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My stay at the ISSP from September 2017 to the end of
the year was the longest time I had the pleasure to spend
in Japan, a country that fascinated me since I first stayed
for three months at Chiba University in the group of Prof.
Nobuo Ueno almost ten years ago. Apart from a deep
personal interest in the Japanese culture and an
affection towards its aesthetics and nature, I experienced
the culture of science as practiced in Japan to be
outstanding in terms of thoroughness and desire for
perfection, which I regard as key virtues for successful
fundamental research. Since then, several more stays in
Japan for conferences and experimental work at the
Synchrotron radiation source UVSOR (Institute of
Molecular Science, IMS, Okazaki) in collaboration with
Prof. Satoshi Kera (IMS) and Prof. Steffen Duhm
(FUNSOM, Suzhou University, China), who visited me
at the ISSP initiating a potential future collaboration
with the group of Prof. Hatsumi Mori, fully corroborated
this impression. In fact, my field of research addressing
the physical chemistry of organic (semi-)conductors,
their structural and electronic properties, as well as their
application in organic and hybrid electronics, has a long
and deep rooted tradition in Japan. Some of the most
fundamental findings in this field do originate from
Japan, be it, e.g., pioneering work in using photoelectron
spectroscopy for assessing the electronic structure of

organic solids, or exploring their superconductivity.

It was likely this tradition in the research on organic
electronic materials together with my own positive
experience with doing science in Japan, which led me to
the ISSP as a Visiting Professor. There, I have been
hosted by Prof. Hatsumi Mori and Prof. Jun Yoshinobu,

two outstanding scientists in closely related fields of my
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research. The schedule of my stay at the University of
Tokyo was insofar ideal, as it lay at the interface between
my time at Humboldt University (Germany) and
Concordia University in Montreal (Canada), where I took
a position as faculty member by 2017. As I was invited
by Prof. Takehiko Mori during my time at the ISSP to
give a seminar at the Tokyo Institute of Technology, I
could literally observe abovementioned tradition, as he
showed me an old photo of the pioneering times of
research on organic (semi-)conductors, showing himself
together with Prof. Hatsumi Mori, Prof. Ueno, Prof. Seki,
only to name a few — a snapshot of an emerging field.
Further, I participated at the 5% Ito International
Research Conference “Forefront of Molecular Dynamics
at Surfaces and Interfaces: From a single molecule to
catalytic reaction”, which has been organized by Prof.
Jun Yoshinobu and which allowed me to broaden my
knowledge on this topic by experiencing exciting talks
and a poster session with vivid discussions not only on
my own contribution. Moreover, during my stay I
organized a symposium on “Organic Semiconductors:
Surface-, Interface-, Bulk-Doping and Charge Transport”
at the Fall Meeting of the American Materials Research
Society (MRS) in Boston, USA, to which Prof. Hatsumi
Mori accepted my invitation and presented an invited
lecture on her related research. Apart from the less
appealing travel time of around 12h to Boston (luckily
served by a direct flight service from Tokyo), this very
meeting offered the opportunity for thorough scientific

discussions and for broadening our scientific network.

Although clearly limited in time, my stay at the ISSP
was not only characterized by fruitful scientific exchange

— mainly through discussing our current research



projects and exploring synergies for future collaboration,
but also by joint experimental work. Employing her
expertise in cultivating and characterizing the solid state
of organic (semi-)conductors, Prof. Mori pushed forward
the structure solution of Dioctadecylamine, for which I
could grow highly crystalline thin films that proofed to
significantly reduce the work function of various
substrates, a functionality highly desired for reducing
energy barriers at organic interfaces to low work-
function electrodes in electronic applications. While this
project still represents ongoing work, significant
progress has been made at the ISSP in growing single
crystals of this promising compound. Based on available
synchrotron data which I acquired during a stay at the
BESSY II synchrotron (Berlin, Germany), correlating
molecular orientation with the dipolar surface
termination in thin films might allow rationalizing the
observed impact on the work function in a future joint
publication. Furthermore, I could successfully use my
stay to co-author a publication (affiliated to the ISSP) on
a related topic, which recently appeared as: Hofmann et
al., The Journal of Physical Chemistry C 121, 24657
(2017).

Apart from science, I would like to gratefully
acknowledge all the support and the perfect organization
of my stay, which I had the pleasure to experience.
Amongst the numerous colleagues, which made my time
in Japan a great period of my life, I would like to
explicitly thank Ms. Akiko Kawai, secretary to Prof. Mori,
as well as the highly professional and cordial support by
the International Liaison Office (ILO) at ISSP. In
particular, Ms. Yuko Ishiguchi of the ILO has not only
always been there to support in situations where
challenges arose to the non-Japanese, but also
impressively anticipated such situations in advance. My
living in the International Lodge was further a great
experience, which was perfectly organized in all details
by Ms. Ishiguchi and made me immediately feel at home
in Kashiwanoha. Finally, great experiences gathered in
my spare time, where I could practice Aikido in the
famous Hombu Dojo in central Tokyo (including a visit to

the Aiki-shrine in Iwama), trips to the marvellous

surrounding of Tokyo in its colours of Fall, as well as all
the versatility and complexity of the Japanese cuisine
(where certainly “omakase” became one of the most
important terms to know) complement a both personally
and professionally highly productive time of my life. It

will be my pleasure to return to Japan as soon as possible.
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HE:

Inhomogeneity of different length scales is one of the fundamental characters of space and matter that has its origin
in the spatial variations of the charge and mass distributions. While many changes in nature and in the laboratory
can be observed with the naked eyes, ultimately the interactions that lead to these changes occur at the atomic scale.
In addition, heterogeneity influences the time scale that transformations occur at different locations, and the average
time may differ significantly from the local times. The desire to understand and control changes in the charge and
mass distributions would require experimental tools that possess simultaneous spatial and temporal resolutions to
reveal the heterogeneity.

The relevant scales in chemistry relate to the motions of atoms in molecules that occur at fraction of a vibrational
period and <0.1 nm distance. This joint A-fs resolution can be achieved by the combination of a femtosecond laser with
a low temperature scanning tunneling microscope (fs-STM) in ultrahigh vacuum that probes chemical transformations
of single molecules. As a first demonstration, the dynamics of the conformational change in a single molecule adsorbed
on a metal surface was followed in the time domain, revealing the vibrational reaction coordinate and the temporal
decay of the coherently excited state that drives the conformational change [1]. In addition, the effects on the single
molecule dynamics by a nearby molecule were determined. These experiments demonstrate the fs-STM approach in

probing the effects of heterogeneity in space and time on the chemical dynamics in single molecules.

[1] S. Li, S. Chen, J. Li, R. Wu, and W. Ho, Phys. Rev. Lett., submitted (2017).
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HIR : 2017 4¢ 12 H 14 HOK)  Fi% 4 B~"Fi% 5 iy
S - MPEREE AR 6 B KRS (A632)
% : Prof. Hongming Weng
i : Institute of Physics, Chinese Academy of Sciences and Collaborative Innovation Center of
Quantum Matter

e

In this talk,I will introduce the family of topological semimetals (TSM) including Dirac semimetal (DSM),Weyl
semimetal (WSM), and triply degenerate nodal point semimetal (TPSM). In ideal case, they have and only have nodal
points at the Fermi level, but they are classified according to the distribution and degeneracy of these nodal points.
The quasiparticles of low energy excitation in DSM and WSM can be described by massless Dirac and Weyl equation,
respectively, while those in TPSM have no counterpart in the high-energy field theory. To find realistic materials
hosting these exotic topological quantum states is very challenge and crucial to the further experimental studies. We
noticed that the unusual temperature dependent diamagnetism is a strong hint of existence of linear Dirac cone like
bands around Fermi level. This has been confirmed in DSMs Na3Bi and HfTe5 at phase transition. It also leads to the
success in locating TaAs, the first available WSM. The experimental studies of these materials have stimulated many
research works, including the characteristic chiral anomaly and Fermi arcs. Finally, the TSM family members and

their relationship with each other are summarized.
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[1] Tsukazaki et al., Nature 455, 988-991 (2008).
[2] Tsukazaki et al., Nature 474, 235-238 (2011).
[3] Kumazaki et al., Nature 509, 516-520 (2014).
[4] Tanaka et al., Cell Rep. 13, 1561-1568 (2015).
[5] Furukawa et al., Cell Rep. 19, 895-901 (2017).
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[1] T. Sasaki, Y. Ando et al., Phys. Rev. Appl. 2, 034005 (2014).

[2] A. Yamamoto, Y. Ando et al., Phys. Rev. B 91, 024417 (2015).

[3] S. Dushenko, M Koike, Y. Ando et al., Phys Rev. Lett. 114, 196602 (2015).
[4] H. Emoto, Y. Ando et al., Phs. Rev. B 93, 174428 (2016).

[5] R. Ohshima, Y. Ando et al., Nat. Mater. in press.
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Optical injection of spin in topologically protected surface states is a promising route towards realization of
spintronics devices based on topological insulators (TIs).

The control over spin current requires the understanding of the electron and spin scattering processes, as well the
direct imaging of the coupling between electrons and the optical excitation. Time and angle resolved photoelectron
spectroscopy (tr-ARPES) represents the ideal experimental tool to shed light upon these aspects.

We have recently carried out a systematic study of the prototypical TIs, Bi2Se3, by combining tr-ARPES with high
photon energy, spin resolution and by comparing its out-of-equilibrium electronic properties to one of several other
TIs, characterized by different doping level. All together our results suggest that spatial diffusion of the excited
electrons towards the bulk plays a critical role. This effect can be mediated by bulk states and by unoccupied surface

resonance, whose presence have been identified by means of spin resolved tr-ARPES.
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[1] Hoi Chun Po, Ashvin Vishwanath, HW, Nature Communications, 8, 50 (2017).
[2] HW, Hoi Chun Po, Ashvin Vishwanath, in preparation.
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EE:

It has been proposed in 1961 by Mott that a semimetal may be unstable towards an insulating ground state, when
electrons and holes bind together through the Coulomb interaction and form excitons [1]. On this basis, it was
elaborated a few years later that both a semimetal and a semiconductor can undergo this instability [2]. A phase
transition occurs at low temperature, when the excitons condense in a macroscopic state, giving rise to the so-called
excitonic insulator phase. Experimental observation of this phase has proven to be very challenging since its
theoretical prediction and not much is known about the time-domain dynamics of this exotic phase.

In this talk, I will discuss the case of the semiconductor TazNiSes, which has a direct band gap and displays a
semiconductor-semiconductor phase transition at about 330 K [3]. TasNiSes has already been proposed for the
realization of an excitonic insulator phase, based on angle-resolved photoemission spectroscopy (ARPES) data [3]. Its
valence band at I" shows a peculiar flattening at low temperature and is anomalously broad, explained as the
consequence of strong excitonic fluctuations [4].

Here I will present time-resolved ARPES data of TasNiSes. I will show how the band gap of TazNiSes can be
controlled in a pump-probe experiment by varying the pump fluence. While for low fluences the band gap is
transiently decreased, we observe that it can be increased for high fluences. I will argue that this observation is a
direct consequence of the exciton condensate being trapped in a non-thermodynamical state where it is transiently

strengthened.

References:

[1] N. Mott, Phil. Mag. 6, 287 (1961).

[2] D. Jérome et al, Phys. Rev. 158, 462 (1967).

[3] F.J. Di Salvo et al., J. Less Common Metals 116, 51 (1986).
[4] Y. Wakisaka et al., Phys. Rev. Lett. 103, 026402 (2009).
[5] K. Seki et al., Phys. Rev. B 90, 155116 (2014).
[6] S. Mor et al., submitted, arXiv:1608.05586.
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This talk aims to provide a better understanding of the role and behaviour of “doublons” (repulsively bound
holes or electrons) which inevitably govern the physics of the Hubbard model in many regimes.

In the first part, the two-hole excitation spectra of the one-dimensional Hubbard model are studied for all fillings
using the density-matrix renormalization group (DMRG) in combination with the Chebyshev polynomial expansion
technique. Experimentally, this corresponds to Auger Electron Spectroscopy (AES). The spectra reveal what can be
called “multiplon” physics, which means that the relevant final states are not only characterized by two holes
(doublon), but also by three (triplon), four (quadruplon) and more; potentially forming stable compound objects or
resonances with finite lifetime.

A comparison with the Bethe ansatz reveals the decay channels of the initial doublon excitation into spinons and
holons in one dimension. Surprisingly, one discovers that the doublon lifetime becomes infinite at the Brillouin zone
edges despite interactions. This can be traced back to the “hidden” charge-SU(2) symmetry of the Hubbard model.
In the second part, the fate of a local two-hole doublon excitation is studied in real-time. It shows a mixed ballistic-
diffusive propagation through the lattice with a partial decay. The dynamics of this decay is discussed as a function
of filling and interaction strength. The ambivalent role of singly occupied sites is key to understanding the time-
dependent doublon physics: For high fillings, ground-state configurations with single occupancies strongly relax the
kinematic constraints and open up decay channels. For fillings close to half filling, however, their presence actually

helps the doublon to propagate ballistically.

208 - BilEit X J— ¢ First-principles simulation of electrochemical reactions at solid-liquid interface
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Interfacial electrochemistry, which deals with complex catalytic processes in the electrochemical double layer
(EDL), is a plentiful source of challenging research as well as a highly dynamic field owing to the rapid development
of surface-sensitive techniques and computational tools. We have been working on this subject by developing several
methodologies for first-principles molecular dynamics (FPMD) simulations to model an electrochemical interface.
First, we proposed a method to incorporate the electric field in the EDL with an appropriate boundary condition by
solving the Poisson equation using Green’ s function method, which is called effective screening medium (ESM)
method [1]. Second, we have developed a simulation scheme to mimic a constant electrode potential in which we can
control the Fermi energy of the electrode by connecting the system to a potentiostat [2]. Recently we have developed
a novel calculation technique for the solvation structure of EDL by combining the FP simulation with the classical
liquid theory [3].

In the seminar, I will introduce the simulation techniques developed by us and present recent simulation results

for the cyclic voltammogram of oxygen evolution reaction (OER) and oxygen reduction reaction (ORR) [4]. T will
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present some possible applications of our latest developed simulation method [3] which can model not only an

electrochemical interface but also an ion-exchange membrane.
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I will comment on the recent work on new exotic types of gappedTopological Boundary/Interface Conditions of
TQFTs (e.g. SPT and SETstates) in any dimension: https://arxiv.org/abs/1705.06728. In contrast to known gapped
boundaries/interfaces obtained via symmetry breaking (either global symmetry breaking or Anderson-Higgs me
hanismfor gauge theory), our approach is based on symmetry extension. In this work, we show that a certain
anomalous non-on-site G symmetry along the SPT boundary becomes on-site when viewed as a larger H symmetry,
via a suitable group extension. Namely, a non-perturbative global (gauge/gravitational) anomaly in G becomes
anomaly-free in H.This guides us to formulate exactly soluble lattice path integral and Hamiltonian constructions of
symmetric gapped boundaries applicable to any SPT state of any finite symmetry group, including on-site unitary
and anti-unitary time-reversal symmetries. The resulting symmetric gapped boundary can be described either by an
H-symmetry extended boundary in any space time dimension, or more naturally by a topological K-gauge theory with
a global symmetry G on a 3+1D bulk or above. Apply our approach to a 1+1D boundary of 2+1D bulk, we find that a
deconfined topologically ordered boundary indeed has spontaneous symmetry breaking with long-range order. The
deconfined symmetry-breaking phase crosses over smoothly to a confined phase without a phase transition. (Based

on JW’s 1705.06728 paper, related 1212.4863 and 1408.6514 and Refs therein.)
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2E:
The scientific process of discovering new knowledge is often characterized as search from a space of candidates,
and machine learning can accelerate the search by properly modeling the data and suggesting which candidates to
apply experiments on. In many cases, experiments can be substituted by first principles calculation. I review two

basic machine learning techniques called Bayesian optimization and Monte Carlo tree search. I also show successful
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case studies including Si-Ge nanostructure design, optimization of grain boundary structures and discovery of low-

thermal-conductivity compounds from a database.

Reference:
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approach, Japanese Journal of Applied Physics, 55, 045502, 2016.
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115, 205901, 2015.
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Developing energy harvesting technologies is an urgent task for coming IoT society to supply electric energy (uW-

mW level) to the numerous sensors independently. Thermoelectric power generation is one of the important
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techniques to obtain electricity from various types of heat surrounding us, i.e. environmental heat, exhaust heat,
body heat etc. In my previous study, I proposed to use anomalous Nernst effect (ANE) in magnets for novel
thermoelectric applications. [1-3]. Because ANE generates the electric field to the outer product direction between
magnetization and temperature gradient, we can expect to realize different types of TEG having high flexibility, cost-
effectiveness, and expandability to large area heat source, compared to conventional Seebeck-based TEG. However,
it is necessary to explore ferromagnets having large thermopower of ANE for realizing practical TEG. In this talk, I
would like to introduce a strategy to explore materials having large ANE. I also want to show one of my recent studies,
ANE in Co2MnAl1-xSix Heusler compounds, which has successfully obtained the highest thermopower of ANE in
ferromagnetic metals ever reported. First principle calculation for the off-diagonal part of electric and thermoelectric
tensors agrees with the experimental result, which suggests that first principle calculation is strong to explore new

materials having large ANE.

[1] Y. Sakuraba et al., APEX 6, 033003 (2013).
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Antiferromagnetic MnPt exhibits a spin reorientation transition (SRT) as a function of temperature, and
offstoichiometric Mn-Pt alloys also display SRTs as a function of concentration. Here we describe the origin of these
SRTs using first-principles calculations based on the coherent potential approximation, treating chemical and
thermally-induced spin disorder on equal footing. We find that the experimentally observed SRTs are related to
specific features in the band structure, and we perform a detailed analysis of the effects of temperature and

concentration on the magnetocrystalline anisotropy.

Reference:

P.-H. Chang, T. Markussen, S. Smidstrup, K. Stokbro, and B.K. Nikolic, Phys. Rev. B 92, 201406(R) (2015).

J.M. Marmolejo-Tejada, K. Dolui, P. Lazic, P.-H. Chang, S. Smidstrup, D. Stradi, K. Stokbro, B.K. Nikolic,
arXiv:1701.00462.
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[1] K. Deguchi, S. Matsukawa, N. K. Sato, T. Hattori, K. Ishida, H. Takakura, and T. Ishimasa, Nat. Mat. 11, 1013
(2012).

[2] M. Kohmoto and B. Sutherland, Phys. Rev. B 34, 3849 (1986).

[3] M. Arai, T. Tokihiro, T. Fujiwara, and M. Kohmoto, Phys. Rev. B 38, 1621 (1988).

[4] A. Jagannathan, A. Szallas, S. Wessel, and M. Duneau, Phys. Rev. B 75, 212407 (2007).
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[1] Rev. Sci. Instrum. 84, 123906 (2013).
[2] Nature Physics 8, 219 (2012).
[3] Optics Express 24, 30328 (2016).
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EFoF1 ATP synthase is one of the most important biomolecules, synthesizing most of ATP in the cell. Especially
the catalytic part, F1-ATPase, has been extensively studied by both crystallography and single-molecule experiments,
revealing atomistic structures and detailed mechanochemical coupling scheme, respectively. However, connection
between these two aspects are not well established: structural basis of the functional cycle has been controversial.
We previously performed systematic structural analysis [1] and molecular dynamics simulations [2] to clarify the
connection. We have been recently working on multiscale dynamics of this rotary motor, to understand how the ATP
hydrolysis reaction drives the large-scale rotational motion. For the whole FoF1 ATP synthase, we built a simple

viscoelastic model to explain symmetry mismatch between Fo and Fi1 motors [3].

References:

[1] Mitsuhiro Sugawa, Kei-ichi Okazaki, et al. (2016) “F1-ATPase conformational cycle from simultaneous single-
molecule FRET and rotation measurements” Proc. Natl. Acad. Sci. USA, 113 (21): E2916-E2924.

[2] Kei-ichi Okazaki and Gerhard Hummer (2013) “Phosphate release coupled to rotary motion of Fi-ATPase” Proc.
Natl. Acad. Sci. USA, 110 (41): 16468-16473.

[3] Kei-ichi Okazaki and Gerhard Hummer (2015) “Elasticity, friction, and pathway of y-subunit rotation in FoF1-
ATP synthase” Proc. Natl. Acad. Sci. USA, 112 (34) 10720-10725
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(1] —EEE, BAWHEZEESGE 70, 683 (2015).

[2] Y. Fukaya, et al., Appl. Phys. Express 7, 056601 (2014).

[3] I. Mochizuki, et al., Phys. Rev. B 85, 245438 (2012).

[4] I. Mochizuki et al., Phys. Chem. Chem. Phys. 18, 7085 (2016).
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[6] Y. Fukaya, et al., Carbon 103, 1 (2016).

[71 Y. Fukaya, et al., Phys. Rev. B 88, 205413 (2013).

[8] Y. Fukaya, et al., 2D Materials, 3, 035019 (2016).
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Silicon carbide is a wide band gap semiconductor which has attracted a lot of interest due to its physical properties
making this material particularly suitable for high temperature, high power and high frequency applications. The
different SiC polytypes show a great variety of surface reconstructions which were extensively studied in the last
decades. Now, we have reached the point where the surface reconstructions are sufficiently well understood and
controlled to move to the next step and use them as a template to create new nanostructures and low dimensional
systems.

In this presentation, I will address two examples of these low dimensional nano-objets created on silicon carbide
surfaces.

In the first part, I will concentrate on the cubic 3C-SiC and more particularly on hydrogen adsorption on the 3C-
SiC(001)-3 X 2 surface reconstruction. I will explain how, by combining valence-band photoemission, ab-initio
calculations and vibrational spectroscopies, we could establish the formation of nano-tunnels due to hydrogen atoms
interaction with the subsurface region of the semiconductor[1].

In a second part, I will focus on graphene on hexagonal 6H-SiC samples. Silicon intercalation under the carbon
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terminated (64 3 X6y 3)R30 layer was followed step by step by means of core level photoemission spectroscopy. The
results show that sequences of Si deposition and annealing can lead to a fully decoupled graphene layer on 6H-

SiC(0001). For partial decoupling, we can evidence the formation of nanometric metal-semiconductor heterojunctions.

[1] P. Soukiassian, E. Wimmer, E. Clasco, C. Giallombardo, S. Bonanni, L. Vattuone, L. Savio, A. Tejeda, M. Silly, M.
D’angelo, F. Sirotti and M. Rocca, Nature Communications 4, 2800 (2013).

[2] M. Silly, M. D’ angelo, A. Besson, Y.J. Dappe, S. Kubsky, G. Li, F. Nicolas, D. Pierucci and M. Thomasset, Carbon
76, 27 (2014).
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[1] J. Liu, H. T. Zhang, H. L. Dong, L. Q. Meng, L. F. Jiang, L. Jiang, Y. Wang, J. S. Yu, Y. M. Sun, W. P. Hu, A. J.
Heeger, Nat. Commun. 2015, 6.

[2] L. J. Yan, Y. Zhao, H. T. Yu, X. Hu, Y. W. He, A. Y. Li, O. Goto, C. Y. Yan, T. Chen, R. F. Chen, Y. L. Loo, D. F.
Perepichka, H. Meng, W. Huang, J. Mater. Chem. C 2016, 4, 3517-3522.
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[3] A. Li, L. Yan, C. He, Y. Zhu, D. Zhang, I. Murtaza, H. Meng, O. Goto, J. Mater. Chem. C 2017, 5, 370-375.

[4] C. He, A. Li, L. Yan, D. Zhang, Y. Zhu, H. Chen, H. Meng, and O. Goto, to be submitted.

[6] G. Schweicher, V. Lemaur, C. Niebel, C. Ruzie, Y. Diao, O. Goto, W. Y. Lee, Y. Kim, J. B. Arlin, J. Karpinska, A.
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3066-3072.
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Searching for the analogues of high-energy particles in solids has become a hot topic since the discovery of Dirac
semimetals Na3Bi and CdsAsz2, and Weyl semimetals TaAs family. The massless Dirac fermions described by Dirac
equation behave in the similar way as the low energy excitation around the four-fold degenerate nodal points formed
by band crossing in solids. The chiral Weyl fermions are described by two-component Weyl equation with two
nondegenerate bands touching at a point. In solids, the space group can protect energy nodes with other degeneracies,
such as three, six and eight-fold one, which might lead to massless fermions that have no counterpart particles in
high-energy physics[1]. In this talk, I will introduce our recent theoretical proposals of triply degenerate nodal point
semimetals. They are crystals with symmorphic space group symmetry of WC type crystal structure, including
TaN][2], ZrTe[3], HfC[4], MoP[5,6] and WC[7,8]. The unconventional three component fermions in them are formed
by crossing of nondegenerate and double degenerate bands, protected by both rotational and mirror symmetries. As
an intermediate fermion between Dirac and Weyl fermion, the host semimetal has different magnetoresistance from

Dirac semimetal and Weyl semimetal.

[1] B. Bradlyn et al., 353, aaf 5037 (2016); H. Weng et al., Nat. Sci. Rev. doi:10.1093/nsr/nwx066.
[2] H. Weng et al., Phys. Rev. B 93, 241202 (2016).

[3] H. Weng et al., Phys. Rev. B 94, 165201 (2016).

[4] R. Yu et al., Phys. Rev. Lett. 193, 036401 (2017).

[6] Z. Zhu et al. Phy. Rev. X 6, 031003 (2016); J. Sun et al. Chin. Phys. Lett. 34, 027102 (2017).
[6] B. Q. Lv et al., Nature 546, 627 (2017).

[7] J. B. He et al., Phys. Rev. B 95, 195165 (2016).

[8] J. Z. Ma et al., arXiv: 1706.02664.
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An overview of the synthesis and anisotropic thermodynamic and transport properties of single-crystalline, single-
phase CaKFe4As4 will be presented. [1] The samples were grown out of a high-temperature, quaternary melt.
Temperature-dependent measurements of x-ray diffraction, electrical and thermal transport, magnetization, specific
heat, and 57Fe Mossbauer spectroscopy measurements, combined with field-dependent measurements of electrical
resistivity and field and pressure-dependent measurements of magnetization indicate that CaKFe4As4 is an ordered,
stoichiometric, Fe-based superconductor with a superconducting critical temperature, Tc = 35 K. Other than
superconductivity, there is no indication of any other phase transition for 1.8K < T < 300 K. All of these
thermodynamic and transport data reveal striking similarities to those found for optimally or slightly overdoped
(Bal-xKx)Fe2As2, suggesting that stoichiometric CaKFe4As4 is intrinsically close to what is referred to as
“optimally-doped” on a generalized phase diagram for Fe-based superconductors. Additionally, pressure response of
CaKFe4As4 will be discussed. [2] With increasing pressure, both resistivity and magnetization data show that the
bulk superconducting transition of CaKFe4As4 is suppressed and then disappears at P > 4 GPa. High pressure x-ray
data clearly indicate a phase transition to a collapsed tetragonal phase in CaKFe4As4 under pressure that coincides
with the abrupt loss of bulk superconductivity near 4 GPa. Band structure calculations also find a sudden transition
to a collapsed tetragonal state near 4 GPa, as As-As bonding takes place across the Ca-layer. Bonding across the K-
layer only occurs for P> 12 GPa. These findings demonstrate a new type of collapsed tetragonal phase in CaKFe4As4:
a half-collapsed-tetragonal phase.

There data will be compared in detailed with the literature data for CaFe2As2. [3]

1. W. R. Meier, et al., Phys. Rev. B 94, 064501 (2016).
2. Udhara S. Kaluarachchi et al., arXiv:1702.06622.
3. P. C. Canfield et al., Physica C 469, 404 (2009).
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The anomalous Nernst effect (ANE), a heat-to-electric conversion in mutually transverse directions, can be driven
by an emergent magnetic field B originating from inhomogeneous magnetic moments in solids. Large ANE has been
experimentally confirmed in various ferromagnets, and only very recently, also in an antiferromagnet [1]. Here we
theoretically propose that, the Skyrmion crystal (SkX), in which magnetic topological objects Skyrmions are
crystallized, is another candidate to host large ANE.

We have found through first-principles calculations on a single s-orbital model using the package OpenMX [2] and
Wannier90 [3] that, in a two dimensional SkX phase a large ANE would appear when chemical potential
u is properly tuned (Figure) [4]. This was interpreted as due to its characteristic distribution of Chern numbers
among the bands (each Chern number representing quantized flux of B field through each electronic band in

momentum space).
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Following such an observation in the simplest model of square SkX [4], our subsequent computations on a more
realistic oxide film also predict large ANE.

This motivates further studies of ANE in the SkX family, in quest of better thermoelectric materials that exploit
this effect.
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Predicted large ANE coethicient (blue)
An example of square SkX in a SkX (s-orbital model of Ref. [4])

[1] M. Ikhlas et al., Nature Physics (2017) do0i:10.1038/nphys4181.

[2] T. Ozaki et al., Open source package for Material eXplorer, http://www.openmx-square.org/
[3] A. A. Mostofi et al., http://www.wannier.org.

[4] Y. P. Mizuta and F. Ishii, Scientific Reports 6, 28076 (2016).
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Electric charge detection by atomic force microscopy (AFM) with single-electron resolution (e-EFM) is a promising
way to investigate the electronic level structure of individual quantum dots (QD). The oscillating AFM tip modulates
the energy of the QDs, causing single electrons to tunnel between QDs and an electrode. The resulting oscillating
electrostatic force changes the resonant frequency and damping of the AFM cantilever, enabling electrometry with a
single-electron sensitivity. Quantitative electronic level spectroscopy is possible by sweeping the bias voltage. Charge
stability diagram can be obtained by scanning the AFM tip around the QD. e-EFM technique enables to investigate
individual colloidal nanoparticles and self-assembled QDs without defining nanoscale electrodes. e-EFM is a
quantum electromechanical system where the back-action of a tunneling electron is detected by AFM. The technique
can also be considered as a mechanical analog of admittance spectroscopy with a radio frequency resonator, which is
emerging as a promising tool for quantum state readout for quantum computing. In combination with the topography
imaging capability of the AFM, e-EFM is a powerful tool for investigating new nanoscale material systems which can

be used as quantum bits such as nanowires and single molecules and dopants.
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[1] R.Suzuki, M. Sakano et al., Nature Nanotechnology 9, 611 (2014).
[2] A.Nakamura et al., Struct, Dyn. 3, 064501 (2016).
[3] M. Sakano et al., Phys. Rev. B 95, 121101(R) (2017).
[4] N. Mitsuishi et al., in preparation.
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The fundamental interactions and excitations governing magnetism and correlated matter occur on nanometer
length-scales and femtosecond time-scales. Examples are phonons, magnons and electrons as well as their mutual
interactions. A direct and selective excitation of these quasiparticles is possible with electromagnetic pulses at THz
frequencies, whereas space-, element- and spin-resolved probing is provided by X-rays. Combining these two
techniques will allow us to explore magnetic materials with unprecedented temporal, spatial and elemental
resolution and to obtain quasiparticle-specific information, these being the key ingredients for understanding
ultrafast magnetic phenomena.

Here, I will review the latest developments in our projects on ultrafast magnetism using both X-rays and THz

radiation with a focus on magnetization switching phenomena.
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