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Michael Fraser (JST PRESTO / RIKEN CEMS)

Engineering Non-Hermitian potential landscapes in exciton-polariton microcavities 

Emerging research in topological and non-Hermitian photonic systems promises new ways to 
control light flow without dissipation and the possibility of creating new functional photonic 
devices exploiting topology. Creating topological states in the microcavity exciton-
polariton system would represent a topological photonic platform where interactions might further 
be used to control strongly-correlated topological states of matter.  


I will describe our work on the fabrication of on-chip non-Hermitian potential landscapes for 
exciton-polaritons, where we spatially modulate the exciton and photon components of 
the polariton, creating landscapes not only of energy, but where the polariton lifetime also shifts 
due to spatial changes in the exciton-photon detuning. This is achieved by using a new 
fabrication technique, 'proton implantation-enhanced interdiffusion' which, for an appropriately 
patterned lithographic mask, we show that the energy (real potential) and polariton decay rate 
(imaginary potential) may be spatially structured almost independently. We further explore the 
possibility of realising simple non-Hermitian and topological states in exciton-polaritons through 
the use of these engineered 'complex' potentials. 


Zongping Gong (Univ. Tokyo)

Topology out of equilbrium 

In light of the breakthrough of topological material science and the experimental developments in 
atomic, molecular and optical physics, the role of topology in nonequilibrium quantum many-body 
systems has been attracting increasing interest in recent years. A fundamental theoretical 
question in this context is how to topologically classify nonequilibrium dynamics and 
nonequilibrium phases of matter. In this talk, I will address this issue for three most common 
scenarios for driving a system out of equilibrium – quantum quench, periodic driving (Floquet 
system), and dissipation. For quench dynamics and Floquet systems, I will focus on the topology 
in one spatial dimension from the perspective of entanglement spectrum [1,2]. In particular, I will 
talk about a Lieb-Robinson-like rigorous result on the entanglement-spectrum dynamics [3]. For 
dissipative systems, I will focus on a minimal setup based on non-Hermitian Hamiltonians and 
introduce a systematic framework of topological classification [4].
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Kazuki Hasebe (Sendai National College of Technology)

Nambu geometry in higher dimensional quantum Hall effect as topological insulator 



Hosho Katsura (Univ. Tokyo)

Integrable dissipative spin chains 

We study two models of dissipative spin chains that can be mapped to integrable non-Hermitian 
models. The first model is a quantum compass chain with bulk dephasing. I will show that the 
Liouvillian of the system can be diagonalized exactly by mapping it to a non-Hermitian Kitaev 
model on a two-leg ladder. The relaxation time and the autocorrelation function of edge spins 
exhibit different behavior depending on whether the quantum compass Hamiltonian is in a trivial 
or a topological phase. The second model is a quantum Ising chain with a particular form of the 
bulk dissipation. In this case, the Liouvillian turns out to be a non-Hermitian Ashkin-Teller model, 
which can be further mapped to an XXZ spin chain with pure imaginary anisotropy $\Delta$. In 
both cases, we obtain exact results for the steady states and the Liouvillian gap (the inverse of the 
relaxation time) by exploiting the integrability of the systems.


Kohei Kawabata (Univ. Tokyo)

Non-Hermitian topology of exceptional points 

Exceptional points are universal level degeneracies induced by non-Hermiticity. Whereas the past 
decades witnessed their new physics, the unified understanding has yet to be obtained. Here we 
present the complete classification of generic topologically stable exceptional points according to 
two types of complex-energy gaps and fundamental symmetries of charge conjugation, parity, 
and time reversal. This classification reveals unique non-Hermitian gapless structures with no 
Hermitian analogs and systematically predicts unknown non-Hermitian semimetals and nodal 
superconductors; a topological dumbbell of exceptional points in three dimensions is constructed 
as an illustration. Our work paves the way toward richer phenomena and functionalities of 
exceptional points and non-Hermitian topological semimetals.


References:

K. Kawabata, K. Shiozaki, M. Ueda, and M. Sato, arXiv: 1812.09133.
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Ryohei Kobayashi (Univ. Tokyo)

Fermionic phases of matter on unoriented spacetime 

We discuss a recipe to produce a lattice construction of fermionic phases of matter on unoriented 
manifolds. This is performed by extending the construction of spin TQFT via the Grassmann 
integral proposed by Gaiotto and Kapustin, to the unoriented pin± case. As an application, we 
construct gapped boundaries for time-reversal-invariant Gu-Wen fermionic SPT phases. In 
addition, we provide a lattice definition of (1+1)d pin− invertible theory whose partition function is 
the Arf-Brown-Kervaire invariant, which generates the Z8 classification of (1+1)d topological 
superconductors. We also compute the indicator formula of Z16 valued time-reversal anomaly for 
(2+1)d pin+ TQFT based on our construction.




Hiroko Kondo (Univ. Tokyo)

Topological invariants and surface states in magnon systems 

Successful studies on the topological phases of electrons have been extended to bosonic 
systems. Of particular interest are magnons. Since the theoretical prediction and experimental 
observation of the thermal Hall effect of magnons, a variety of novel phenomena and states of 
matter related to magnons have been proposed. In this thesis, we propose a definition of a Z2 
topological invariant for magnonic analogue of two- and three-dimensional topological insulators 
in class AII and construct the first examples of magnonic analogue of three-dimensional 
topological insulators. The band structures of bosonic systems which are described by 
Bogoliubov-de Gennes (BdG) Hamiltonian are obtained by diagonalizing the Hamiltonian in a 
different way from electronic systems. Correspondingly, the expressions of the bosonic Berry 
connection and curvature are different from those of electrons. The Z2 index is defined by using 
the bosonic Berry connection and curvature.

In fermionic systems, the existence of Kramers pairs is ensured by the time-reversal symmetry.

But this cannot be directly applied to bosonic systems. Then we consider the pseudo-time-
reversal operator which guarantees the existence of bosonic counterparts of "Kramers pairs".

The Z2 topological invariant is defined assuming the pseudo-time-reversal symmetry. We confirm 
the correspondence between the Z2 topological invariant and the gapless surface states. We also 
examine the thermal Hall effect expected to occur when the magnetic field is applied to the 
surface of a magnonic analogue of three-dimensional topological insulators.


Daniel Leykam (Center for Theoretical Physics of Complex Systems, Korea)

Non-Hermitian topological phases in photonics 

I will review recent progress in designing and observing non-Hermitian topological phases in 
photonic systems governed by Schrödinger-like equations (optical waveguide arrays, coupled 
resonator lattices) and Maxwell's equations (photonic crystals, surface plasmon polaritons). In 
these platforms non-Hermiticity most often appears as losses (e.g. due absorption or scattering) 
or gain (e.g. lasers and amplifiers), and we can directly observe transitions in the spectrum of bulk 
modes as well as the creation/destruction of edge states. If time permits, I will discuss some 
emerging topics such as quasinormal modes of open photonic systems and classification of open 
quantum systems.


Akishi Matsugatani (Univ. Tokyo)

Symmetry based classification of 2D topological states under the external magnetic field 

Symmetry and topology have close relationship each other. One of the role of symmetry is to 
protect the topological phases. On the other hands, symmetry also has the important role to give 
the constraint on the system and reduce allowed topological phases. These roles of symmetry 
enable us to classify the symmetry protected topological phases.

In my talk, I will mainly discuss about the 2D system with external magnetic field. First, I will focus 
on the many-body systems with rotation symmetry and arbitrary interactions. By the technique of 
twisted boundary condition, we can obtain the relationship among many-body Chern number, 
symmetry representations and filling of the ground state. (Summarized in [1].) Second is about 
non-interacting system with magnetic wallpaper group symmetry. I will briefly introduce the 
symmetry based indicator (Originally proposed in [2]) and classify the topological states. (This is 
ongoing work.)




[1] A. Matsugatani, Y. Ishiguro, K. Shiozaki, and H. Watanabe, Phys. Rev. Lett. 120, 096601 (2018).

[2] H. C. Po, A. Vishwanath, and H. Watanabe, Nat. Commun. 8, 50 (2017).


Yoshinori Matsuo (Osaka Univ.)

Edge states, Weyl semimetals and black hole analogue 

The gapless modes near the Weyl points of the Weyl semimetals behave as massless fermions. 
The Fermi arc, the dispersion of the edge state touches the Weyl cone. It extends to the outside of 
the cone, and corresponds to the tachyonic mode, which propagates faster than massless 
modes. Recently, it was pointed out that the tilted Weyl cone of the type II Weyl semimetal 
resembles the massless mode inside the black holes. We consider the generic boundary 
conditions in the type II Weyl semimetals, and show that the edge states can escape from the 
analogue of the black hole, depending on the boundary condition. 


Tadahiro Miyao (Hokkaido Univ.)

Stability of ferromagnetism in many-electron systems 

In this talk, I will explain a general framework concerning stabilities of ferromagnetism in many-
electron systems. As typical examples, I will re-examine Lieb's theorem and the Nagaoka-
Thouless theorem from a new perspective.


Alvin Moon (Univ. California, Davis)

Stable properties of gapped ground state phases of quantum spin chains  

We discuss the stability of two properties of gapped ground state phases of quantum spin chains. 
First, we present perturbative lower bounds for the ground state spectral gap of spin chain 
Hamiltonians with open boundary conditions. To prove these lower bounds, we adapt the 
techniques of Michalakis and Zwolak for periodic boundary conditions, and so we require that the 
Hamiltonians are perturbations of a frustration free system with local topological quantum order. 
Second, we use Lieb-Robinson bounds to extend the Z2 index of Ogata to fast-decaying 
interactions of symmetry protected topological phases with unbounded range. These results 
investigate topological phase for spin systems in one dimension using powerful and generally 
applicable quasi-local methods, which we will exposit. 


This talk is partly based on joint works with B. Nachtergaele, and with Y. Ogata.  


Nobuyuki Okuma (Yukawa Inst., Univ. Kyoto)

Physics of non-Hermitian topological boundary mode  

Recently, the notion of the topological phase has been introduced in non-Hermitian systems, 
whose Hamiltonians are not Hermitian matrices [1, 2]. Unlike in the case of the Hermitian systems, 
the bulk energy spectra can drastically depend on the boundary condition, which makes it difficult 
to relate the nontrivial topological classification for the periodic boundary condition to the 
emergence of topological boundary modes under the open boundary condition. 




In this talk, I focus on two explicit models of non-Hermitian topological phases. One is the 
Hatano-Nelson model [3], where the bulk-boundary correspondence cannot be defined, and the 
other one is a simple model that hosts topological Majorana boundary modes constructed in our 
recent preprint [4]. By considering these models, I discuss the condition for the non-Hermitian 
bulk-boundary correspondence. I also discuss this problem in terms of spectra of operators 
defined on the semi-infinite systems. 


[1] Z. Gong, Y. Ashida, K. Kawabata, K. Takasan, S. Higashikawa, and M. Ueda, Phys. Rev. X 8, 
031079 (2018). 
[2] K. Kawabata, K. Shiozaki, M. Ueda, and M. Sato, arXiv: 1812.09133. 
[3] N. Hatano and D. R. Nelson, Phys. Rev. Lett. 77, 570 (1996). 

[4] N. Okuma and M. Sato, arXiv:1904.06355 


Ken Shiozaki (Yukawa Inst., Univ. Kyoto)

Classification of Dirac Hamiltonians with point group symmetry  

A systematic method to classify mass terms of the Dirac Hamiltonian with a given point group 
symmetry will be presented. I developed and extended the prescription discovered by Cornfeld 
and Chapman [1] to make point group symmetry an onsite one.  Mathematically, this prescription 
would be the equivariant Thom isomorphism. As a byproduct, I got the comprehensive 
classification of topological surface states for insulators and superconductors with point group 
symmetry [2]. 


[1] E. Cornfeld and A. Chapman, Phys. Rev. B 99, 075105 (2019). 

[2] KS, in preparation. 


Shun Tamura (Nagoya Univ.)

Spectral bulk-boundary correspondence and odd in frequency Cooper pair 

Odd in frequency Cooper pairs with chiral symmetry emerging at the edges of topological 
superconductors are a useful physical quantity for characterizing the topological properties of 
these materials. In this work, we show that the odd in frequency Cooper pair amplitudes can be 
expressed by a winding number extended to a nonzero frequency, which is called a "spectral 
bulk-boundary correspondence," and can be evaluated from the spectral features of the bulk. The 
odd in frequency Cooper pair amplitudes are classified into two categories: the amplitudes in the 
first category have the singular functional form ∼1/z (where z is a complex frequency) that reflects 
the presence of a topological surface Andreev bound state, whereas the amplitudes in the second 
category have the regular form ∼z and are regarded as non-topological. 


Hiroshi Teramoto (Hokkaido Univ.)

Classification, bifurcation and invariants of band crossings in terms of singularity theory  

Since bands cannot change their topologies without closing band gaps, understanding of 
geometry of band crossings on the verge of gap closing, their invariants and bifurcations should 
be the first step toward understanding of how bands change their topologies. We have developed 
a theoretical framework based on singularity theory to classify possible band geometries on the 



verge of gap closing, to investigate their bifurcations, and to get their invariants. We also have 
developed a fully-automatic algorithm to do that based on algebraic local cohomology and 
comprehensive standard basis systems, which makes it possible to solve such classification 
problems involving complicated moduli structures. We demonstrate our framework and algorithm 
in several examples. 


Guo Chuan Thiang (Adelaide Univ.)

Duality techniques for topological matter 

I will illustrate, with examples, the computational and conceptual power of some 
mathematical dualities. Kane-Mele invariants are dual to Dirac strings, crystallographic space 
groups and their topological phases enjoy T-dualities, and band topology is dual to Wannier basis 
localisability. Invariants of Class CI semimetals are computed and provide the topological origin of 
magnetostatic surface spin waves.


Luka Trifunovic (RIKEN)

Geometric orbital magnetization in adiabatic processes 

We consider periodic adiabatic processes of gapped many-body spinless electrons. We find an 
additional contribution to the orbital magnetization due to the adiabatic time evolution, dubbed 
geometric orbital magnetization, which can be expressed as derivative of the many-body Berry 
phase with respect to an external magnetic field. For two-dimensional band insulators, we show 
that the geometric orbital magnetization generally consists of two pieces, the topological piece 
that is expressed as third Chern-Simons form in (t,kx,ky) space, and the non-topological piece 
that depends on Bloch states and energies of both occupied and unoccupied bands.


Tsuneya Yoshida (Univ. Tsukuba)

Symmetry-protected non-Hermitian degeneracies in quantum and classical systems 

Recently, non-Hermitian topological systems attract much interest as new platforms of novel 
topological phenomena. One of the typical examples is the emergence of exceptional points in 
the Brillouin zone where the Hamiltonian cannot be diagonalized[1,2]. So far, the exceptional 
points have been analyzed in the absence of symmetry while it is well-known that the symmetry 
may play essential roles for Hermitian topological systems.

 Under this background, we analyze the interplay between symmetry and exceptional points. Our 
analysis focusing on chiral symmetry discovers novel non-Hermitian degeneracies in two 
dimensions which we call symmetry-protected exceptional rings (SPERs)[3,4]. We farther 
introduce a topological invariant for the SPERs, elucidating the presence of symmetry-protected 
exceptional surfaces in three dimensions[3,5]. Our numerical simulation based on the dynamical 
mean-field theory demonstrates the emergence of SPERs for a honeycomb Hubbard model. We 
also point out that the classical systems following the NewtonÅfs equation are suited platforms of 
symmetry-protected non-Hermitian degeneracies[4].
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