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The Great Topological Expansion
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News & views [1] D& T3, "It is becoming clear
that topological materials with interesting properties
are far more plentiful than originally thought, ---" I
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7 MEDEFRNZREED TVWEXRTDCTC. AV/N—
DEETADTH . CEMLEIALIBENLET,
[1] “The Great Topological Expansion”, H. Dennis
Drew, Nature Phys. 8, 779-780 (Nov. 2012)
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ST LTz 21 I\ REHEDSIE EEEOREREDREFRHL S Lu
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prism BEEN . ZOBELTEEICEREREAE > TS, DR
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NiGas (7.=3.5K), PdGa; (T.=2.3K) &R E L1z, /\> FEHEHLSIE. £
WMEDIREREDBFEDL S Ga D anti-prism BEENEEHREH
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BEXHR

[1]1 K. Inoue et al.,, Physics Procedia 27, 52-55 (2012).
[2] S. Kuchida et al., proceedings in IS52012.
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EREHEROAEICEE L. MEKZAWVNCabEE
HELTWEEY, HEMFEIL. RERORNZEZ R
BINTNE L LD BEEIF TN DTT A, FFERICIE
SHOVBIEET, B Hmm’, EE 10 u mi2ED
SERAERT AOICE T B¥ELS 2BREZELE
LTzo LEERSRBRICERT S SrRuO, LA DIESRE LT
(&, La;gsSroq1sCuO., BaFe; 54C0q16AS,, Lis(Pdg 6Ptoss)sB &
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Cu,Bi,Se; (& b ARAY HUEIKRICERE R—TT5C
LTHRONZMHTO M ROYAHIVBLEEERE LTE
BEESHTWS, HAlET D CuBiSe; DT RT >
2w VO R EBR T BT & HBMICHRETTR D
TW3, BAEMICIE Liang Fu SICE > TIRETINTL
% 4 DONT DRIMEEARE L. KERE. BFLEEA
AEVEHEOHEAEZTE>TVS (1], TOHRT
BF I KRIRKF EERF R RPIOREM R ZE TIT
NIRRT — 25 BE|ICE TV REMEEED
THEY. TOEOGERILDY. REAREIORTE
HTWeeWe, HET BICHTz Y SEMEEITE S
TWL ETERIARIT THRBRARDITE > TH
fenENS B H o Tz,

SHTERARIE 2 BRI T CuBiSe; DERBEIERDIE
L MPMS ZRAWCHEHREDORERZTE > e, B8
[Z1& Markus Kriener B D38ED E, & Bi,Se; DAIT.
CuDBRULFENA > Z—AL— b 72Uz E%TT
Bote, BNAEVWRBRAEISICREBTIT>EWVWSTE
TROIEEH LIZH. Kriener BT ARMERATEEG S
CLKEE2TEDRHY. BREDEREELZ LD
TEfe, BBEGRBBELGSBRICEVNIEZEDLD
IZIE S TeDIEEF—DDOHERTIEHEWLDHLEB TS,
FREEWRIOETIEH 2D BEEOMEREE
S —TRRIDIEREVERECTENTE, Th
DSMNICT BRBL IO TELDERR W EE
ABBEEELGLDICE >TZEARIC. BREICSELE
AONGWEEBESOMRIRZRET HIRVIER L
H75 D fz. SHRUO, DT DMFRIEIFREICE < DR
BTN THEY. TDSLRUO,ITDWTEREFRDH S
Z &1E CuBi,Se; D7 DINEEIBER T 2B)IFICTx
BEVDT LT ESEMBINECLLHA TV
L TEDNTE

YR PROGRAM

HER. FAEAOEEDERICITAESMEICTE D
feo MIEBICEAT DL TERLC. EBICBEBLTEE
BEGRERZWVREW, . BHRRDOMEETD
MEDRFEEICHLERZERE D TCVILE. RZER
HENFDTRENHERLCTWVWS, RBRTHHNS
BTWECAZELODVABNED TV EEERBDF— LA
=7 DREFRBEVWER ST,

BEBHEICLEDSTRIFANTL LE Do RBEH
. MOICHHREDERKICIEIZDIFEHEY LTH
TRCBRHBLET WV, SETHIXDLETDHD
TV DRBERFICESTEDNTER, Tl
TNOSZETHICHBL TV EMBOBENRE
feo 2BEEDFBEZBLTCEZLDHLAERRT B L
DCE MRICET2EFHNLL > EBELTL S,

BEHR
[1] T. Hashimoto, K. Yada, A. Yamakage, M. Sato and Y.
Tanaka, to be published in J.Phys. Soc. Jpn.
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AHREIARZTOPT VLD ICBRERRFBADES
iAW ercEE Lo BZDMRIE, EBETEL
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EBEELDHEREART
¥ (). TThHhHkkAT
TATTHEENE L,
PDOLIREAERBEA
LEHTHABTRERE
BbRYELE (B).

Flice TO1EBOB CERETERIMBER. FAlE1
DOAEMEEDDENTEE LIz, NI mB
WFRE (PGS) Ao fz b ROV AIVEBEER (TSC)
DT IATHRFOHELEDHEILITT, RO RO
I HIVEEBIRDIFEIL. Altland-Zirnbauer DEEEEIC
KO TRIATFHMFIHBIENTLE LA, PGS A
HBHHEEE. ZTORABPROBRLSAND T EHF SN
THY. ToBRZIHEENBEREINET, Fld ZV
D1 BEAE PGS ¥ >fc TSCOMAZERICEL LE LT,
FMTIERRE LB LT PGS EXR IS ST HFDOBRK
MEFEEMICRSEHIC. BERNEETIVE LT Teo
& Hughes AEZE LTz 4 BIEENFREEIFD 2 KD
TSCMICERZH T, HBFHEZITVE Lz, £9.
BRISBESEICEVETRREBIRT S LI

LELfe, e, BAFETIVICESEMA. SE0
MEEHR S E EDIRAEVERANK Lz, TDER.
REEIEANEWICEED 5T FETAHAII TN
FEHERHLE L, BEFOMRTIEIETLY
FANBZEANTELEEATLIED. SEER LY
S FRIFDHBIZGEPE T ILD 3 RITA\DILIRE &R
BIEWCDEEINTVET, KoT. TOEFIRE
IOV LEEOTE LT SBREHEFMEE K
TWERWEEZTVET,

REIC. COBRRESZ T NIEHEMBEGOEF
TRBT OV T LICEHHWNELET, £l FAEZITA
NTLNFEBfRE. RS E. LETA. KBS AL
AR DEEDHEE AICEH N LET, B
MREOHEEAITIE. FELRE RIEE LS E
MEZRF CIELWCEEL 5T BHREICHE T
WrelzwWizd, 2HED&RME EZBN LTV ZWL
UL TELVWHAZBSEECWeREE L, B
MNP CAEEREEZG2BEBAZIBCT ZENATELHLS
R L TWET,

[171J).C.Y.Teoand T. L. Hughes arXiv:1208.6303v1
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HBRE He DIRAE, MHEEFAND T ENEIRETH 5.
Ffe. HBEFEIEITTlEE L. EERBEFOIRIE
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DAREEHEHBENTE. ZIHSALTOEHED
AEETHEHBDBIENTES, TNHDBERZETICLT
TUORAF v —IBREIRET 1T EICDWNTER
L7e
Fle. RBROAA—IEDHGOHICEEDEG A
EOBBERDOERBRZT >, BRARIRSKUEHAT
BlODEELELT. I IV IRHOEIVIREIFA
AWz, €BROEICHAEA 7 IV ZULTEESN
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During my PhD I investigated the generation of spin triplet
superconductivity at the interface between a conventional
superconductor a-MoGe and a half metallic ferromagnet CrO,, which
leads to a long-ranged proximity effect. Conventional spin-singlet Cooper
pairs dephase in a ferromagnet under the effect of its exchange field
over a coherence length, which cannot be more than few nm. However,
such a dephasing does not occur with spin triplet Cooper pairs and leads
to Cooper pairs penetration over a distance of even ~1um. Spin mixing
and spin flip scatter are the main ingredients to generate the triplet
correlation that is possibly s-wave spin triplet superconductivity.

Sr,RuQ, is most probably a chiral p-wave spin triplet superconductor. In
this topological quantum phenomena project, our main objective is to
prepare conventional-superconductor/Ru/Sr,Ru0, topological junctions
to investigate the interference between a conventional s-wave spin
singlet superconductor and a chiral p-wave spin triplet superconductor.
The phase sensitive measurements would manifest the chiral domain
wall dynamics. The chiral p-wave superconductivity of Sr,RuO, may even
generate a half quantum vortex. It has been found that Sr,RuO, exhibits
a half fluxoid jumps from magnetic torque measurements. We will also
fabricate micrometer-sized rings of Sr,RuQ, to confirm the half fluxoid
generation using transport phenomena. | am grateful to Kyoto University
for providing a chance to participate in topological quantum phenomena
project.

References

[1] Long range supercurrents in ferromagnetic CrO, using a multilayer
contact structure, M. S. Anwar, M. Veldhorst, A. Brinkman, and J. Aarts
Appl. Phys. Lett. 100, 052602 (2012).

[2] Long range supercurrents through half-metallic ferromagnetic CrO,, M.
S. Anwar, F. Czeschka, M. Hesselberth, M. Porcu, J. Aarts, Phys. Rev. B. 82,
100501(R) (2010).
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2001-2003; | did my Master
in Applied Physics from
University of Engineering and
Technology Lahore Pakistan.
2004-2006; | completed my
M.Phil in Applied Physics from
the same University. After that
I moved to Leiden University
Netherlands, where | did my
PhD in 2010. In my free time
| love to play with my son
Hamza Shahbaz Anwar and like
to write poetry/essay.

We are very happy that 77> —& A joined our project, since his PhD work on the

odd-parity spin-triplet superconductivity ideally fits the purpose of the TQP project.

When I first met him in a conference in Italy, I was very impressed by his invited
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fully enjoy the life in Japan with his lovely family.

talk, showing his keen sense of material in his fabrication of ferromagnetic oxide
films for the junctions. The activity at Kyoto Univ. group has already been benefitted

by his expertise in investigating unconventional superconducting junctions. I hope he
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I got my Ph. D. from the Institute of Physics, Chinese Academy of
Sciences, in 2012. During my Ph.D. career, | mainly focused on nano-
devices based on 3-D topological insulators (TIs) and superconductors.

According to the theory, when a 3-D Tl is in contact with an s-wave
superconductor, an unconventional superconducting phase will occur
at the interface due to the proximity effect. Such new superconducting
state will be like a spinless p-wave superconductor. In order to check
this prediction experimentally, we designed several experiments. The
first one is Sn-Bi,Se; single junctions, on which we observed zero-bias
conductance peaks at low temperatures. The second one is Josephson
junctions and SQUIDs based on Bi,Se; flakes and superconducting Pb
electrodes. We successfully realized a Josephson junction with channel
length up to 3.5um. The third one is a hybrid structure with Bi,Ses;, Pb
and Pd, on which we detected an independent proximity-induced
superconducting state.

I 'am familiar with nano-fabrication and low-temperature transport
measurement. It is great for me to join this T. Q. P. project. | will continue
my research on Tl nano-devices here. Let us look forward to a pleasant
and fruitful collaboration.

Ph - SBh
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BE A, RTEIDHERZZVS B E MRava)L
MR PR HAIIN THBR CHE 4 7 R 230 L C iRz
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9:00
9:30 ~ 10:50
11:20~12:30

Welcome Y. Tanaka (10min)
Introducing Topological Quantum
Phenomena Project Y. Maeno (20min)
Topological States: Chair M. Nakahara
Topology of Quantum Vacua G. Volovik
(50min)
Recent Topics on Topological
Superconductors M. Sato (30min)
Chiral SC: chair N. Birge
Searching for Complex Order Parameters
and Majorana Fermions in Superconducting
Materials and Josephson Devices
D.Van Harlingen (30min)
Chiral Edge States of Sr,RuQ,
S. Kashiwaya (20min)
Anomalous Superconducting
Transition of Sr,RuQ, Investigated by
Magnetocaloric Effect S. Yonezawa (20min)

13:40~15:30 Odd-parity/Odd-freq. pairs: Chair Y. Tanaka

16:00~18:20

Twofold Symmetry Breaking in the Gap
Function of UPt; Probed by Thermal
Conductivity K.lzawa(30min)
Odd-frequency Pairing in Superconducting
Heterostructures A. A. Golubov (30min)
Odd-frequency Pairing in Superfluid *He
S. Higashitani (20min)

Odd-frequency Superconductivity:
Stability and Ubiquitousness

K. Miyake (30min)
Poster Session A: Chair T. Nojima

Poster Preview A (50min)

Poster Session A (90min)

9:20~10:40 Topological Ins. / Topological SC:  Chair N. Nagaosa

11:10~12:20

Superfluid 3He B Phase
12:00 18AM-5

9:20 ~ 10:30

Topological Insulators and Superconductors:
Materials Frontier Y. Ando (50min)
From the Topological Invariants to the
Edge States of Topological Insulators
V. Gurarie (30min)

RS invariant: chair V. Gurarie
Classification of Topological Insulators
and Superconductors: Some Applications

A. Furusaki (30min)
Surface Majorana Cone of the Topological
R. Nomura (20min)
Theory of Tunneling Spectroscopy
in Superconducting Topological
Insulators A. Yamakage (20min)

Majorana Fermion: Chair M. Ueda

Some Remarks about Majorana

Fermions and Their Use in Topological
QuantamComputing A. Leggett (50min)
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11:00~12:20

14:30~16:20

16:50~19:10
16:50~17:40

9:00 ~ 10:10

10:40 ~ 12:00

Symmetry Protected Topological Phase
and Spin Susceptibility in *He-B
K. Mizushima (20min)
S/F junctions: chair A. A. Golubov
Micron-ranged Supercurrents Induced
in the Half-metallic Ferromagnet CrO,
J. Aarts (30min)
Spin-triplet Supercurrent in Ferromagnetic
Josephson Junctions N. Birge (30min)
Odd-frequency Cooper pairs in Spin-
triplet Superconducting Proximity
Structures Y. Asano (20min)
Chiral States: chair K. Nagai
Surface States and Edge Currents of
Superfluid *He in Confined Geometry
J.Sauls (30min)
NMR Study on Mermin-Ho Texture in
Rotating Superfluid *He-A
O. Ishikawa (30min)
NMR Investigation of the v =5/2
Fractional Quantum Hall State
K. Muraki (30min)
Proposal for Transporting and Braiding
Edge Majorana Fermions X. Hu (20min)
Poster Session B: Chair T. Shishidou
Poster Preview B (50, 50min)
Poster Session B (90min)

Topological Ins. Topological SC: Chair G. Zheng
Topological Insulators and
Superconductors S. Zhang (50min)
STM/STS Studies of Topological Insulators
under Magnetic Fields T. Hanaguri (20min)
Topological Excitation: chair K. Miyake
Topological Aspects in Ultracold Atomic
Gases M. Ueda (30min)
Single-site Resolved Detection and

Manipulation ofAtoms in an Optical Lattice T. Fukuhara (20min)

13:20 ~ 14:50

15:20 ~ 16:40
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Probing the Physics of the Fractional
Vortex State in Mesoscopic Rings of
Sr,RuO, R. Budakian (30min)
Chiral SC/ NCS SC: chair Y. Inada
Novel States at Defects and Twin
Boundaries in Non-centrosymmetric
Superconductors M. Sigrist (30min)
Novel Superconducting State in Non-
centrosymmetric Compounds
Li,(Pd,Pts) 5 G. Zheng (20min)
Surface Superconductivity on SrTiOs:
Depth and Crystal Orientation Dependence
K. Ueno (20min)

Probing the Direction of the Angular
Momentum of Cooper Pairs in Superfluid *He-A

H. Ikegami (20min)
Topological States: Chair G. Volovik
Topological and Chiral Aspects of
Graphene H. Aoki (30min)



Topological Chiral Edge Modes in
Magnonic Crystals  S. Murakami (20min)
Theoretical Design of Topological

Materials N. Nagaosa (30min)
16:40~17:00 Closing
PA1 Superconductivity in Ga-clathrate Compounds
T. Muranaka
PA2 Electronic Phase Diagram of Ir Oxide Superlattices
with Strong Spin-orbit Interaction J. Matsuno
PA3 Chiral Magnetic Soliton Lattice on Chiral Helimagnet
Cr,5NbS, Y. Togawa
PA4 Quantum Transport through Chiral Soliton Lattice
in Chiral Helimagne J. Kishine
PA5 Skyrmion Quantum Number and Adiabatic Pumping
in 2D Magnetic Topological Insulators B.-J. Yang
PA6 Beliaev theory of a ferromagnetic spinor Bose-
Einstein condensate N.T. Phuc
PA7 Half-Quantum Vortices in Thin Film of Superfluid
He M. Nakahara
PA8 Effects of Lithium Deficiency on Superconductivity
in the Noncentrosymmetric Superconductors
Li,Pd;B G. Bao
PA9 Long Ranged Proximity Effect in Thin Films of Half
metallic Ferromagnet CrO, M.S. Anwar
PA10 Liquefaction of *He in Two-dimensions D. Sato
PATI Probing and Controlling Strongly Interacting
Quantum Matter at the Single Atom Level
T. Fukuhara
PA12 Controlling Injection of Charge Carriers from
Contact  Metals to Graphene for Realization of
Relativistic Josephson Effects A. Kanda
PA13 Yet-To-Be-Discovered 2D Superfluid *He
S. Nakamura
PA14 Remarkable Role of Interfacial Thickness on
Energetics and Transport in a Perpendicular
Magnetic Field: A One-electron and A One-
Composite Fermion Approach K. Moulopoulos
PA15 Hall Effect of Graphene and Single Dirac Fermions
with Disorder M. Noro
PA16 Existence of Dense Superfluid *He-*He Mixture in
Aerogel Y. Sasaki
PA17 Modulation of Electron Transport by Strain-induced
Pseudo-magnetic Fields in Graphene H. Tomori
PA18 Temperature Variation of Critical Current
Modulations of dc-SQUIDs with Nb/Ru/Sr,RuO,
Junctions T. Sakurai
PA19 Pd-Pt Substitution Effect of the
Noncentrosymmetric Superconductor Li,(Pd,, Pt,);B
G. Eguchi
PA20 Reflectionless Nonlinear Spin Flows Past an Obstacle
in spin-1 Polar BECs D. Takahashi
PA21 Strong Suppression of KT Transition and Existence of
Quantum Phase Transition of “He Film under High
Pressure *He S. Murakawa
PA22 Stable Skyrmions in SU(2) Gauged Bose-Einstein

Condensates T. Kawakami
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PA23

PA24

PA25

PA26

PA27

PA28

PA29

PA38

PA39

PA40

PA41

PA42

PA43

PA44

PA45

PA46

PA47

PA48

PA49

PA50

Vortices in Mesoscopic Plates of a Chrial
Supercondoctor  Sr,RuQ,

R. Ishiguro
Gapless Interface States between Two Topological

Insulators in the Fu-Kane Model R. Takahashi
Fabrication of One-hole Micron-size Bridges of the
Spin-triplet Superconductor Sr,RuO, Y. Yamaoka
Ultra-low Temperature Mobility of Electron Bubbles
Formed below the Free Surface of Superfluid *He-B

H. lkegami
Magnetocaloric Effect of a Sub-mg Sr,RuQ, Single
Crystal T. Kajikawa

Calculation of Electronic State for the Topological
Superconductor Cu,Bi,Se; T. Hashimoto
Creation of Artificial Gauge Fields in Ultracold
Ytterbium Atoms Y. Yoshikawa
Topological Superconductivity in Bilayer Rashba

System S. Nakosai
”’Se NMR Study of Possible Topological
Superconductors Cu,Bi,Se; F. lwase

Texture of *He-A Phase in a Narrow Cylinder T. Kunimatsu
Enhancement of Magnetization in Liquid *He at
Aerogel Interface A. Fukui
Theoretical Analysis of Thermal Hall Effect of
Magnon in General Magnets R.Matsumoto
Magnetic Order and Superconductivity in a
Superconducting Ferromagnet UCoGe K. Deguchi
Acoustic Properties of Normal Liquid *He in 97%
Aerogel O. lwakami
Surface Majorana Cone of the Superfluid *He B
Phase on a Partially Specular Wall K. Akiyama
Charge Pumping Due to Triplet Vector Chirality in
Ferromagnet/triplet Superconductor Junctions
T. Yokoyama
NMR/NQR Studies of the Non-centrosymmetric
Superconductor LaPtBi & BiPd K. Matano
Hydrodynamic Equations of Spin-1 Bose-Einstein
Condensates E. Yukawa
Correlation Effects on a Topological Insulator :
a Variational Monte Carlo Approach Y. Takenaka
Local Correlation Effect on Topological Insulators
T. Yoshida
Multicomponent Ginzburg-Landau theory for
Sr,RuO, S. Takamatsu
Spin Torques and Charge Transport on the Surface
of Topological insulator A. Sakai
Surface States in Magnetic Topological Insulators
Y. Ueno
Time Reversal Symmetric Kitaev Model and
Topological Superconductor in Two Dimensions
R. Nakai
Josephson Characteristics of Superconducting
Quantum Point Contact H. Irie
Molecular Beam Epitaxial Growth of Topological

Insulators on Insulating Substrates A. Taskin
Topological Aspects of the Quantum Spin
Nanotubes T. Ssakai

Chiral Superconductivity in Non-centrosymmetric
Systems with Zeeman Magnetic Field K. Yada
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PB1

PB2

PB3

PB4

PB5

PB6

PB8

PB10

PB11

PB12

PB14

PB15

PB16

PB17

PB18

PB19

PB20

PB21

PB22

PB23

PB24

PB25
PB26

Surface Density of States in s-wave Rashba
Superconducting Junctions Y. Tanuma
High-Field Anomaly in the Superconducting Mixed
State of Sr,RuO, K. Tenya
Quantum Vortex Generation in Spin-2 Bose-Einstein

Condensate Using Optical Spoon Stirring S. Tojo
Index Theorem for Topological Insulator and
Superconductor Systems T. Fukui

Surface State in the n=0 Quantum Hall State in the

Organic Dirac Fermion System T. Osada
Exotic Superconductivity in Locally Non-
centrosymmetric Systems Y. Yanase

Optimizing the Bi,,Sb,Te;,Sey Solid Solutions to
Approach the Intrinsic Topological Insulator Regime
Z.Ren

Theoretical Study of the Spontaneous Magnetic
Moment in the Chiral Superconducting State

A. Tsuruta
Fourth Sound Resonance of Superfluid *He in Slab
Geometry C. Kato
Axion Strings in Topological Insulators/Quantum
Spin Systems A. Tanaka
Reentrant Topological Transitions in
Quasiperiodically Modulated One-dimensional
Quantum Wire Coupled to a Superconductor

M. Tezuka
Conductance Fluctuation and Weak Antilocalization
in a Submicrometer-sized Wire of Epitaxial Bi,Ses

S. Matsuo
Transport Properties of Topological Insulators with
Cobalt Films Deposited on their Surface K. Eto

Junction-Size Dependence of Josephson Current in
Nb/Sr,Ru0, Micro-Josephson Junctions K. Saitoh
Topological Classification of Vortex-core Structures
in Spinor BECs S. Kobayashi
Spin-triplet Superconductivity Induced by
Longitudinal Ferromagnetic Fluctuations in UCoGe
T. Hattori

Gating with lonic Liquid on Bulk Single Crystals of a
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