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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).
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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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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)

[4] YK and C. D. Batista, arXiv:1303.0012 (unpublished)

[6] M. Uchida et al., PRB 66, 054429 (2002)
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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.

B - Wit I F— : Unravelling Emergent Order in Magnetic Oxides by Neutron Spectroscopy
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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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[1] A. Ohtomo and H. Y. Hwang, Nature 427, 423 (2004).
[2] N. Reyren, J. Mannhart et. al., Science 317, 1196 (2007).
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[3] Lu Li, J. Mannhart, et al., Nature Phys. 7, 762 (2011).
[4] J. A. Bert, H. Y. Hwang et al. Nature Phys. 7, 767(2011).
[5] G. Berner, M. Sing, H. Fujiwara, submitted to Physical Review Letters
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H#E:

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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B : BiGRt 2 J— : Mechanical control of hexagonal cell packing in Drosophila wing
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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.

B - MDCL Special Seminar : First Observation of electronic conductivity in mixed valence tellurium
oxides
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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).

R B I — S RAE ARPES I X 35 RO D VI Omge
HEf : 201346 A 11 HCK) & 1 K 30 7o~
B DRSS ASEE 6 B 35 1 &%= (A636) TV &% KR : FIDFRIRYM 113 &

LRIV
g« FALRFERFBRE AW SR
U-3=

AR a IR, SV IET RV =X v o THRFEET DHERIE TH D B OO, Kk C IR s R
Ko TR#ESNT-EBRIRENE L Z2WETHY . Hi FR o 2 h VHEGR OEROE B B4 AR 3 5 AT T
TW5, BOIER~2 ITAESRLETDHARPES)ICE Y, MR U h VR BiaSes & i@ Ok PbSe M2 AT
J& L7=~7T &z b ->(PbSe)s(BizSes)sm Tlk, EENEIZE MR w P vk z & o @mkiE (b A e o Fmik
)NGFET DI 2RI LZ[1], £, IV-VI P8R SnTe 1E, HEBHEICRE S - EmREEZ RS T hFRe v
NG VAL AERRIE] EWI T2 MR U HNBIZET A E A LN L, REIT—TiE, 2o ofEHE%E
DACF % DT D ARPES f RSV TR 5.

[1] K. Nakayama et al., Phys. Rev. Lett. 109, 236804 (2012).
[2] Y. Tanaka et al., Nature Phys. 8, 800 (2012).
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[1] T. Kondo et al., Physical Review Letters 98, 267004 (2007).
[2] T. Kondo et al., Nature 457, 296 (2009).
[3] T. Kondo et al., Nature Physics 7, 21 (2011).
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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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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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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.
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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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