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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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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.
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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.
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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].
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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
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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.
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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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