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BERE : Mg 2 J-— : Quantum Simulation of bosonic disordered Synthetic Quantum Matter
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The interplay of disorder with interactions in bosonic quantum matter leads to puzzling phenomena such as a Bose
glass phase, where experiments only recently could detect signatures of its behavior. Theoretically, we recently
acquired full control over the zero temperature phase diagram in any dimension. The most surprising prediction is
the existence of the scratched XY-universality class in one dimension in the strong disorder regime, which hitherto
escaped experimental detection. The field of disordered systems recently received a new boost through the advent of
many-body localization. Such systems have eigenstates that are nearly all localized, they violate the eigenstate
thermalization hypothesis and have highly unusual transport phenomena. I will briefly comment on many-body
localization with respect to ongoing experiments in designer experiments, and address the question of the feasibility

of numerical approaches other than exact diagonalization.
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flying electrons transferred by surface acoustic waves

HEF : 2016 4F 3 H 24 HOK) 1% 4 BE~F% 5 By

5 - YERAARE 6 B S5 B3I —%F (A615)

A = N

JiE : Institut Neel, CNRS

e

Electron quantum optics is a field aiming at the realization of photon experiments with flying electrons in
nanostructures at the single-electron level [1, 2]. It is considered as an attractive platform to construct scalable
quantum systems and a powerful tool to investigate the quantum nature of flying electrons. Necessary tools for such
experiments are single-electron sources, single-electron detectors, beam splitters, phase shifters as well as controlled
interaction between the electrons.

Recently our group as well as Cambridge group has demonstrated that a single electron can be transferred on-
demand between distant quantum dots using a moving potential of surface acoustic waves (SAWs) [3, 4]. This
operation formally corresponds to the realization of a single-electron source and a single-electron detector. To perform
electron quantum optics experiments with such SAW flying electrons, development of other basic components such as

a beam splitter and a phase shifter of the electrons is required.
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In this seminar I will present recent experiments where we aim at the realization of a beam splitter as well as a
phase shifter for SAW flying electrons. For that purpose we employ a tunnel-coupled wire, which was shown to work
as a beam splitter for ballistic electrons [5]. We show that electron transfer across the tunnel-coupled wire can be
highly efficient. Controlling the energy detuning of the tunnel-coupled wire allows us to realize a directional coupler

for a single SAW flying electron by splitting the electrons into two paths with an arbitrary probability.

[1] E. Bocquillon et al., Science 339, 1054 (2013).

[2] J. Dubois et al., Nature 502, 659 (2013).

[3] S. Hermelin et al., Nature 477, 435 (2011).

[4] R. P. G. McNeil et al., Nature 477, 439 (2011).

[6] M. Yamamoto et al., Nature Nanotech. 7, 247 (2012).
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In this talk, I will discuss the matrix product state formulation of fractional quantum Hall states.
In particular, I will focus on the description of quasi-particles, which are more complicated in comparison to quasi-
holes due to the Pauli-principle.
Using the matrix product states for the quasi-particles, we can deal with system sizes that are large enough to

calculate the statistics properties of the quasi-particles.

£’ : SOR Seminar: Angle-Resolved Photoemission Spectroscopy at Diamond Light Source, the example
of quasi-one dimensional T1-MosSes
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A beamline for high-resolution angle-resolved photoelectron spectroscopy (ARPES) has been built at Diamond light
Source in the United Kingdom.

The full extent of the project will consist of two instruments, nano-ARPES that is currently under commissioning,
and high-resolution HR-ARPES that started full operation in January 2014.In this seminar I will describe the
implementation of HR-ARPES and its extended sample preparation facilities and gives a few examples of research
that has been conducted.

As a particularly interesting case study I will present data from  quasi-one-dimensional Tl:MoesSeswhere a survey
of momentums spaces reveals an indeed highly one-dimensional Fermi surface and peculiar reduction of intensity

near E_F that will be discussed in the context of Tomonaga-Luttinger liquid theory.
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The finite size of atomistic models of interfaces forces us to use slabs introducing a second interface. This is in
particular problematic for the modelling of the electric double layers that form at the interface of a charged surface
with an ionic solution (the electrolyte). For an insulating slab one now has to choice between surfaces with charge of
the same sign, or with opposite sign. The second option of opposite charges is generally regarded as incompatible with
periodic boundary conditions because of the net cell dipole moment due to aligned double layers dipoles. We will argue
that this is not the case. We will show that the familiar dipole correction applied to cancel the effect of the cell dipole
can be regarded as a periodic cell under zero dielectric displacement (D=0) boundary conditions in the direction
perpendicular to the slab. Omitting this correction gives a system under zero electric field (E=0). The double layers on
either side are now no longer compensated but acquire a net finite charge of opposite sign. Charge compensation can
be restored by application of a finite macroscopic electric field E. This is demonstrated for a classical force field model
(SPC) consisting of a NaCl solution confined by hard walls carrying opposite charge. We will then show how the

application of finite fields can be used to obtain an estimate of the capacitance of the double layers.

B2« Bt X J— : Properties and Singularities of the Andreev spectrum in multi-terminal Josephson
junctions
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Recently, superconductor junction attracts great interests in theoretical and experimental studies. Topologically
protected state, e.g. Majorana fermion, is one of the main topics for such junctions. Spin-orbit (SO) interaction plays
an essential role to induce topological physics. SO interaction is strong in narrow gap semiconductors such as InAs
and InSb, and many spin physics are investigated in the quantum well, nanowire, etc. In this study, we investigate
Josephson junctions using the semiconductor nanostructures.

We examine multi-terminal Josephson junction. Such junction can be fabricated using crossed nanowires so-called
nanocross [1]. For N superconductors, number of the independent phase differences is N-1. The ABS energies are 2 =
periodic for all phases. By regarding the phases as "quasi momenta" of the energies, we can consider an "energy band"
of the multi-terminal junction. The band shows topological singularities at zero energy, properties of which indicates
indicate the Weyl singularity [2,3]. We investigate properties of the Andreev spectrum, e.g. peculiar points and lines
at the superconducting gap edge in the presence of strong SO interaction, which have mathematical analogy with the

Weyl singular point at zero energy [3]. In addition, we consider protection of gaps, crossing of bunching levels, etc [4].

[1] S. R. Plissard et al., Nature Nanotech. 8, 859 (2013).
[2] R.-P. Riwar et al., arXiv: 1503.06862.
[3] T. Yokoyama and Yu. V. Nazarov, PRB 92, 155437 (2015).

[4] T. Yokoyama et al., in preparation.
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R B 7+ —< )Lk 3 F— : Strong light-matter interaction in materials science: merging QED
and TDDFT
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Computer simulations that predict the light-induced change in the physical and chemical properties of complex
systems, molecules, nanostructures and solids usually ignore the quantum nature of light. We have recently shown
how the effects of the photons can be properly included in such calculations. The basic idea is to treat the full QED
system of particles and photons as a quantum fluid. Here the particles are represented by a charge current, and the
photons by a classical electromagnetic field that acts on the current in a very complex manner. This study opens up
the possibility to predict and control the change of material properties due to the interaction with light particles from
first principles.

Here we will review the recent advances within density-functional a schemes to describe spectroscopic properties of
complex systems with special emphasis to modeling time and spatially resolved electron spectroscopies We will discuss
the theoretical approaches developed in the group for the characterization of matter out of equilibrium, the control
material processes at the electronic level and tailor material properties, and master energy and information on the
nanoscale to propose new devices with capabilities. We will focus on examples linked to the efficient conversion of light
into electricity or chemical fuels ( “artificial photosynthesis” ) and the design on new nanostructure based
optoelectronic devices, among others.

Our goal is to provide a detailed, efficient, and at the same time accurate microscopic approach for the ab-initio
description and control of the dynamics of decoherence and dissipation in quantum many-body systems. This
theoretical framework provides a new way to control and alter chemical reactions in complex systems, direct the

movement of electrons, selectively trigger physico-chemical processes, and create new state of mater.
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The Kitaev honeycomb model is one of the archetypal examples of topological phases of matter. It has played a
crucial role in shaping our current understanding of quantum spin liquid phases in two spatial dimensions. In this
talk, we will discuss the rich physics arising for generalizations of the Kitaev model to three-dimensional lattice
structures. In these models the low-energy degrees of freedom are Majorana fermions that may form various
(semi-)metallic states. I will give a comprehensive classification of the resulting quantum spin liquid phases, as well

as discuss their properties and possible experimental signatures.

il - Blgnt 2 J— : Foundation of quantum statistical mechanics from ultracold-atomic perspective
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Foundation of quantum statistical mechanics has recently seen a resurgence of interest partly because ultracold
atomic systems serve as ideal testbeds. These systems are at very low temperature and in ultra high vacuum, and,
thus, can be regarded as isolated quantum systems, which are described by a single pure state evolving unitarily. In
experiments, even under the unitary time evolution, effective stationary states have been observed, and they may or
may not be thermal depending on the Hamiltonian that describes the system. Many active theoretical studies have
been conducted to understand when and how thermalization emerges from quantum mechanics (see e.g., Ref. [1] for
an overview).

The first half of this talk will be devoted to a brief introduction to the ultracold-atom systems and to the theoretical
approach to the foundation of quantum statistical mechanics. In the second half, I will talk about our recent study on
a non-thermal steady state realized in a coherent splitting of a one-dimensional Bose gas [2]. If time allows, I will talk

about more pieces of work on this topic.

References:
[1] L. D'Alessio, Y. Kafri, A. Polkovnikov and M. Rigol, arXiv:1509.06411.
[2] E. Kaminishi, T. Mori, T. N. Ikeda, and M. Ueda, Nature Physics 11, 1050-1056 (2015).
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Reference

[1] S. Nakatsuji et. al., Science 336, 559 (2012).

[2] N. Katayama et. al., PNAS 112, 9305 (2015).

[3] J. Nasu and S. Ishihara, Phys. Rev. B 88, 094408 (2013).
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[1] T. Vicsek, A. Czirdk, E. Ben-Jacob, I. Cohen, and O. Shochet, Phys. Rev. Lett. 75, 1226 (1995).
[2] J. Toner and Y. Tu, Phys. Rev. Lett. 75, 4326 (1995).

[3] S. Ramaswamy, Annu. Rev. Condens. Matter Phys. 1, 323 (2010).

[4] M. Nagy, Z. Akos, D. Biro, and T. Vicsek, Nature 464, 890 (2010).

[5] U. Lopez, J. Gautrais, I. D. Couzin, and G. Theraulaz, Interface Focus 2, 693 (2012).
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#H : Polyexciton stability in multi-valley semiconductor and optical trap for valley exciton
Professional development Consortium for Computational Materials Scientists (PCoMS) is the organization

established to develop human resources of computational material science. I participated the internship

program of PCoMS and stayed in prof. Varga's group in the Vanderbilt University for almost 1 month in this

spring. In this stay. My activity was focused on settling the current research project and putting the next

research issue into shape. Current project is the identification of polyexciton stability in multi-band

semiconductor and verified up to triexciton bound states by numerical calculation. Next research issue is

assessing the feasibility of optical trap for 2D exciton by utilizing optical Stark effect. I will report the details

and contributions of the internship to my research.
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Quantum systems on a non-simply connected space possess a "large" gauge invariance. Laughlin utilized this to
explain quantum Hall effect [1]. Later, it was applied to elucidate a universal relation between filling factor and energy
spectrum in quantum many-body systems on periodic lattices (Lieb-Schultz-Mattis-M.O.-Hastings) [2].

Somewhat surprisingly, the large gauge invariance is also deeply related to modern theory of electric polarization
developed by Resta et al [3,4]. I will give an overview of applications of the large gauge invariance to condensed matter

physics, and also discuss most recent results obtained by combining it with the theory of polarization [5].

References:

[1] R. B. Laughlin, Phys. Rev. B 23, 5632 (1981).

[2] M. O., Phys. Rev. Lett. 84, 1535 (2000).

[3] R. Resta and S. Sorella, Phys. Rev. Lett. 82,370 (1999).

[4] M. Nakamura and J. Voit, Phys. Rev. B 65, 153110 (2002).
[6] Y.-M. Lu, Y. Ran, and M. O., in preparation
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[1] Universal Medium-Range Order of Amorphous Metal Oxides, PRL 111, 15502 (2013).

[2] Dual-Random-Sphere-Packing Structure of Liquid and Amorphous Li20O, Trans. Mat. Res. Soc. Japan, 40, 141-144
(2015).

[3] How to describe disordered structures, Sci. Rep. 6, 23455.

[4] TENT 7 ARER E DR R B & KBS 2 MR FEL A
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JEBZRIC LV EAREC D, —J5, ISR T, EEMIGREF v ) TICER L CER E SbhTnd, Fx ik
BRI Z OB ER TR 5 &£ SNANBRELL A F I 7 AER L. ZONBEEMHMEEEEZR< TS, 9L
ZHEIZ I 2R v U TR L BEHOBMRETAN. HEDRICET 2B FHE MR —BIT2HLMNICT D
ZEHEMELTVD,

FE R FEHZ 3610 2 4% F OIBIER 2R BT, ML X BOEREZ WD 2 Lic kv mRE R T X
FREHFREIC I VBT 2 LN TEDL RO R 272 2, SHICXHABAEFL—F =0 IhZZ L T, KiED
T A MYULA X BARLND X HICRY . BIENRT = A MPBGICHLIEND K9 ITe o7z [8], Fxlk, ZhET
12, BESH 1mm OFEERY 2o v— BICHER 800 nm O L —Y —%2WBET25 2 LIk > TRASE-EEELZBIHEIL.
ZOWMHITEARTL, GaAs UV = —DFETIIWIR, Si V= —DBETIINMETH D Z b ho72[4], GaAs 7 =/ —
[ZOWTIE, RETF TOWHESOREHISZE 200 ps FREDIRD BT OV TEEMICBIRI L. REER G AICEEE T +
JUMBEAELTODHEF LR TELB], Si Vo —ZBWTIE, KOO 1 ns THRFOEMHNRIB IV, THAEE
~NEEbo TV BT R E DX, —J, ZHDOBEELOFHITIE, B L — — TRkt S h 5 % S 71 o fEk,
BELOU X B CHIA S DR E 7 M OEIROBRIC & 0 2 DELOREFIR 5
BMNZERENELDZEbbhoTz, TOH, X MOBAENED D HFHE
BEEHALEZY, L—V—DEEEZEXTFVTHZEICEY ., Bia e mRKsF
PEBIR S 7z,

Z T, hiE - BN A BT B i, EEEAE SRR A VW, K1

J£ X 100 nm @ SOI(Silicon on Insulator)iZxt L C, it L —V—DE %
Wifﬂ%bk%?%éo%E4mnm®wa%T%ﬁbtk%Kﬁ@%ﬁ\
R 800 nm DYFAITIE, JEMSRIZENMBI SN TWD Z ENnbnd, Ziuk
MM B RIZBIT D HEDR L Ta ) URAEIHE I TIEORA ®#%
BN TWAIEL BV LRSS, BifE#ERT TH D,

ZOREBGUT, FEEFOBEIF ¥ U T ORIEIREE & BB Do T\ T Time [ne]

B, BRISNTVWDLERIKT D, ETIREORMIRLB|NEZMD Z L2 . o
1 B RSSODICBIT 5, HE
WAAEETH D, EIT T ZRDDOIIEZIMAD FECOWVTHER  (5) 400 nm 5 1 %) 800 nm TOE

L7z, B K DB ORI, Hifhix
HFEBRDEERTH S,

Ad/d [#10°7]

[1] B. Kundys, Appl. Phys. Rev. 2, 011301 (2015).

[2] Y. Tanaka, Frontiers in Optical Methods: Nano-characterization and coherent control, Springer,pp. 85-103 (2013).
[3] Y. Tanaka et al., J. Ceramic. Soc. Jpn. 121, 283 (2013).

[4] Y. Hayashi et al., Phys. Rev. Lett., 96, 115505 (2006).

[6] Y. Tanaka et al., J. Phys. Conf. Ser., 278, 012018 (2011).

60  WIEBIZE LD SOBEE 25 cevcssesessessssssesssssssssssesssssssssssssssssssssssssessssssssassnans sannmEENE



	物性研究所セミナー



