5 WP 2 R
F =R F flk BEHE T 420, 000 B 8 &
EVERE C— MIEE =2 T o B L O e S M
s TLTAT AW 400, 000 BT AT S
LRI O KT ORFWACD | o o IR BTS2
e 2 ARSI 3,500, 000 B Lk £t
. . o T AR — VR SE R P
T A Y ORESOEAT A58 | BRS A HhF 500, 000 Bhdg R SOk

& 7t 26, 664, 850
3. % Ft M %%

W% m A % % # Z A & (M) W% MM B

iy PRRERRS OB o) e pirtiesugy 1,300,000 | AHLEIE PRVEDIEIER

R T OIRRET A AL oy B 3,705,000 | AR

A [P OB E ST () poeneismmpsth 780,000 | HTEZELR ZORTY

LRI LT B S D o) mer s 1,300,000 | £ A7 LRI

TR —RREDT /B R 2 V=23 gy ey 1so7, 500 | PAEEERITERN

Wil 8 0 FPHE T L Cl) B R B 1,300,000 | JE DI FEESREIE
& B 9, 782, 500

53



FIRAEEHIZ DV TOBHDEETIE

WPERIF 7 10 B8 46 285 2 5 TPERF COMFSEIC DWW T GEFF - ENER) ) ICBEE LT, M IREO I ALY §
NRTOKERREEHE 2D F Lm, THBA BT LE LEEZOENE K & HEOEFEICES BHUOB L LT ET
Ll biT, AR 2BV LET,

10 X x
AF insulator X X
(a) (b) 8 nonmagnetic insulator
=6 X
~~
)
t t 4
2 ,:,,:ﬁ“" x L :
0 paramagnetic metal
0 02 04 06 08 1.0
1/t
1: @QIEFKT &GO =AKT. t, t 1TENTIRIHE, 2 BFHIZMAIE T NS— RERI O AN—T 7 ¢ ) v 7 DI
WILHER y B 7, KRB [4], U 34> A by —a i jfhl, qHIEX 08
F A—5 TATbhE,
ST T T T T
Mott Insulator
[ T T T T T ] 6 B N
[ Ul ]
0.015F |, g5 ARl ]
[ |= 57 ]
N o 37 INmI : S 4b . i
S 0.01F | §'§}pM . | ©” |
) L 0.0 v 2 ) Metal ! Metal
0.005 n o i v |
I . F . ] s : -
I jr &8 v ] 1
0 PP R B AU B R S 0 | U (RN NI U IR MU IR |
0 005 01 015 02 025 03 215-1050 051 15 2
1IN w
3 EFRFAN—=FERDON—T 7 4 Vo TIZBIT D54~ K4 : EFFEA = FEREENZI T 5, 232 NigESE &
— BB D v AT LY A RkAFEPE [5]. AFI, NMI, PM %% 74V THIEOE v NEBOIEERIEDMIK [9].
NZh, ORI, FERMERORRIE, RS EE, & WIH LR T oy b, HBOSITEBMICBT 5N
A = —FABIBI%KIE Dag = (0a03g) . On = % TE(-1)'S;i - Sita THE v RIRHEOE v MEBOL— N ERT,
#a3n5,

54



T O

R = 7 A FIMECTT, MICBERIETH D ) BEHIIFWFO JFT-2M &\ 2 Gk
EEO NaA XN EED DI TWE Lz, JFT2M BE&HEBEK T &V ) HTEHATHE
IR oD TR, BMEONsEiE JT-60 1[5 Ef#iAi, S 5i2 ITER FHEICILR L TITE £
T MEWVOIL, FHLOEMARBIEE OB RAEITZEA L AVBRE~ 2y Mbah b L5 T,
BRSO MR L T M E T, ThEaBE25E, b)) ZHUIEERE2REH (ERBEME LT
HHRARRKE XFXAT v 7 IZRESNTVET) IIMELNRVONREVIENLET, AIUTH
FNVTWETN, BBISMR &V ) OIXHP BRI 2 ORBRFL T2V O T, TRIC H D2
SEPLEL RV ET, L<EHIPND2OR, 2N VO TFEN—FHE LA, bo b EEh
TRLRDEIBHLIDIZ . » + ] &V TER, RIGEELICLTHRENLTDIEERTRY
=7 PO X RFETFIZORNLEETHRVOTHENSITEWTY, RiLIZEDFOFHETHEMKEE
DT NS BEESFICNE R 2T o — RS 2 A VR A & O RERR S L 3 A TFIREEC 2 o
TVWET, HELTHELo TWAFEIIROAEND RO TR, Kokt conizneFhh
HEEILEILHY A, KLRD2WEYV SIE= v R LW IELTT, 208, SEOB
REIEA A Y — N TEOIX, b HAAMMENF, FOK, IR QRO ZHfiE L B O BIET
HVETRH, FNLET TR, Wit Th L ZEBROBRERLENEAICHE LT RS 272n b
ThdEBWET, aF7RFEIZIZZOE, FREOELbSTLLH D T, AF— MIBNT
WIEFICE Y LS 2 ET,

FEIIEDo T, ZOHE, ITE<HMYEVICEnELE, [bivo, RATRTAD? ] [T—7
Ta v TRNb) [bhvo, FLRTAD? ] (25T —0 v a vy Rnb,) [EFEBo72A?)
TR, WoRANF-TER ] RELWVWIRTERSHHLIHLTRbENTWZ & EBVWET,
FNHEDOETT, ZOHLHRT =27 g v FIWERL LT — 7 AR OEHHITH =Y 91D
TATONIZH DT, EHEINRVIFFETE 7L > TT, ZOTV—T v a v TORNTEREDT A
TIALPRIZNTOVETOTE ) EIRITR> TR &,

BT E LD, BOOMNIEET WHERZ LY ) O A T TLENR LIRS FH A,
BHOLET, RICLARKEDOEY b= TEIIHE ST, % LT o<, ERkFosnic
b rotablWnWEBNWET, MERVWERFDDH « - - L5 o THFENLD,






