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Visiting Professor KIM, Yongmin
Department of Applied Physics,
Dankook University Experiencing Kashiwa
Yongin 448-701, Korea

I visited ISSP Kashiwa Campus for three months, from early December 2011 to early March 2012, as a visiting
professor at the International MegaGauss Science Laboratory. As soon as I arrived at Kashiwa, I had to attend a
conference held in Kumamoto with all other group members including graduate students. It was a great chance to
know each other quickly, especially going to “Onsen” all together after the conference. I am still missing scent of

sulfur and formal dining in Jigoku Onsen.

My first impression on Kashiwa Campus was well organized services by staff members of the International
Liaison Office to visiting scholars that made me to be able to live without discomfort from the beginning. ILO also
gave us opportunities to attend various traditional Japanese events. Among them, Sumo wrestling held in
Kokugikan was most interesting event for me because it was comparable to Korean traditional wrestling called
Sirum. Japan and Korea are close countries and sometimes these two countries share similar cultures in a different
way. Attending traditional events, I was able to understand that Japanese evolve new things under respecting

traditional cultures.

Working in the laboratory was pleasure experiences. Though I spent quite long time in other pulsed magnetic field
laboratory, destructive magnet experiments were new to me. During the magnetic pulse, the explosion sound
terrified me in the beginning, but I was able to get used quickly. What impressing me while working in the
laboratory was “collective intellect” of Japanese academia. Mostly, I worked alone, study alone and writing papers
alone more than fifteen years. However, in Kashiwa, we had a group meeting on every Monday wherein entire group
members including from graduate students to faculty members, solving and discussing current problems and

presenting work progresses altogether. I felt the power and synergy of the collective intellect in there.

Sometimes laboratory members took me to Izakaya and I enjoyed various kinds of Sake from all over the country,
every time. Recently, Japanese style Izakaya are getting popular in Korea. However, such places in Korea cannot
compete with the original ones in Japan, not only the selections of Sake, but also the taste of Japanese foods. While

writing this essay now, I would like to visit an Izakaya somewhere near the Kashiwa Station.

Since it was a short term visit, I have little memoirs to write something long. However, I was able to obtain huge

amount of data from pulsed magnetic fields that make me still fighting to understand them.
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Abstracts
Valence fluctuations and quantum criticality

K. Miyake ! and S. Watanabe 2
1Graduate School of Engineering Science, Osaka University

2Department of Basic Sciences, Kyushu Institute of Technology

Some Yb-based heavy fermion compounds exhibit non-Fermi liquid behaviors which cannot be understood as those
near magnetic quantum critical points. They are B-YbAIB4, a-YbAlixFexBs, YhRhaSiz, YbAuCus, YbCussAlis,
YbisAus1Als1, and so on. The behavior of CeCus.9Auo.1 also cannot be understood as that of magnetic quantum critical
phenomena. On the other hand, anomalous properties of CeCu2(Si,Ge)2 under pressures can be understood in a
unified way if those are triggered by sharp valence crossover of Ce ion from the Kondo regime to valence-fluctuation
one.

In this talk, I will discuss that non-Fermi liquid behaviors of Yb-based compounds above can be explained in a
unified way if it is assumed that those compounds are located near the critical point of valence transition of Yb ion
[1,2]. Namely, this implies that there exists a new universality class of quantum critical phenomena other than that

based on magnetic quantum critical point.

[1] S. Watanabe and K.Miyake, J. Phys.: Condens. Matter 24, 294208 (2012).
[2] S. Watanabe and K.Miyake, Solid State Physics 47, 511 (2012), in Japanese.

Overview of experiments on Intermediate Valent YbAIB4 systems

Yosuke Matsumoto, K. Kuga, Y. Karaki, T. Tomita, E.T.C. O’Farrell, J. Hong, K. Sone and S. Nakatsuji
Institute for Solid State Physics, University of Tokyo,

Quantum criticality has been frequently discussed based on critical spin fluctuations associated with magnetic
quantum critical point. In particular, 4f electron based heavy fermions have provided the prototypical examples,
which have been restricted to the Kondo lattice systems with integer valence. This is because local moments in
intermediate valence systems are supposed to be screened at high temperatures. However, in sharp contrast to the
conventional understandings, a-, B-YbAIB4 provide unique examples of quantum criticality in the intermediate
valence systems. Here we overview the experiments on these materials focusing on how these systems are different
from the normal intermediate valence compounds. The unconventional zero-field quantum criticality in B-YbAIB4[1]

and large anisotropy in the both systems and 7-B phase diagram will be discussed.

[1] Yosuke Matsumoto, Satoru Nakatsuji, Kentaro Kuga, Yoshitomo Karaki, Yasuyuki Shimura, Toshiro Sakakibara,
Andriy H. Nevidomskyy, Piers Coleman, Science 331, 316 (2011).
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Thermal Transport Properties of the Quantum Critical B-YbAIB4

Y. Machida?, K. Tomokini!, C. Ogural, K. Izawal, G. Lapertot?, G. Knebel2, J.-P. Brison?, J. Flouquet?,
K. Kuga3, and S. Nakatsuji?

1Department of Physics, Tokyo Institute of Technology

2INAC, SPSMS, CEA Grenoble

3Institute for Solid State Physics, University of Tokyo

Understanding quantum criticality realized in strongly correlated electron systems is a fascinating and yet
unresolved issue. We have addressed this issue by means of thermal transport coefficients as promising probes of
low-energy itinerant electronic excitations near a quantum critical point (QCP). Here we present comparative
thermal transport studies on the two representative Yb-based quantum critical materials, B-YbAIB4 and YbRh2Sis.
In the vicinity of their QCPs, significant differences in the behaviors of the thermal transport coefficients are
revealed between the two systems. We will discuss possible distinct type of critical fluctuations influenced on their

non-Fermi liquid properties.

Valence Fluctuation probed by Mossbauer Spectroscopy

H. Kobayashi, and Y. Sakaguchi
Graduate School of Material Science and Center for Novel Material Science under Multi-Extreme

Condition, University of Hyogo

In Mé6ssbauer spectroscopy using synchrotron radiation, SR, the forward scattering from nuclei excited by a pulsed
X-ray of SR is observed in the time domain. So, this nuclear forward scattering, NFS, method is sensitive to the time
dependent properties of resonant isotopes in samples. In 4f electron systems, valence fluctuation phenomena are
observed in Ce, Eu, Sm and Yb compounds. Unfortunately, there is no Mdssbauer isotope in a Ce atom. The NFS
method is effective for Mossbauer isotopes for *'Eu and 49Sm but is not easy to be applied to those for 1°Yb and
174Yb. A new method has been developed that yields Mossbauer absorption spectra measured in the time domain
using SR. We have applied this new method to 174Yb Méssbauer isotope to investigate the electronic states of a- and
B-YbAIBs. We have measured 74Yb Mossbauer spectra of YbAIBs at 5 K using single crystalline samples and

evaluated timescales of valence fluctuations in Yb ions from high quality 7*Yb Méssbauer spectra.

Low temperature NMR study of YbAIB4

M. S. Grbi¢, K. Kimura, T. Shun, K. Tajima, M. Yoshida, M. Takigawa, K. Kuga, E. C. T. O’Farrell and S. Nakatsuji
Institute for Solid State Physics, University of Tokyo

Quantum critical behavior is a perfect playground of condensed matter physics as it can lead to discovery of new
phases of matter and better understanding of strongly correlated systems. Two structural isomorphs of YbAIB4 (o
and B), show an interesting sensitivity of quantum criticality on local symmetry of B ring which encircles the Yb ion.
While at ambient pressure and zero magnetic field B-YbAIBs shows non-Fermi-liquid properties of quantum

criticality [1], a-YbAIB4 has a Fermi-liquid ground state.
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We will present most recent results of an NMR study in both compounds, in particular the low temperature
behavior of the spin-lattice relaxation rate. While in B-YbAIB4 magnetic field suppresses quantum criticality, in
a-YbAIB4 at finite magnetic field we find a clear change from the Fermi-liquid temperature dependence to a
divergent non-Fermi-liquid behavior. Existence of a quantum critical point in both isomorphs is a stringent

constraint for possible mechanisms of the Kondo-lattice physics in these compounds.

[1] Y. Matsumoto, S. Nakatsuji et al., Science 331, 316 (2011).

Strange Metal Phase Without Magnetic Criticality

T. Tomital 2, K. Kugal, Y. Uwatoko?!, P. Coleman?*, S. Nakatsujil-2
INihon University, Japan
2[nstitute for Solid State Physics, University of Tokyo, Japan
3Rutgers University, USA
4London University, UK.

Recently discovered heavy fermion superconductor B-YbAIB4 exhibits a field tuned quantum criticality despite
strong mixed valiancy.[1] We performed the electrical resistivity of single crystalsp-YbAli.xFe:Bs at the low
temperature down to 40 mK under pressure and decided the pressure vs temperature phase diagram as a function of
the Fe concentration. Here we observed a strange metal phase detached from the magnetic ordering and will discuss

unconventional type of quantum criticality in this lecture.

[1] Yosuke Matsumoto, Satoru Nakatsuji, Kentaro Kuga, Yoshitomo Karaki, Yasuyuki Shimura, Toshiro Sakakibara,
Andriy H. Nevidomskyy, Piers Coleman, Science 331, 316 (2011).

Anisotropic meta-magnetism in a-YbAIB4

E. O’Farrell!, K. Kugal, J. Hong?!, Y. Matsumoto?, D.A. Tompsett2, M.L. Sutherland2, and S. Nakatsuji!
11.S.S.P., University of Tokyo, Kashiwanoha 5-1-5, Kashiwa, Chiba.
2Cavendish Laboratory, University of Cambridge, Cambridge, U.K.

We present quantum oscillation measurements of a magnetic field induced Fermi surface reconstruction in ao-
YbAIB4. At the reconstruction we observe non-Fermi liquid behavior that strongly depends on the quasiparticle
momentum. These behaviors suggest that the Fermi surface reconstruction is driven the same features of the
electronic structure that give rise to the anisotropy.

We discuss these findings in the light of other experimental and theoretical works on YbAlB..

[1] Y.Matsumoto, S. Nakatsuji, K. Kuga, Y. Karaki, N. Horie, Y. Shimura, T. Sakakibara, A.H. Nevidomskyy, P.
Coleman. Science 331, 316 (2011)

[2] E. C. T. O'Farrell, Y. Matsumoto, and S. Nakatsuji. Phys. Rev. Lett. 109, 176405 (2012)

[3] Y.Matsumoto, K. Kuga, T. Tomita, K. Karaki, S. Nakatsuji. Phys Rev. B 84, 125126 (2011)

[4] M.Okawa, M. Matsunami, K. Ishizaka, R. Eguchi, M. Taguchi, A. Chainani, Y. Takata, M. Yabashi, K. Tamasaku,
Y. Nishino, T. Ishikawa, K. Kuga, N. Horie, S. Nakatsuji, S. Shin. Phys. Rev. Lett. 104, 247201 (2010)
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Valence Instability and Quantun Criticality in a-YbAIB4

K. Kuga, K. Sone, Y. Matsumoto, E.T.C. O’Farrell, and S. Nakatsuji
Institute for Solid State Physics, University of Tokyo,

Quantum critical phenomena in f-electron systems have been studied enthusiastically by both experiments and
theories in the light of spin fluctuation. In mixed valence systems, valence fluctuation generally promotes the
screening of local moments and suppresses the critical phenomen. However, recently, we discovered non Fermi
liquid behavior and superconductivity in the mixed valence system B-YbAIB4 [1,2]. Additionally, we found that
mixed valence system a-YbAIB4 shows valence crossover by doping Fe with accompanying quantum critical behavior.
This result provides us the importance of valence fluctuation for the quantum critical phenomena. We will discuss

the detail of the physical properties in a-YbAIB4 induced by Fe doping.

[1] S. Nakatsuji, K. Kuga, Y. Machida, T. Tayama, T. Sakakibara, Y. Karaki, H. Ishimoto, S. Yonezawa, Y. Maeno, E.
Pearson, G.G. Lonzarich, L. Balicas, H. Lee, Z. Fisk, Nature Physics 4, 603 (2008).
[2] K. Kuga, Y. Karaki, Y. Matsumoto, Y. Machida, and S. Nakatsuji, Physical Review Letters 101, 137004 (2008).

High Magnetic Field Effect on Valence in Yb systems

Y. H. Matsuda
Institute for Solid State Physics, University of Tokyo,

Since the electronic state of matter can precisely be controlled by magnetic fields, a high magnetic field is a
powerful tool to investigate the quantum phenomena at low temperatures. Valence fluctuation is a phenomenon due
to the strong hybridization of wave functions between localized and itinerant electrons. Phase transitions or
crossover of the valence in some rare-earth compounds are observed by applying a high magnetic field.

In this presentation, recent results of synchrotron x-ray absorption spectroscopy and high-field magnetization
process at pulsed magnetic fields in some Yb-based intermetallic compounds are presented. We found that the
valence increased with increasing magnetic field in YbInCu4, YbAgCus, YbRh2Si2 and a— and B—YbAli.xFexB4. The
valence changes Av of a— and B—YbAli.xFexB4 are very small ~ 0.01 at 30-40 T compared to that in a typical valence
transition compound YbInCus (Av~ 0.13 at 41 T [1]).

[1]1 Y. H. Matsuda, T. Inami, K. Ohwada, Y. Murata, H. Nojiri, Y. Murakami, H. Ohta, W. Zhang and K. Yoshimura, J.
Phys. Soc. Jpn. 76 034702, (2007).
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Photoemission Spectroscopy as a Probe for Valence Fluctuations

S. Shin?!, M.Okawa?2
Institute for Solid State Physics, University of Tokyo,

2Department of Applied Physics, Tokyo University of Science

Electronic structures of the quantum critical superconductor B-YbAIBs and its polymorph a-YbAIBs are
investigated by using bulk-sensitive hard x-ray photoemission spectroscopy. From the Yb 3d core level spectra, the
values of the Yb valence are estimated to be 2:73 and 2:75 for a— and B-YbAIlB4, respectively, thus providing clear
evidence for valence fluctuations. The valence band spectra of these compounds also show Yb2+ peaks at the Fermi
level. These observations establish an unambiguous case of a strong mixed valence at quantum criticality for the
first time among heavy fermion systems.

I would like to talk about a plan of the time-resolved photoemission using SX-laser, which will give us the new
information about the relaxation time for valence fluctuation in YbAIBs. We think time-resolved photoemission

might be a direct experimental method to know the quantum criticality by valence fluctuation.

[1] M.Okawa, M.Matsunami, K.Ishizaka, R.Eguchi, M.Taguchi, A.Chainani, Y.Takata, M.Yabashi, K.Tamasaku,
Y.Nishino, T.Ishikawa, K.Kuga, N.Horie, S.Nakatsuji, S.Shin, Phys Rev. Lett., 104, (2010) 247201 (1-4)

Local symmetry effect on electronic structure in the zigzag structure material YbAlB4

Hisatomo Harima

Department of Physics, Graduate School of Science, Kobe University,

Band structure calculations have been performed both for B-type and a-type RAIBs (R=Yb, Lu). The crystal
structure of B-type and a-type RAIB4belong to space group #65 Cmmm D2n'® and #55 Pbam Dan?, respectively. Both
are orthorhombic lattices, but the former is the base-center lattice, so contains two (four) R atoms in the primitive
(conventional) unit cell, the latter does four R atoms in the primitive cell. However, the local structures of the two
crystals are very similar, and then the calculated density of states is very similar. This fact helps us to understand
the similar behavior of both Yb-compounds. The B-type has higher symmetric, so the symmetry might be the key

issue to distinguish the physical property of these compounds in lower temperatures.
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[FRAmAEIT]
IR BIREI~Y 7 A 3 ORFE CHALA UG S0 bEFMa R cEEh, BIES FHEMEICRIT 5 -
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B/ : Topological Phases in Correlated Materials
HEF : 20134E 6 H 5 HOK) F#& 4 Ki~"F#& 5

5 MMERER AR 6 B Kk aE%(A632)

#%Mi © Yong-Baek Kim

fiti& : University of Toronto

H#E:

Recently there have been significant theoretical and experimental efforts to understand and identify the so-called
topological phases of matter in interacting electron systems. These topological phases may be characterized by
different kinds of topological properties such as non-trivial edge/surface states and/or unusual elementary
excitations in the bulk or surface. Notable examples include quantum spin liquids, topological insulators, and other
closely related phases. One of the main challenges is to come up with theoretical criteria that can be used to identify
or predict correlated materials that hold promise for the emergence of such topological phases. We discuss recent
theoretical and experimental developments in this direction, along with a brief introduction to some of the proposed
topological phases. In particular, we focus on correlated materials with strong spin-orbit coupling and/or near a

metal-insulator transition.

[EEATREAT]
Yong Baek Kim ##521% Y 7V K%, HETIR RS2 C MIT THE+ES 24 L, 2006 4£05 b o b REER 25D
TWET, Kim #dZIIWVERERR OIRFR 0TI L CWE TR, FICEEITBREOMEICHE T H AR P A7

EDOFEFRETFHOMIETHIREZ Y — N4 5852177 > TRV, 2012 4FiZiE "For contributions to the theory of
quantum spin liquids in frustrated magnets and correlated electron materials" (2 & > CKEWHFEE T = v — (&Y

SNFE L, £ FE e Y P RFEICARR Sz Centre for Quantum Materials @ Director (ZfEf SV TV E T,
728, Yong-Baek Kim 41, EHEETY —7 v 2 v 7 "Emergent Quantum Phases in Condensed Matter" 1D 728,
PPEHCTE STV ET,
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“Ground-state Energies of Spinless Free Fermions and Hard-Core Bosons on Infinite Lattice”
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“Exotic disordered phases in the quantum J1-J2 model on the honeycomb lattice”
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“Polymer-induced entropic effects on mechanical properties of biomembranes and microdomain
separation”
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R B > 7 4 —< VB3I F—  Atom-cavity arrays
HEF : 201344 H 9 HCK) PR 4 Ri~7F1R 5 Iy
5 - MVERAIIARE 6 B 555 I —%F (A615)
Ml - Dr.James Quach
8 : The University of Melbourne
i

Quantum simulators to quantum metamaterials Atom-cavity arrays are structures of coupled microcavities that
exhibit quantum mechanical behaviour. Recent advances in microcavity technologies has meant that atom-cavity
arrays now make viable candidate structures on which to study complex many-body quantum interactions.

In this talk, I will show how atom-cavity arrays can be used to build quantum simulators and quantum
metamaterials. As case studies, I will show how atom-cavity arrays can simulate semiconductor properties, and be

used to build a cloaking device and quantum superlens.

References

J. Q. Quach, C.-H. Su, and A. D. Greentree, "Transformation optics for cavity array metamaterials". Optics Express
21, 5575 (2013).

J. Q. Quach, C.-H. Su, A. M. Martin, A. D. Greentree, and L. C. L.Hollenberg, "Reconfigurable quantum
metamaterials". Optics Express 19, 11018 (2011).

J. Quach, M. I. Makin, C.-H. Su, A. D. Greentree, and L. C. L. Hollenberg, "Band structure,phase transitions, and
semiconductor analogs in one-dimensional solid light systems". Physical Review A 80, 063838 (2009).

B : gt X J— : Ordered and disordered phases in two-dimensional SU(N) Heisenberg model
HEf : 20134 4 H 12 H(&) P& 4 BE~/F1&R 5 I

S ERATAR 6 B8 55 B3I —%F (A615)

#fl : Prof. Karlo Penc

P& : Wigner Research Centre for Physics, Hungarian Academy of Sciences, ISSP

SU(N) Heisenberg model is the effective model of Mott insulators with N degrees of freedom per site, where the
interaction is highly symmetrical.

Such a situation may happen for spin-orbital models and for ultracold alkaline-earth atoms in optical lattices.
Using a combination of analytical and numerical methods, we studied a number of such cases.
In the seminar, I will present three interesting cases:
(1) The quantum fluctuation driven ordering in the SU(3) Heisenberg model on the square lattice;
(i) Dimerization and possible ordering in the SU(4) model on the square lattice;
(ii1)) The spin-orbital liquid in the SU(4) Heisenberg model on the honeycomb lattice, with algebraic decay of

correlations.
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BERE : BlGm 2 J— : Magnetic vortex crystals in frustrated Mott insulator
HEf : 20134E 4 H 19 H®)  F& 4 BE~F#& 5 I
5 - VERAIIARE 6 B 555 I —%F (A615)
il : Dr. Yoshitomo KAMIY A
Jti& : Theoretical Division, Los Alamos National Laboratory
i

Materials that exhibit topological spin textures are attracting enormous interest because of their potential for
spintronics [1-3]. Competition between Dzyaloshinskii-Moriya and ferromagnetic exchange interactions leads to
skyrmion lattices in a class of materials that share a common crystal structure.This includes insulators, like
Cu208Se0s3, that allow for energetically efficient manipulation of the magnetic textures with electric field gradients
[2]. Here we propose a novel mechanism for the stabilization of magnetic vortex crystals in frustrated Mott
insulators that enables tunable spin superstructures [4]. By modeling the frustrated quantum magnet BasMn20s [5]
near its magnetic field-induced quantum critical point, we show that the quantum phase diagram includes novel
magnetic vortex crystals, whose lattice parameter is controlled by the ratio between inter and intra-layer exchange.

This property opens the attractive possibility of tuning the vortex density by applying pressure.

Reference:

[1] S. Muhlbauer et al., Science 323, 915 (2009); W. Munzer et al., PRB 81, 041203 (2010); X. Z. Yu et al., Nature 465,
901 (2010); X. Z. Yu et al., Nat. Mater. 10, 106 (2011)

[2] S. Seki et al., Science 336, 198 (2012); Y. Onose et al., PRL 109, 037603 (2012)

[3] T. Okubo, S. Chung, and H. Kawamura, PRL 108, 017206 (2012)
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A fundamental and important feature of topological insulators (TIs) and topological superconductors (TSCs) is
that topological invariants characterizing the bulk states emerge as physical quantities probed by electromagnetic or
thermal responses. For instance, in the quantum Hall effect state, the Chern number appears as the quantized Hall
conductivity, and in the case of time-reversal invariant (TRI) TIs in three dimensions, the Z2 invariant can be
detected in axion electromagnetic responses. However, in the case of chiral-symmetric systems in odd spatial
dimensions, it has not been well understood how the bulk topological invariants can appear in electromagnetic and
thermal responses. These classes include time-reversal symmetry broken (TRB) TIs with sublattice symmetry in one
and three dimensions (class AIIl), TRI TSCs in three dimension (class DIII, e.g. the B phase of 3He, CuxBi2Se3,
Li2Pt3B), and TRI TIs and TSC of spinless fermions in one dimension (class BDI, e.g. Su-Schrieffer-Heeger model,
Kitaev Majorana chain model). For these systems, the bulk topological invariant is the winding number which takes

any integer values. However, it has not been clear in what physical quantities the winding number can be detected.
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Here, we address this issue. We clarify that the winding number which characterizes the bulk Z non-triviality of
these systems can appear in electromagnetic and thermal responses in a certain class of heterostructure systems.
Furthermore, we also elucidate that the winding number can be detected as a bulk response function for a novel

magnetoelectric effect, i.e. "chiral charge polarization" induced by an applied magnetic field.
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A major theme in correlated electron physics is the existence of complex forms of nano-scale order involving
several different electronic degrees of freedom. Such phenomena can dramatically influence the physical properties
of materials, the most prominent example of which is the occurrence of high temperature superconductivity in the
layered copper oxides.

This talk will be concerned with how emergent electronic order influences spin dynamics in complex
antiferromagnetic oxides. Advances in neutron spectroscopy have made it possible to measure the complete
spectrum of cooperative spin excitations in magnetically ordered systems in great detail. I will illustrate how studies
of the spin dynamics can provide key insights into the nature of complex ground states. I will present recent results
on a half-doped layered manganite which conclusively distinguish between different models proposed for its ground
state [1], and I will show how a striking hour-glass magnetic spectrum found in layered cobalt oxides sheds light on

the existence of charge stripe correlations in the copper oxide superconductors [2].

[1] G. E. Johnstone, T. G. Perring, O. Sikora, D. Prabhakaran, and A. T.Boothroyd, Phys. Rev. Lett. 109, 237202 (2012).
[2] A. T. Boothroyd, P. Babkevich, D. Prabhakaran, and P. G. Freeman, Nature 471, 341 (2011).
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A quantum spin liquid is a hypothesized ground state of a magnet without long-range magnetic order. Similar to a
liquid, which is spatially uniform and strongly correlated, a quantum spin liquid preserves all the symmetries and
exhibits strong correlations between spins. First proposed by P. W. Anderson in 1973, it has remained a conjecture
until recently. In the past couple of years, numerical studies have provided strong evidences for quantum spin liquid
in a simple model, the S=1/2 kagome Heisenberg antiferromagnet.

In this talk, I will describe a low-energy effective theory for this magnet in terms of a lattice gauge theory with the
simplest possible mathematical structure (a group of two elements, namely Z2). I will show that the theory
reproduces many characteristic features observed numerically, thereby providing a missing link between the
numerics and the analytics. Furthermore, I will present theoretical predictions which could be tested in future

numerical studies.
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How mechanical forces trigger a series of deformations to shape an adult body during morphogenesis? Recent
studies have clarified how geometrical changes of cells are coordinated via the activity and/or localization of force-
generating molecular machineries within a cell. On the other hand, it remains unclear how the mechanical
interaction among cells and the resulting stress field of a tissue are organized to control cellular pattern formation.
One of the difficulties to characterize mechanical processes of morphogenesis is the lack of proper experimental
methods to directly measure and quantify the forces in the cell population inside the animal body.

Recently, we developed a theoretical framework for estimating the pressure of each cell, the tension of each cell
adhesion surface and stress tensor of a group of cells, by adopting Bayesian scheme of inverse problem. Responses to
laser cutting and myosin distribution agreed with the estimated tensions. Using our method, we studied mechanical
basis of hexagonal packing (the increase of hexagonal cells in the Drosophila wing during the pupal stage). Our
quantification of developmental changes of the stress distribution within a tissue and of corresponding
rearrangements of cells provides a physical mechanism for cell packing; biased external forces acting on the tissue
provide the directional information for local orientation of hexagonal cells which underlies the global
hexagonalization. Our force estimation method will become a powerful tool in analyzing how information for

orchestrating cellular behaviors during morphogenesis is encoded in distributions of forces within a tissue.
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Superconductivity has been observed in mixed-valence oxides with heavy post-transition metals. Sleight et al.
reported the superconductivity in BaBil-xPbxO3 perovskites with transition temperatures of 13K. BaBiO3 itself is
insulating with distorted perovskite structure because charge disproportionation of Bi4+ splits the Bi 6s conduction
band into a completely filled band (Bi3+) and an empty band (Bi5+). Substitution of Pb disrupts charge
disproportionation and the resulting cubic perovskite oxide is superconducting. The superconductivity of this
compound is related to diffused s orbital in Bi. Although Te has similar diffused s orbital, conducting Te oxides are
not known. Most of oxides containing Te are insulating. Moreover, oxides that seem to have Te5+ in the chemical
formula always contain mixture of Te4+ and Te6+. In other word, Te5+ always disproportionate to Te4+ with
completely filled band and Te6+ with an empty band.

In my talk, I will present the studies we carried out in attempt to prepare electronically conducting Te oxides. In
this work, we have prepared series of pyrochlore-related compounds with general formula Cs(M,Te)206 (M = Al, Ga,
Cr, Al, Fe, Co, In, Ho, Lu, Yb, Er, Ge, Rh, Ti, Zn, Ni, and Mg). These compounds have very dark color which is

different from most of Te oxides. They can be viewed as type II mixed valence compound according to the
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classification of Robin and Day. Electronic conductivity was observed in some phases and could be as high as 2S/cm
M=Ge). Seebeck coefficients of conducting samples show negative values which suggests that electrons are the
major charge carriers. Based on results from several measurements, the observed conductivity in these compounds

is explained based on Te4+/Te6+ mixed valency.
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I will present a class of one-dimensional solvable models that are seemingly unrelated to the models solved by
standard methods such as the Bethe ansatz and the Yang-Baxter relation. An example is the XY spin chain with
sine-square deformation. The model is defined on an open chain and the local hamiltonians are modified according to
the sine-square function. Due to this inhomogeneity, the single-particle eigenstates cannot be obtained in closed
form.

However, I will show that the many-body ground state can be obtained exactly and it is identical to the ground
state of the homogeneous XY chain. A similar correspondence holds for more general conformal field theories as well
as the critical Ising chain. The properties of the low-energy excited states can be analyzed by a variety of techniques

such as the Lieb-Schultz-Mattis argument and the functional Bethe ansatz.

[1] H. Katsura, J. Phys. A: Math. Theor. 44, 252001 (2011).
[2] H. Katsura, J. Phys. A: Math. Theor. 45, 115003 (2012).
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Topological insulators (TIs) are states of matter characterized by an inverted band structure driven by strong
spin-orbit coupling (SOC). They have a variety of unusual properties including robust surface states (SS) that are
protected by topological properties of the bulk wavefunctions. Of particular interest is the quantum phase transition
that separates a TI from a conventional insulator. Such a transition between different topological classes can only
occur when the bulk band gap closes. In this work, we have utilized time-domain terahertz spectroscopy (TDTS) to
investigate the low frequency conductivity in (Bil-xInx)2Se3 through this transition by tuning SOC through In
substitution. Above a thickness dependent doping threshold we observe a sudden collapse in the transport lifetime
that indicates the destruction of the topological phase. We associate this with the doping where the states from
opposite surfaces hybridize. As a function of thickness this threshold asymptotically approaches the doping x = 0.06
of a maximum in the mid-infrared absorption, which can be identified with the band gap closing and change in
topological class. Our work shows the fundamental role that finite size effects play in this transition through the

‘bulk-boundary correspondence' of topological systems.
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Twenty-five years ago, Haldane [1] pointed out the possibility that a 2D crystalline insulator with broken time-
reversal symmetry could exhibit a quantized Hall conductivity in the absence of an external magnetic field,
potentially at room temperature. Despite the enormous recent interest in topological insulators of the non-magnetic
type, it is only recently that an experimental realization of Haldane's "quantum anomalous Hall" (QAH) or "Chern
insulator" state has been claimed. Specifically, the group of Ref. [2] demonstrated the QAH state at low temperature
in a thin film of a topological insulator doped with magnetic impurities. I shall report on our recent work [3] in
which we propose a different possible route to the QAH state formed by the deposition of a fractional monolayer of
heavy atoms (providing strong spin-orbit coupling) onto the surface of an insulating ferromagnet or antiferromagnet
(providing broken time-reversal symmetry). We demonstrate the concept by carrying out first-principles calculations
of layers of Au, Hg, Pb, Bi, etc. on magnetic substrates such as MnSe, MnTe, and EuO, showing that the QAH state
can be attained in this way, with band gaps sometimes extending above 100 meV. While the particular surfaces that
we have studied may prove to be thermodynamically unstable, we believe this general strategy may eventually lead

to room-temperature QAH systems.

[1] F.D.M. Haldane, Phys. Rev. Lett. 61, 2015 (1988).
[2] C.-Z. Chang et al., Science 340, 167 (2013).
[3] K.F. Garrity and D. Vanderbilt, Phys. Rev. Lett. 110, 116802 (2013).
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[1] K. Nakayama et al., Phys. Rev. Lett. 109, 236804 (2012).
[2] Y. Tanaka et al., Nature Phys. 8, 800 (2012).

46 PIEBFE X UM 53 B 2B crrrrrrrrrrsssssssssssssssssssssssssss s s s s s s s s s s sxsnmEHEHNE



B BUDER S - MESREE T TREN TR SRR BT S 2HHO RN F—Fr v T
HWIf : 201346 H 17 H(H) F# 1 K 30 o~

B PERR S ASEE 6 B% Ki#EE (A632) TV &% R hUUE B SF &

IR AR

Wi - MYEDETS R E

HE:

SRER b i AR SR IE 1986 EIH N SN TLLK, BERMBE OGS ChbER 2%, BAICHEN I TET,
2008 HITEk b HRWE THRB LT CH 2 OEIREREOR BRI, OB NEYG L2 & T, o T
AR L SR ERICEA DN EE 5 T D, L L, BRAREOHEMTON TEICHMb LT, BV B =E R
AT SN DHAEICE L IR — LIRS DT,

N=F =y, 7—3— vz V=77 —OHH (BCS B Tl SN2 BIREARTIE, Te IZBWTERFMICHD ¥
—RBEEX Yy v IARE, TV ImEAHEAT D, — 5. SR ERBER T, Te KV @EhEIENS TRV
F—Fr v 7UEX Y v )P HOD, Elo. ZOEX Y v SIIREOH M TOLFEB L, 7z L IEHO—HHEHELS
Hh, 72T =7 BFET 28X ¥ v TIREBIE. BrO AR L IESEENOFEREZER TERVADRIRETH
HEEAD, MIRBLEORBEE AT 2 LT, X v v 7 LBBEX Y v TOMREEMT L Z LA EEREA
Eo T3,

Fox iz, BIEORRS 2 OOTRLF—X¥ v 72 Te U EOIRETHRET S Z L % Bi Rt E A=A E SR
HEFAHIEIZLY RNE LT, —D2bOF v v ZIIHREM L HAET 2FREBIZED ¥y v 77 T, Te LV
EmOEIR(TY) THEED 5, b9 —2i%, BTXHOFBMICL D “ETXHEEF v v 77 T, #Xr v 7 L0 b KR
(Tpair) TAEL B, ZHFET, Te LETH Fr v 7OREEZH Y BREOFNBRIRIE” [CRKNT 20, Zhe b B
BT HHFRIE” ICEKRT 50, ZHR-MREESRSNTEL, 2L, Te U ETHS XYy vy 7RHE—TH D LG
CHNTELZ LITA, Bkx eBlE FEICK U CTRUER X v > 703 BEICBIRI SN TE 2 R ERERTH DL L E X
B, AFE TIE, —DOOERTIETHE & FRICBLIHT 5 Z L IO TR LI Z & 2T 5,

[1] T. Kondo et al., Physical Review Letters 98, 267004 (2007).
[2] T. Kondo et al., Nature 457, 296 (2009).
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Ionic liquids are becoming increasingly important for use in catalysis, energy storage technologies, and
biotechnology. I will discuss how the interplay between ionic liquid structure, transport properties and dynamics
affects the outcomes of chemical reactions in these novel solvents. I will present some of our recent results on photo-
induced electron-transfer reactions in ionic liquids, as well as structural studies of the bulk fluids using a
combination of high energy X-ray scattering and molecular dynamics simulations. To complement these structural
studies, we are using 2D nuclear Overhauser effect NMR to study the interactions between ions. We are introducing
these 2D NMR methods to study specific interactions with a molecular solute and the surrounding cations and

anions.
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Current measurement is a basic technique to investigate the nature of a system. In particular, the variance of the
current, i.e. noise, has been extensively studied because it includes useful information about intrinsic temperature
in the equilibrium noise, and about the low-energy excitations in the shot noise. It is, however, often observed that
the measured noise is larger than the intrinsic one expected from theories. Here, we consider the difference from the
view point of the limitation of the resolution of measurement devices.

In this study, we propose a quantum two-point measurement statistics with limited resolution. Our method is
equivalent to the ordinary full counting statistics in an ideal condition, but can consider resolution of the device in
the other cases. Using this method, we analyze resolution effects on the distribution of current flowing a resonant
level coupled to two reservoirs. It is found that the poor resolution gives no influence to the averaged current but
gives the excess noise. Since the excess noise is always positive, the measured noise is always larger than the
intrinsic one. Furthermore, the thermal noise and the shot noise are investigated in more details. As a result, we
find universality in the deviation from the Johnson-Nyquist relation and the linear enhancement of the shot noise

caused by limited resolution.
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[1] M. Nagasaka et al., J. Electron Spectrosc. Relat. Phenom. 177, 130 (2010).
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The fundamental interactions between magnetic moments in layered magnetic structures have a very important
impact on the properties of these materials. First-principles simulations can provide a deep knowledge about the
electronic structure and magnetic excitations in such systems, which is highly desirable for understanding the key
properties and a wide range of phenomena in low-dimensional solids. In my talk, I present an ab-initio Green
function approach within the multiple-scattering theory, which is designed for calculations of magnetic excitations
in bulk materials, thin films, and clusters. The method is based on the linear response approximation within the
density functional theory and provides extensive information about the magnons and their life time. To illustrate
the efficiency of our method, I present our recent investigations of magnetic excitations in thin films. A part of this
work was done in a close cooperation with experimental groups at the MPI Halle and the institute for technology in
Karlsruhe. In particular, I shall discuss a direct probing of fundamental exchange interaction at buried interfaces,

Landau damping of magnons in thin films, and magnon softening in some thin film interfaces.
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B SR 74 —<I)tk3IF— 1 1/(N-1) expansion for an SU(N) impurity Anderson model: a new
large-N scheme based on a perturbation theory in U
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We describe a new large-N approach, which is referred to as 1/(IN-1) expansion, to an N-fold degenerate Anderson
impurity model with a finite Coulomb interaction U [1,2]. This approach is different from the usual 1/N expansion
[3], non-crossing approximation [4], and recent developments [5,6] along the conventional large-IN theory which is
based on a perturbation expansion with respect to the tunneling matrix element V between the impurity and
conduction electrons with a scaling that takes NV2 as a finite constant independent of N. In contrast, our
formulation starts with the perturbation expansion in U, and then reorganizes the perturbation series according to
the powers of 1/(IV-1), using the scaling that takes u=(N-1) U as an independent variable. The factor N-1 represents
the number of interacting orbitals, excluding the one prohibited by the Pauli principle. Our expansion scheme
provides the Hartree-Fock (HF) approximation at zero order, where the limit N — oo is taken keeping u finite.
Then, to leading order in 1/(N-1) it describes the Hartree-Fock random phase approximation (HF-RPA). The higher-
order corrections, starting from order 1/(IN-1)? terms, capture systematically fluctuations beyond the HF-RPA. The
results of the renormalized local-Fermi-liquid parameters, obtained up to terms of order 1/(IN-1)%, agree closely with
the exact numerical-renormalization-group results at N=4, where the degeneracy is still not really large as N=2
corresponds to the standard Anderson model with the spin degeneracy. This ensures the reliability of our approach

for N > 4. We also apply this approach to nonequilibrium transport through quantum dots in the Kondo regime.

50 PERIEXOES3BE2E TR R R N



[1] A. Oguri, R. Sakano, and T. Fujii, Phys. Rev.B 84, 113301 (2011).
[2] A. Oguri, Phys. Rev. B 85, 155404 (2012).
[3] P. Coleman, Phys. Rev. B 28, 5255 (1983).
[4] N. Bickers, Rev. Mod. Phys. 59, 845 (1987).
[5] K. Haule, S. Kirchner, J. Kroha, and P. Wolfle, Phys. Rev. B 64, 155111 (2001).
[6] J. Otsuki and Y. Kuramoto, J. Phys. Soc. Jpn. 75, 064707 (2006).
B Bl I T — B RERRY X 2 L — % QMAS OBEEE &S HB]
HIFF : 20134E 6 H 28 H(&) P& 4 Bi~"F# 5 I
5 AT AR 6 B8 S5 I —%F (A615)
F 3T A |
FR : PEEBANRE WIS I ) & A5 LWFFERRM
e

WL - MORMIFSEIC A B 7R 5 Y — L ORIk & Z OB EAT O#ERF - RO DT, Foxld, BB E Y I 2 1 —%
QMAS (Quantum MAterials Simulator) [1] O BH% - ZfiFICHE bV #A TX 72, QMAS 1%, FHEIEILE & Projector
Augmented-Wave(PAW)A[2] % FIWC, BEEEHEGRICL V. 9'E - MBI OEIREEL X OKEW M 2 S5 I3
RTEY—LThD, —MeERE(L - E-IREEFREDSMNC, THES T TOERE], T=rLF—#LE -
ISR T —w s Ty N7 I DIERIRESMIE] . TBETIREE - M7 A—2), 1X n':'%:r 7 b UBEL AR
27 Mvl, TELNES/XANES A7 ML) | ORI REREE H 35, FRiC, Baliid, 12 siofastammpy ok
V. A CHGEERISCT a3 ) =7 etk 2 B0 IR0 #2 5 FHEMSRE DR L ILIRICIE LT b, E6iC, [RRTE
U= @UEIC L DT SMAA DR T, ANET AEEAOHEE LISV MA TS, AR Ro005 ik OB
B BLON RS (Rq a s o T RER SRR OB TRIENSE [3,4]. BEAMEBHIZEDENR, 72 8) 2T 5,
Fo, ABROBBOREIZONT bt S,

[1] http://qmas.jp

[2] P.E. Blschl: Phys. Rev. B 50, 17953 (1994)

[3] H. Shinaoka, T. Miyake and S. Ishibashi, Phys. Rev. Lett. 108, 247204 (2012)
[4] H. Shinaoka, Y. Motome, T. Miyake and S. Ishibashi, arXiv:1305.0660

B Y-k - fRab—1L 2 FEREE 20 EH Mn situ & X 85I & 5 Kb ERM R OB IR
RESR T

HIRf : 20134E 7 H 12 H&)  “Faij 10 K5 30 /9~

B DPERRAE AR 6 B KalFEsE (A632) TV &k R : RSPkl 3F &l

RSN |
g« BEREANRE ST )V F —HAR M =)V F— R 7))V —7
"E:

NA T Y v FEBESCER BB HEOW K, B T RERO & 67 HHERER RITMBR OB L 2o T D, HTH
UF 7 LA A BIMOBFFEIENENCHED STV BN, TOFMEISIIIREARH RSB L, o, BBk
OVEREY ECHTH BB O BRI 217 5 72T, B amiBLED O OFRESG. D 3d EB SR THR OMIRE TG
ERAT D 2 ENIEFHICEE L /oo TS, 3d BUEDOTERZ MO IEIZHE D 72O, AR T, In situ « A7
> NI X BRIEEEE DBRFE 2 T 5, SPring-8 @ BL17SU <° BLOTLSU THERED & HikiiAe L 2% B

Bl B B B B B mecceiiceiicireieeurensresresrasrassasssnssanssasssnsssnssenssenssanss PUEMEL VB S3EE 2 S 517



L. ESROIEMME, &R T U L5, GHERIKN G250 F 7 54 F A In situ BLEER LTz, & X
MRS e EBRIT, BLOTLSU DOlm /5 fiRRER Sy e 2EE (HORNET) 2 W CEi L, ZHE TIZ, KEBATB L OHKE
ReDT 2 MAIEIZAEI LTV D,

AFEE T, In situ BLORRIRI E BLOTLSU TOT A MHEOREREZ F.LIC, B#T 25 Ex situ # X FRELIL
[1,2] * I HEDORERIZOVTHIBAT B,

[1]1 Y. Nanba et al., J. Phys. Chem. 116, 24896 (2012).
[2] D. Asakura et al., Phys. Rev. B 84, 045117 (2011).

B PGtk 2 J—  Transition between itinerant and localized states of heavy electrons
HIRg : 201347 H 12 HG) TR 4W~T12 5k
L UIRmAE 6 R 5 I —% (A615)

Rl oAA #R
g RALRFEBEABEFERE
U-3=

We discuss itinerant-localized transition of heavy electrons inside magnetically ordered phase. Taking the Kondo-
Heisenberg lattice, the phase diagram and electronic structure are derived by means of the continuous-time
quantum Monte Carlo combined with the dynamical mean-field theory. Around the itinerant-localized transition,
nearly flat bands appear on the Fermi surface with almost vanishing quasi-particle renormalization factor. At the
same time, there emerges a strong local magnetic fluctuation with a minute energy scale. Considering both
antiferromagnetic and ferromagnetic Heisenberg interactions, coherent understanding is achieved on rich phase
diagrams observed in CeRh1.xCoxIns, CeRuz(SixGei1x)2, UGez and CeTzAl10 (T=Fe, Ru, Os).

These results have been obtained by cooperation with S. Hoshino at University of Tokyo.
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1st ANNOUNCEMENT

The International Conference on

STRONGLY
CORRELATED
ELECTRON
SYSTEMS

Aug. 5-9, 2013 Tokyo, Japan

SCOPE

Following the tradition, SCES 2013
will cover a wide range of topics in
the diverse field of strongly
correlated electron systems. SCES
emphasizes the fundamental
physics of electron interactions in
systems that span from bulk
materials including f-electron based
heavy Fermions, d-electron based
compounds, and organic materials
to artificial materials such as
nanoscale structures as well as cold
atoms in optical lattices. The
conference will provide a forum to
present new research and exchange
ideas. Presentations will consist of
plenary, invited and contributed
talks and a number of poster
presentations. Interaction among
the participants, especially younger
participants, will be an important
objective of SCES 2013.

ORGANIZING COMMITTEE

Chair: Kazuo Ueda (Tokyo)
Co-chair: Setsuko Tajima (Osaka)

Secretary : Toshiro Sakakibara (Tokyo)

Local Committee
Kazushi Kanoda, Chair (Tokyo)
Program Committee
Norio Kawakami, Chair (Kyoto)
Hidenori Takagi, Co-chair (Tokyo)
Publication Committee
Kenji Ishida, Chair (Kyoto)
Masao Ogata, Co-chair (Tokyo)

\SCES 13 /

CONFERENCE SITE

SCES 2013 will be held in the central part of Tokyo.

The conference venue is the newly built Ito International
Research Center in the main Campus of the University of
Tokyo (Hongo campus).

TENTATIVE LIST OF TOPICS

O Heavy fermion physics (including valence and/or charge fluctuations)
O Quantum phase transitions and quantum criticality

O Kondo physics in bulk materials and nanoscale structures
O Non-Fermi liquid behaviors

C Metal-insulator transitions

C Quantum magnetism and frustrated magnets

© Ferroics and multiferroics

© Exotic superconductors

O Correlated atorns in optical lattices

O Topological aspects of strongly cortelated systems

O Strong electron-phonon coupling

PROCEEDINGS

All SCES 2013 participants are invited to submit a paper to
a supplementary issue of Journal of the Physical Society of
Japan (JPSJ Supplement). Some of the proceedings of

the invited speakers will be published as a special issue of
Joumnal of the Physical Society of Japan (JPSJ Special Topics).

IMPORTANT DATES

Abstract submission deadline # « % « = = =« » + March 31, 2013
Notification of acceptance of abstracts =+ »= May 31, 2013
Early registration deadline ««#+#+s«ss««+ June 15,2013
Manuscript submission deadline *« s« »««+ June 30, 2013

website: http:/www.sces2013.org
e-mail: sces2013@prime-pco.com
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