MEEB I 2 —

B : BiGit X J— : Many-variable variational Monte Carlo calculations of the J1-J2 Heisenberg model
HIF : 2013 4F 12 H 20 H(&) i 4 i~
5 - MR iAEE 6 B S5 23 —= (A615)

sl 2 ARH TE
g« RACRFMTEDTFEi
i :

In the presence of strong geometrical frustration and quantum fluctuations, the quantum spin liquid states,
insulators without any long range order, may appear even at zero temperature. One of the simplest models to realize
the quantum spin liquid state is a spin-1/2 antiferromagnetic J1-J2 Heisenberg model on the square lattice.

To investigate the nature of the quantum spin liquid state, we perform variational Monte Carlo (VMC) simulations
combining with quantum-number projection technique [1]. Our variational wave function is constructed from three
parts; the fermionic singlet-pairing wave function, the Gutzwiller projector, and the quantum-number projections for
the total spin, the total momentum, and the lattice symmetry (n/2rotation and reflection). This wave function is able
to describe the exact ground states of the 4 X4 system and provides higher accuracy than the conventional VMC
method in 6 X 6 systems [2]. We can also obtain excited states with quantum numbers different from the ground state
by considering the quantum-number projections. Our direct calculations up to 16 X 16 sites support that the phase
between the staggered and striped antiferromagnetic phases is characterized as a spin-gapped spin liquid without
long-range magnetic order. We discuss the relation to a recent result obtained by density matrix renormalization

group method [3].

[1] D. Tahara and M. Imada: J. Phys. Soc. Jpn. 77 (2008) 114701
[2] L. Capriotti, et al.: Phys. Rev. Lett. 87 (2001) 097201
[3] H.-C. Jiang, H. Yao, and L. Balents: Phys. Rev. B 86 (2012) 024424
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MateriApps [1] is aimed at a portal site for computer simulation on materials science. We are working to promote
the developers as well as various simulation software applications through MateriApps. We also enable users to
perform multidimensional searches for things that they are interested in doing or learning about, such as calculation
methods, target materials, interested phenomena, and physical quantities. We also have forums in order to encourage
communication between users and developers and to enable information sharing, exchanges of views and so on.

We are also developing MateriApps LIVE! [2], an open source live Linux distribution based on Debian GNU/Linux
to help users on trying to use various software applications which are introduced in MateriApps easily. We distribute
an open source hybrid USB live image which contains ready-to-use open source software applications developed in
Japan, such as ALPS, ERmod, feram, OpenMX, xXTAPP, as well as various standard open source software such as
ABINIT, CP2K, Gromacs, Quantum Espresso. We also plan to hold hands-on tutorial sessions in ISSP.

In this seminar, we present a current status of MateriApps site itself and demonstrate how to use various software

applications using MateriApps LIVE!

B4 Biget X J— : Dirac cone and spin-orbit effects in the electronic structure of tellurium and selenium
under pressure

HIF : 20144 1 H 24 H®) T 4R~ & 5

S A AR 6 B S5 B3I —%F (A615)

i e R
S © PERERMR ATIFEN, WEOR Wi
P

We study electronic structure of crystalline Te and Se from first-principles. The materials undergo an
insulator-to-metal transition under pressure. At a certain pressure, two conducting states at around the H-point
cross each other near the Fermi level. If the spin-orbit interaction is neglected, the states have linear dispersion in
the vicinity of the crossing point, forming a Dirac cone. The band crossing is protected even in the presence of the
spin-orbit interaction by helical structure with the threefold symmetry. The orbital character and spin structure will

be discussed in detail.
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The Kondo effect is one of well-known and extensively investigated phenomena in condensed matter physics. The
Kondo effect has emerged in various systems from dilute magnetic alloys to quantum dots connected to electronic
reservoirs. Among them, magnetic atoms and molecules adsorbed on surface have become intriguing systems with
the recent progress of scanning tunneling microscopy/spectroscopy (STM/STS) technique.

In particular, the formation of the Kondo singlet resulting from the Kondo effect appears as a characteristic peak or
dip structure in the STS spectrum, which enables us to observe the Kondo effect with high spatial and energy
resolution. However, the experimentally obtained STS spectrum is not simply same as single-particle excitation
spectrum; the theoretical studies including both the accurate treatment of the Kondo effect and the characteristic
effect at surface are required.

In this talk, I introduce our recent researches about the two-impurity Kondo effect and spin+orbital Kondo effect in
magnetic atoms and molecules adsorbed on metal surface [1,2] utilizing the combination of Keldysh Green's function
formalism of the STM current, numerical renormalization group method, and ab-initio density functional theory

calculations.

B : MGt X J— : Theoretical Proposal of Topological Insulator for a Kondo Insulator SmBs and Recent
Experimental Measurements
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In heavy electron systems, there is a class of insulators, whose resistivity increases exponentially below the
temperature of resistivity minimum, i.e., Kondo insulators. The resistivity increases in the low temperature region
due to opening a hybridization gap around the Fermi level. An actual example is a cubic compound SmBs. In SmBe,
below the resistivity minimum around a room temperature, the common logarithm of resistivity increases by four
down to 5 K, below which the resistivity is almost temperature independent. In order to explain such a metallic
behavior below 5 K observed by various measurements, the so-called in-gap state has been introduced. The origin of
in-gap state is still controversial.

Recently, a new quantum state, i.e. topological insulators, attracts much attention in the field of condensed matter
physics. The characteristic feature of the topological insulator is metallic surface states protected by the time reversal
symmetry, though the bulk state is an insulator. The topological insulator is identified primarily by a topological
index vo=1, while the another class with vo=0 includes the trivial insulator without the surface state. The transition
between different topological classes is prohibited, unless the gap of bulk insulator state closes. Now, considering the
realistic band structure of SmBs, we examine the possibility of topological Kondo insulator for the compound. As the
result, SmBe belongs to the class of strong topological insulator with vo=1. In the seminar, we will discuss recent

experimental data to compare with our result.
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Numerical calculation of the ground state energy of many electron systems is a very important problem of the
computational physics. There exists the exact diagonalization (ED) method to exactly calculate the energy, but ED
method requires exponential computational cost as the system size increases. One recipe for this problem is to
decompose the wavefunction into smaller pieces of low rank tensors. When we decompose the wavefunction of
electrons, it is important to explicitly consider the antisymmetry of the wavefunction. In this regard, we propose
Symmetric Tensor Decomposition CI (STD-CI)[1]. In STD-CI, Symmetric Tensor Decomposition technique is applied
on the symmetric part of the wavefunction, and we can operate all the calculation with O(N®) calculation steps, where
N is the number of electrons. We will report on several numerical results of STD-CI for small molecules. We lately
found that STD-CI is not very much suited for some highly correlated systems, such as H20. Therefore we
constructed an extended formalism of STD-CI and named it as ESTD. In ESTD, the variational space of the
wavefunction is extended from that of STD-CI. Therefore we can obtain better energy in ESTD, compared with
STD-CI. Also, the calculation cost is reduced to O(N5) in ESTD. This immediately means that we can calculate much
larger systems in ESTD than in original STD-CI. In ESTD, we found more simple formalisms to express the

wavefunction norm and the energy. We will report on several numerical results of ESTD.

[1] W. Uemura and O. Sugino, Phys. Rev. Lett. 109, 253001 (2012).
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[1] J. S. White, T. Honda et al., Phys. Rev. Lett. 108, 077204 (2012).
[2] T. Honda et al., J. Phys. Soc. Jpn. 81, 103703 (2012).
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Due to recent experimental development, manipulation for small system is a topic of wide interest. For example, we
can manipulate small systems in micrometer order, such as colloidal and biomolecule systems, using optical tweezers.
One formalism to discuss limitation of manipulation is “stochastic thermodynamics.” In stochastic thermodynamics,
systems are modeled as stochastic processes, and thermodynamic quantities (i.e. work and heat) are discussed not
only on the level of average, but also on the level of a single trajectory. In particular, systems attached on thermal
environments are modeled with the Gaussian Langevin equations, which are consistent with experimental results
(including the Fourier law and the fluctuation theorem). However, few of previous studies have addressed systems
attached on athermal environments although athermal non-Gaussian fluctuations are experimentally known to
appear in electrical and biological systems. For example, what kind of modification is necessary for the Fourier law

and the fluctuation theorem to understand energy transport between athermal environments?
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In this seminar, we report our study of energy transport driven by athermal non-Gaussian fluctuations. In the first
part, we extend the formulation of stochastic thermodynamics toward athermal non-Gaussian systems [1]. We define
thermodynamic quantities such as work and heat. We remark that the stochastic integral, which is a mathematical
tool, is an important issue to define thermodynamic quantities because differential rules in stochastic processes are
different from the ordinary calculus. We discuss an appropriate stochastic multiplication for heat in the case with
non-Gaussian noises. In the next part, we discuss energy transport between athermal environments [2]. We consider
two athermal environments and attach a conducting wire between them. We model this setup as rotational Langevin
equations driven by non-Gaussian noises, and we obtain the following results: (1) we obtain a generalized Fourier law,
which describes the average of energy current. (2) We obtain a generalized heat fluctuation relation to reveal the
fluctuating property of athermal systems. (3) We show that the direction of energy current can be changed by

choosing appropriate conducting devices, which implies violation of the zeroth law of thermodynamics.

[1] K. Kanazawa, T. Sagawa, and H. Hayakawa, Phys. Rev. Lett. 108, 210601 (2012).
[2] K. Kanazawa, T. Sagawa, and H. Hayakawa, Phys. Rev. E 87, 052124 (2013).
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[1] R. Scherwitzl, et al., Phys. Rev. Lett. 106, 246403 (2011).
[2] A. V. Boris, et al., Science 332, 937 (2011).
[3] E. Sakai, et al., Phys. Rev. B 87, 075132 (2013).
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Figure 1. Schematic illustration of path integral approach.
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SU(V) symmetric models arise in different contexts in correlated insulators. In these models spins with N possible
states or colors are present at each site, and the Hamiltonian is the exchange of the color states of neighboring sites.
The simplest example is the usual SU(2) Heisenberg-model of a magnetic Mott-insulating state. When in addition,
orbital degrees of freedom are also present, the relevant effective model is the spin-orbital Kugel-Khomskii model,
which in its most symmetric form is identical to SU(4) symmetric Heisenberg-model. The S = I spin systems with
bilinear S-S and biquadratic (S-S)? interactions are SU(3) symmetric for special values of the coupling constants. For
ultra-cold alkaline earth atoms trapped in optical lattices the nuclear spin F is the only relevant degree of freedom,
with N=2F+1 possible states, which can lead to an SU(N) symmetric model as well.

We studied the SU(3), SU(4) and SU(6) symmetric Heisenberg-model on the honeycomb lattice by variational
Monte Carlo calculations on Gutzwiller projected free-fermionic Fermi-sea states. This method is really effective in
calculating bond energies and spin-spin or dimer-dimer correlations for larger systems. It also enables us to compare
the energies of different scenarios found by other methods (bond-meanfield approximation, iPEPS, exact
diagonalization, flavor-wave theory).

In my talk I will introduce the basics of the Gutzwiller projection and the Monte Carlo method used in the
calculations. I will discuss our results, especially the case of the SU(4) symmetric Heisenberg-model on the

honeycomb lattice, and compare our findings with other numerical methods.

[1] P. Corboz, M. Lajké, A. M. Lauchli, K. Penc, F. Mila: Phys. Rev. X 2, 041013 (2012).
[IT] P. Corboz, M. Lajké, K. Penc, F. Mila, A. Liauchli, Phys. Rev. B 87, 195113 (2013).
[IIT] M. Lajké, K. Penc, Phys. Rev. B 87, 224428 (2013).
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To elucidate coexistance of antiferromagnetic (AF) and superconducting (SC) phases in Ba(Fe,Ni)2As2, MuSR
(Uemura, Luke), Moessbauer (Saitovitch), neutron (Dai), Specific Heat (Ronning), optical conductivity
(Tajima/Uchida) and STM (Pasupathy) measurements have been performed using the same single crystal specimens
(Dai). For the (Fel.915Ni0.085) sample at near AF/SC boundary, MuSR found static magnetic order in the entire
volume fraction with half/half volumes of strong/weak magnetism, and Moessbauer detected the half volume of the
strong magnetic region alone.

These local probes found static magnetism much more robust than does the neutron Bragg peak, indicating highly
random spatial spin correlations. Specific heat, optical and STM revealed superconducting gap in nearly full volume
fraction developing below superconducting Tc in the same specimen. These results provide decisive evidence for
nearly full overlap of the AF and SC orders in real space, which is consistent with the s+- pairing but putting
constraints in possible role of quantum criticality. In systems with higher dopings, the static magnetic order
disappears as the results of dimishing volume fraction of the magnetically ordered region, suggesting phase
separation and first-order quantum evolution.

This observation further gives caution to the popular view of stressing 2-nd order quantum criticality in

unconventional superconductors.

Collaborative work performed by the groups shown in () above.
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®HE:

The principle of Neutron Spin Echo (NSE) to encode and decode the energy transfer of Neutrons in the spin of the
scattered Neutrons is well known since 1971. About 8 years later IN11, the first NSE spectrometer worldwide, at the
Institute Laue-Langevin in Grenoble, France was built and went into operation with first results. This was the start
of many more NSE spectrometer to come later and up to now NSE spectrometer still possess the highest energy
resolution in the field of Neutron scattering. As of today worldwide about 7 NSE spectrometer of the generic IN11
type are operated in Europe and the USA. The newest instrument is the NSE at the Spallation Neutron Source in
Oak Ridge, USA, which shows, those kind of spectrometer can be adapted for the first time at spallation sources.
Other new developments have been adapted as well e.g. fully magnetic shielding chamber. In this talk we would like
to talk about current and newest achievements of the generic IN11 type Spin Echo spectrometer both in the field of

instrumentation and science.
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IrTez 1%, 280K T Q=(1/5,0,-1/5)D R JAWIE I % 1 5 MRS 2l Z 9 T H[1,2], FHIC Pt Pd =712k - T
BAZEA BT 2 72 S8k BLSR AR IR & OBIE b Bk A Fiioh, K HIICHFE ST\ 5, 7ok
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Z ZTARlL FxiE Te 3dM4,5) Witz AV 72 X BRIy JE(XAS), HEIRHR X SR EEL(RSXS)HIE 217V, IrTee A |k
FA THD Te ¥ A +OEMEFZBIE LT-, ZOFEE, Te 3d XAS I[ZITHEAIK & 72 pre-edge HEE N BIEL S nTZ, T D
Z LiE Te 5p-Ir 5d OIARAFAlRRETe bp & — /) OFELEHENIRRT S5, £/, 2O pre-edge IZBT 5
Q=(1/5,0,-1/5)» RSXS D= R /L X — AT MLOfFMTA S, ZOKIBMHEOZEHIL, Lo Ir 5d-Ir 5d “BRLE#EE L
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