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We study the nonperturbative pair production of particles induced by strong rotating electric fields [1]. The
excitations by tunneling become strongly chirality dependent due to nonadiabatic geometric effects. The threshold, i.e.,
Schwinger limit, even vanishes for particles with an optically allowed chirality. We explain these phenomena through
the twisted Landau-Zener model proposed by M. V. Berry, and provide a quantitative understanding in terms of the
geometric amplitude factor. As a condensed matter application, we make a nonperturbative analysis on the optically
induced valley polarization in 2D Dirac materials. Furthermore, in 3D Dirac and Weyl materials with spin-orbit

coupling, we predict the generation of a nonlinear spin or charge current in the direction of the laser propagation.

[1] Takayoshi, Wu, Oka, arXiv:2005.01755
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Quantum spin liquid state can be represented and efficiently characterized within the symmetric Projected
Entangled Pair State (PEPS) framework. A prototypical example is the nearest neighbor (NN) resonating valence bond
(RVB) state, which has been thoroughly studied on various lattices with PEPS. Here I will show, through suitable
deformation of the local tensor of NN RVB state on square lattice, we can introduce long-range singlets into the wave
function and drive the state into a topological Z_2 phase. This approach turns out to be quite general for quantum spin
liquid problem, which I will briefly explain. Then I will present our recent work about SU(3) chiral spin liquid using
this approach, where characteristic feature of SU(3)_1 chiral topological order is observed from PEPS entanglement

spectrum.
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The magnet, i.e., the permanent magnet, is a familiar material, and various magnets play important roles in many
products such as electric motor and recording material. Analyses on its mechanism and improvements of the
performance have been studied extensively. In particular, it is very important to study its temperature dependence.
However, when we study the problem by methods of current physics, there are many interesting but difficult problems.
Here we introduce our trials on this problem for the high-performance Nd2Fe14B.

For this purpose, first we constructed an atomistic Hamiltonian to take into account the temperature property. With
it we calculated various thermodynamic quantities such as the magnetization and anisotropy energies by standard
methods of statistical physics and confirmed the model can reproduce experimental results. Moreover, the domain wall
profiles and the spectrum of FMR (ferromagnetic resonance) were also studied. As a merit of the atomistic model, we
can find anisotropy due to the crystal structure and also atom-specific ordering properties.

The most important property is the coercivity. However, in contrast to the abovementioned thermodynamic
quantities, we do not have theoretical formula and thus so far only little study has been done on the quantitative
estimation of the coercivity at finite temperatures. Coercivity is a kind of spinodal phenomena. In systems of short-
range interaction, however, there is no spinodal singularity at finite temperatures due to the nucleation. Therefore,
we must study “spinodal-like” phenomena. We first studies this problem in nano-size grains by the stochastic LLG
equation (Nishino, NIMs) and also by a method using the free-energy landscape obtained by Wang-Landau method
(Toga, ISSP), and obtained the strength of field at which the relaxation of the magnetization reverse is 1 second (a
definition of coercivity), and its temperature dependence. For larger grains, the dipole-dipole interaction plays a role
and the so-called multidomain magnetic structure appears. To study such cases, we developed a modified SCO
(stochastic cutoff) method and studied coercivity in such systems (Hinokihara, ISSP). The magnet is an ensemble of

grains. Trials for such complicated case is also introduced.
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In $1+1$d, the fusion category symmetry generalizes the concept of global symmetry. Akin to ordinary global
symmetry, the fusion category symmetry can also suffer from ‘t Hooft anomalies.

We describe a criteria of when the ‘t Hooft anomaly is non-trivial from the data that describes the fusion category.
This criteria generalizes the one from [1802.04445]. We also comment on how the anomalous theory couples to a non-

invertible TQFT in one dimension higher.
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[1]1 Y. Ominato and M. Matsuo, J. Phys. Soc. Jan. 89, 0563704 (2020).
[2] Y. Ominato, J. Fujimoto, and M. Matsuo, Phys. Rev. Lett. 124, 166803 (2020).
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The search for topological matter is evolving towards strongly interacting systems including topological magnets
and superconductors, where novel effects emerge from the quantum level interplay between geometry, correlation, and
topology. Equipped with unprecedented spatial resolution, electronic detection, and magnetic tunability, scanning
tunneling microscopy has become an advanced tool to probe and discover the emergent topological matter. In this talk,
I will review the proof-of-principle methodology to study the elusive quantum topology in this discipline, with
particular attention on the studies under a vector magnetic field as the new direction, and project future perspectives

in tunneling into other hitherto unknown topological matter [1-7].

1. Jia-Xin Yin et al. Nature 583, 533-536 (2020).

2. Jia-Xin Yin et al. Nature 562, 91-95 (2018).

3. Jia-Xin Yin et al. Nature Physics 15, 443—448 (2019).

4. Jia-Xin Yin et al. Nature Physics 11, 543 (2015).

5. Jia-Xin Yin et al. Phys. Rev. Lett. 123, 217004 (2019).

6. Jia-Xin Yin et al. Nature Communications 11, 4003 (2020).
7. Jia-Xin Yin et al. Nature communications 11, 4415 (2020).
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The classification of topological Floquet systems with time-periodic Hamiltonians transcends that of static systems.
For example, spinless fermions in periodically driven two-dimensional lattices are not completely characterized by the
Chern numbers of the quasienergy bands, but rather by a set of winding numbers associated with the quasienergy
gaps [Rudner et al. PRX 3, 031005 (2013)]. I will present two schemes for probing these winding numbers in
experiments with ultracold atoms in driven optical lattices. The first one relies on the tomography of band-touching
singularities occurring when adiabatically connecting the driven system to a trivial high-frequency regime [1,2] . The
second one is based on observing the far-from-equilibrium micromotion of the driven system over two driving periods
after a sudden quench into the target Hamiltonian [3]. It relies on the identification of the winding numbers with an

Hopf invariant characterizing the micromotion operator.

[1] How to Directly Measure Floquet Topological Invariants in Optical Lattices, FN Unal, B Seradjeh, A Eckardt, Phys.
Rev. Lett. 122, 253601 (2019).

[2] Realization of an anomalous Floquet topological system with ultracold atoms, K Wintersperger, C Braun, FN Unal,
A Eckardt, M Di Liberto, N Goldman, I Bloch, M Aidelsburger, Nat. Phys. 16, 1058 (2020).

[3] Hopf characterization of two-dimensional Floquet topological insulators, FN Unal, A Eckardt, RJ Slager, Phys. Rev.
Research 1, 022003(R) (2019).
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