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Report upon the completion of my Visiting Professorship at ISSP

I, Akira OTSUKI, spent 3 month from the 15t of June to
the 31stof August as a visiting professor at the Institute
for Solid State Physics (ISSP) at the Kashiwa campus of
The University of Tokyo. I was kindly hosted by the
group of Prof. Shibayama in the Neutron Science
Laboratory. My stay was focusing on the measurement of
concentrated colloidal particle suspensions by the
scattering method newly developed by his group.
Accurate evaluation of dispersion/coagulation in such
concentrated suspensions/dispersions is quite important
since many of the existing methods require a dilute
suspension and could overlook the potential coagulation
that may depress the industrial processes dealing those
suspensions [e.g. 1]. In a general sense, I have been very
interested in the correlation between the chemical/physical
environments and the changes in the microscopic
particle-particle interaction and macroscopic behavior of

suspensions [e.g. 2].

It was very honored for me to visit Prof. Shibayama’s
group and interact with many of the leading and young
scientists at ISSP. I was particularly fond of the
instantaneous responses to the necessary actions taken
by Prof. Shibayama, Dr. Li, and other members of ISSP
in order to enhance our collaborative research activities
and address administrative issues. Such quick responses
are quite unique and rare around the world. I wish I
could stay a little longer to complete the bulk of my work.
Also, I would like to acknowledge my appreciations to
those students and academics who helped me a lot in
terms of conducting experiments and other small things.
Some of them work until so late that I never see that
situation after I left Japan, except myself. I wish they
have a very good success in their research and future,

and really hope to see them again.
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It was also a pleasure to join some casual dinners during
my stay at Kashiwa and Tokai. They were good chances
for me and my wife to communicate and know many
people within the institute. I wish to acknowledge my

thanks to the organizers of those occasions.

Thank you again for the kind help from the members of
ISSP during my visit. I look forward to working with Prof.
Shibayama and the other colleagues of ISSP in the near
future through collaborative research schemes, such as
bilateral research program, European project, student/staff
exchange program. I have a full list of those opportunities.
Should you have any queries about the potential

collaborations, I am very happy to hear from you.

Best regards,

Akira Otsuki, PhD
Maitre de conférences / associate professor

Ecole Nationale Supérieure de Géologie

Université de Lorraine

Campus Brabois, Bat A

2 rue du Doyen Marcel Roubault, BP10162

F-54505 VANDOEUVRE-LES-NANCY Cedex - FRANCE
E-mail: akira.otsuki@univ-lorraine.fr

Tel: +33 3 72 74 45 43

UNIVERSITE
DE LORRAINE
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15:20-15:45 B08 L E (HHEKT)
2B RN X 2R c SiICF/ 77ty FOBIREAE V)
15:45-16:00 Coffee Break
16:00-16:25 B09 %k sf (4dEKT)
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17:30- Closing

Poster Session A 4 A () 16:15-17:45 <6[ET 7 U>

PO1 KM sk (BHfRF)

(R B 75 7 =0t & T3 AfEEROFHE

P02  JRH 8 GUEKRST)
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P05  HF FER CRRKRT)
P06 AR FHW CREUKRS)
PO7 ik 551% CGRECR)
P08 Il ZE (HFEKY)
P09 JkH Brox—n (&IRKF)
P10 &M fE% CERKF)
P11 Al #— CGERKRF)
P12 )il fH GRECKRH)

P13 W #kd CGROEKRT)
P14 RAMR H (HEKRT)
P15 AR Best (SRR KRS
P16 KB Juif (REKRT)
P17 50 HE CGERAY)
P18 LA E# BIRKT)
P19 [l FEF GRECRT)
P20 (LA B (REKT)
P21 EAR B GERKT)
P22  #HE &4 (RIST)
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Monday, 20 November 2017

Opening session (Chair: Junji Nakamura)

15:00
15:10
15:40
16:00

16:20
16:40

17:00

17:30

Jun Yoshinobu, Opening remarks

Wilson Ho “Single Molecule Dynamics in Space-Time”

Jan Patrick Dela Cruz Calupitan, “STM studies of highly-sensitive photoswitching terarylenes”

Kana Yamagiwa, “Observation of Surface Plasmon Polaritons Propagating at the Interfaces of Organic
Monolayers/Au(111) by Two-Photon PEEM”

Riku Shibuya, “Bottom-up design of N-containing carbon catalyst for oxygen reduction reaction”

Jie Hou, “Inter-molecule interaction for magnetic property of vanadyl tetrakis(thiadiazole) porphyrazine
film on Au(111)”

Manabu Kiguchi, “Site Selection of Single Molecule bridging Metal Electrodes with Surface Enhanced
Raman cattering”

Welcome get-together

Tuesday, 21 November 2017

Water and excited processes (Chair: Ryuichi Arafune)

09:00
09:30
10:00
10:20

Yoshiyasu Matsumoto “Molecular orientations in water ice film and at its surface”

Mischa Bonn “Surface Melting and Hydrogen Bonding at the Surface of Water Ice”

Takashi Yamada “Unoccupied electronic states at the perylene/graphite interface investigated by 2PPE”
Tea break

Water at surfaces (Chair: Yoshiyasu Matsumoto)

10:40
11:10

11:40
12:00

Miquel Salmeron “Water at interfaces - from molecules to ice and to liquid”

Zdenek Dohnalek “Adsorption and Dissociation Dynamics of Water on TiOz2 Surfaces: Combined
Molecular Beam Scattering and Scanning Tunneling Microscopy Studies”

Soon Jung Jung “Engineering the TiOz2 Anatase (101) surface”

Lunch

Ultrafast phenomena (Chair: Toshiaki Munakata)

13:30

14:00
14:30
15:00

Hrvoje Petek “Ultrafast electron dynamics at molecule-metal nanoparticle-semi(conductor/metal)
heterstructures”

Hirohito Ogasawara “Elucidation of surface reaction pathway using X-ray free electron laser”
Martin Wolf “Ultrafast Excited State Dynamics and Photoinducted Phase Transitions at Interfaces”
Tea break

Low-dimensional materials at surfaces (Chair: Noriaki Takagi)

15:30
16:00
16:20
16:50

17:10

José Ignacio Pascual “Elementary phenomena in hybrid graphene nanoribbons on surfaces”

Grant Simpson “Dipole-mediated single-molecule manipulation”

Michiko Kusunoki “Exploitation of High Quality Graphene and Novel Atomic Layers”

Shinya Yoshimoto “Gas exposure effects on monolayer pentacene field-effect transistor studied by liquid
metal Galn probes”

Iwao Matsuda “Novel Properties of Dirac Fermions in Borophene”
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18:00 Poster session (Chair: Satoshi Watanabe)

Wednesday, 22 November 2017
Catalysis (Chair: Katsuyuki Fukutani)
09:00 Kazunari Domen “Water splitting on particulate photocatalysts”
09:30 Takato Mitsudome “Cooperative Catalysis between Metal and Oxide for Environmentally Friendly
Molecular Transformations”
10:00 Sylvain Clair “Symmetry-driven catalytic activity of silver surfaces”
10:20 Tea break
Catalysis (Chair: Zdenek Dohnalek)
10:40 Michael Trenary “Spectroscopic Characterization of Reaction Pathways over a Pd-Cu(111) Single-Atom
Alloy”
11:10 Atsushi Urakawa “Hunting Surface Intermediates and Active Sites in Carbon Dioxide Conversion
Catalysis”
11:40 Peter McBreen “Structure and Dynamics of Single Chirality-Transfer Complexes on Pt(111)”
12:00 Lunch
Functional molecules at surface and interface (Chair: Tadahiro Komeda)
13:30 Rasmita Raval “Supramolecular and Covalent Assembly of Molecules at Surfaces: Chirality, Complexity
and Diversity”
14:00 Jun Terao “Synthesis of Functionalized Molecular Wires”
14:30 Ryo Yamada “Current Rectification of Single-Molecule Carbazole-Oligomer Junctions: the Role of
Asymmetrical Deformations of Molecular Orbitals”
15:00 Tea break
Single molecule spectroscopy and transport (Chair: Yousoo Kim)
15:30 Maki Kawai “Variety of Molecular Functions Induced by the Interaction with Substrates”
16:00 Jascha Repp “Tracking the ultrafast motion of a single molecule by femtosecond terahertz scanning
tunneling microscopy”
16:30 Hiroshi Okuyama “Controlled switching of single-molecule junctions by mechanical motion of a phenyl
ring”
17:00 Masaru Tsukada “Theoretical Aspects of SPM and Transport in Molecules”
17:30 Student prize award ceremony (Junji Nakamura)

19:00 Banquet  (at Toutenko (FK4L) )

Thursday, 23 November 2017
Low-dimensional exotic materials (Chair: Iwao Matsuda)
09:00 Young Kuk “Electronic and Phononic Structure Measurements on Superconducting Surfaces using
Scanning Tunneling Microscopy”
09:30 Mikito Koshino “Physics of Moiré Interfaces in 2D Materials”
10:00 Yasuo Yoshida “Direct visualization of surface-induced orbital order”
10:20 Tea break
Low-dimensional materials at surfaces (Chair: Yoshitada Morikawa)
10:40 Nicolas Lorente “Magnetic impurities on superconducting surfaces: Shiba and Majorana states studied
with the STM”
11:10 Emi Minamitani “Atomic-Scale Investigation of the Interfacial Phonon at Graphene/SiC”
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11:40
12:10

Tetsuroh Shirasawa “Tracking of Solid-Liquid Interfaces by a High-Speed Surface X-ray Diffraction”
Lunch

Bio-molecules and 2D materials (Chair: Tadahiro Komeda)

13:30
14:00
14:30

15:00
15:30

Ayumi Hirano-Iwata “Reconstitution of Ion Channel Functions in Artificially Formed Cell Membranes”
Takashi Kumagai “Near-Field Induced Chemistry Studied by Scanning Tunneling Microscopy”

Renato Zenobi “Tip-enhanced Raman Spectroscopy for Nanoscale Molecular Analysis and Imaging of
2-Dimensional Materials”

Ulrike Diebold “Using SPM to following single-molecule reactions on oxide surfaces”

Noriaki Takagi, Closing Remarks

Poster (student)

39

PS1
PS2

PS3

PS4
PS5

PS6

pPS7

PS8

PS9

PS10
PS11

PS12

PS13

PS14

PS15

PS16

pPS17

PS18

PS19

PS20

PS21
pPS22

Kanako Imamura “Properties of ammonia synthesis devises from water and nitrogen using electricity”
Toshiaki Kamoshida “Chemical Characterization of Group 3-5 Transition Metal Atom-Encapsulating Siie
Cage Superatoms on an Organic Surface”

Shuya Aoyama, Jun Kaiwa “Fluctuation of charge densities during the oxygen reduction reaction process
of FeN4 center embedded on the carbon system”

Ryota Osuga “Far-IR study of low frequency modes on various zeolites”

Takafumi Higuchi “Local electronic states at picene-metal interface studied by electron spectroscopy and
first-principles calculation”

Naoki Nagatsuka “Hydrogen adsorption on and diffusion into anatase TiOz (101) surfaces”

Fumiaki Kato “Two competing nuclear quantum effects in hydrogen-bond breaking”

Etty Nurlia Kusumawati “Immobilized Metal Nanoparticles Containing Ionic Liquids on SBA-15 for p-
nitrophenol Reduction”

Daiki Nishiori “Photochemical Hydrogen Evolution with Cyanobacterial Photosystem I - Platinum
Nanoparticle Hybrid Systems”

Yasutaka Tsuda “Surface oxide formation of copper alloys with energetic oxygen molecules”

Hirokatsu Kurosu “Elucidating the role of phosphate and borate ions adsorbing onto cobalt oxygen
evolving catalysts by in-situ observations”

Tomoki Hiue “Enhancement of oxygen evolution activity for the cobalt oxide catalyst by coordination of
glycine and its elucidation of the function”

Raphaéll Salles “Photosystem I immobilization on PtNP nanosheet”

Shun Fukami “Correlation Between High Gas Sensitivity and Dopant Structure in W-doped ZnO”
Hiroki Yamamoto “Iridium clusters protected by phenylacetylene: size-controlled synthesis and structural
characterization”

Shingo Hasegawa “Emergence of Hydrogenation Catalysis in PVP-Stabilized Gold Clusters by Doping a
Single Palladium Atom”

Tsubasa Omoda “Ligand-induced transformation of gold core of [Au2s5(SR)1s]™”

Yuriko Tsumura “STM/STS study of stacked donor-acceptor molecules formed on Cu(111)”

Septia Eka Marsha Putra “Formic Acid Decomposition on the Cu(111) Surface: Single Molecule and
Polymeric Structure”

Hiroki Miyazaki “The measurement of electronegativity of individual atoms using chemically defined
AFM tips”

Kohei Terasaki “STM imaging of various structures of DNA on Au(111) surface”

Nazriq Nana “Dipole-induced interactive manipulation of single molecules”
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PS23 Kensuke Kimura “Phosphorescence detection from a single molecule with an STM”

PS24 Hiroyuki Koshida “Formation of (NO)s and (NO)s-water on Cu(111)”

PS25 Youngjoon An “Interfacial electronic structures between pi-conjugated molecules on Au(111)”

PS26 Chun Ouyang “Electron Tunnelling through Rigid Molecular Wire Anchored between Nanogap Electrodes
and on Metal Surface”

PS27 Minhui Lee “Computational study on the formation of a highly-ordered hydroxylated graphene epitaxially-
grown on Cu(111)”

PS28 Luo Uei Liang “Scanning tunneling microscope study of Phenacene Derivatives on Au(111)”

PS29 Peiying Li “Exploration of fluorescent-tagged peptides diffusing on boron nitride by single molecular
imaging”

PS30 Natsuhiko Shimizu “High yield safe synthesis of black phosphorus”

PS31 Takakazu Seki “Electrochemical modulation of peptides organization on two-dimensional materials “

PS32 Fumihiro Imoto “First-principles study of the atomic and electronic structure of the 4H-SiC(1102)-(2x1)
surface”

PS33 Kohei Sakuma “Structural stability of self-assembled peptides as a molecular scaffold on 2D nano-
materials for Biosensors”

PS34 Maria Herminia Balgos “Spatio-temporal characterization of the electrical and optical properties of LT-
GaAs structures for THz applications”

PS35 Yuhei Kikuchi “The dielectric function of atomically thin MoSz2, MoSez, WS, and WSez observed by
linear and non-linear optical measurements”

PS36 Shigemi Terakawa “Electronic structure and phase transition of In/Si(111) /7 X +/3 -hex surface”

PS37 Yu-Hsiang Yen “Scanning tunneling microscope study of a mixed phase 2D self-assembly organic system:
PTCDA on Au(111)”

POSTER (contributed)

P1 Siew San Tan “Improvement of the Variation of Absorption Intensities with pH of Ruthenium(II) Polypyridine
Complex with Elongation of the Conjugated Ligands: An Experimental and Theoretical Investigations”

P2 Shuhei Ogo “Reaction mechanisms of oxidative coupling of methane over Ce2(WO4)s3 catalysts at low
temperatures in an electric field”

P3  Akira Yamakata “Principal Difference in the Behaviors of Photogenerated e- and h+ in Anatase and Rutile
TiO2 Powders”

P4  Taketoshi Minato “Interface Structure between Graphite and Organic Electrolyte Investigated by Frequency
Modulation Atomic Force Microscopy”

P5  Takanori Koitaya “Activation of carbon dioxide on Zn-deposited Cu surfaces studied by ambient-pressure
X-ray photoelectron spectroscopy”

P6  Shen Ye “Structure and Stability of the Lipid Monolayer on the Water Surface”

P7  Susumu Shiraki “Very-Low Solid-Electrolyte/Electrode Interface Resistance in Li(Nio.sMn1.5)O4-Based
Thin-Film Battery”

P8  Canceled

P9  Kenichi Ozawa “Carrier lifetime as a primary factor for crystal-face dependence of photocatalytic activity on
rutile and anatase TiOg”

P10 Fahdzi Muttagien “Dynamics of Desorbed COz as a Product of Formate Decomposition”

P11 Ingo Salzmann “Local processes in the molecular doping of poly(3-hexylthiophene)”

P12 Qiuyi Yuan “Reaction mechanism of Galvanic Displacement Reaction of Pt on Au(111)”
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P13
P14
P15
P16
P17
P18

P19
P20
P21

P22
P23

P24

P25
P26

P27

P28

P29
P30

P31

P32
P33
P34
P35

P36
P37
P38
P39
P40

P41
P42

41

Akira Nakayama “Catalytic Reactions at the Water/CeQO2 Interface: Hydration of 2-Cyanopyridine”
Francesca Celine Catalan “Facet-dependent anodic corrosion in boron-doped diamond electrode surface”
Jiamei Quan “Bending-mode induced CO2 hydrogenation on Cu catalysts via Eley-Rideal type mechanism”
Hiroyuki S. Kato “Predesigned Formation of Strongly Hydrogen-Bonding Heterogeneous Bilayer on Au(111)”
Kosuke Yamazoe “Hydrogen-bonding network of water in a charged polymer brush”

Nobuyuki Fukui “Geometry control of size selected Pt cluster supported on substrate by cluster impact
deposition”

Takehiko Sasaki “Functionalized Graphene Oxide for Catalytic Reactions”

Lay Thithi “Surface and Interfacial Reaction of AloO3/SiO2/Si films by SR-XPS”

Yoshihisa Harada “Single atom, 2D, 3D distributed Pt atoms on graphene sheets studied by in situ X-Ray
absorption fine structures and theoretical simulation”

Yoshihisa Harada “Probing the OH Stretch in Different Local Environments In Liquid Water”

Hisato Yasumatsu “Low-temperature catalytic activity driven by uni-sized Pt clusters bound to Si surface in
CO oxidation and NO reduction”

Hironobu Hayashi “On-surface Formation of Au-Directed Heptacene Organometallic Complexes on a Au(111)
Template”

Susumu Yamamoto “Adsorption and reaction of COz on graphene studied by ambient pressure XPS”

Kenta Motobayashi “Interfacial Structures of Ionic Liquids Affecting Electrochemical Reactions: A Surface-
Enhanced Infrared Study”

Koichiro Yamakawa “Significantly enhanced infrared absorption by CO2 adsorbed on clean and defected
surfaces of anatase TiO2(101)”

Jongsik Kim “MIL-47 (V)-Derived, V Leaching-Resistant V Carbide on Carbon Catalyst for Oxidative
Desulfurization of Aromatic Sulfur”

Kazuo Watanabe “Photoreactions of Oz2 on undulated Pd(111) surfaces”

Tatsuhiko Ohto “Trimethylamine-N-oxide: its hydration structure and surface activity, viewed by vibrational
spectroscopy and molecular dynamics simulations”

Nan Jiang “An Insight into Single-Molecule Chemistry via Scanning Tunneling Microscopy Imaging and
Advanced Raman Spectroscopy Techniques”

Aran Garcia-Lekue “Electron Transport Along a Freestanding Conjugated Molecule”

Yoshiaki Sugimoto “The nature of the chemical bond verified by noncontact AFM “

Akitoshi Shiotari “Ultrahigh-resolution imaging of water networks on Cu(110) by atomic force microscopy”
Masayuki Hamada “The measurement of the surface conductivity on the Si(111)-7x7 surface by scanning
tunneling potentiometry”

Yasuyuki Yokota “Development of Tip-Enhanced Raman Spectroscopy for Electrochemical Interfaces”
Tomoko Shimizu “Simultaneous STM/AFM measurement of meso-dibenzoporphycene”

Emiko Kazuma “Visible-light-induced molecular photodissociation on metal surfaces”

Toshiki Sugimoto “Inelastic Electron Tunneling Mediated by Molecular Quantum Rotator”

Kuniyuki Miwa “Interference effects on scanning tunneling microscope-induced light emission from coupled
system of molecular exciton and interface plasmons”

Hyung-Joon Shin “Real-space imaging of multiple electron scatterings in a single graphene”

Shunji Yamamoto “Direct Visualization of Surface Phase of Oxygen Molecules Physisorbed on the Ag(111)

Surface: A Two-dimensional Quantum Spin System”
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P43

P44

P45
P46
P47

P48
P49
P50
P51
P52
P53

P54
P55
P56

P57
P58

P59
P60
P61
P62
P63
P64
P65
P66
P67

ASSN

Eiichi Inami “Room temperature stable film formation of n-conjugated organic molecules on 3d-magnetic
substrate”

Songpol Chaunchaiyakul “Nanoscale Dehydrogenation on a Self-Assembled Monolayer Observed by Tip-
Enhanced Raman Spectroscopy”

Holly Walen “Sulfur atom adsorption on Cu surfaces: Characterization and Stability”

Norio Okabayashi “Vibrational state of a single molecule influenced by the force from a tip”

Kozo Mukai “Electronic states of Pt single atom and cluster supported on graphene studied by synchrotron
radiation XPS”

Puneet Mishra “Spatially Resolved Magnetic Anisotropy of Cobalt Nanostructures on Au(111) Surface”
Rafael Jaculbia “Towards single molecule nanospectroscopy in LT-UHV environment using STM-TERS”
Shiro Yamazaki “AFM/STM-induced atom-scale catalytic switching of molecule-like Si “

Hiroshi Imada “Single-molecule investigation of plasmon-exciton coupling”

Ryuichi Arafune “Spectroscopic demonstration of surface opto-spincurrent on Ir(111) covered by graphene”
Shin-ichiro Tanaka “Direct observation of the electron-phonon coupling between empty states in graphite via
high-resolution electron energy loss spectroscopy”

Zheng Liu “In-Situ Observation of H-BN/Graphene Heterostructure Synthesized in a STEM”

Chun-Liang Lin “Quasiparticle Scattering in Type-II Weyl semimetal MoTes”

Masahiro Shibuta “Observation of Two-Dimensionally Delocalized Exciton Confined in an Aromatic Molecular
Monolayer Formed on Organic Insulating Layer”

Hung-Hsiang Yang “Protecting Topological Surface State by Organic Monolayer”

Shozo Suto “Preparation of the anisotropic low dimensional structure of hydrogen terminated Si(110)-(1x1)
surface: Structures, electronic band structures, surface phonons and applications”

Md. Zakir Hossain “Solution processed organic functionalization of graphene”

Takahiro Kondo “Hydrogen boride sheets derived from MgB2 by cation exchange”

Matthias Koch “Single shot spin readout with a 3D crystalline transistor”

Zeyuan Ni “Germanene and stanene on 2D substrates: Dirac-cone and Zz invariant”

Chi-Cheng Lee “Studies of absolute binding energies of core electrons in epitaxial silicene on ZrBz2(0001)”
Fumio Komori “Graphene nanoribbons on periodic nanofacets of SiC”

Shohei Ogura “Development of a spin-polarized atomic hydrogen beam”

Jun Yoshinobu “Oxidation and nitridation of silicene on ZrB2/Si(111) with NO”

Hiroko Yamada “On-Surface Reactivity Investigation of Partially Fluorinated Anthracene Trimers on Au(111)”

AEBSHFOESHEIZUTO URL b ¥ v rua— RTAZ ENTX 5,

http://yoshinobu.issp.u-tokyo.ac.jp/ IIRC5_Program_booklet-Final.pdf
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R I pRi s E T < 7 — - 2017 RS 4 ) @ High-field magnetism in the heavy-fermion materials
CeRh2Si2 and URu2Si2
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H®E:

Extreme conditions of intense magnetic field and high pressure are powerful tools to tune the microscopic
interactions and explore the magnetic phase diagrams of strongly-correlated electrons systems, as heavy-fermion
magnets.

An introduction to the LNCMI-Toulouse pulsed field facility will be given, with a focus on recent technical advances,
as the generation of non-destructive pulsed fields up to 99 T, the combination of pulsed fields up to 60 T and high
pressures up to 4 GPa, and the possibility to perform neutron diffraction under long-duration pulsed fields up to 40 T.
Then I will show recent experimental studies performed using these new setups.

In a first part [1-3], I will present an investigation of the three-dimensional pressure - magnetic field - temperature
phase diagram of the heavy-fermion antiferromagnet CeRh2Si2 thanks to our new pressure cells. This phase diagram
shows a temperature- and pressure-dependent decoupling of the critical and pseudo-metamagnetic fields, at the
borderlines of antiferromagnetism and strongly-correlated paramagnetism. It is representative of a class of heavy-
fermion Ising antiferromagnets, where long-range magnetic ordering is decoupled from a maximum in the magnetic
susceptibility. Recent neutron diffraction results obtained in phase AF3 between 25.5 and 26 T (at ambient pressure)
will also be shown.

In a second part [4-5], I will present a neutron diffraction study - with our new 40-T magnet - of URu2Si2. This
paramagnetic system is well-known for its mysterious “hidden-order” phase, which develops below TO = 17.5 K,
and can be destabilized under pressure or high magnetic field. We have shown that a spin-density wave is stabilized
under a high magnetic field from 35 to 39 T applied along c. The interplay between the hidden order, the magnetic and
Fermi surface properties of URu2Si2 will be discussed.

These works have been done in collaboration with Dai Aoki, Fabienne Duc, Frédéric Bourdarot, Rikio Settai, Daniel
Braithwaite, Keitaro Kuwahara, Hiroyuki Nojiri, Naveen Kumar, Shuhei Kurahashi, Julien Billette, Paul Frings,

Xavier Tonon, Eddy Leliévre-Berna, Louis-Pierre Regnaut and Jacques Flouquet.

References:

1. “Development of Bridgman-Type Pressure Cell for Pulsed High Magnetic Field”, R. Settai, W. Knafo, D. Braithwaite,
S. Kurahashi, D. Aoki, and J. Flouquet, Review of High Pressure Science and Technology / Koatsuryoku No Kagaku
To Gijutsu 25, 325 (2015).

2. “Pressure cell for transport measurements under high pressure and low temperature in pulsed magnetic fields”, D.
Braithwaite, W. Knafo, R. Settai, D. Aoki, S. Kurahashi, and J. Flouquet, Rev. Sci. Instrum. 87, 023907 (2016).

3. “Three-dimensional critical phase diagram of the Ising antiferromagnet CeRh2Si2 under extreme conditions of
pressure and magnetic field”, W. Knafo, R. Settai, D. Braithwaite, S. Kurahashi, D. Aoki, and J. Flouquet, Phys. Rev.
B 95, 014411 (2017).

O T T T T MEE LV ST B4 B 48



4. “Field-induced spin-density wave beyond hidden order in URu2Si2”, W. Knafo, F. Duc, F. Bourdarot, K. Kuwahara,
H. Nojiri, D. Aoki, J. Billette, P. Frings, X. Tonon, E. Leliévre-Berna, J. Flouquet, and L.-P. Regnault, Nature
Commun. 7, 13075 (2016).

B BBt 2 J— : Quantum spin liquid in honeycomb iridates HsLilr:Os : low temperature specific
heat studies
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H®E:

Recently, layered spin-orbit Mott insulators with two-dimensional (2D) honeycomb lattice attract a lot of attention
because of possible quantum spin liquid (QSL) states. In particular, Kitaev model, which is a bond dependent Ising
model on a honeycomb lattice provides an unique example of an exactly soluble 2D model with topological QSL ground
state and fractionalized excitations [1]. Surprisingly, this rather artificial setting, i.e., the bond dependent Ising
interactions, has been suggested to be realized in honeycomb iridates composed of edge-sharing IrOs octahedra [2].
Here, the unique Jes = 1/2 state arising from the strong spin-orbit interaction of Ir* ion is the key ingredient.

While all the candidates suggested so far, such as a-A2IrOs (A = Li, Na) and b-Li2IrOs, magnetically order at finite
temperatures [3-5], a recently developed new compound HsLilr20sturned out to be a promising candidate of QSL on a
honeycomb lattice [6]. Magnetic susceptibility and 7Li-, 1H-NMR measurements do not indicate any anomaly down to
0.5 K in spite of the large Weiss temperature qw ~ -90 K. NMR spectra are quite sharp with a width of about 0.001
mp and exhibit no broadening on cooling demonstrating the cleanest spin liquid ever observed. Both Knight shift and
1/(T1T) suggest the existence of gapless excitations. Especially, almost constant 1/(717) in weak magnetic fields below
20 K resembles Korringa law inherent to Fermi liquid.

Here I further present the results of the low temperature specific heat (C) measurements. No ordering have been
found down to the lowest temperature of 30 mK. Interestingly, C/T at zero-magnetic field exhibits a weakly diverging
behavior with 1/7%% temperature dependence. On the other hand, this weakly diverging behavior is suppressed under
magnetic field and instead there appears a power law behavior with C ~ T2, which is consistent with 2D Dirac fermions.
Furthermore, we found a 7/B scaling with a form C/B°%5 ~ f(T/B) for all the data obtained in the temperature and field
range below 1 K and 8 T. Interestingly, field induced suppression found in 1/71 is fully consistent with the 7/B scaling,
if we assume that both C and 1/T1 reflect the density of states arising from the same fermionic excitations. In this
presentation, I will further discuss the implication of these observations and possible scenarios for the QSL behaviors.
This work has been done in collaboration with Tomohiro Takayama, Kentaro Kitagawa, Riku Takano, Robert

Dinnebier, George Jackeli and Hidenori Takagi.

[1] A. Kitaev, Ann. Phys. (N.Y.) 321, 2 (2006).

[2] G. Jackeli and G. Khaliullin, Phys. Rev. Lett. 102, 017205 (2009).

[3] Y. Singh and P. Gegenwart, Phys. Rev. B 82, 064412 (2010).

[4] Y. Singh, S. Manni, J. Reuther, T. Berlijn, T. Thomale, W. Ku, S. Trebst and P. Gegenwart, Phys. Rev. Lett. 108,
127203 (2012).

[6] T. Takayama, A. Kato, R. Dinnebier, J. Nuss, H. Kono, L. S. Veiga, G. Fabbris, D. Haskel and H. Takagi, Phys. Rev.
Lett. 114, 077202 (2015).
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[6] K. Kitagawa, T. Takayama, Y. Matsumoto, A. Kato, R. Takano, Y. Kishimoto, R. Dinnebier, G. Jackeli and H.
Takagi, preprint (2017).
Y.Matsumoto@fkf.mpg.de

B e - it 2 J—  Quasi-two dimensional (g2D) organic Mott insulators as seen by inelastic light
scattering: from spin liquid to dipole liquid
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H®E:

Mott insulators are commonly pictured with electrons completely localized on lattice sites. Their low-energy physics
involves spins only. In addition, it was shown theoretically that new charge degrees of freedom can emerge in molecule-
based Mott insulators as electrons occupy extended molecular orbitals, and can result in a quantum dipole liquid state.
We probe few BEDT-TTF-based 2D Mott insulators using Raman scattering technique. We identify magnetic excitation
in an antiferromagnetic compound x-(BEDT-TTF)2Cu[N(CN)2]Cl and a spin liquid candidate x-(BEDT-TTF)2Cu2(CN)s.
We show that their spectrum of excitations is very different from that of a new triangular lattice Mott insulator -
(BEDT-TTF)2Hg(SCN)2Br. Our data demonstrate an existence of quantum dipole liquid in this compound. Here, when
in the Mott insulating state electrons localize on dimer (BEDT-TTF)zlattice sites, they form electric dipoles which do
not order at low temperatures. We experimentally detect charge fluctuation with frequency of about 50 cm-lusing
Raman spectra of vibrations of BEDT-TTF molecule. In addition, in the low frequency Raman scattering response we
detect a collective mode at about 50 cm-!due to respective dipole fluctuations. Heat capacity of x(BEDT-
TTF)2Hg(SCN)2Br demonstrates a linear term at low temperatures, supporting a scenario where the composite spin

and electric dipole degrees of freedom remain fluctuating down to the lowest temperatures.

B : BiGRtE 2 J—: Anomaly Manifestation of Lieb-Schultz-Mattis Theorem and Topological Phases
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®E:

The Lieb-Schultz- Mattis (LSM) theorem dictates that any one-dimensional electronic lattice system cannot be a
trivial symmetric insulator if the filling per unit cell is not integral and if the lattice translation symmetry and particle
number conservation are strictly imposed. In this talk, I will make a comparison between such one-dimensional
metallic (gapless) states enforced by the LSM theorem and the boundary gapless states of one-higher dimensional
symmetry-protected topological (SPT) phases, from the perspective of quantum anomalies. These two kinds of systems
are the rare circumstances where the emergent structures of many-body systems are largely constrained by
microscopic kinematic data such as symmetries and spatial dimensions. While at low-energy they are both described
by the same effective field theory with the same effective symmetry realizations on low-energy modes, wherein non-
on- site lattice translation symmetry is encoded as if it is a local symmetry, the anomalies of the symmetry in the low-
energy theory play different roles in these two systems. In particular, as I will show, the usual chiral anomaly is

equivalent to the LSM theorem, whereas there is another anomaly which is not related to the LSM theorem but
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intrinsic to the SPT states. As an application, the conventional LSM theorem is extended to multiple-charge multiple-

species problems, and several exotic symmetric insulators are constructed.

Reference:
G. Y. Cho, C.-T. Hsieh, and S. Ryu, arXiv:1705.03892 (2017).
(The first two authors contributed equally to the work.)

B Bilae—L 2 RERPEE I — ORI U 2BREHA LawsSrusCwOdZ BT BV a 7Y 0TI XL
HEE : 2017 4E 10 A 16 H(A)  2F#ij 10 B~

B - DERESE I ASES 6 B S —23iEis (A636)

1 /s 4 ]

T © RS

HE:

IOV A L — =& O T E 2 E I ET DR EANATON TV DR T, IEFFHIRE A VT R E ST
5 L7ZHFZED—2 YBazCusOe+s TR SN 7z [EFHE=SIEREE ) Tho, iz b\ < 20Ot TRl B4
DB E ], ZOMRIZ O TEACHERMTON TS, 2O EHEOERPHFEBLEE MRS -0, Yo
t 7Y 7T A RGIPR) & I D EFIRE D DS ORIER I A7 MZENT- 2 LIGERT 5, SRy
BRI AR, EEMEOE CuO: 2GRS 2 kA T c il i mIc# 72 - - BB E 2 F5 B IR LLT Tk CuOs
AN 2 ROBIRER RIRDO Y a7 Y VHGIC I o T c WA MICIRN D 2 LTV &R E LTRIIEEEZ TR T, 2D ¢
T EOREIC L 57T X<iihy JPR L LTT 7~ VWY HKERIZEND 2D, 7T~V VAT a—T L LI
A R 23 R B ZE I B W CEHEARFE Z B2 LTV 5D,

TNETOERIT, Xy v 7OENDLT ¥ — F—T B0, BIR8L X NI A TREBERT2WER L, EER
REDFERARIZH DM ENTORWREIFEMIC L TENS JPR Ziim L T\ 5720, RSO TEELY, ok
D IRBEHER ROV TR T D AMC, E TN JPR 23 3 EER L8R 2 et L7 Reic JPR 23 8 9 Z{bT 5
MERLNCT A ZERMETH D, FxlThE F—7 LaissSro15Cu2Os (ZHEEE 21TV, il T & 138725 JPR 238l
NDRERIMWELERNPHELT 2 Z & 2R U2 [2], S {tBIRE O T OWRDBENIH RN E 525 ZDHE
BRAE OV T L7200,

[1] For a review, see e.g., D. Nicoletti and A. Cavalleri, Adv. Opt. Photon. 8, 401 (2016).

[2] K. Tomari, R. Matsunaga, R. Shimano et al., in preparation.

B e - itk 2 J— : Self-assembled bilayer molecular metals (CNB-EDT-TTF).X;The role of C-N--
H interactions in a new prototype of 2D Molecular Conductors
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®HE:

The electron donor BEDT-TTF and related symmetrical derivatives have been at the origin of a large number of 2D
electronic systems presenting a large diversity of ground states that have been intensively studied during the last
years.

In this presentation it will be shown how dissymmetrical ET derivatives like cyanobenzene-ethylenedithio-

tetrathiafulvalene (CNB-EDT-TTF), thanks to a combination of C-N---H hydrogen bond assisted dimeric interactions
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can be at the origin of a new type of 2D systems, (CNB-EDT-TTF)4X, (X= ClO4-, PF¢-, I3-, --*) which are characterized
by a unique bilayer structure of the donors.

This novel type of salts exhibit 2D metallic properties with special characteristics derived both from the unusual
stoichiometry and the weak interaction between paired layers. These properties are related to a high band filling, large
electronic effective masses and quasi degenerated 2D Fermi surfaces, as predicted by band structure calculations and
in agreement with electron transport measurements in single crystals. Depending on the donor packing pattern some
of these 2D metals can present superconductivity at temperatures close to 3K.

The formation of the bilayers by self-assembly is however critically dependent on the counter anions and growth
conditions. The rich variety of polymorphism and physical properties that has been recently observed in these (CNB-
EDT-TTF)4X salts will be also presented in detail.

2 PGt X J— : Dynamics of confined membranes
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Bilayer lipid membranes are abundant in biological systems. They are found in cell membranes, skin, pupils,
articulations and pulmonary organs. In biological environments, these membranes are often confined by other
membranes or by various substrates. We have investigated the role of confinement on the dynamics of lipid membranes.
We first derive a lubrication model for an inextensible bilayer lipid membrane confined between two parallel and flat
attractive walls. The resulting model shares similarity the Swift-Hohenberg equation, and with standard coarsening
models such as the time-dependent Ginzburg-Landau equation or the Cahn-Hilliard equation. However, our model
exhibits a specific behavior controlled by the fixed total quantity of lipids in the system, which imposes a constant total
membrane area.

We find that membranes with smaller intrinsic areas form frozen finite-size flat adhesion domains, while membranes
with a larger intrinsic area form a frozen labyrinthine wrinkle phase. For intermediate areas, coarsening is found, i.e.
an endless increase of the size of adhesion domains. This coarsening behavior is associated to a coexistence between

flat adhesion domains and wrinkle domains.

R : F )Y 1 T Atk 3IF— : Spin-polarized scanning tunneling microscopy with quantitative insights
into magnetic probes
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Spin-polarized scanning tunneling microscopy and spectroscopy (spin-STM/S) has been successfully applied to
magnetic characterizations of individual nanostructures. Spin-STM/S is often performed in magnetic fields of up to
some Tesla, which may strongly influence the tip state. In spite of the pivotal role of the tip, the contribution of the tip
in spin-STM/S has rarely been investigated in detail. In this talk, an advanced analysis of spin-STM/S data measured

on magnetic nanoislands, which relies on a quantitative magnetic characterization of tips, will be discussed. In-field
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spin-STM on Co bilayer nanoisland on Cu(111) has enabled a quantitative determination, and thereby, a categorization
of the magnetic states of the tips. The resulting in-depth and conclusive analysis of magnetic characterization of the
tip opens new venues for a clear-cut sub-nanometer scale spin ordering and spin-dependent electronic structure of the
non-collinear magnetic state in bilayer high Fe nanoislands on Cu(111).

This work has been performed in collaboration with Dirk Sander, Max-Planck-Institute of Microstructure Physics,

Halle, Germany.
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Spiro-biphenalenyl (SBP) boron radicals constitute an important family of molecules for the preparation of
functional organic materials. The building blocks of several SBP-based crystals are  -dimers of these radicals, in which
two phenalenyl (PLY) rings face each other and the other two PLYs point away from the superimposed PLYs. The
dimers of ethyl-substituted-SBP and butyl-substituted-SBP undergo a spin transition that results in changes in the
magnetic, optical and conducting properties of the material. The spin transition of ethyl-SBP occurs at around 140 K,
while the spin transition of butyl-SBP occurs with a hysteretic loop 25 K wide centered at 335 K. In this talk, the
results of a computational study aimed at identifying the driving forces of these spin transitions will be presented. The
origin of the hysteresis in the phase transition of butyl-SBP will be also disclosed. In particular, it will be shown that
electrostatic interactions between radicals play a key role in enabling the spin transitions and that the bistability of
butyl-SBP originates in the coupling between the spin transition of its n-dimers and the conformational switch of its

butyl chains.
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i . th#k 7 I J— : Critical dynamics of quantum magnets observed by neutron scattering
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Much of interest in quantum magnetic systems is driven by the fact that they serve as excellent realization of
quantum critical phenomena. In these situations the finite temperature properties of the materials are defined by the
quantum-disordered ground state. Often this concerns not just the thermodynamic properties, but also the details of
the excitation spectra [1], which can be directly probed by inelastic neutron scattering. Despite quantum critical
dynamics in 1D magnets is rather ubiquitous and has many faces, experimentally observing it is challenging and
requires a careful choice of the model material and the measurement parameters. Nonetheless, today’ s progress in
sample synthesis and neutron instrumentation allows to verify many of the long-standing theoretical predictions.

The recent achievements include the “tunable” Tomonaga-Luttinger spin liquids (TLSL) in magnetized S=1/2 spin
chains [2] and ladders [3]. In these systems the interactions between the effective fermionic quasiparticles vary as a
function of external field [4], and sometimes can even be made attractive instead of a conventional repulsion. In
addition to extended quantum critical phases such as TLSL, quantum critical dynamics can be also observed at isolated
quantum critical points. For instance, “Ising model in transverse field” -type critical dynamics can be found in a
dimerized S=1 chain [5]. The most recent example are the excitations at the saturation field of a quantum spin chain,
representing z=2 critical point in one dimension [6]. Inherent to this QCP is the parameterless scaling, known as “zero-

scale universality” [7], which, however, is found to be obscured at elevated temperatures.
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B BB E I J— : Unveiling the Ground State Properties of the S =1/2 Kagome Heisenberg
Antiferromagnet ZnCus(OH)sCl: via Single Crystal NMR
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The experimental quest for a quantum spin-liquid state (QSL) in frustrated magnetic systems serves fundamental
scientific interests, as this intriguing quantum phase provides a fascinating platform for discovering exotic collective
phenomena. The S=1/2 kagome Heisenberg antiferromagnet ZnCus(OH)sClz (herbertsmithite) is one of the leading
contenders for an experimental realization of a QSL; in particular, the discovery of a continuum of spinon excitations
using inelastic neutron scattering [1] has stimulated intense research into its physical properties. However, the nature

of the paramagnetic ground state in this material remains highly debated, primarily owing to the difficulty in revealing
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the intrinsic magnetic behaviour of the kagome lattice from defect contributions.

We will discuss our single crystal NMR measurements to probe the local spin susceptibility, low-frequency spin
fluctuations, and the effects of defect Cu2+ spins occupying the Zn?* sites. Most importantly, we demonstrate that the
low- temperature behaviour of the intrinsic spin susceptibility provides direct evidence for a QSL state with a small

energy gap in ZnCus(OH)sCl: [2].

[1] T. H. Han, J. S. Helton, S. Chu, D. G. Nocera, J. A. Rodriguez-Rivera, C. Broholm and Y. S. Lee, Nature 492, 406
(2012).
[2] M. Fu, T. Imai, T. H. Han and Y. S. Lee, Science 350, 655 (2015).
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We study a T = 0 quantum phase transition between a quantum paramagnetic state and a magnetically ordered
state for a spin S = 1 XXZ Heisenberg antiferromagnet on a two-dimensional triangular lattice. The transition is
induced by an easy plane single-ion anisotropy D. At the mean field level, the system undergoes a direct transition at
a critical D = Dc between a paramagnetic state at D > Dc and an ordered state with broken U(1) symmetry at D < Dc.
We show that beyond mean-field the phase diagram is very different and includes an intermediate chiral liquid phase.
Specifically, we find that the Ising (Jz) component of the Heisenberg exchange creates an attraction between magnons
in the paramagnetic phase and binds magnons into a two-particle bound state. This two-magnon bound state
condenses at D > Dec, pre-emptying single particle condensation, and gives rise to a chiral liquid phase which
spontaneously breaks spatial inversion symmetry, but leaves the spin-rotational and time-reversal symmetries intact.
The chiral liquid phase is characterized by a finite vector chirality without long range dipolar magnetic order. We
corroborate our analytic treatment with a numerical analysis and show evidence of the chiral phase by means of the

density matrix renormalization group calculations.

B : Bl S — : Recent Progress in a Calculation Method of Quasiparticle Spectra
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Photoelectron spectra represent the total energy difference between the N-electron system and the (N=*1)-electron
system, which give the basic idea of the quasiparticle (QP) energies.

Very recently, we found that the rigorous formulation involving the QP energies, the QP wave functions, and the QP
equation can be applied not only to the N-electron ground state but also to any M-electron excited eigenstate [1].
Focusing on this topic, I will explain our recent achievement of the self-consistent GW I" calculation [2], the GW
without Bethe-Salpeter equation method for photoabsorption spectra [3], and the TDGW method for excited state
dynamics simulations [4]. These calculations were carried out by using the all-electron mixed basis approach (program

name TOMBO), which uses both numerical atomic orbitals and plane waves [5].

[1] K. Ohno, S. Ono, and T. Isobe, J. Chem. Phys. 146, 084108 (2017).
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Correlated Dirac systems are currently one of the most active research areas in condensed matter physics. The topic
is experimentally relevant in the context of graphene and other Dirac materials, and theoretically releveant because
the corresponding low-energy field theories exhibit remarkable topological properties and are closely related to high-
energy physics. We will present exact quantum Monte Carlo results for a model of Dirac fermions in 2+1 dimensions
with dynamically generated, anti-commuting SO(3) Néel and Z2 Kekulé mass terms. We will provide evidence for a
direct and continuous transition between the Néel and Kekulé phases. The fermions remain gapped across the
transition, and our data support an emergent SO(4) symmetry unifying the two order parameters. While this phase
transition falls outside the Ginzburg-Landau-Wilson paradigm, the emergent SO(4) invariance permits an

interpretation of the transition in terms of deconfined quantum criticality [1].
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