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The ISSP asks its invited academics to write, when their stay is ending, an informal essay about how their visit was.
I soon found out that writing this essay was much more difficult than I originally thought! The reason is that I enjoyed
so much the 5 months spent here that I had a hard time accepting that my visit would be over soon, and that I had to
look back and write the report marking the official end of it. Of course, reviewing all the cutting-edge research that
I could perform these months at ISSP, the enriching interactions with the people in the group of Professor Shin (my
host team), in the Institute, and in Kashiwa campus, and the wonderful cultural (and culinary!) immersion made

possible by this stay, were all delightful motivations to happily undertake the task.

I was visiting Professor at ISSP from mid-March to mid-August 2014. I worked in the group of Professor Shin,
studying by photoemission spectroscopy the electronic structure of several correlated-electron systems, including two-
dimensional electron gases at the surface of transition-metal oxides and the quantum criticality in some of heavy-
fermion materials. The Shin group has an impressive collection of state-of-the-art instruments for photoemission
measurements using laser excitation. I could take advantage of this to perform or participate in experiments using
several variants of photoemission spectroscopy, like ultra-high-resolution angle-resolved photoemission, time- and
angle-resolved photoemission, and laser-excited photoelectron microscopy. The results of some of these experiments
are now the subject of a paper under preparation, and more data is still under analysis. More generally, I found it very
beneficial to be able to have at one’s disposal such a variety of techniques in the same laboratory. This gives a lot of
versatility in the research and boosts creativity. Moreover, it was a true honor and a lot of fun to work side by side in
the lab with the members of the Shin group. I strongly appreciated their ability to combine, in a relaxed and friendly
atmosphere, meticulous measurements with jubilant conversations and gargantuesque dinners in delicious (or
extreme!) Japanese restaurants. The interactions nurtured during these months with the Shin group became the basis

of a collaborative long-term project (JSPS-CNRS) that we are now preparing.

One of the most remarkable experiences during my stay was the interaction with Ms Akiko Kameda and Ms Chihiro
Seki at ISSP’s International Liaison Office. They virtually prepared all the formalities for my venue, and helped me
with all the paperwork and practical issues before and during my stay, like reserving a room in the International
Lodge, opening a bank account, or lending me an awesome green-fluorescent bike during all my stay. The bike was
very convenient for wandering around Kashiwa, and let me amusing souvenirs, including a mildly cracked rib after a
rather innocent fall — not a serious injury, its only effect being that for a couple of weeks I had to embrace myself when

laughing to hold the pain.
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In fact, Akiko and Chihiro know extremely well how to navigate smoothly in the labyrinth of Japanese
administration. Furthermore, they were always happy to help even in complicated bureaucratic procedures or
situations of the daily life of a gaijin trying to find his way in Heisei-26’s Japan. Additionally, they always had their
office open for sharing a coffee and discuss about mundane and divine subjects. I enjoyed a lot our conversations on
Japanese and Latin-American cultures and literature, as well as their help to organize some of my weekend travels

around Tokyo.

Another enjoyable part of the daily life at Kashiwa Campus was having a coffee at Yamamoto-san’s Café in the Coop
store just in front of ISSP. She is a very friendly person, and her coffee is by far the best around. Many of the foreign
visitors in Kashiwa Campus frequent Yamamoto-san’s Café for an espresso after lunch or a break in the afternoon.

She knows the names and deeds of all!

During my visit to ISSP I could also join the Japanese lessons for foreigner visitors offered by the Kashiwa Campus.
The courses provided basic skills for understanding and communicating in everyday situations, and were a nice way
to get more involved into Japanese life and culture. I enjoyed the lessons a lot, although the work in the lab and the
research duties prevented me from reviewing assiduously at home the lessons of each day. However, I felt that most
of the courses focused in memorizing conversations of commonly encountered situations, without a clear connection
between consecutive lessons and few elements about the structure and logic of the language. Having learnt other
languages before, my impression is that, for an adult, learning first the basic grammatical elements and the structure
and logic behind a new language might be a better approach, rather than, for instance, trying to memorize from the

beginning the dozens of different ways to enumerate things depending on their nature, size or shape.

During my stay I took home at the University of Tokyo’s Kashiwa International Lodge. The residence hosts students,
post-docs and visiting academics from all over the world. It is modern, clean and well organized. My room, albeit
small, had all what I needed for a comfortable stay. More important, the residence is very well located, exactly mid-
way between the Campus and the Tsukuba Express station and shopping mall —both 5 minutes by bike. As a
constructive remark, the International Lodge has a few rather constraining rules that are difficult to understand or
whose rationale is not well explained. Sometimes these rules give the impression of being treated as a child. For
instance, visitors staying overnight are not allowed —so it’s not possible to host family members or friends for short

visits. This seems not logic for an apartment for which one is being responsible and paying a rent.

The period of my stay allowed me to appreciate the beauty of Japan during spring and summer. I loved the magic
and power of the Cherry Bloom, and the merry Hanami parties under flourished trees to enjoy with friends the arrival
of spring. During weekends I usually took the time to explore Tokyo, and discover restaurants and parks around the
megalopolis. I was struck by the magnificence of nature all around, and how one can find oneself immersed in
amazing landscapes, walking in a deep gorge along a small river of playful crystalline waters, the whole just a couple
of hours by train from Tokyo! But above all, I was deeply marked by the genuine kindness of the people I encountered

all around Japan.

All in all, my stay at ISSP has been among the best scientific and human experiences of my career, and one of the

most fun adventures I have lived.
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Mott metal-insulator transition on compressible lattices
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Nonequilibrium electron dynamics in one-dimensional extended Hubbard model

Vladimir Maryasin  (Univ. Grenoble Alpes)

Order by structural disorder in frustrated Heisenberg triangular antiferromagnet
Toshihiro Sato  (RIKEN)

Dynamics change at the Mott transition: examination of doublon dynamics

in a triangular-lattice Hubbard model

Tatsuya Fujii  (ISSP)

Pomeranchuk instability for ion diffusion in NaxCoO;

Seiichiro Suga  (Univ. Hyogo)

Pairing symmetry of superfluid in three-component repulsive fermionic atoms

in optical lattices

10:30-11:30 Shintaro Hoshino (UTokyo, Meguro)
Odd-frequency superconductivity in two-channel Kondo lattice
and its electromagnetic response
16:00-17:00 Sebastian Schmidt (ETH Zurich)
Flat band physics with strongly correlated photons (#PERFEL & 2 ) — & Hf)
6H23H ()
10:30-11:30 Akihisa Koga (Tokyo Inst. Tech.)
Superfluid state in the multi-component fermionic optical lattice systems
16:00-17:00 Kazumasa Hattori (ISSP)
Application of continuous-time quantum Monte Carlo to impurity problems
in Tomonaga-Luttinger liquids
6H24H (k)
10:30-11:30 Junya Otsuki  (Tohoku Univ.)
Dual fermion approach to unconventional superconductivity and spin/charge density wave
16:00-16:30 Jun Goryo  (Hirosaki Univ.)
Pairing states in Kane-Mele-based systems
6H30H (H)
10:30-11:30 Tetsuya Takimoto (Hanyang Univ.)
Topological Kondo Insulator SmBg
16:00-16:30 Robert Peters (RIKEN)
Spin density waves in heavy fermion systems
7TH1R(K)
10:30-11:30 Deniz Golez  (Univ. Fribourg)
Lifshitz phase transitions in Kondo lattice model
16:00-16:30 Masafumi Udagawa (UTokyo, Hongo)
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Domain wall creation by electric current in all-in/all-out magnets




7H28 (K)
10:30-11:30 Joji Nasu (Tokyo Inst. Tech.)

Kitaev physics in strongly correlated electron systems with spin-orbit coupling
16:00-16:30 Keisuke Totsuka (YITP, Kyoto Univ.)

Symmetry-protected topological Mott phases of ultra-cold fermions in one dimension
TH3H (R)
10:30-11:30 Naoto Tsuji (UTokyo, Hongo)

Anderson pseudospin resonance with Higgs mode in superconductors
16:00-16:30 Masaki Tezuka (Kyoto Univ.)

Interacting cold atoms on quasiperiodic lattices: dynamics and topological phases
7TH4H (&)
10:30-11:30 Yuki Kawaguchi  (UTokyo, Hongo)

Goldstone-mode instability in a spinor Bose-Einstein condensate

VURTY LT AT T A

6H25H (K)
10:00-10:10 Opening (director of ISSP, Masashi Takigawa)

Dynamical Mean Field Approach and related topics

10:10-10:35

10:35-11:00

11:00-11:25

11:25-11:50

11:50-12:15

Emanuel Gull  (Univ. Michigan)
Equilibrium and non-equilibrium properties of quantum impurities: Insight from
diagrammatic Monte Carlo methods on the real-time contour

Michael Potthoff (Univ. Hamburg)
Inverse indirect magnetic exchange

Ryotaro Arita  (CEMS, RIKEN)
Momentum differentiation enhanced by Hund's coupling: A multi-orbital cluster DMFT study

Hartmut Hafermann (CEA Gif-sur-Yvette)
Diagrammatic extensions of dynamical mean-field theory: applications and insights

Takasada Shibauchi  (UTokyo, Kashiwa)
Quantum criticality and unconventional superconductivity in iron-pnictides

Heavy Fermion Systems and Multipole Orders

13:30-13:55

13:55-14:20

14:20-14:45

14:45-15:10

Yoshio Kuramoto (Tohoku Univ.)
How to remove entropy in two-channel Kondo lattice

Takahiro Onimaru  (Hiroshima Univ.)
Quadrupolar ordered phases in Pr-based superconductors PrT,Zn;0 (T=Rh and Ir)

Hiroaki Kusunose (Ehime Univ.)
Spontaneous parity breaking by electron correlations

Koichi lzawa (Tokyo Inst. Tech.)
Unusual transport in Pr 1-2-20 system with non-Kramers doublet ground state

Quantum Spin Systems and Frustration |

15:50-16:15

16:15-16:40

Alexander Chernyshev (UC Irvine)
Odd interactions in quantum magnets and liquids

Yukitoshi Motome (UTokyo, Hongo)
Vaporization of a quantum spin liquid
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16:40-17:05 Michael Zhitomirsky (CEA Grenoble)
Novel physics of dirty magnets: from “order by quenched disorder” to spin dynamics
17:05-17:30 Takashi Oka (UTokyo, Hongo)
Floquet topological phase transitions: Control of solid state systems by laser
626H (K)
Superconductivity
9:30-9:55 Masatoshi Imada (UTokyo, Hongo)
Mechanism of superconductivity for iron-based superconductors revealed by ab initio studies
9:55-10:20 Daniel Agterberg  (Univ. Wisconsin-Milwaukee)
FFLO-like state in oxide interface superconductors
10:20-10:45 Julien Garaud (Univ. Massachusetts Amherst)

Topological defects and their experimental signature in s+is superconductors

Topological Properties

11:00-11:25

11:25-11:50

11:50-12:15

Thomas Dahm  (Bielefeld Univ.)
Topological insulators and ferromagnets: appearance of flat surface bands

Hosho Katsura (UTokyo, Hongo)
Exact ground states of an interacting Kitaev/Majorana chain

Andreas Schnyder (MPI Stuttgart)
Topological classification of insulators, semi-metals, and superconductors

Novel Numerical Approaches and Nonequilibrium Phenomena

13:30-13:55

13:55-14:20

14:20-14:45

14:45-15:10

15:25-17:30
18:00-20:00

Tao Xiang (Chinese Acad. Sciences)
Renormalization of quantum many-body systems by the projected entangled simplex states

Naoki Kawashima (ISSP)
Numerical attempts to observe deconfined criticality

Martin Eckstein  (Univ. Hamburg)
Ultrafast laser control of the magnetic exchange interaction

Yasuyuki Kato (CEMS, RIKEN)
Quantum Monte-Carlo study of deconfined bosonic spinons, a Higgs-confining transition, and
two crossovers in quantum spin ice

Poster session

Banquet

6H27H (&)

Quantum Spin Systems and Frustration I

9:30-9:55

9:55-10:20

10:20-10:45

Federico Becca (SISSA, Trieste)

Gapless spin liquids in frustrated Heisenberg models

Minoru Yamashita (ISSP)

Study of elementary excitations of two-dimensional quantum spin liquids
Oleg Tchernyshyov  (Johns Hopkins Univ.)

Quantum spin liquids and gauge theories

Metal-Insulator Transition and Superconductivity

11:00-11:25

11:25-11:50
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Zenji Hiroi  (ISSP)

Metal-insulator transition of VO,

ElenaBascones (ICMM-CSIS, Madrid)

Correlations and magnetism in iron superconductors




11:50-12:15 Youichi Yanase (Niigata Univ.)
Chiral superconducting state of Sr,RuQ, and URu,Si, in the magnetic field
Strongly Correlated Metals
13:30-13:55 Norio Kawakami (Kyoto Univ.)
Kondo effect in layered heavy-fermion systems
13:55-14:20 Srinivas Raghu (Stanford Univ.)
Wilsonian and large N approaches to non-Fermi liquid behavior at quantum critical points
14:20-14:45 Masao Ogata (UTokyo, Hongo)
Crossover between BCS superconductor and doped Mott insulator, and possible normal states
in the two-dimensional Hubbard model
14:45-15:10 Karsten Held (Vienna Univ. Tech.)
A poor man’s explanation of kinks in strongly correlated electron systems
15:10-15:20 Closing (Hirokazu Tsunetsugu)
VUV LRAL —FRT 0T T L
PS-01 Kenji Harada (Kyoto Univ.)
Symmetry-protected topological order and negative-sign problem for SO(N) bilinear-biquadratic
chains
PS-02 Kazumasa Hattori  (ISSP)
Continuous-time quantum Monte Carlo method for quantum impurity in Tomonaga-Luttinger
liquid
PS-03 Hans-Georg Matuttis (Univ. Electro-Comm.)
The Fermionic minus-sign problem:
New perceptions from higher-order Suzuki-Trotter decomposition methods
PS-04 Toru Sakai  (JAEA, SPring-8)
Novel field-induced quantum phase transitions in the Kagome-lattice antiferromagnet and related
systems
PS-05 Toshikaze Kariyado (Univ. Tsukuba)
Bulk-edge correspondence with the Berry phase: Symmetry and fractional quantization
PS-06 Masaaki Nakamura (IIS, UTokyo)
One-dimensional description of various fractional quantum Hall systems
PS-07 Hikaru Ueki (Hokkaido Univ.)
Propagation of zero sound in dilute gases
PS-08 Kazumasa Tsutsui  (Hokkaido Univ.)
Studying BEC with a new self-consistent approximation
PS-09 Masaki Tezuka  (Kyoto Univ.)
Phase diagram and quench dynamics of one-dimensional cold gases with power-law interactions
PS-10 Kazushi Aoyama (Kyoto Univ.)
Inhomogeneous noncentrosymmetric superconductors in magnetic fields
PS-11 Masahisa Tsuchiizu (Nagoya Univ.)
Spin triplet superconductivity in Sr,RuO, due to orbital and spin fluctuations: RG+cRPA analysis
PS-13 Kazuhisa Nishi
A composite fermion model of high-temperature superconducting cuprate
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PS-14 Masaya Nakagawa (Kyoto Univ.)
Dynamical melting of a Mott insulator induced by Kondo effect

PS-15 Nayuta Takemori (Tokyo Inst. Tech.)
Local electron correlation in quasi-periodic systems

PS-16 Shin Miyahara (Fukuoka Univ.)
Theory of magnetoelectric effects in multiferroics BiFeO3

PS-17 Takuya Sugimoto  (UTokyo, Kashiwa)
Electronic structure of quantum spin-liquid compound Ba3CuSb,0q

PS-18 Hiroshi Watanabe (CEMS, RIKEN) .

PS-12 |X K
Superconductivity and metal-insulator transition in SrzlrO4
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i BT > 7+ — <)V 3 F—  Problem specific solutions for linear systems and eigenproblems in
condensed matter physics
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Most of recent numerical algorithms in applied mathematics for linear system and eigenproblem are not so popular
in physical society. We have applied two algorithms of them to problems appeared in condensed matter physics, linear
response TDDFT calculation and Bogoliubov-de Gennes equation, to obtain the results efficiently.

We have employed a shifted-Krylov subspace solver to obtain photo absorption cross section in isolated systems,
molecules and clusters, within modified Sternheimer scheme. We assume relatively large system and spatial grid
representation for Kohn-Sham orbital with a pseudopotential in the time-dependent Kohn-Sham equation. In order
to obtain the cross section for relatively high frequency, the modified Sternheimer scheme is a moderate approach.
Regarding the modified Sternheimer equation as shifted linear system, we could just apply shifted-BiCG solver which
is one of shifted-Krylov solvers to it. Just application of the shifted-BiCG solver makes it to extensively reduce
calculation cost. We generalize the shifted-BiCG solver to reduce calculation cost as well as memory usage, using a
specific property from physical point of view. We will show results of cross section calculation of nitrogen molecule as
a benchmark.

We have applied an eigenvalue filtering solver, Sakurai-Sugiura (SS) method, to Bogoliubov-de Gennes equation to
solve interior and large eigenproblems. To obtain eigenpairs around lowest or highest eigenvalue with large symmetric
sparse matrix, iterative solvers, like conjugate gradient method, work quite well. However, there is controversial
choice to obtain interior eigenpairs, which is just our objective: the eigenvalues at the center of an energy distribution
of the Bogoliubov-de Gennes Hamiltonian. The SS method gives us to a numerical procedure to construct a reduced
eigenproblem from original large matrix in terms of eigenvalue what we are interested in. In addition, this method
has quite good compatibility with parallel computational environment. We have shown good performance in the
numerical calculation with parallel computational environment: almost linear scaling of calculation time up to 2717
dimension matrix and 4096 CPUs.

We would like to present our results and also give seeds for further application using recent applied mathematical

to achieve more efficient calculation.
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PR M > 7 4+ —<IV X J— : Self-propelled motion of a fluid droplet under chemical reaction
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By means of interface approach, we study self-propelled dynamics of a droplet due to a Marangoni effect and
chemical reactions. The equation for the migration velocity of the center of mass of a droplet is derived in the limit of
an infinitesimally thin interface. We found that there is a bifurcation from a motionless state to a propagating state
of droplet by changing the strength of the Marangoni effect. I will also present results of direct numerical simulation

of our theoretical model.
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[1] T. Yuge, T. Sagawa, A. Sugita,and H. Hayakawa, Phys. Rev. B 86, 235308 (2012).
[2] R. Yoshii and H. Hayakawa, arXiv: 1312.3772.

B : #i5 2 J— @ Interactions and charge fractionalization in an electronic Hong-Ou-Mandel interferometer
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78 : Centre de Physique Théorique (Marseille, France) and ISSP
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Electron quantum optics aims at translating the concepts of quantum optics to electronic systems. Recent

experimental advances make it possible to emit electrons one by one, and to control their propagation. I will present
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a study of the electronic analog of the Hong-Ou-Mandel (HOM) interferometer, where two single electrons travel along
opposite chiral edge states and collide at a Quantum Point Contact. In addition to the difference of statistics (fermionic
vs. bosonic), a crucial difference with the photonic system is the presence of Coulomb interaction for electrons. Because
of interactions between co-propagating edge states, the degree of indistinguishability between the two electron
wavepackets is dramatically reduced, leading to reduced contrast for the HOM signal.

This decoherence phenomenon strongly depends on the energy resolution of the packets. These calculations explain
recent experimental results (E. Bocquillon, et al., Science 339, 1054 (2013)]) where an electronic HOM signal with

reduced contrast was observed.

B B > 7 4 —<))VE 32—  Quantum Metamaterials
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Quantum metamaterials offer the possibility of harnessing novel quantum mechanical properties to build devices
far beyond that which is possible by classical means. With recent advances in quantum technologies, we are on the
cusp of realising such quantum metamaterials. In this seminar I will provide a general introduction to quantum
metamaterials. As a frontier technology, there are numerous competing designs; I will concentrate on coupled-cavity
based designs, known as cavity array metamaterials (CAMs).

CAMs are a class of quantum metamaterials that my colleagues and I proposed in 2011. The system is composed of
either coupled cavities or coupled atomic cavities. Coupling atomic systems to optical cavities introduces non-linear
dynamics and extra controllable parameters in the form of atom-cavity detuning. I will discuss how this parameter
space can be used to control quantum metamaterial properties such as diffusion. Using this highly controllable
parameter space, I will also show how CAMs can be used to construct such devices as reconfigurable quantum

superlenses and cloaking instruments.

[1] J. Q. Quach, C. H. Su, A. M. Martin, A. D. Greentree, and L. C. L. Hollenberg, "Reconfigurable quantum
metamaterials", Opt Express 19, 11018 (2011).

[2] J. Q. Quach, C. H. Su, and A. D. Greentree, "Transformation optics for cavity array metamaterials", Opt Express
21, 5575 (2013).

[3] J. Q. Quach, "Disorder-correlation-frequency-controlled diffusion in the Jaynes-Cummings-Hubbard model", Phys

Rev A 88, 053843 (2013).
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Optical responses of organic charge ordered (CO) and dimer Mott insulators has attracted much attention, because
they exhibit ultrafast changes in the conducting and/or dielectric properties upon photo-excitations[1-8]. Recent
progress of several fs optical and ps THz pulses enables us to detect and manipulate various new aspects of the strongly
correlated system.

In this study, photoinduced metal to insulator (M-I) transition was demonstrated by strong electric filed (10 MV/cm)
of 1.5-cycle, 7 fs near infrared pulse in a layered organic conductor - o (ET)2I3. A large reflectivity change of > 25%
and a coherent charge oscillation in time axis reflecting the CO gap have shown that the generation of CO insulator
state which survives ~50 fs in the metallic phase.

Such photoinduced metal to CO insulator change is attributable to the dynamical localization, i.e., reduction of the

inter-molecular transfer integral realized by high frequency strong electric field[8-10].

References:

[1] Iwai, Yamamoto et al., PRL9S, 097402(2007)., PRB 77, 125131(2008).
[2] Yamamoto, Iwai et al., JPSJ77, 074709(2008).

[3] Kawakami, Iwai et al., PRL103, 066403 (2009).

[4] Kawakami, Iwai et al., PRL105, 246402(2010).

[6] Nakaya, Iwai et al., PRB81,15511(2010).

[6] K. Itoh, Iwai et al., PRL110, 10640(2013).

[7] K. Ttoh, Iwai et al., PRBSS, 125101(2013).

[8] H. Itoh, Iwai et al., APL104, 173302(2014).

[9] N. Tsuji, T. Oka, P. Werner, and H. Aoki, Phys. Rev. Lett. 106, 236401(2011).
[10] D. H. Dunlap and V. M. Kenkre, Phys. Rev. B34, 3625(1986).

[11] K. Nishioka and K. Yonemitsu, J. Phys. Soc. Jpn. 83, 024706 (2014).
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PR S > 7 4+ —<IV 2 J— : Josephson Effects & Persisitent Spin Current in Magnon-BEC due to
Berry Phase
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Motivated by the experimental progresses achieved by Kajiwara et al. [1] and Demokritov et al. [2], we [3] present
a microscopic theory of the Josephson effects in quasi-equilibrium Bose-Einstein condensates (BECs) of magnons in
ferromagnetic insulators. Our theory provides a handle to electromagnetically control Josephson magnon-BEC
currents through the Berry phase called Aharonov-Casher phase, and enables to experimentally generate and directly
measure the persistent magnon-BEC currents. Due to the macroscopic coherence of magnon-BECs, the persistent
magnon-BEC current becomes much larger, about by a factor of ten thousand, than the one which has been predicted
in non-condensed magnonic systems.

We sincerely would like to discuss with experimentalists as well as theorists of ISSP and ask for your guidance.

[1]1 Y. Kajiwara et al., Nature 464, 262 (2010).
[2] S. O. Demokritov et al., Nature 443, 430 (2006).
[3] K. N., Kevin A. van Hoogdalem, Pascal Simon and Daniel Loss, arXiv:1406.7004

B HiEt 2 — : Two distinct superconducting domes in n-doped SrTiOs
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Discovered as early as 1964, the superconducting state of n-doped SrTiOs occupies a singular place in the history of
superconductivity. Besides being the first oxide superconductor, it was one of the earliest "semiconducting
superconductors", the first experimentally-detected multi-gap superconductor and the first case of a superconducting
dome. Half a century after its discovery, it remains the most dilute superconductor [1]. Superconductivity emerges

when the carrier concentration is 10-5 per atom and vanishes when It exceeds 2 10-2 per atom.

We present a systematic study of quantum oscillations and superconducting transition in doped SrTiOs, over a wide
range of carrier concentration from 1017 to 1020 cm-3 [2]. Mobile carriers were introduced either by removing oxygen
or by substituting Ti by Nb. Superconductivity was found to persists down to an exceptionally low concentration of

mobile electrons (n=3 1017 cm-3 and Tc=34 mK). At this concentration range, the Fermi temperature is below 10 K,
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restricting the relevant energy window and possible pairing scenarios. We identify two critical doping levels, which
are the filling thresholds of the upper conduction bands. This clarifies the limits of single-band, two-band and three
band superconducting regimes. We find that the exceptionally-wide superconducting dome of SrTiO3 has a structure.
There are two distinct domes, each peaking near a critical doping level. Moreover, in the dilute limit, the two doping
routes (oxygen deficiency and Nb substitution) are not identical. They generate metals identical in Fermi surface but

different in superconducting critical temperature as well as in inelastic scattering [3].

[1] X. Lin et al., Phys. Rev. X 3, 021002 (2013).
[2] X. Lin et al., Phys. Rev. Lett. 112, 207002 (2014).
[3] X. Lin et al., to be published.

PR : Ml S J— : Topological Current in Fractional Chern Insulators
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We consider interacting fermions in a magnetic field on a two-dimensional lattice with the periodic boundary
conditions.

In order to measure the Hall current, we apply an electric potential with a compact support.

Then, due to the Lorentz force, the Hall current appears along the equipotential line. Introducing a local current
operator at the edge of the potential, we derive the Hall conductance as a linear response coefficient. For a wide class
of the models, we prove that if there exists a spectral gap above the degenerate ground state, then the Hall conductance
of the ground state is fractionally quantized without averaging over the fluxes. This is an extension of the topological

argument for the integrally quantized Hall conductance in noninteracting fermion systems on lattices.
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