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245148 (2015).

[2] R. Kennedy, Phys. Rev. B 94, 035137 (2016).

[3] J. Moore, Y. Rang, and X. G. Wen, Phys. Rev. Lett,,
101, 186805 (2008).
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[1] N. Yoshioka, Y. Akagi, and H. Katsura, arXiv:1709.
05790 (2017).

[2] L. Fidkowski and A. Kitaev, Phys. Rev. B 83, 075103
(2011).

[3] A. P. Schnyder, S. Ryu, A. Furusaki, and A. W. W.
Ludwig, Phys. Rev. B 78, 195125 (2008).

[4] Y. Hatsugai, Phys. Rev. Lett. 71, 3697 (1993).

[5] J. Langbeln et al., arXiv:1708.03640 (2017).
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hree-dimensional topological insulators
T(3D Tls) represent a new state of quantum
matter with an insulating bulk band and a
conducting surface state. The discovery of Tls
stimulated the search for a more exotic state
of matter, the topological superconductors
(TSCs). My current research topic in our lab is a
realization of topological superconductor (TSC)
through the fabrication of a junction between
superconducting ultrathin film and topological
insulators (Tls) and an evaluation of electronics
states by ARPES. To obtain a good junction, it
is essential to fabricate high-quality Tl single
crystals. Since Prof. Segawa at Kyoto Sangyo
University is an expert of single crystal synthesis,
it was a great pleasure to visit Segawa lab. and
fabricate Tl single crystal samples which will be
used for my ARPES measurements.

During my stay at Segawa lab., under Prof.
Segawa’s careful instruction, | studied how to
fabricate big single crystals of 3D TI TIBiSe, and
TIBiS, by Bridgman method, e.g. weighing raw
materials (shown in Fig 1(a)) in a glove box,
sealing the glass tube for preventing degradation
of raw materials in the air, and optimizing growth
condition. After obtaining big single-crystal
materials as shown in Fig. 1 (b), | characterized it
by transport and X-ray powder diffraction (XRD)
measurements to confirm the high quality (The
preparation for the transport measurement is
shown in Fig. 1(c)). At the end of my exchange
program, | received totally two big single crystals

55

of TIBiS, and one of TIBiSe, which will be very
useful for my ARPES experiments. Furthermore,
| also had a fruitful discussion about our recent
study of new bulk-insulating TI TI(Bi,,Sb,)Te,
[1] with Segawa’s lab. members and Faculty of
Physics’ members.

My visit to Segawa’s lab. provided me
opportunities to visit the available facilities,
practice synthesizing single crystals of Tls, carry
out transport and XRD measurements, and
possess valuable discussions. It's very important
for my current research.

Finally, | would like to thank TMS project for
giving such opportunities and Prof. Segawa for

kindly and patiently teaching during my stay.

[1]1 C. X. Trang et al,, Phys. Rev. B 93 165123 (2016).

Figure 1: (a) Raw materials. (b) A big single crystal. (c) A
sample with six welded contacts, preparing for transport
measurements. (d) Prof. Segawa (right) and me at actual
experimental area.
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[1]T. Fukui and N. Kawakami, Phys. Rev. B, 58, 16051
(1998).

[2] T. Oka and H. Aoki, Phys. Rev. B, 81, 033103 (2010).

[3] N. Hatano and D. R. Nelson, Phys. Rev. Lett., 77, 570
(1996).

[4] A. ). Daley, Adv. Phys. 63, 77 (2014).
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My 1° visit of topological material program started
on 22" of January meeting with Prof. M. Udagawa
who is a professor in Gakushuin University. He
introduced this nice program couple of months
ago and invited me to his institute for discussion
and seminar. With condensed matter theory group
members of Gakushuin University including Prof.
H Tasaki, we have discussed recent hot topics on
nonsymmorphic crystals and topological phases of
matters. Symmorphic or nonsymmorphic crystals
are classified depending on whether their lattice
symmetries can be represented by a direct product
of point groups and translations or not. In details,
nonsymmophic crystals which their symmetries
cannot be represented by a direct product of
point groups and translations, contain either glide
reflections or screw rotations including fractional
translations followed by mirror reflection or rotational
symmetries. Among 230 space groups, 157 of them
ae nonsymmorphic where Shastry-Sutherland lattice
in 2D and diamond/ pyrochlore lattices in 3D are well
known examples. Motivated by many recent works
on pyrochlore iridates, Prof. M. Udagawa and | were
discussing general arguments related on semimetals
protected by nonsymmorphic symmetries and their
magnetic field dependence. In addition, we also
discussed similar argument on the two dimensional
Shastry-Sutherland lattice and tried to find material
realization to observe interesting phenomena based
on our theoretical insights. It was also very nice to
meet with Prof. H. Tasaki. His bright insight on the
extension of the Lieb-Schultz-Mattis theorem was
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discussed during the coffee break in Gakushuin
University. After one week of my visit, | had to go back
to Korea for attending 5 workshop of Max-Planck
Postech center for complex phase materials.

During my second visit for TMS, | have visited many
other institutes including Institute of Solid State
Physics center, Kyoto University, Nagoya University
and Gakushuin University. For couple of days in
between Feburary 4" and 17", | attended the
workshop organized by ISSP, Theory of Correlated
Topological Materials. In addition to present my
recent work, | have met many friends who were
attending the same workshop and had useful
discussions on our research as well. During January
8-9 2017, | visited Prof. N. Kawakami’s group in Kyoto
University and gave a seminar on symmetry enforced
semimetals and symmetry enriched topologically
ordered state in nonsymmorphic crystals. | have
also visited Nagoya University hosted by Prof. Y.
Kawaguchi and gave a seminar on topological phases
of matters, same topic that | have discussed in Kyoto
University. After the seminar, | had private discussion
with some of the group members including students
and postdocs on their recent work. During the two
weeks of my second visit, it was really great to meet
and discuss with professors, postdocs and students.
| was also able to advertise the 1°' Asia pacific
workshop on Quantum Magnetism organized by
myself and other friends in other countries funded by
Asian Pacific Center for Theoretical Physics.

Finally, I really appreciate Prof. M. Udagawa who
invited me this nice visiting program and have made
lot of efforts for scheduling and kind hospitality. In
addition, | would like to thank Prof. N. Kawakami
for kind invitation to Kyoto University and financial
support of my visit. In addition to many stimulating
scientific discussions, it was great to come back to
Japan for such a long term that ended up being
three weeks since | left 2006 after the completion of
my BS degree in Tokyo Institute of Technology. It is
always exciting experience to visit Japan and strongly
motivates me to organize this kind of visiting program
in our home country as well.

58



RESEARCHER EXCHANGE PROGRAM

REP BEB#RE

llya A. Gruzberg 1%
PAYT « FINA FITIA

REE [ AUBEAE XFERTIFHAERR )\l 5583 (D04)

B 1 201738 21H(R)~48 48 (K)

FINA FINITKZFD I. A. Gruzberg #Hix %, AFF
fiTeEID REP AV S LT, BBEHLE LTz, kB
FUIFAETBERFR S TlEE CCRRICE THERERE L.
HEERE (RRKAE) PHIBE EEMRE (L
FHERT) Zeaf L. 2 BEDBIEFRICET 3 B0 TMS
IS —ZTOCVREX Lic, BERIE. ETFR
DOHEARICOVWCERZT 2T TIRE BR
DELOMRE - FELLERGHEREXDL. BE
WIIBERRGRBEZBCEE Lic, wERDFHICE
LELT. RADSFHMGEREZEVREXLIEDT
CHREWLET,

| enjoyed my visit to Japan very much, and I am happy
to share the impressions from my visit. First of all, the
visit was very productive from the scientific point of
view. | have had many discussions with Obuse-san
about our joint research project, and we have made
a very good progress on it. Discussion about network
models for quantum Hall transitions, multifractal
spectra and universality will very likely result in several
publications in the near future.

Secondly, | have benefitted from discussions with
other Japanese physicists, especially with Aano-san at
Hokkaido University, with Katsura-san at the University
of Tokyo, and with Furusaki-san at RIKEN and their
group members. | was also glad for the opportunity
to present results of my own work at several seminars.

Third, it was interesting to learn about the
organization of scientific research in Japanese
universities and research institutes. It reminded me
of the German system where a senior Professor has a
group of several Assistants under his supervision. This
is different from the system at American institutions
where Assistant Professors are really autonomous
and free to pursue their own research agendas,
and their supervision is much less structured and is
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concerned mostly with helping them to write grant
proposals and polish their papers and presentations.
Both systems have their own pluses and minuses.
The American system is a bit riskier, and requires a
very careful selection of candidates for junior faculty
positions to ensure their future success. The Japanese
system is safer, since the Assistant professors are
closely supervised and guided by more experiences
Professors. | still think that the American system
is superior, since the true potential for novel and
original research is only realized when young people
are given total freedom to pursue their goals.

Fourth, | am really fascinated with Japanese culture.
Having heard many exciting things from colleagues
who visited Japan, | was finally able to experience
Japanese culture and nature by myself. And my
impressions are absolutely incredible. The variety of
aspects of Japanese culture and nature is fascinating:
from small sea food markets on Hokkaido to neon
lights of Shinjuku and Shibuya, to incredible sushi in
Tsukiji market, to tranquil calm of Hamarikyu gardens,
to unearthly sights of Jigokudani in Hokkaido. | have
also realized that the Japanese food can only be truly
enjoyed in Japan, where it is super fresh, prepared
right in front of you, and is supremely delicious.

| am very grateful to my host, Obuse-san, for his
guidance and advice on many places to visit and
things to see, and for his commitment to make my
visit enjoyable. He certainly succeeded in this fully.

l. A. Gruzberg #iZld. SEFIRATLREA. BERDOH
TELOEREBRLIIETTEELL. BEAXEICE
AWCRBEZ T MEROT/INT « AIVIKRIR T,
BARICHEET AT EEERATHEDTETLT
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The visit of Dr. A.A. Golubov

University of Twente, Netherlands, and Moscow
Institute of Physics and Technology

March 21-31, 2017

During the visit | had many fruitful discussions with
Prof. Tanaka and at Nagoya University, with Prof.
Asano from Hokkaido University, with Prof. Maeno
from Kyoto University and Prof. Sato from Yukawa

Institute and with the members of their groups.

The scientific program started from the visit to
Hokkaido University and discussions with Prof. Asano
and the members of his group on various problems
including odd-frequency pairing in superconducting
structures, surface impedance of unconventional
superconductors and Josephson effect in multiorbital
model of SrRuO,. Two manuscripts on these problems

are currently in preparation.

On March 22 | gave a seminar at Hokkaido University

on “Proximity induced topological superconductivity:

Andreev bound states and odd-frequency pairing”.
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| gave an overview of hybrid Proximity induced
topological superconductivity: Andreev bound states
and odd-frequency pairing in structures involving
superconducting junctions on surfaces of topological
insulators and to the results of recent experimental
and theoretical studies. | have presented the results
of recent theoretical and experimental studies
of proximity effect in a topological insulator (TI)
Bi,sSbysTe;;Se; 5 in direct contact with an s-wave
superconducting Nb electrode, performed in Twente
University and in Moscow Institute of Physics and

Technology.

During the week March 27 - 31 | visited the group of
Prof. Tanaka at Nagoya University. During this time
I had many discussions with him, with Dr. Yada and
with PhD student Hashimoto on problems related
to extension of the circuit theory in unconventional

superconducting junctions, interplay of Rashba spin-
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orbit interaction and Zeeman effect in SNS structures
and on Josephson effect in multiorbital model of

SrRuO,. The manuscript is currently in preparation.

During my stay in Nagoya | visited Kyoto University
on March 29. Within the first half of the day | had
discussions with Prof. Maeno and several members
of his group about their recent experimental results
on detection of spin-triplet superconductivity in
mesoscopic structures Au/ferromagnetic SrRuO,/
superconducting Sr,RuO,. We have discussed possible
theoretical interpretations of these data and relevant
models which may help to identify spin-triplet

proximity effect in these junctions.

Then at 14:00-15:00 | gave a talk at the TMS seminar
at Yukawa Institute on the topic “Physics of Andreev
bound states and odd-frequency pairing”. | have
presented overview of the physics of Andreev bound
states in superconducting junctions with various types
of symmetry of superconducting order parameter
with special attention to the relation between
Andreev bound states and the odd-frequency pairing.
| summarized the theory of the odd-frequency pairing
and discussed its implications in experiments. After
the seminar | had further discussions with Prof. Sato

from Yukawa Institute and with Prof. Tanaka.

L] m—
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| arrived at Kyoto on December 16, 2017 and
began a visit which | had been very much looked
forward to. My long collaboration with Prof. Yoshi
Maeno started with work on Sr,RuO,, now a distinct
direction of unconventional superconductivity
research, particularly in its aspect of topological
superconductivity. In recent years Prof. Maeno’s
group explored other novel material systems as well,

especially topological materials.

| started a series of discussion with members of
Prof. Maeno's research group on December 18 (Prof.
Maeno was at a workshop of the TMS project in
Tokyo December 18 and 19). On Monday morning,
Dr. Chanchal Sow and | discussed the recent work
on Ca,RuQ, carried out in Prof. Maeno’s group.

This is an interesting material not only because it is

TMS NEWSLETTER No. 3 (2018.2)

closely related to Sr,RuQ, but it's also an interesting
material of its own as a band-dependent Mott
insulator. In particular, there is a report on the
discovery of superconductivity under a very high
pressure in this material several years ago, not
reproduced by other groups yet. If confirmed, this
would be the second superconducting Ru oxide. Even
though metallic Ru oxides are abundant, Sr,RuQ,
has remained so far to be the only Ru oxide that
becomes superconducting under ambient pressure.
The occurrence of superconductivity in this material
was actually a subject of an extended discussion
with Prof. Maeno after he returned from his trip to
Tokyo. As Prof. Maeno is a co-author of this paper
on possible superconductivity in Ca,RuO, under
pressure, he was able to provide information on the
difficulty of the experiment. We discussed potential
follow-up measurements that are needed to confirm
the original observation. The main focus of my
discussion with Dr. Sow, however, was the intriguing
discovery of strong diamagnetism in Ca,RuO, when
the sample is subjecting to a large applied current,
which was reported in a paper published recently
in Science with Dr. Sow being the first author. Prior
to the discussion, | was unsure about the role of
this unconventional experimental condition as the
applied current was parametrized often by an electric
field as in the case of parametrizing a semiconductor
electric-field transistor. Because Ca,RuQ, is sufficiently
conducting at all temperatures of the measurements,
the electric field will be prevented from penetrating
the bulk of the material. Therefore it is very important
to allow the current to flow through the material in
order to obtain an electric field within the bulk, which

however places the material in a non-equilibrium
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Visiting Prof. Yukawa's memorial office after discussion
with Prof. Masatoshi Sato at the Yukawa Institute.

state. | suspect that this work may mark a beginning
of serious exploration of Mott insulators in a non-

equilibrium state, for which very little is known.

This discussion with Dr. Sow was followed up by a
discussion with Prof. Maeno that included discussion
of unpublished work on Ca;Ru,0;, the bilayer member
of the Roddensden-Popper series of Ca ruthenates.
Both of my groups at Pennsylvania State University
(PSU) and Shanghai Jiao Tong University (SJTU) have
done work on pure Ca;Ru,0,, including ionic liquid
gating of thin crystals of Cas;Ru,0; using electric field
effect devices prepared by photolithography (PSU
work) and magneto thermoelectric measurements
on untwinned bulk single crystals of CasRu,0; with
the crystal cut along a specific crystallographic
direction. We were able to compare notes on some
experimental details. While my work is focused on
undoped material, Prof. Maeno’s group worked
on doped Ca;Ru,0; that yielded very interesting
findings, suggesting that interesting non-equilibrium
physics also exists in bilayer Ca ruthenate. | came
away from these discussion sessions realizing the
need for follow-up work on these two materials and

opportunities for new discoveries.

| also had discussion sessions with Prof. Maeno’
s group members, including Mr. Mohamed
Oudah, a senior graduate student in the group,
and Prof. Shingo Yonezawa on the discovery of
superconductivity in anti-perovskite material and
work on nematic superconductivity in Cu dope

Bi,Se;. The work on anti-perovskite is particularly
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interesting to me because of my long interest in
materials possessing a perovskite structure. Venturing
out into more familiar oxides | did some earlier work
on non-oxide antiperovskite superconductor MgCNis
in collaboration with Prof. Bob Cava of Princeton
University, which taught me the depth of the
structure-property relationship in this context. Prof.
Maeno's anti-perovskite material had a different twist.
Instead of going beyond oxides, the position of the
oxygen is interchanged with a transition metal within
the perovskite crystalline structure, leading to distinct
modification of electronic structure. My expectation is
that novel properties in addition to superconductivity

will also be found in this class of materials.

My most intensive discussion with Prof. Maeno
and his team is on Sr,RuO,. Since the discovery of
superconductivity in this unique material by Prof.
Maeno and his collaborators over two decades
ago, a body of experimental evidence having been
accumulated has shown that Sr,RuQ, features a spin-
triplet, p-wave pairing state, an electronic analog of
superfluid *He, as predicted theoretically. Especially
relevant to the pairing symmetry issue were NMR
Knight shift measurements on the spin susceptibility
and Josephson effect based phase-sensitive
determination of the orientation dependence of
the order parameter in Sr,RuO,. While the NMR
measurements carried out by Prof. Kenji Ishida and
his collaborators was focused on the spin part of the
Cooper pair wave function (the order parameter) the
Josephson junction based experiments carried out in
my PSU group in collaboration with Prof. Maeno dealt
with the orbital part. Both classes of measurements
demonstrated clearly that the order parameter
Sr,RuQ, has an odd-parity, with its d-vector pointing
along the c axis even though questions on the
precise form of the superconducting order parameter
have never gone away regardless of the compelling
totality of work over the years. In particular, whether
the precise pairing state is that of the so-called T's
state featuring a chiral p-wave pairing or one of the
I, non-chiral states featuring an in-plane oriented

d-vector, a subject of current debate is yet to be
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resolved. In this regard, | had discussion with Prof.
Ishida on the most recent understanding on the NMR
Knight shift data.

| also had discussion with Prof. Yutaka Sasaki on
his observation of the A-phase of superfluid *He,
which is known without any doubt to feature chiral
p-wave pairing state. Prof. Sasaki kindly showed me
his lab that includes an impressive rotating dilution
refrigerator. His work on superfluid *He is particularly
relevant to the issue of Sr,Ru0O, being a chiral or non-
chiral p-wave superconductor. His work on NMR
imaging with the application of a precisely controlled
inhomogeneous magnetic field revealed direct
images of the presence of domains, which could
suggest that whether Sr,RuO, is chiral or not may
have ultimately be pinned down through an imaging
experiment. It is unfortunate that the apparent failure
in resolving this crucial issue now has led to doubt
on whether Sr,RuQ, is even an odd-parity, spin-triplet

superconductor to begin with.

My discussion with Prof. Maeno and his group
members started with their current work on bilayer
structures of Sr,RuO,/ SrRuO done by Prof. Maeno’
s group as well as the pairing state in a Ru island
embedded in bulk Sr,RuO, done by my SJTU
group. The main issue in both experiments is the
proximity effect of a p-wave superconductivity, in a

structure involves either a ferromagnet or an s-wave

superconductor. We also discussed with two other
experiments, the magnetoresistance oscillations
detection on half-flux-quantum states in mesoscopic
rings of Sr,RuO,, which was participated by Mr. Yuuki
Yasui, a senior graduate student in the group, and
the detection of chiral edge currents in Sr,RuQO, using
Josephson junction tunneling measurements. The
edge current measurements was also the subject of
my talk in the TMS-EPiQS workshop held in Kyoto
during my stay.

I'm very happy with the visit. | feel that the in-
depth discussion facilitated by such an extended
visit help deepen our understanding of work of one
another carried out in our separate labs. | would
like to suggest that the discussion be followed up
by graduate students so as to help resolve issues
identified in the discussion, and/or explore possible
follow-up experiments. I would also like to take this
opportunity to thank Prof. Maeno for arranging this
productive visit, Prof. Shingo Yonezawa and several
group members for hosting me, and Ms. Keiko
Takamiya for the administrative assistance, all of

which made the visit a productive one.

Discussion in Prof. Maeno's office. From left: Ying Liu, Yuuki Yasui, Yoshiteru Maeno, and Shingo Yonezawa.
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Sr Deficiency Effect on
Superconductivity in the
Antiperovskite Oxide Sr;,SnO

CIFAR Quantum Material Summer School and

Program Meeting 2017 were held in Vancouver,
Canada from in the period of April 24-29, 2017, and
| had the pleasure of taking part in both events. The
Summer School included detailed lectures that were
directed towards students, where a variety of topics
related to “Quantum Materials” were introduced by
experts in the field. The Program Meeting included
talks where professors presented their most recent
research results, which can help someone new in the
field get up to date on various topics. The conference
typically ran from 8:30 am to about 5:00 pm with a
lunch break and many coffee breaks, where | had
the chance to meet professors and students from
many Canadian and foreign universities. | presented
a summary of my research during the poster session,
and had the chance to take a look at the research of
other students and postdocs and engaged in some
intense discussions. Other students from Japan also
participated in this conference, namely Yukihisa
Imamura (Kyoto University) and Yuri Fukaya (Nagoya
University), and we enjoyed the beautiful nature
around Vancouver alongside other students.

Vancouver has many great sightseeing spots and
my personal favourites in this trip were Stanley Park,
where | went running in the morning, and Vanier
Park, where we went as a group that included
students from Cambridge University, UBC, Stanford
University, Université Paris-Sud, Université de
Sherbrooke, Nagoya University, and Kyoto University.
I would like to emphasize that the CIFAR Quantum
Materials conference had a great relaxing atmosphere
combined with a great set of presentations, which
makes it a great international conference for Japanese
students to attend.
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1
Spin—triplet proximity effect in Au/SrRuQ,/

Sr,RuQ, superconducting junctions”

| visited Quantum Materials Lab., Kyoto University
from 18" to 29" of August 2017. During my stay in
Prof. Yoshiteru Maeno Lab., we prepared a draft of
our recent paper, planned our future experiments
and discussed recently obtained results by Mr.

Masanao Kunieda (Master student).

During my JSPS postdoc at same laboratory, we
made a SrRuQ;/Sr,Ru0, heterostructure with
atomically smooth and electronically good
interface in collaboration with Prof. Tae-Won Noh’
s group at Soul National Univ. Furthermore, we
successfully observed a direct induction of spin-
triplet superconductivity in a 15-nm thick SrRuO;
ferromagnetic layer with the coherence length of
9 nm. It suggests that induced superconductivity
exhibits even-frequency p-wave spin-triplet
nature. Our findings are published as Nature
Communications 7, 13220 (2016). Recently,
Mr. Kunieda obtained more data of differential
conductance from newly fabricated Au/SrRu0Os/
Sr,RuOy, junctions. In those results, we found
that induced spin-triplet correlation responds
anisotropically under externally applied magnetic
field along the in-plane and out-of-plane directions.
This JREP visit provides us opportunities to prepare

a manuscript on these newly obtained results.
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From Left to right: Dr. Shingo Yonezawa, Mr. Masanao
Kunieda, Dr. Muhammad Shahbaz Anwar and Prof.
Yoshiteru Maeno

To understand the nature of induced correlation,
we measured the differential conductance that
corresponds to the density-of-states of induced
correlation in SrRuO; layer by depositing SrTiO;
insulating layer between SrRuO; and Au. In these
new junctions, we observed superconducting-
gap features with a zero bias conductance peak
(ZBCP). I analysed and discussed the results with my
colleagues at Kyoto University. From these results,
we learnt that superconducting-gap features and
ZBCP are likely coming from induced spin-triplet
even-frequency p-wave and odd-frequency s-wave
superconducting correlations, respectively. We are
also preparing another manuscript to present our
results of these tunnel junctions. A photo given at
the end of this report is taken during one of our

meetings.

As a next phase of our collaborating work, we
want to measure superconducting critical current
in junctions based on SrRuO;/Sr,RuO, hybrids. For
this purpose, we designed Nb/SrRuO,/Sr,RuO, new
devices and planned the experiments with Dr.
Ryosuke Ishiguro from Japan Women’s University

and Dr. Shingo Yonezawa from Kyoto University.
I am grateful to JREP project to provide a chance to

make a fruitful visit to Kyoto University. | enjoyed

my work and stay at Kyoto.
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, Tianyu Liu, a Ph.D. student of The University | think this project is a double win. For me, | was
of British Columbia in the subject of theoretical  able to collaborate with other outstanding scientists
condensed matter physics, hereby submit this  and expand my academic circle. And | believe our
document to summarize my trip to Osaka University,  results should interest many Japanese experimental
which is supported by JREP program under TMS  groups. As far as | learnt, Dirac/Weyl superconductors
project. are being widely investigated in Japan. However,
there are only about 20 kinds of materials verified to
| first learnt this program from Dr. Yoshiteru Maeno be nodal. And only a small part of them are point-
at CIFAR Quantum Materials Main Meeting, held in node superconductors. But our model is based on
Toronto, 2016. Later the year, | published a paper  the proximity effect rather than a specific material
with Dr. Dmtiry | Pikulin and Dr. Marcel Franz in the  and thus should be made relatively easily. The results
field of distorted Weyl semimetals. In the publication being reported in our paper will give some in-depth
procedure, we noticed a relevant paper by Dr. Hiroaki knowledge of this new type of superconductors.
Sumiyoshi and Dr. Satoshi Fujimoto, which exhibits

similar philosophy with our paper. This motivated me | feel lucky to hear this JREP program from Dr. Maeno
to seek some interaction with Dr. Fujimoto’s group.  and feel happy to be able to use it with Dr. Fujimoto.
And | immediately recalled the Topo-Q network | | learnt various new things and on-going projects in

heard from Dr. Maeno. | then contacted Dr. Fujimoto Fujimoto group, Masatoshi Sato group, and Norio
and discussed the possibility of my visit to Osaka Kawakami group. And | also visited ISSP in Tokyo for
University. Shortly, | was admitted to the group by 10 days. The research style in Japan, in my style, is
using the funds provided by JREP program under TMS ~ very rigorous. Researchers are so professional that
project. they keep even tiny things go properly at all costs.
That is the reason why Japan'’s science & technology
During my visit, | collaborated with Dr. Fujimoto  is one of the best in the world. In the meanwhile, | can
in Osaka University and Dr. Franz back in UBC on still feel the free academic atmosphere where | felt in
the subject of Weyl superconductors. This is an Canada, which is very impressive to me.
interesting type of phase surviving in the transition
between trivial superconductors and topological My visit in Osaka lasts 83 days. However, | do hope
superconductors, an analog to Weyl semimetals. | could have more time because accomplishing a
We are mostly interested in understanding such project usually takes longer. After | went back to
materials from different views. We built a toy  Vancouver, | need to contact Dr. Fujimoto by emails
model of such superconductors to study electronic ~ and discussions are never easy to arrange due to time
structure, phase transition, and mixed state. The  difference. Overall, | think JREP is a good program. It
Weyl superconductors indeed exhibit many unusual definitely promotes the interaction between Japanese
properties distinguishing themselves from the known researchers and researchers all over the world, both
topological superconductors, indicating this is a new of whom will be benefited.
phase. This project is now being finalized and should
be submitted shortly.
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l[dentifying Weyl superconductivity in UcoGe via the Chiral-magnetothermal effect.

AO1 IYxT—AXe* F«S12)lL (James de Lisle)

RBRARSE RFIRERE T PR
ZARRRE | A0T BEA BR

We are interested in identifying a candidate for a Weyl superconductor
(WSC). A WSC is characterised by Weyl nodes, however the nodes are
contained in the superconducting gap function. The standard surface
measurements such as ARPES are no longer useful as the relevant systems
are at very low temperatures and therefore lie outside the sensitivity
range. We show that one can identify WSC in UCoGe [1, 2] due to a new
phenomenon we call the chiral-magnetothermal effect (CMTE). CMTE is
analogous to the chiral anomaly in other condensed matter systems. In
the CMTE the electric and magnetic field of the standard chiral magnetic
effect are replaced by a temperature gradient and an effective momentum
dependent magnetic field that arises from a torsional field (such as that
from the vortex texture of the superconducting order parameter). The
effect gives rise to spin polarisation, an effect which cannot be attributed
to Zeeman splitting due to the absence of a magnetic field in the bulk.
Using non-equilibrium quantum field theory in the quasiclassical limit, we
show that the spin polarisation that occurs due to this effect appears under
the first order quantum correction to the quasiclassical propagator Such an

effect should be observable using standard Knight shift measurements.

References
[1] Mineev V P Phys. Rev. B 66 134504 (2002)
[2] Hattori T et al. Phys. Rev. Lett. 108 066403 (2012)
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I completed my Bachelors in
Mathematics and Physics at
the University of Bristol, UK.
I then completed a Masters
and PhD in the theoretical
physics department at the
University of Leeds, UK.
During this time my colleagues
and I investigated a number of
areas of topological quantum
systems, notably identifying
a means of measuring the
Chern number in 2+1D
multicomponent systems and
identifying a number of 3+1D
topological superconducting
models that support a wide
variety of topological phases
with short range couplings. I
have been enjoying my time so
far in Japan. I enjoy exploring
Osaka city, and hiking in the

surrounding mountains.
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TopoMat2017 Program
May 10th (Wed)

09:40 ~ 10:10 Opening
09:40 Opening address T. Fujisawa
09:50 [10AM-0] Introducing “Topological Materials Science”
N. Kawakami (20)
10:10 ~ 10:50 Majorana Fermion [Y. Ando]
10:10 [10AM-1] Discovery of the chiral Majorana fermion
S.-C. Zhang (40)

11:20 ~ 12:50 Topological Quantum Devices [S.-C. Zhang]
11:20 [10AM-2] Topological Physics in HgTe-based Quantum
Devices L. Molenkamp (40)
12:00 [10AM-3] Majorana bound states in superconductor-
semiconductor hybrid nanowire system
M.-T. Deng (30)
12:30 [10AM-4] Observation of a 4pi-periodic Supercurrent in
Bi;..Sb, Dirac Semimetal Based Josephson Junctions
J. de Boer (20)

14:20 ~ 16:30 Topology and Quantum Computing [S. Fujimoto]
14:20 [10PM-1] Topological superconductivity: Is the mean-
field approach adequate? A. Leggett (40)
15:00 [10PM-2] Quantum Supremacy: checking a quantum
computer with a classical supercomputer
J. Martinis (40)
15:40 [10PM-3] Experimental study on correlated Andreev pairs
under magnetic field in graphene
G.-H. Lee (30)
16:10 [10PM-4] Generalized parafermions in multi-layered
fractional quantum Hall systems Y. Tanaka (20)

17:00 ~ 18:00 Poster Preview A (60) [T. Sato]
18:00 ~ 19:30 Poster Session A (90)

May 11th (Thu)

09:30 ~ 11:10 Nonlinear effects, nonequilibrium states,
dynamics [K. Nomura]
09:30 [1TAM-1] Nonlinear and nonreciprocal responses of
topological matters N. Nagaosa (30)
10:00 [11AM-2] Giant anisotropic nonlinear optical response in
transition metal monopnictide Weyl semimetals
J. Orenstein (30)
10:30 [11AM-3] Observation of edge states of Floquet
topological phases in PT symmetric quantum walks
H. Obuse (20)
10:50 [11AM-4] Fractional-Charge Excitation in a Breakdown
Region of an Integer Quantum Hall System
M. Hashisaka (20)

11:40 ~ 12:50 Magnetoelectric and Chiral Magnetic Effects
[M. Sato]

11:40 [11AM-5] Electrodynamics of skyrmion-string, emergent
monopole and axion in topological magnets
Y.Tokura (40)

12:20 [11AM-6] Chiral Magnetic Effect K. Fukushima (30)

14:30 ~ 16:10 Topological Semimetal [Y. Tokura]
14:30 [11PM-1] Strategies for discovering new topological
semimetals L. Schoop (30)
15:00 [11PM-2] Fermiology of Weyl and Dirac materials
J. Analytis (30)
15:30 [11PM-3] Quantum Hall states observed in thin films of
Dirac semimetal Cd;As, M. Uchida (20)
15:50 [11PM-4] Charge Fractionalization in Quantum Hall Line
Junctions for Varying Interaction Strength
N. Kumada (20)

16:40 ~ 17:40 Poster Preview B (60) [T. Mizushima]
17:40 ~ 19:10 Poster Session B (90)
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May 12th (Fri)

09:30 ~ 10:50 Magnetic Topological Insulator [L. Molenkamp]
09:30 [12AM-1] Searching for high temperature quantum
anomalous Hall materials Q.-K. Xue (40)
10:10 [12AM-2] Observation and control of the quantized
conduction on the domain wall of a magnetic
topological insulator K. Yasuda (20)
10:30 [12AM-3] A large-gap magnetic topological
heterostructure formed by self-organized
incorporation of a ferromagnetic layer
T. Hirahara (20)

11:20 ~ 12:40 Topological Magnets [S. Nakatsuji]
11:20 [12AM-4] Topological edge states in honeycomb
materials H.-Y. Kee (30)
11:50 [12AM-5] Quantum Liquid state of J.,s=1/2 isospins in
complex Ir oxides H. Takagi (30)
12:20 [12AM-6] Magnetic fluctuations of Kitaev's spin liquid
M. Udagawa (20)

14:40 ~ 15:50 Spin Order and Electron Correlation [Y. Matsuda]
14:40 [12PM-1] Anomalous Transport Phenomena in

Non-Collinear Antiferromagnets  S. Nakatsuji (30)
15:10 [12PM-2] Extraordinary spin correlations and incipient

excitonic instability of 2D Weyl fermions

M. Hirata (20)

15:30 [12PM-3] Correlation effects on Majorana modes

in CeColns/YbColns superlattice systems

- a test bed of reduction of the topological

classification - T. Yoshida (20)

16:20 ~ 17:30 Topological Superconductivity [Q.-K. Xue]
16:20 [12PM-4] Nematic superconducting gap of Cu,Bi,Se;
revealed by field-angle resolved calorimetory
S.Yonezawa (30)
16:50 [12PM-5] Quasi-localized bound state and spin-triplet
superconductivity in doped topological insulators
G.-q. Zheng (20)
17:10 [12PM-6] Topological nonsymmorphic
superconductivity in UPt; Y. Yanase (20)

18:00 ~ 20:00 Information Exchange Meeting with Dinner

May 13th (Sat)

09:30 ~ 11:00 Topology and Symmetry [M. Ueda]

09:30 [13AM-1] Topological Crystalline Materials M.Sato (40)

10:10 [13AM-2] Odd-frequency superconducting states with
different types of Meissner response: problem
of coexistence Y. Fominov (30)

10:40 [13AM-3] Topological quantum criticality in confined
superfluid *He-B T. Mizushima (20)

11:30 ~ 13:00 Topological Insulators and Superconductors
[Y. Maeno]
11:30 [13AM-4] Sub-nm probing of Topological insulators and
Rashba systems M. Morgenstern (30)
12:00 [13AM-5] Unconventional topological phase transition in
two-dimensional noncentrosymmetric
systems B.-J. Yang (20)
12:20 [13AM-6] Exotic Phenomena in Topological Insulators
and Superconductors Y. Ando (40)

13:00 ~ 13:10 Closing
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Poster presentations PA (May 10th)

PA-1

PA-2

PA-4

PA-5

PA-6

PA-7

PA-8

PA-9

PA-10

PA-11

PA-12

PA-13

PA-14

PA-15

PA-16

PA-17

PA-18

PA-19

PA-20

PA-21

PA-22

PA-23

PA-24

PA-25

Visualization of nonmagnetic impurity in heavy-fermion
superconductor studied by STM HAZE Masahiro
Emergent exotic superconductivity and magnetism in Kondo

KASAHARA Yuichi

Second order phase transition due to a disappearance of

superlattices

atopological protection in d-wave superconducting nanoisland
Nagai Yuki

Nematic to Chiral Transition in Superconducting

UEMATSU Hiroki

Model building of spin-triplet superconductors with extrinsic

Topological Insulator Cu,Bi,Se;
defects de Lisle James
Effect of Sr Deficiency on Superconductivity in Sr3,SnO

Oudah Mohamed
Interfacial Potential Barrier Dependence of Spin-Triplet
KUNIEDA Masanao

Transport experiments of Sr,RuO, micro rings for a detection of

Proximity Effect in Sr,RuO,/SrRuO; Junctions

half-quantum fluxoid YASUI Yuuki
Fermiology of possible topological superconductor derived from
hole-doped topological insulator Trang Chi

Measurements of unconventional Superconductivity in
One-Atom-Layer Si(111)-y~ 3 X/ 3«(Tl, Pb) NAKAMURA Tomonori
Noncommutative Z, index of 3D topological insulators with
disorder Akagi Yutaka
Planar Hall Effect on the Surface of Topological Insulator

Taskin Alexey
Thin Film Growth of Ternary-Chalcogenide Topological Insulators

SEGAWA Kouji
Fermi-level Tuning of the Dirac Surface State in Sb-doped
Bi,Se;Thin Films SATAKE Yosuke
MBE growth of topological crystalline insulator (Pb,Sn)Te thin
KURODA Shinji
2D transport properties of topological crystalline insulator SnTe
filmson Si(111)-4/~ 3 X/ 3-Bi
Magnetic field imaging for topological materials

NOMURA Shintaro

Transport Properties of magnetic element doped-Tl and

filmsand obser-vation of the surface state

Nakanishi Ryosuke

Superconductor Junctions YANO RIKIZO
Josephson effects as a probe of unconventional superconductivity
KASHIWAYA Satoshi

Electric and magnetic tunability of Andreev reflection and
supercurrent via spin-orbit coupling in Zeeman-split
superconductor Hashimoto Tatsuki
Theory of surface Andreev bound states and tunneling
spectroscopy in three-dimensional chiral superconductors
TAMURA Shun
Cooper-pair splitter realized in superconductor-InAs double
nanowire junctions Sato Yosuke

Single-wall carbon nanotube as topological insulator:

Phase transition and bulk-edge correspondence  OKUYAMA Rin
Quantization of conductance minimum and index theorem
IKEGAYA Satoshi

Transport properties of the ribbon consisting of Haldane model
TATSUMI Tomoko
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PA-26

PA-27

PA-28

PA-29

PA-30

PA-31

PA-32

PA-33

PA-34

PA-35
PA-36

PA-37

PA-38

PA-39

PA-40

PA-42

PA-43

PA-44

PA-45

PA-46

PA-47

PA-48

PA-49

Impact of Ferroelectric Distortion upon Spin-Valley Coupling

andTopological Phase in Transition-Metal Oxides

YAMAUCHI Kunihiko
Possibility of topological quantum field effect transistor of
HATTORI Ayami

Engineering a Large-Gap 2D Topological Insulator in

silicene, germanene and stanene nanoribbons

InAs/In,Ga,,Sb Strained Quantum Wells AKIHO Takafumi
Exploring edge transport in short-channel InAs/(In,Ga)Sb quantum
spin Hall insulators IRIE Hiroshi

A gate-defined anti-Hall bar for inner quantum Hall edge channels
in an AlGaAs/GaAs heterostructure Eguchi Ryota
Deformed chiral conformal field theory and the quantum Hall
effect Hutasoit Jimmy
Quantum Hall phase diagram of two-component Bose gases,
Furukawa Shunsuke
Duality derivation of 2D quantum spin systems from the view point
of coupled-wire construction Imamura Yukihisa

Interaction-Induced Crossover of Fermionic Symmetry-Protected

Topological Phases in One Dimension NAKAGAWA Masaya
Majorana zero modes without edges KAWABATA Kohei
Braiding Dynamics and Non-Abelian Sta-tistics of Majorana

Fermions MIYAZAKI Shunsuke

Coarsening dynamics of spin domains in a one-dimensional
spin-1 spinor Bose gas Fujimoto Kazuya
Collective modes of vortex lattices in two-component
Bose-Einstein condensates Yoshino Takumi
Coarsening Dynamics of a Binary Bose-Einstein Condensate,
KAWAGUCHI Yuki
Two-dimensional Fermi gas in spin-dependent magnetic fields
ANZAI Takaaki

“Supersolidity” Assisted Crystallization of “He in Aerogels

NOMURA Ryuji
Effects of Perpendicular Magnetic Field on Topological Surface
Statesin Superfluid *He-B AKIYAMA Koki

Low-energy effective field theory of superfluid *He-B
FUJII Keisuke
Chiral Anomaly in Superfluid *He-A with Skyrmion Texture
ISHIHARA Yusuke
Casimir force for fermionic condensates: Attractive-Repulsive
YOSHII Ryosuke
Topological catalysis: continuous production of topological
solitons assisted by topological defects Higashikawa Sho
Supersymmetry in Quantum Rings of Interacting Majorana Modes
HUANG Zhao
SUSY breaking and NG fermions in Z, Nicolai model
SANNOMIYA Noriaki

Poster presentations PB (May 11th)

PB-1

PB-2

PB-3

78

Possible band and crystal structures of the superconducting

antiperovskite oxide Sr;,SnO IKEDA Atsutoshi
DC current controlled diamagnetism in the
Cas(Ruy,Ti,)207 system SOW Chanchal

Mott semimetal state with strong diamagnetism in Ca,RuO,
induced by DC current MAENO Yoshiteru
Sextuple-Q states in a Kondo lattice model with Rashba and

Dresselhaus spin-orbit couplings OKADA Ken



PB-5

PB-6
PB-7

PB-8

PB-9
PB-10

PB-11

PB-12

PB-14

PB-15

PB-16

PB-17

PB-18

PB-19

PB-20
PB-21

PB-22

PB-23

PB-24

PB-25
PB-26

PB-27

PB-28

PB-29

PB-33

PB-34

Laser-irradiated Kondo insulators: Controlling Kondo effect and
topological properties Takasan Kazuaki
Photo induced Floquet Weyl semimetal phases ZHANG Xiao-Xiao
Local Excitation of Photocurrent in Non-centrosymmetric Systems
Ishizuka Hiro
Photovoltaic Anomalous Hall effect in Line-node Semimetals
TAGUCHI Katsuhisa
Zeno Hall Effect Gong Zongping
Zy Berry Phase and Symmetry Protected Topological Phase in
KARIYADO Toshikaze
Quantum oscillations of conductivities induced by magnetic
ARAKI Yasufumi
Nonlinear spin current generation in noncentrosymmetric
HAMAMOTO Keita

Magnon Spin-Momentum Locking: Possible Realization in kagome

Spin Chain
skyrmions on topological insulators
spin-orbit coupled systems
lattice antiferromagnet Okuma Nobuyuki
Magneto-optical Kerr effects and real-time imaging of
magnetic domains in the non-collinear antiferromagnetic
metal Mn;Sn Higo Tomoya
Deviation from semiclassical spin dynamics in frustrated quantum
magnets with magnetic order Kamiya Yoshi
Anomalous Thermal Hall Effect in Nodal Chiral Superconductors
YOSHIOKA Nobuyuki
Heat Transport as a Signature of Weyl Superconductor
KOBAYASHI Takuro
Unidirectional Majorana edge states in noncentrosymmetric nodal
Daido Akito
Current- and Voltage-induced Spin Torques in Weyl semimetal
KUREBAYASHI Daichi
OMINATO Yuya
Topological phases in multilayers of a normal insulator and a Weyl
YOKOMIZO Kazuki
Quantized Polarization and Surface Charge originating from the
HIRAYAMA Motoaki
Symmetry enforced non-symmorphic nodal-line in spinless
Takahashi Ryo
General phase transition between spinless nodal-line semimetals
OKUGAWA Ryo
YAMAKAGE Ai

SUpeI’COHdUCTOI’S

Spin magnetic susceptibility of Dirac semimetals

semimetal

Topological Nodal Line

systems

and Weyl semimetals
Line-Node Dirac Semimetal CaAgX (X = P, As)
Crossing-line-node semimetals: general theory and application to
rare-earth trihydrides Kobayashi Shingo
Electronic states of topological line-node semimetal HfSiS studied
by high-resolution ARPES TAKANE Daichi
Topological semimetal realized in a specific honeycomb lattice
Nie Simin
Multi-band touching fermions beyond Weyl semimetals
Ezawa Motohiko
Topological Magnetism from Multiple Dirac Cones in
Monolayer Transition Metal Trichalcogenides SUGITA Yusuke
High-resolution ARPES study of trigonal tellurium
NAKAYAMA Kosuke
Electronic structure of Bi ultrathin film on 1T-TaS, studied
by high-resolution ARPES
Bi ultrathin films on high-T, superconductor studied by ARPES
SHIMAMURA Natsumi
Electronic structure of monolayer 1T-NbSe, studied by ARPES
NAKATA Yuki

Souma Seigo

79

PB-35

PB-36

PB-37

PB-38

PB-39

P

3-40

PB-41

PB-42
PB-43

PB-44

PB-

45

PB-46
PB-47

P

3-48

PB-49

PB-50

Weak localization in strongly spin-orbit coupled systems
HAYASAKA Hiroshi
Theoretical study of magnetoresistance in Dirac electron systems
Owada Mitsuaki
Extremely large magnetoresistance in WTe, grown by flux method
TSUMURA Kohei
Inter-subband Landau level couplings in-duced by in-plane
magnetic fields in trilayer graphene Masubuchi Satoru
Terahertz study in Sb,Te; and multi-layered phase change
memory materials Makino Kotaro
Generation and detection of edge magneto plasmons in a

quantum Hall system using a photoconductive switch

Lin Chaojing
Spatial evolution of a non-equilibrium energy distribution function
in a quantum Hall edge channel ITOH Kosuke
Thermal transport in the Kitaev model NASU Joji

Effect of interaction between fractional charges on classical spin
liquid on kagome lattice MIZOGUCHI Tomonari

Ground-state phase diagram in the Kugel-Khomskii model with

finite spin-orbit interactions Koga Akihisa
Kitaev-Heisenberg Hamiltonian for a Spin-orbit Mott Insulator
with High-spin d’” Configuration SANO Ryoya

Dual gauge field theory of quantum liquid crystals Beekman Aron
Robustness of topological pumping in one-dimensional interacting
TEZUKA Masaki
Edge state induced by two dimensional quantum walks
SEGAWA Etsuo
Quantum critical phenomena in parity-time symmetric systems
Ashida Yuto
A proposal for creating and probing quantum black holes with
DANSHITA Ippei

fermions

ultracold gases in optical lattices

Poster Award winners
Gold Prize
[PA-34] Masaya Nakagawa / RIKEN
Silver Prize
[PB-27] Daichi Takane / Tohoku Univ.
[PB-14] Tomoya Higo / ISSP, Univ. of Tokyo
Bronze Prize
[PB-49] Yuto Ashida / Univ. of Tokyo
[PA-09] Chi Trang / Tohoku Univ.
[PA-35] Kohei Kawabata / Univ. of Tokyo

Best Preview Award winner
[PB-13] Nobuyuki Okuma / Univ. of Tokyo

Preview Award winners
[PB-27] Daichi Takane / Tohoku Univ.
PA-47] Sho Higashikawa / Univ. of Tokyo
PB-46] Beekman Aron / Keio Univ.

PB-12] Keita Hamamoto / Univ. of Tokyo

[
[
[PA-37] Kazuya Fujimoto / Univ. of Tokyo
[
[

PA-34] Masaya Nakagawa / RIKEN
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“Tokyo-Beijing Workshop on Ultracold Atoms” #&
2017108 2H—38 ERAZ)

REARZESHRORIREFRAREDIR
%%EE’\]& LT, RNERAMERDH 2017 F 10 A 2.
SHOZHBICEY RRAFICEVWTHRES N K
MREDMBE e EoDFIE. BERFEIEDHEE
HEFR(FICHE) TRBITBATEY. BURICET
BT R CERTBOAERNBICOVTHOLEER
RN TEBDTIRGEWVH EWVNDEHERZ. Hui Zhai K
ERDTofc L&D, SEDEMEIE. BAMA 32
%, FER 13 20EMEE T, RHWEICKT L,

—HB . FEFEFEIERERS. Sachdev-Ye-Kitaev (SYK)
R BOREE. PROYVAILRDIIVF - A4S
TURA BHFEBICOWTCEEN ThN 2, SYK iR
WERAZF - TTIVEA VAT VA LICHEERT %
ARBEITH Y. TORAATIVADTZYv I ER—)
EDBLMITEELNET > TWVA, FHREFK (D01
HH) D OIFTORBEDREND >fc—7A. Yiming
Chen & GBEKX) H51E SYK EERDHRFRICKE BIET T
IVZBEDEBRICOWTRENH e, BINRED L
|IT Chen KIEFEETH D, THIC. PAEREBELT
SADRFREICKLZDEENDH Y. BROEFDEL
VWEEHNR SN,

“HEE. BEEEER. SROYAIL - KU
Higgs € — F. EfimoviREE. b S v TREDHER
ZH, IFVF Y UBEERICDOVTOEENTTON
foo BERAT —IVAREM AR S DB EIRETH S
Efimov IREElZ. EFEEBDRBELEZSNTHEY. b
ROYAHIVRREDBEENEEKZREN, 5Bl Efimov
REEICDWT=ZDD#FENTHON. BFEDOELDHE

MHIBEZ fzo BEEZFHS T P. Naidon & (BBH) H5
&, Efimov DIELWEE (740 —FE7IEW) D
BNAB®B T, Lih-King Lim K GBEKX) H5IE. K
VT ERE 1240 N O—)VTES MRAOTVAIL -
R TOEBRELNH Oz, TS TRABBH (COT
NE) DRIADRRICHEZEZ I TITHONIEHETH
%, PHBETFROBIEMEEN LT, TDOKDGERE
HERZE bROVAHIVREROMELASERE TV EDL
NTW EBFENS,

Bty arTlFEROERZ DL BEREE
RIGBEMTDONC. AEREMARRIE. FIFEDFEKRT
DREICKHCEB 2B TH 2D, BHROBMEDELICIE
HBRNZE L SBLRERIT TV EOEEME
DRl E N Tz,

AARRIEEEEERKREFERF OB TIRE -
fefzsbic. Tokyo-Beijing & WD BABIA DN T LB BN,
SEOBME A MHSHHBLDITT TIT, BER
FICBI9 54—/ Japan-China DEFZERISARD T 4+ — =
LDBEBO>TWVWBEEZ5NS, TOEKCT. K[
WSHRETORESG LD, BESBFIZIERICIZDS
HLTHRIVDTIEHEWHAEWVWDERICTHE DTV D,
TORIEFEARTH DD, BARTEZZPAHMERICE
BoTWa, WIhicE K. HEARDITFICHITST
ITDTLEYAERREICEE>THY .. FkMICIE
BhEBR 27 I 75HN\—326DICHET ST
EDEARTEINS,

(X& : EHED)

TMS NEWSLETTER No. 3 (2018.2)



@E6E/ZA7 YV AMRER

“TMS-EPiIQS 2nd Alliance Workshop: Topological
magnets and topological superconductors” #H&
2018 1B 11 H— 148 (R#KAF)

MS & EPIQS (Emergent Phenomena in Quantum
TSystems, Moore Foundation) (¢ K5 &R 7T — 7
23w 7H2018F 1B 108,514 HD 5 HEITES
T RERFESNR— VT TRfEENE Lz, EPIQS &,
A>T IV DAIIIE Moore RREZEF DO HIC K 5HE
BERAZE 700 5 LT, EPIQS EDERT—0 ¥ 3y S
IESET2EIETHY . BEERL 6 HhEHS 184 (.
KEHS 134). BRHL S 47 &, 5165 BHEMT S
EfeZEEGVE LI, TORBIEMROY—(CEEE
T ORATGNEZEROE—RCEEL TVIHEE
DAHICEBELTWEK TENBHNTIH, RESL
T EBMBICTE—IVTERTEEF. —DDK
EEHRRESERVET,

FEIE ZEOAYILRTIV& X/IND/IN— [NA T
D—EEE LYY . Welcome Reception 17U & LTz,
ERPEEICLDIENDEDEEET. RIT28AE
DEINE ICEE N e Reception Tld. w3 VEIIC
ELEHhH 5T, BHIZ L DERNMTON TV TCL
BHHOSDRENIEBITELHACRCZEEIT &Y
ES O

Welcome Reception TH#L R ENTEH

T T, SEIOHE=IL [Mopological Magnets] &
[Topological Superconductors] Z#+—7— K& LT,
CSEEEEOET 29 . KRR 2 —f8&ED T 23 HF17HhNE
Liz, BB, RRAZ—BRBITIERRAZ—7 77— FHE&
15N TH Y. ChiXuan Trang & (BEALAR) . FAFAR
K (frX). ZERF#H (=K, Topo-QPD) HhZREWE

LE LT, BH. RRAEZ—T 77— RFZEE|ITIERES
LOWREZmTH 2. EEHMTIESNANT Y THEE
S5hE Lie,

Topological Magnets (cBIL T, EFEZ&EHTWD
&, FRITREMBICBII28FACRIAT LI
RETIREBDAEVHNZALEFEICHEREND
Y TIVEREIOE D ETURIE. IERICELVER
HEEHZLTVWDBEDICERLE Lz, £fee ¥217
BWAMEICB W TTREN TS Majorana i ¥+ DFIF
ICBET MRS, CTHEFETCRECHEATEREND
M&zRIFE L, BEmOAEN S, F42 T 7HEBIC
HUWT Majorana RIFHNFIRT 5 EHAHELSMNTINT
WE Lfeh R EF. F2 T 7EREOEFEYET
& a -RuCl; IZHUWLT Majorana RIFHFEIBLTWVB &
WORBBRENGINTWET, ZOMIZEH. T4 oY

BFRPIVAIVNFICBET 2EFELAREGTEEZE
BHTH Y. Topological Magnets ICHIF BFERIFECE
RREGVWC EZRRVELE LT

Topological Superconductors ICBE9 2FEEICH LT
LIEBICARLIEEANMTHONTWVE LTz, ShRuO, 1T
BOTHA IV p HBLENRKRIBELTVADDHESH
IIREICERDEFR CHY . 5% LUEZDERK
UEROBEDN S DMBDIRETHE I DICERLFL
foo ZTOMITEH. EIHMEDHENATEBEN TV S
CuBi)Se; PEVBFRIBIEMH UPL 5 E. SBRHLED
BHEEVERCHAHL DI LK LT,
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Ffe. REOEBICEKEEEZE Lz, RED
RITELD skyrmion DFEED, skyrmion &BIEEDRE
DOHEEE. AIWICHRIEBENIZRICBIT2HELS
BEELTWCDTIFREWDERCF LT

FEED K S7xFEEICHN A T Breakout Discussion Y
2EITONE Lic, #EwRAHEVICHEY EHh->TL
£ o fefzs. 1 E B D Topological Magnets [ICFET %
Breakout Discussion Cl&. AEEIN TWZ3 D&EE
DI>52DLNEELTET. ERGEDH S Topological
Superconductors DFEER-EICE R BB E>TL
FOE LA, INBEBVSIEWE TEEGERD
TNt EILEBBEBLWVNTZV I THB LS ITRE
Cx Ll

ZHEBIKIE T7AA—Y3avET REDEFL
Mt (PER. 25 EBFXE=) ZNE LT
FHEWSZELHYZTNEZERMLTELST. &t
KRICLEEN, HREBDIRZ R DD L TIHFEIC
BEEGIVAA—YavEBRVE L, HREET
LHBHFERCIF BETAI0AEERS LEDE TR
FENTVE LI, TV XA~ 3 VRIISERTHE
SREREHRZHE L LA NS VTV YBZ
WY aHL. BEEtEy Y avRIcalFEndcsL
DENTHHZITO>CVE LT, SEIE. REAT. R
BHRO. REFEEARBICZRIANY T 3>
Eai—0— (LT REMICE) hoD#EIEZIF5 T
EDTE TORETRES LLWTAMELT3IED
BREAITERTESVE Lfc, BIREAITITRED
WEDE. BETAICKZLBROBITZEY T £

KREATEBICHT 2ERBRETOCVRIER

Lfco T CHIRICTROTCREAD—D & LTV EIRE AR
5 FEBMFLRE LTDERRIC [BREA) EMFIEN

SEBRDODUHEAICROONNIE, BN TERSAL
BNBZTSTY., TN BEREAZKFERE. &
TAZIREHE, EixEA% PhD EBEBRIANEKXRT
FEOBL-BLERIEDI AT LZTDEDTT (1), R
BADSDEMEDH LG, D7 FAY—ZEBLT.
S EADEFROHHEH O TE B L DT LI

REIC, AMREZET DIchic o RERT -
REt - R—LRX=JDERZEIZCH. BHBOET
ITIFEEENEWNEELDEHRRLEREHEITES T
EEofe. MEFR BEHR BERIORORHRL L
FrEWEBWET, Ffee HHDOEEEZF oL
EOREDARICERSBILRL EIFET, HRR
HHDRX L—XGETY. BEEDOBWVANY M
RAERRDOBINGEFRD HIELICIE. LSRN D
fec L EBVET, T51C. AARAHEEERICBWL
T BRGEREZITTZRE MICE ICRRSHR L LS
feWEBWE T, A MICE DmBBhlc kY . KRS
Welcome Reception [CBMEZBFITAHIENTEX
LTze EFlo. TOVRA—TVavIcBIr2&EBE@EIL
TWefeE, ZEAA FOAERERC EHNTEEL LT
EHIT. BEXBT 1« F—ITHBWNT. BETAITRT
H5ofY. REBEKEDO VA TETLEY NS
BT ENTE. TES LONIEEEARADL SDEME
IEA BT EETEE LIz, BB REORE
DNELBY EFEORBDOHR T, PRI BMEE +
DCBF TV O TIERWLD EBWET,
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~ROYA)UERIZ T — (Topodosical Materials Science Seminar) SEEEIT

2017/Feb/16(THU)
Topological Materials Science (32)
Sungbin Lee, Nagoya Univ.

2017/Feb/23(THU)
Topological Materials Science (33)
K. Hamamoto, Kyoto Univ.

2017/Feb/24(FRI)
Topological Materials Science (34)
Zongping Gong, Kyoto Univ.

2017/Feb/27(MON)
Topological Materials Science (35)
Sho Higashikawa, Kyoto Univ.

2017/Mar/22(WED)
Topological Materials Science (36)
A.A. Golubov , Hokkaido Univ.

2017/Mar/23(THU)
Topological Materials Science (37)
llya A. Gruzberg, RIKEN.

2017/Mar/27(MON)
Topological Materials Science (38)
llya A. Gruzberg, Univ. of Tokyo.

2017/Mar/29(WED)
Topological Materials Science (39)
A.A. Golubov, Kyoto Univ.

2017/Mar/30(THU)
Topological Materials Science (40)
llya A. Gruzberg, Hokkaido Univ.

2017/Apr/17(MON)
Topological Materials Science (41)
Ken. Shiozaki, Tokyo Tech.

2017/May/22(MON)
Topological Materials Science (42)

Shunsuke Furukawa, Nagoya Univ.

2017/Jun/12(MON)
Topological Materials Science (43)
Silas Hoffman, Tokyo Tech.

2017/Jun/13(TUE)
Topological Materials Science (44)
Yukio Tanaka, AIST.

2017/Jun/14(WED)

Topological Materials Science (45)
Yukio Tanaka, AIST.
2017/Jun/26(MON)

Topological Materials Science (46)
Keita Hamamoto, Tokyo Tech.

2017/Jun/18(TUE)
Topological Materials Science (47)
Yong P. Chen, Tohoku Univ.

2017/Aug/08(TUE)
Topological Materials Science (48)
Ryosuke Akashi, Kyoto Univ.

2017/Aug/24(THU)
Topological Materials Science (49)
Flore K. Kunst, Univ. of Tokyo.

2017/Aug/24(THU)
Topological Materials Science (50)
Emil J. Bergholtz, Univ. of Tokyo.

2017/Aug/29(TUE)
Topological Materials Science (51)
P. S. Anil Kumar, Kyoto Univ.

2017/Sep/14(THU)
Topological Materials Science (52)
[1]Mark Fischer [2]Aline Ramires, Kyoto Univ.

2017/0ct/30(MON)
Topological Materials Science (53)
Bertrand Dupe, Tokyo Tech.

2017/Nov/24(FRI)
Topological Materials Science (54)
Igor Markovi¢, Kyoto Univ.

2017/Dec/11(MON)
Topological Materials Science (55)
Hongming Weng, Kyoto Univ.

2018/Jan/15(MON)
Topological Materials Science (56)
Giniyat Khaliullin, Kyoto Univ.

2018/Feb/27(TUE)
Topological Materials Science (57)
Jose Lado, Kyoto Univ.

2018/Mar/27(TUE)

Topological Materials Science (58)
Joel Bertinshaw, Kyoto Univ.
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M—bt—Av7TERr—FVER—RT S £
EEDHBALSEND DL DI, MRAY—IEHRD
oY e L, RENGREZZERT HFRTI,
—ATHEEEF. BN EDTICE>TLE
SHRRT. EE5H0END EREPHEEERDL DI,
BEICK O TISFTEH TR LGD S5ER CE 8
DRFEOAD. BOHLTHRZEDSNDLELTY
FlLlicllle KZ21—ALEZ—TH. PRAVAHIVAE
B%. H5BEDOEBEMEOE TCERLT 5. &ED
MEZBNELTCIREL LI 2, Ffeo EERDIG
BIEDWTIE, BRDEEICHERICEMDRIERDE
ALFITERZELE S TLURDS AT T =0 C. &S
AR CHEE B EICE T A REZET O CLET Bl

CHOATLTIE. 210U T ENSHBESRDOERE
EPROY—PYEBOBRICOVTRNTHEWE
BOLWET, &I FZ /21002 7L0580%
BALEFLED [l THNIE HTDKIETX20D
P/ CTrEZREZHEEZOSIEZEL. BR
BMOEDOWER., EHBETIEETELRY, cE A
B E1DORIIDIDDEAYYTDEIIC. 2 Xn
DB K=/ EHEFESH 2HE DL, Fibonacci
B Fo CEABNE T, —RITC m X n OEEZH
THEDDHZEDEIE. 1960 FRITHETIIFE DR T,
Kasteleyn > Temperley, Fisher & WZofe A& T KW F
NoNF Lz, ZORER. TOBEOEIE. /X747
VICEVEREN, BEDIHETESTELADD DT
W&ET, Efeo Lieb FCOBEDERICHDEHT T
WA VRERBEICR DEL LI 5,

B R/ 2140027 0f,
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K=/ &41) 71k Rokhsar & Kivelson I &V 42
RENEFAAT—IEE [6] LK. YHEEDX
RCEFEENBLDITHEY T LI, TOBRETIE,
BL2ORZ /24 THEERXLIEREEEZE T,
Tl M2DE5B AR5 T7 )y TIBEFN
FHE THIB] OBREAHY. TOBRRICEY T Y
TTEBZRHDOBUIS CleRT v - TRIVF—D
BEFEIELE Y, Rokhsar-Kivelson s & ME X 5 555k
HigaIciE. TOBREORERREE. INTDORZ/
2AY VT DERGEDEREICEZ>THEY. ThiFE
T Anderson B 3EME L 7z, RVB (resonating valence
bond) KEEEHIRT 2EHDITIEO>TLVET,

% fz. Rokhsar-Kivelson D&@(ci&. [ M ROT A
et h2—1 EWSEELBRLET, COEME
EABOHICh—FZA&XE. DFY [AREREZH%
BLIEEAR] #EZE L&D, TDEE, HBOB
BTR2 D&gE#ET2 NS/ Ok#gEnd 2 Bl
£9. LH L. ZOBHFEEDLSHEVDOT. EAHH -
WABDBEE L TADD/2—2 (18,18), (18,7),
(5. 18) (7. F)HbsTEhDhUET, TNZTh
DRI/ ZA) VT TNS5OVWITNMICBLTH
U B2/ 22— OBIEHRBBIRTITERT ST L
DTEEEh. COT &R, REZEH ROV AL
LU R—Ith NG, EMATVWEY, TOKS7% b
RAVAIL - 2o 2—E TRBEREGZRLE (D
FYUERD) HAB] OBEIEEELEEA.
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TOEDICHAEERITHETE L CHBMNGERTH.
HHBO EENEH #BEYNCEATESDIEEA
WETATY, D%, BFFAAX—EREL RO
THIWHEONIR CRERAICERIND L DIV EL
feo FROVAIVEKREESERT HHIEHELVEE
TIH. TTTHL () TRIVF—F v v TDEHE, (i)
RO MROY—|TF T 2 EEREDERE , (i) MR
LIZREREEBFNICEXBTERWL. D3 DEF
DEEMTEEZDCLICLELL D, BRELS.
TTRDEFAA—ERIE () ZRlzcLEEAD. =
BT EITHRR LTeBRUTHIT S RVB ABTIE ()-(ii) &
WleT T EPHMENTWET [/,

RICHID. bROY—=EFEODL R VT OREE
EBALEL&LD, R/ DHRE LT, BHROIERS
REORBTOGIFZARELNS. RUFZ /&
WOIRXILDNSB Y ET 8], Te& ZIE. 3DDIESFE
DHBEIIF. H3DLIIC6BEDTELADHYET, T
NSEMIAZ /EMENET, RIFULABTED
5. COMIAZ/DEA)VTICHRTEBLEL
feo TNIEF—REE. BE - BHFEAF D Jung Hoon
Han 8B E SNz EHE>HFTLZ, BSIE. &
FRAAR—EHOHIKRE LT EF AT —REL
WOIEDEBAL, TOUBERANESELTVEL
feo TORETIE BLOMIFZ/214) 2 THE
RLIEREEH B L. TNSDOBOHRBBIEZEZ £
ED

IDRMICEREL SFcDIE. DX IHEZAU Y
TDEA EIFTY, £l Lieb Diwxx PV 7 [51(H
RBUICEAE. T2VIL 2y hT—7) ZEBTCERX
T ZEEFEL. SIERCTDHEDOHEZHMA ST LI
WBRhLE L, Tefes COPYBTIFRAZDRDYT
A RERENTHY . FENMRITHER/RIEONG
WO EEITERLE LD, RS/ DBELIFEL,
ESLBEHRTVIIVIAVHNGEBEFBEET SR £V
SfEEmIcEY K LT,

H3. 6EDOMIAZ/ERAUVTDH,

TDTEFFERITLIED. TOBREHBEMAERES &
BEF AR —REOHEEAN. ZOR/RT DR
Tl EARFLETEIARD (0)-(i) D bROY AUk
FOREER > TWVWAELH AT EZHESMMCLEL
fz 91, HIcEmALRIE. PUFZ /DBAEITE. b—
ZRAETIE 9 DD MROVAIL - 7 2—ITHHNS
BTY, INE. AN, 75V I RAERATVSS
DHOERGZDEAY VT OBIFITERTEGEWVTO T,
FHHITRFAX (9] [CERFTH. CDTZ VI RAILE
HY % & T. Rokhsar-Kivelson s Cld. FEBERR% R
RREE BT 5 ENTEET,

ToOWole b RATVAIL - 7 2 —DERIE—H
DRUFZ/ICEIERT HTENTEFET, MU
FZ/ICDOVWTE EEDORBAFE TDOIHER T,
“Quantum Hangul” & WS %21 ML TEEBELE LT
ZDRE. [7] DEED Moessner KK 5. 7O =/
frEESH ] EVSEMEZITE L, SDETAH
HMEIEFESNTUOEEAL. LD BT "Quantum
Tetris" EWOEEDN CENEEBROTVET,

[1] 2DBIICDVNTD. Lo E@HETAY ME.
& Doron Zeilberger KD X—I(cd ) £,
http://sites.math.rutgers.edu/~zeilberg/OPINIONS.
html

2] REE42 R—2 .

[3]1 O. Salberger et al, J. Stat. Mech., 063103 (2017);

T. Udagawa and H. Katsura, J. Phys. A: Math. Theor. 50,
405002 (2017).

4] BB, HERAMEHRA EIF) (BAFm).

[5] E. H. Lieb, J. Math. Phys. 8, 2339 (1967).

[6] D. S. Rokhsar and S. Kivelson, Phys. Rev. Lett. 61,
2376 (1988).

[7] R. Moessner and S.L. Sondhi, Phys. Rev. Lett. 86,
1881 (2001).

[8] https://en.wikipedia.org/wiki/Polyomino

[9] H-Y. Lee, Y-T. Oh, J. H. Han, H. Katsura, Phys. Rev. B,
95, 060413(R) (2017).
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COFEMBEIDIER L C=FNBELSLL
TWET, BEICBET EEDCDTHEED T,
BEGEEF DI BB E N ZFET 2B LHREPK
FREDETADELOTEONET, BEKTE
iclg e EARBDO GO IERICHENER L
FLich EVLOHMEDHERDLADERVET,
TTRZOVOBERDO—IRELTDEEXRTI L. T
DENIFRVEETT, TABEE BETADER
BENICKZZEZT LOBFEZRL LT 2DIETE
TIH RIS TRV FEDHGRIF. Z
NTLWTTDL 71 &

FIEDAICER—FEDY S RBEGZZELD%Z
MEDH 2T Z+HDEYDFEICK L TEA
mAE LI DD E LT, HMEBRYT ZXIC
BI2Fold. ZHEEREIC, XFE BF IF
BEREOFFANHNRBHELZHT I LITHED
TV, BRITTREDEKICDD. EVWSDHE
FET LT, TRGICE LTcbLLDN, &2
EObDbA ! EVSEREIFETHDET %
COREDE EMBRBEE TTNTNDELZ IR
HTWTC, RIFRLELTEDTT, LHL. Li
FTEDNDINETEAD. HEEEHLNTUCHEY &
Lfc. TRICIIBRV . P nEhs2 Yy MR
ICEETCLAESIE. HoEBAZTENDLEERD
TWELIcoT. m#ZlE CoHfcmIFInREER
EROLE LT, $B5A IKRICIIOTWVWSHED
PIFE] EWVWDFIVYXLP, [RICIIDTETE
BN EWSTROBERREAE L, Th.
RORRUEICT B &, TRITIIfEL = ARKRE
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EVSEBHBEAN HSICZSIEDLHTWEWS?
ERLCIEDTY, AhaE->T. B TEDESE
BRICTIRRIEL T LESTUOWELL? &, BERK
=, st RE2 VXL, YA vE2—DK L.
EREHGG. BEODSETESND. HROHE
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DO ZWRBRT. TO8BHFEIFESHTY,
LA L. BTN EEE &SHhRICEEE G4
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RN EHRT B ElE. DO P TVERRTT,
BHDIFTED T E > TRIERIEEBE G DT,
BoDRBEDRLLGHDIFAEFZVLBENE
Pho EC FEDHGIIIMATL £S5 ?HES
FEICHARZRELOTVETH? L ELAMBLEL
STIREFELOERALNDVE T, GLARFLEALE
HLL, TNZEELFIVTEGEH. HRZEP 2T
WCRD D ERAETN? [BXHEITEL =
K& EEBFIC. BAZTATLERAD? C
DOFFMBEIE. BOEIEOARBITITHND D
WET, FEDHGEAD. BEDEEICE DT
(BEHITTINBTLIF WfcBICE>TKRE
HYDL, TH. BEHARRICIDOET BZE
A TNDFEDH G N BIEFHEBEDS B AR,
MRODEZZEZHDOBICHRBIELLTLEDC
EZFNIENE T, BEVEFICEMT HFH. &
ICHBIDOFEGOERRGEHEBERET S L
ZINET, MEIFLETHEBOEVEBTY L.
AZERELTCERWNETTY,
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IDKEBREDE, Hiafc& KBIBTL
fco BBRPBTOV T MTANTEE, 0D
FAEOMIEHRBELIEEE Lz, HRTHEEIEE
TEREHEDTIH. AMCE>THELATT, FAD
FEiE. BiTHALEAS. EEIFREXTTT,
Anhbhs (hhofked8Icks) U, £
TTCWVBZ] EVWSABRENNIRZEEZ SRHD
DRV EBA, HRFZEIRVIESE. TOSRALE
DELENWCELICEEBRARSTEFR LI, &D
T, ZED TToBR L8 KEVWTTED
feABICIEARDET T, [HoB] ICBIET AT
ELIFLIE, fhld. B CTHEREEZEDIT 57
HEEVDIC, RIMFEFIEFTSEES LES2BE0E
AT ZFEAETOY TV FDORITIEIIBEE A
TLTco THEELTTEDREERERT. &
MO TERMUAENS L SBEREDIFTTE
W& Lfc, 1 AEIEOMER G D T, (RIZRZE
LTEHICESRHL ? HBETY, EREXT.
FREEZRT BT &) & BV EHLDERR.
BEDBURRIFREVE LIz, TH. £5P5C
ZNUEAE T,

2
Bt
?

C DFFMBHHEIROETCND [T 25
DRI JBERE L TZNITENTREL SN
FBAh. THLRIF. WOHLESDTT, FAPY
&L TCRVLDOTYT. ZEDS>BICEBNDEELEK
WIido5] ZRDOIFTHLL, TDOEE £
LCERDRAE (EF) 292500 £5%G558
DFHBENDDH. TOBEZ R DHTHLLY,
COBLETFZDIE. BEEBHDHERANE DT

91

Wahe, FELOKREZREVBZASNEZD. DE Y.
DELWKCETEENGWVWERSHDBTT, fc&
AMIREMAELTCH /—NIVEZEBNGZLT
H. OOKRZFDFREICGNG L THL - BRI
ENBZLTH PRTZEVSTRD DD
NEZEDICT LD THOTHLLERVE T,

HETDI|/BEHEIL. L AFETLI T,
(Hob | ZRI HIEfIC. AREIFE L LERK
39T, CTRITDFETIH. 5TIZXBTA
1% AKED. FEOEEIHLEY [Pohl] T
WET, SHIF TREADH B AN
AP REDHEHFREDSA L EBEIC. [Z25]
IKZ2TCLWahE LngEtdh,. &EXATDTHEL
TH E2EAREIRBLTINE T & HEE
ZROTC [HoB] IcHEHiET %,

%50 - Newsletter IRERDHEABTANL 5. AHLE
BENDA Y L—I%BENLET. CHLOTK
LD E LI, INETERAREDOHIN
9. HBEEFAPVERLCTWzZE AR, BLVLX
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H27 &
(2015-16)

2015/12/11-13
1 B REKRFE [#7]

2015/08/18?%1 B [#&7]
2015/08/20 & &5 208 [#7]
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