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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
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 also show some concrete examples and discuss experimental applications.

i ¢ Atom-by-atom electron spin resonance: towards electron spin qubits on a surface
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Addressability to individual atoms and atom-by-atom position control using a scanning tunneling microscope (STM)
[1] opens the bottom-up design of functional quantum devices. As an extension of such potential to atomic/molecular
spins, STM can provide a platform of solid state qubits [2,3], which is unique in the sense of bottom-up design of qubit
systems of a scale ~1 nm, with advantage of atom precision control of structure and inter-qubit couplings [4]. Here, I
first introduce a recent advance of STM by combining conventional electron spin resonance (ESR), which picks up the
advantages of the two techniques, high spatial resolution of STM and high energy resolution of ESR, enabling to drive
and detect spin resonance of individual atoms on surfaces. Then, I continue a successful implementation of pulsed-
ESR into STM to coherently control individual atomic [5] and molecular [6] spins on surface, paving a way towards
on-surface electron spin qubits at the atomic scale. So far, the quantum coherence of such spin qubits is limited by =<
100 ns, requiring a noticeable improvement for their practical applications. In this regard, I briefly suggest some
feasible ideas to protect such spin qubits from the environmental decoherence, to narrow down the direction and

brighten a way to raise the on-surface qubits up to a stage of the quantum-coherent applications [4].
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B8 : Benchmark and application of density functional theory for superconductors
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Density functional theory for superconductors (SCDFT) is a method to compute superconducting transition
temperature (Tc) without empirical parameters. We formulate a method to compute the spin-fluctuation mediated
interaction with the ultrasoft pseudopotentials and implement this method into our first-principles code
Superconducting-Toolkit [1]. This implementation enables us to calculate Tc using carefully constructed

pseudopotentials such as the Standard Solid-State Pseudopotentials. We also implement the recently proposed
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Eliashberg-combined electron-phonon functional and plasmonic mass-renormalization. We perform the benchmark
calculations to investigate all the above contributions in typical superconducting materials. We find that the latest
SCDFT predicts Tc with an error of 30% for various materials (V, Nb, H3S, CaC6, V38Si, etc.), an underestimation of
40-50% for MgB2 and YNi2B2C, and an overestimation of 60%-300% for low- Tc (below 1.2 K) materials (Cd, Zn, and
Al). We also report the estimated Tc for newly predicted quaternary hydrides [2].

[1] M. Kawamura, Y. Hizume, and T. Ozaki, Phys. Rev. B 101, 134511 (2020).
[2] R. Koshoji, M. Fukuda, M. Kawamura and T. Ozaki, arXiv:2206.04971.
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Commonly the approach to the solid state is based on the adiabatic approximation. I will show some kind of physics
which is neglected by this viewpoint: the crystal field phonon interaction is introduced on a simple model of a linear
chain of Ce ions. This model is being developed into a numerical ab initio method to study the correlation of phonon

and many body electron dynamics. I will focus on the numerical simulation of neutron spectra of some sample systems,
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e.g. Tb2Ti207, PrNi2Si2. Such model calculations can be done with the newest version of the McPhase software
package for magnetism.

Going beyond the core subject of the seminar there will be room to discuss any other topic of interest within the
context of numerical simulations using McPhase including also a short training in using this program package. I will
make accessible to the participants of the seminar the new version 5.5 of the McPhase program, which will be tested
in an online workshop 17-21 October and which will be published after the Micro-Workshop scheduled
30.Jan-3.Feb 2023 in Venice, Italy (registration deadline 1.Nov.2022). Further Information: www.mcphase.de
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Many-body localization (MBL) occurs in strongly-disordered quantum many-body systems. MBL has been
investigated theoretically, numerically, and experimentally.Recently, techniques to probe MBL using quantum devices
have been developed, which take advantage of quantum dynamics. This talk focuses on MBL detection methods using
numerical simulations of quantum dynamics. The simulation results show how the magnetization and a quantity

called twist overlap characterize MBL.
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B . Numerical analysis of the Sachdev-Ye-Kitaev type models
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The Sachdev-Ye-Kitaev (SYK) model, proposed in 2015, is a quantum mechanical model of N Majorana or complex
fermions with all-to-all random interactions. The model has attracted significant attention over the years due to its
features such as the existence of the large-N solution with maximally chaotic behavior at low temperatures and
holographic correspondence to a low-dimensional gravity theory. Numerical diagonalization of the model Hamiltonian
gives much insight into the dynamics of the model. We have studied (i) the spectral correlation by computing the
spectral form factor [1], and (ii) the scrambling dynamics of the model by using the Hayden-Preskill protocol [2]. In
addition to the result for the original SYK model, we present the results for the binary-coupling sparse SYK model [3]
and the SYK4+2 model [4].
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Heat travels in solids thanks to mobile electrons and phonons. Even in a detect-free solid, collisions degrade the flow
due to the presence of the lattice. However, there are situations where most collisions for phonons, for electrons or for
both conserve momentum. In this hydrodynamic regime, the quasi-particle viscosity plays a significant. Recent studies

of thermal transport in a variety of solids such as strontium titanate [1], black phosphorus [2], graphite [3], and
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antimony [4] reveal a narrow temperature window where normal collisions enhance the heat flow rate. The ubiquitous
T-square resistivity of Fermi liquids survives in dilute metals in absence of Umklapp events [5], indicating that it does
not require momentume-relaxing collisions. Comparing the available transport data in metals and in normal liquid 3He
indicates that energy diffusivity sets the amplitude of T-square thermal resistivity, while momentum diffusivity is the

driver of T-square electrical resistivity [6].

[1] V. Martelli et al., Phys. Rev. Lett. 120, 125901 (2018).
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[4] A. Jaoui, B. Fauqué, K. Behnia, Nat. Commun. 12, 195 (2021).
[5] J. Wang et al., Nat. Commun. 11, 3846 (2020).

[6] K. Behnia, Ann. Phys. 2100588 (2022).
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Low dimensional materials offer very interesting material and physical properties due to reduced dimensionality.
At present, 2D materials are the focus of attention. However, 1D systems often show far more exotic features, such as
Tomanaga-Luttinger liquid or Peierls distortion not presented in 3D and 2D materials. However, the study of these
1D systems is strongly limited by our possibilities of their preparation and characterization on atomic scale.
Nevertheless, recent progress of UHV on-surface chemistry [1] paved the way for the synthesis of molecular chains
with atomic precision. Moreover, scanning probe microscopy represents the unique tool, which enables to characterize
their structural and electronic structure with the unprecedented spatial resolution [2].

In this talk, we will briefly discuss several examples of 1D molecular system featuring interesting quantum
properties such topological quantum phase and concerted proton tunneling.

In the first part, we will introduce a novel strategy to synthesize [3] a new class of intrinsically quasi-metallic 1D n-
conjugated polymers featuring topologically non-trivial quantum states. Furthermore, we unveiled the fundamental
relation between quantum topology, [J-conjugation and metallicity of polymers [4]. Thus, we will make a connection
between two distinct worlds of topological band theory (condensed matter physics) and m-conjugation polymer science
(chemistry). We identified and visualized a quantum phase transition between two topologically distinct phases in a
n-conjugated polymer. We will demonstrate that pseudo Jahn-Teller effect as the driving mechanism responsible for
the quantum phase transition. Finally, we present theoretical simulations revealing coherent fluctuation of polymers
of the critical length at finite temperature between two distinct quantum phases. Such calculations provide an “a
smoking gun” evidence of possible presence of the quantum criticality phenomena in the m-conjugated polymer found
near the phase transition.

In second part, we will demonstrate unusual mechanical and electronic properties of hydrogen bonded chains formed
on a metallic surface driven by nuclear quantum effects within the chain [6]. We will show, that the concerted proton
tunneling not only enhances the mechanical stability of the chain, but it also gives rise to new in-band gap electronics
states localized at the ends of the chain. This study demonstrates the new class of nuclear quantum effects, which

concerted character strongly modifies physical and material properties of the system.
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B8 : Chiral Electro- and Photoactive Materials
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Chirality manifests itself in many areas of physics, chemistry and biology, where objects or materials can exist in
two non super-imposable forms, one being the mirror image of the other. 1 Introduction of chirality into conducting
systems is a topic of much current interest as it allows the preparation of multifunctional materials in which the
chirality might modulate the structural disorder or expresses its influence through the electrical magneto-chiral
anisotropy effect. 2 The access to various chiral electroactive precursors for molecular conductors is therefore of
paramount importance. 3 In the same time, the most distinctive manifestation of chirality in chemistry is in the optical
activity of chiral compounds, expressed as optical rotation or circular dichroism (CD). Additionally, when a chiral
compound is emissive, circularly (CPL) can be expected to occur. In this lecture several chiral conducting or photoactive

systems will be discussed.

1 G. H. Wagniere, On Chirality and the Universal Asymmetry 2007, Wiley-VCH, Weinheim.
2 F. Pop, P. Auban-Senzier, E., Canadell, G. L. J. A. Rikken, N. Avarvari, Nat. Commun. 2014, 5, 3757.
3 a) N. Avarvari, J. D. Wallis, J. Mater. Chem. 2009, 19, 4061; b) F. Pop, N. Zigon, N. Avarvari, Chem. Rev. 2019, 119, 8435
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Topological band crossings in energy spectra are connected to the emergence of prominent effects, for example, the
anomalous Hall effect and Fermi arc surface states, which appear as open Fermi surfaces on the boundary of the
system. In this talk I will present symmetry-based approaches to infer the existence of various point, line, and plane
crossings as well as weak insulator topology.

Crystalline symmetries do not just protect but may also enforce a specific band topology. I will discuss the close
connection between the chirality of point crossings and the rotation eigenvalues. While the existence of crossings
pinned to high-symmetry positions can be easily obtained from the representations of the corresponding little groups,
I will give some examples of movable crossings within the Brillouin zone. These results can then be combined to infer,
for example, the topology of nodal planes.

Further, I will present some of our efforts to give a comprehensive overview of enforced band structures in
orthorhombic and tetragonal space groups, including, for example, almost movable nodal lines, nodal chains, and
(topological) nodal planes. We propose example materials and I will touch upon the topological nodal planes in

ferromagnetic MnSi, and double Weyl points in NbO2/Ta02.
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