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P : Improvement of the Tensor Renormalization Group Methods
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The tensor network (TN) is a powerful tool to calculate and understand strongly correlated many-body problems.
The partition function in classical statistical systems can easily be represented as a tensor network. Combining the
real-space renormalization group and TNs, the tensor renormalization group method (TRG) provides an efficient
contraction scheme for TNs. Information compression based on the singular-value decomposition avoids exponential
divergence of a computational cost. In this talk, we will present our recent new ideas in the tensor renormalization
group. The first one is a calculation method for higher-order moments of physical quantities such as magnetization [1].
The systematic summation technique provides the recursion formula for coarse-graining tensors including multiple
impurities. Our method easily approaches a huge system size which the Monte Carlo method cannot treat. The second
one is an efficient algorithm for global optimization technique which improves the accuracy of TRG [2]. By replacing

the environment tensor with the corner transfer matrices, we succeed to reduce the order of the computational cost.

[1] Satoshi Morita and Naoki Kawashima, Comput. Phys. Comm. 236, 65-71 (2019).
[2] Satoshi Morita and Naoki Kawashima, Phys. Rev. B 103, 045131 (2021)
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Modifying bulk surfaces by metal deposition is well established method to create low dimensional materials for
fundamental studies of quantum properties. However, the confinement to materials surfaces, makes it challenging to
integrate these materials into devices. In contrast to bulk surfaces, van der Waals materials are stable as free-standing
2D sheets in various environments and can be readily manipulated and integrated with other materials. Here we
explore if such 2D transition metal dichalcogenides can be modified by metal deposition (similar to bulk surfaces) to
create nanostructures with new properties.

2D materials are lacking dangling bonds and thus unlike bulk surfaces, are considered to interact weakly with metal
atoms and thus are assumed to favor the agglomeration of atoms into clusters on their surface. Here we show that for
some transition metal dichalcogenides (TMDs) this notion of a weak interaction of vapor deposited metals on TMDs is
not always true and their 2D-crystal structure can be modified by reaction with vapor deposited metals. We discuss
this on the example of two different TMDs, semiconducting Mo-dichalcogenides and semi-metallic PtTe2. For the
former we show that Mo-deposition results in the formation of metallic 1D line-defect networks and we discuss the
underlying materials physics of their formation [1]. Moreover, the 1D electronic nature of these defects, embedded in
the semiconducting host material, is confirmed by angle resolved photoemission spectroscopy that shows signatures
of a Tomonaga Luttinger liquid [2]. The modification of MoSe2 can also be expanded to hetero-atoms and these may

induce magnetism in the material, forming a diluted ferromagnetic 2D-semiconductor [3]. Finally, for PtTe2 we show
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that Pt-deposition converts the 2D-PtTe2 (ditelluride) into metastable 2D-PtTe (monotelluride) [4]. In the monolayer,
this enables the construction of a metal/semiconductor junction in 2D materials, whose interface properties can be

studied by scanning tunneling spectroscopy.

[1] P.M. Coelho, H.-P. Komsa, H.C. Diaz, Y. Ma, A.V. Krasheninnikov, M. Batzill. Post-Synthesis Modifications of Two-
Dimensional MoSe2 or MoTe2 by Incorporation of Excess Metal Atoms into the Crystal Structure. ACS Nano 12,
3975-3984 (2018)

[2] Y. Ma, H.C. Diaz, J. Avila, C. Chen, V. Kalappattil, R. Das, M.-H. Phan, T. Cadei, J.M.P. Carmelo, M. C Asensio,
M. Batzill. Angle resolved photoemission spectroscopy reveals spin charge separation in metallic MoSe2 grain
boundary. Nat. Commun. 8, 14231 (2017)

[3] P.M. Coelho, H. - P. Komsa, K. Lasek, V. Kalappattil, J. Karthikeyan, M. - H. Phan, A.V. Krasheninnikov, M.
Batzill. Room - Temperature Ferromagnetism in MoTe2 by Post - Growth Incorporation of Vanadium Impurities.
Adv. Electr. Mater. 5, 1900044 (2019).

[4] K. Lasek, M. Ghorbani-Asl, V. Pathirage, A.V. Krasheninnikov, M. Batzill. Controlling Stoichiometry in Ultrathin
van der Waals Films: PtTe2, Pt2Te3, Pt3Te4, and Pt2Te2. ACS Nano doi.: 10.1021/acsnano.2¢04303 (2022).
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Pseudo-hermitian random matrices form a new class of matrix models lying between the classical Wigner-Dyson
ensembles of hermitian matrices and the non-hermitian Ginibre ensembles. These matrices are hermitian with respect
to an indefinite metric over some vector space. Consequently, their eigenvalues are either real or come in complex
conjugate pairs.

Ensembles of pseudo-hermitian random matrices could be thought of probability measures over generators of the
non-compact classical Lie algebras, in complete analogy to classical hermitian random matrices being probability
measures over the classical compact algebras.

In this talk I will explain the physical motivation for pseudo-hermitian random matrix theory and present explicit
numerical and analytical results pertaining to the average eigenvalue spectrum of a concrete pseudo-hermitian

random matrix model in the large-N limit.
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[1] N. Tajima, S. Sugawara, M. Tamura, Y. Nishio, K. Kajita, Journal of the Physical Society of Japan 75(5), 05101
(2008).

[2] S. Kitou et al., Physical Review B 103, 035135 (2021).

[3] S. Raghu, X. L. Qi, C. Honerkamp, S. C. Zhang, Physical Review Letter 100, 156401 (2008).

[4] D. Ohki, K. Yoshimi, A. Kobayashi, Physical Review B 105, 205123 (2022).
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Chirality is a three-dimensional geometric property which is characterized by the absence of any mirror and
inversion symmetry operations. Ten of the thirty-two crystallographic point groups belong to this category, and they
must have a time-reversal (T) even pseudoscalar representation [1]. A concrete microscopic representation of the
chirality is an electric-toroidal (ET) monopole, GO, which becomes active under proper rotations only [2].

Although a monopole seems to be featureless, the pseudoscalar nature cannot be described by a point-like degree of
freedom, implying that it has internal degrees of freedom. Indeed, from symmetry point of view, we can decompose GO
as (R1 x R2) - R3 or (M1 x M2) - R3 and so on, where Ri and Mi are independent electric and magnetic dipoles. In
these expressions, the vector products are axial vector which suggests that chiral crystal is able to convert between
axial and polar quantities through such internal degrees of freedom.

In order to elucidate such a parity conversion property in chiral crystals, we construct the tight-binding model for
the typical chiral system of elemental Te and investigated the microscopic expressions of GO and possible parity
conversion responses, namely, electric-field induced rotation and its inverse responses based on the model [3]. We
found that the nearestneighbor spin-dependent imaginary hopping is essential ingredient of chirality and is
responsible for the electric-field induced lattice rotation and its inverse process.

The conjugate field of GO (the spin-dependent imaginary hopping) is the combined fields such as the electric current
and magnetic field which must be parallel with each other. Along this line, we discuss that the sign of the product of
these quantities can control the preferred handedness of chiral crystals, i.e., absolute enantioselection.

We would like to thank J. Kishine, H. Yamamoto, Y. Togawa, Y. Kato, J. Kishine, A. Kato for fruitful discussions.

[1] L.D. Barron, “Molecular Light Scattering and Optical Activity”, 2nd ed. (Cambridge University Press, 2004).
[2] S. Hayami, M. Yatsushiro, Y. Yanagi, and H. Kusunose, Phys. Rev. B, 98, 165110 (2018).
[3] R. Oiwa and H. Kusunose, arXiv:2203.15192.
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[ : Exotic structures and dynamics of frustrated cholesteric blue phases
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Cholesteric blue phases (BPs) are complex three-dimensional structures exhibited by a chiral liquid crystal. BPs
comprise a regular array of line defects of orientational order (disclination lines) and double-twist cylinders where the
orientational order is twisted along all the directions perpendicular to the cylinder axis. BPs have attracted the interest
of physicists as a fascinating example of order induced by frustration, here between the locally favorable double-twist
ordering, and global constraints that prohibits double-twist ordering to fill the whole space without singularities.

In this talk we present two studies on how geometric frustrations affect the structures of already frustrated BPs.
One concerns the behavior of BPs confined by two parallel flat substrates. The interaction between confining surfaces
and the liquid crystal (surface anchoring) frustrates the ordering of BPs, and numerical calculations based on a
continuum theory demonstrate the formation of various exotic structures not found in bulk BPs. We particularly focus
on the formation of half-Skyrmions, swirl-like order without singularity that has been found in diverse condensed
matter systems. We discuss the dynamics of half-Skyrmions driven by thermal fluctuations, and how they are observed
experimentally.

The other subject is on the frustration by the mismatch of the lattice orientations of BP leading to twin boundaries.
Twinning of BPs like martensites has been revealed in recent experiments, but real-space fine structures of twin
boundaries are difficult to observe experimentally. Again systematic numerical calculations based on a continuum
theory clarify how two BP lattices with different lattice orientation should be connected. We also present our recent

attempts towards the dynamics of phase transition associated with twin formation.
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We construct a field-theoretic description of spin waves in hexagonal antiferromagnets with three magnetic

sublattices and coplanar 1200 magnetic order [1]. The three Goldstone modes can be separated by point-group
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symmetry into a singlet a0 and a doublet B . The a0 singlet is described by the standard theory of a free relativistic
scalar field. The field theory of the B doublet is analogous to the theory of elasticity of a two-dimensional isotropic solid
with distinct longitudinal and transverse “speeds of sound.” The speeds of sound can be readily calculated for any
lattice model. We apply this approach to the compounds of the Mn3X family with stacked kagome layers and extract
the exchange coefficients for a model spin Hamiltonian by fitting to neutron scattering data [2]. We then extend our
studies to the case of strained system where we show that strain can be used to tune the magnetism and the Hall

response of these compounds in both static and dynamic conditions [3,4].

Refs:

[1] S. Dasgupta and O. Tchernyshyov, Phys. Rev. B 102, 144417 (2020)
[2] Y. Chen et al Phys. Rev. B 102, 054403 (2020)

[3] M. Ikhlas, S. Dasgupta et al, Nature Physics (2022) (accepted)

[4] S. Dasgupta, O. Tretiakov, Communications Physics (in review)
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[1] Tzumi, R., Suzuki, S. & Asada, M. 1.98 THz resonant-tunneling-diode oscillator with reduced conduction loss by
thick antenna electrode. in 2017 42nd International Conference on Infrared, Millimeter, and Terahertz Waves
(IRMMW-THz) 1-2 (ieeexplore.ieee.org, 2017).

[2] Hiraoka, T. et al. Injection locking and noise reduction of resonant tunneling diode terahertz oscillator. APL
Photonics 6, 021301 (2021)

[3] Hiraoka, T., Inose, Y., Arikawa, T. Ito, H., and Tanaka, K. Passive mode-locking and terahertz frequency comb
generation in resonant-tunneling-diode oscillator, Nat. Commun., in press (Preprint:

https://doi.org/10.21203/rs.3.rs-919266/v1).
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0 Classical vs Quantum Heisenberg kagome antiferromagnet materials: an experimental perspective
from spectroscopic techniques
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The Heisenberg Kagome Antiferromagnet (HKAF) model occupies a central place in the field of magnetic frustration.
Very early on, pioneering theoretical studies highlighted its specificity even at a classical level [1]. The quantum case
is even more intriguing, with a quantum spin liquid ground-state characterized by long-range entanglement and
fractionalized excitations.

In this talk, I will briefly introduce the physics inherent to the Heisenberg kagome antiferromagnet and report our
recent work on two new kagome materials, using complementary spectroscopic probes (NMR, muSR and inelastic
neutron scattering) to investigate their spin excitations.

The first one is a classical KHAF, the S=5/2 layered monodiphosphate Li9Fe3(P207)3(P0O4)2 [2]. Thanks to the
moderate exchange interaction (J ~ 1 K) between spins, we could experimentally investigate the phase diagram of the
classical model under applied fields and evidence the highly sought-after 1/3rd magnetization plateau in a kagome
compound. The second one is the S=1/2 quantum KHAF Y3Cu9(OH)180CIS8, the most recent derivative of the
emblematic Herbertsmithite, which does not show any dilution or interlayer defects. The slight distortion of its kagome
lattice creates three symmetry-inequivalent antiferromagnetic couplings. This S=1/2 anisotropic KHAF model was
recently found to host a rich phase diagram with spin-liquid and ordered ground states [3]. I will present the results

of our recent investigation using NMR, pSR and neutron scattering techniques performed on single crystals [4].

[1] J. T. Chalker, P. C. W. Holdsworth, & E. F. Shender, Phys. Rev. Lett. 68, 855 (1992).

[2] E. Kermarrec, R. Kumar, G. Bernard, R. Hénaff et al., Phys. Rev. Lett. 127, 157202 (2021).
[3] M. Hering et al., npj Comput. Mater 8, 10 (2022).

[4] D. Chatterjee et al., unpublished

B : Imaginary-time evolution algorithm on quantum computers and its perspective on quantum
chemical calculations
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Currently, quantum chemical calculations using quantum computers are attracting a great deal of attention. We
have been developing algorithms for quantum chemical calculations using quantum computers. In particular, we have
recently focused on the imaginary-time evolution method. Note that algorithms using quantum computers must be
expressed in terms of unitary operations and observations for each qubit. Therefore, it was a nontrivial problem how
to perform the imaginary-time evolution operator, which is a non-unitary operation, on a quantum computer. We have
developed a method to implement the imaginary-time evolution algorithm in a form using auxiliary bits and proposed

a method of first-quantized eigensolver for quantum chemistry for ground states based on the imaginary-time
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evolution method [1]. Furthermore, we have been working on developing algorithms to reduce errors when performing
calculations on quantum computers [2]. In this presentation, we will discuss the fundamentals of quantum computers,
the implementation of the imaginary-time evolution algorithm, the computational cost of implementing the imaginary-

time evolution algorithm for materials calculations, and the error mitigation algorithms we have been developing.

[1] T. Kosugi, Y. Nishiya, and Y. Matsushita, arXiv: 2111.12471 (2021). To be published in Physical Review Research.
[2] Y. Hama and H. Nishi, arXiv: 2205.13907 (2022).
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We propose a simple and generic construction of the variational tensor network operators to study the quantum spin
systems by the synergy of ideas from the imaginary-time evolution and variational optimization of trial wave functions.
By applying these operators to simple initial states, accurate variational ground state wave functions with extremely
few parameters can be obtained. Furthermore, the framework can be applied to study spontaneously symmetry
breaking, symmetry protected topological, and intrinsic topologically ordered phases, and we show that symmetries of
the local tensors associated with these phases can emerge directly after the optimization without any gauge fixing.

This provides a universal way to identify quantum phase transitions without prior knowledge of the system.

B : Photoexcited nonequilibrium dynamics in an excitonic insulator candidate Ta2NiSe5 explored
by pump-probe Raman and luminescence spectroscopy
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In narrow gap semiconductors or semimetals, the Coulomb interaction between electrons and holes may lead to a
spontaneous formation of excitons. These excitons are expected to condense and give rise to an unconventional
insulating ground state called excitonic insulator [1]. Among the various exitonic insulator candidate materials,
Ta2NiSe5 is a prototypical example because it has a direct band gap and has no instability at finite wave-vector, such
as charge density wave order [2]. As the temperature is lowered, Ta2NiSe5 displays a semiconductor-to-insulator (SI)
transition below the transition temperature Tc = 325 K, which is associated with an excitonic insulator transition due
to electronic correlations [2,3,4]. However, the origin of the SI transition has been still elusive because it is accompanied
by a structural transition from orthorhombic to monoclinic symmetry [5]. To study whether the SI transition is lattice
or electronic-driven, pump-probe optical spectroscopy is a promising technique because it can track the electronic and
lattice responses separately.

In this study, we first performed equilibrium emission spectroscopy for Ta2NiSe5. In addition to low-energy

electronic and phononic Raman excitations, we found significant photoluminescence (PL) signal whose intensity
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sharply increases below Tc, which we assign to enhanced electron-hole interactions in the insulating phase. We further
investigated the pump-probe Raman and PL intensity after photoexcitation, where the Raman and PL signals serve
as reporters of the lattice symmetry and the insulating gap, respectively. In this talk, we will discuss the results of the

pump-probe measurements in light of the lattice-driven versus electronic-driven scenario for the SI.

[1] D. J’erome et al., Phys. Rev. 158, 462 (1967)

[2] Y. Wakisaka et al., Phys. Rev. Lett. 103, 026402 (2009)

[3] K. Seki et al., Phys. Rev. B 90, 155116 (2014)

[4] Y. F. Lu et al., Nat. Commun. 8, 14408 (2017)

[5] F. J. Di Salvo et al., Journal of the Less Common Metals 116, 51 (1986)

el AR BT S T ) O EHRMHEE O —RBETR - HCERE T+ ) ICk T To—F
HEF : 2022 4E 8 H 19 H(&) FR4RE~FiR 5 I

i TERER A 6 B K= (A632) &F 2T 1 (Zoom) ONATUw FEA

sl - LBF JUEE

Filg : ENLWEFE R EE N - PERHIETE RN

®E:

First-principles structural optimization and phonon calculation based on density functional theory (DFT) are widely
used and indispensable in modern materials science study. While these approaches are quite powerful for predicting
ground state properties, predicting finite-temperature structures and phonons remains challenging because various
elementary excitations, particularly phonons, and their temperature dependence need to be considered. In this
seminar, we present a self-consistent phonon (SCP) theory [1] and its extension as an effective way to access finite-
temperature phonons and structures. We discuss the accuracy and efficiency of the SCP approaches by showing our

recent results on CsPbBr3 [2] and BaTiO3 [3].
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LH:

Classical spin liquids are arguably one of the most interesting types of classical matter. They are described often by
the classical limit of gauge theories (electrostatics) and can be upgraded to topological orders or gapless quantum liquid
states if equipped with proper quantum dynamics. In this work, we present a classification scheme for classical spin
liquids in the large-S limit. In this limit, the spin components are effectively real scalars, so the spectrum of the
Hamiltonian accurately describes its properties. We found that the ground state degeneracy corresponds to flat bands
at the bottom of the spectrum, and the flat band’s structure crucially decides the physics of the classical spin liquid.

When there is a singular band-touching between the top bands and the bottom flat ones, the system has algebraic
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correlation. The ground state is then described by a generalized Gauss’s law, whose algebraic form is determined by
the band touching structure. A much less studied category is when the flat bands are gapped from the top ones. In this
case, the correlation is short-ranged, but the classical spin liquid can be distinguished from a trivial paramagnet by
the fragile topological homotopy of the bottom bands. Besides building the general mathematical framework of the

classification, I will also show some concrete examples and discuss experimental applications.
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