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We propose a family of exactly solvable toy models for the AAS/CFT correspondence based on a novel construction
of quantum error-correcting codes with a tensor network structure. Our building block is a special type of tensor with
maximal entanglement along any bipartition, which gives rise to an exact isometry from bulk operators to boundary
operators. The entire tensor network is a quantum error-correcting code, where the bulk and boundary degrees of
freedom may be identified as logical and physical degrees of freedom respectively. These models capture key features
of entanglement in the AdS/CFT correspondence; in particular, the Ryu-Takayanagi formula and the negativity of
tripartite information are obeyed exactly in many cases. That bulk logical operators can be represented on multiple
boundary regions mimics the Rindler-wedge reconstruction of boundary operators from bulk operators, realizing

explicitly the quantum error-correcting features of AdS/CFT.

This is a joint work with Daniel Harlow, Fernando Pastawski and John Preskill, arXiv:1503.06237
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Pyrochlore antiferromagnets are a typical example of frustrated magnets in three dimensions. I studied the S=1/2
Heisenberg model on this lattice and found a dimer/tetramer order with a hierarchical structure. I used an approach
that the spin exchange J’ connecting tetrahedron building blocks varies from the intra-block coupling J and the ratio
J’/J was a “small” control parameter in my theory. Okamoto et al. in Hiroi group reported a material with this exchange
pattern realized, and that is an S=3/2 antiferromagnet Li(Ga,In)CrsOs named breathing pyrochlores [PRL 110, 097203,
2013]. In the end member LilnCr4Os, the ratio J’/J is small and a magnetic order appears with lowering temperature
preceded by a structure transition. I have generalized my previous theory and applied to the S=3/2 case, and discuss

this transition.

B ¢ e X 0 — : NSRRC IZHBF 25 HIBE TR W E O 3605 X BIEREBELIFFE — SraNilrOs & Bi2212—
Hik : 2015 4E 5 A 7 HOK) i 10 Bf 30 2y ~“Fij 11 Bf 30 4y
B ZATU VT SHRERMT L EXigE (TV il Pk —o#®)
F T P L
g BEBGE Rt ¥ —
e

s X I L (Resonant Inelastic X-ray Scattering = RIXS)iX, A X #RD xR /LF — & 7€ O T3 OWIUERIZ
AbtdZ LT, MBL LEHGERENBRT 2 AT M ERRET S FIETH D, KB 0E 1 HHEEOHERMESS,
HRRAE CORIERE TR A B T & D720, MRIABIE TR E OE TGS CEE LR L HIT TN\ D, ITEOKK
SR OHEAR TR X BREEI C O = 3L F— 3 ifREAS Cu L3 #iC 130 meV £ Tl L L7 Z & T, 3d EB&RILA
WaERGE LICFERE R Sh T,

Forx D7 N—F1F, B X BREEEL S X BE A RS L L E e kL X — 4 fifAE RIXS #F%8% ., 4 4 Taiwan Light
Source(TLS)BL05A1 & SPring-8 BL12XU #FIfH L TfT> T\ 5,

AEEE T, B RICHEE 25 OB Tr B21b# SraNilrOs @, Ir L3 #if RIXS % AV /- Ir 5d B F-HExE & Ui
DWFFEIZONTIRAR B,

R X RIXS 22\ T, it T - 72 Bi2212 @ Cu L3 ¥ RIXS TO A =3 L —{KIFME 2 W 7R 1L — bl
AT FIVDRFFEIT DN TR D,

IR, BITES — IS D 5TV D 1.3 GeV S tfii% Taiwan Photon Source(TPS) TO#k X #f RIXS A7 —
g v EREBRICOWTRNT A FETH D,

50  WIEWIE LD 5585 2B cercerrcesrcsssssesssrsssinsssnsssnsssnsssnssnns s snssnssnnssnnssnnssnnns «xnmEHNE



PR BilEe 2 J— : New molecular dynamics simulation methods to enhance conformational sampling
for biomolecules

HIEf : 201545 H 8 H(&) Fi#& 4 Kf~"F1& 5 Iy
5 - IIYEDRRIAEH 6 BE 55 5 23— (A615)
sl - Db WE
FE - oy T REEDEFE
e

There are difficulties when conventional canonical-ensemble simulations are carried out for biomolecular systems.
This is because the canonical simulations tend to get trapped in a local-minimum free-energy state of the biomolecular
system, and sufficient sampling in the conformational space of the system is not able to be obtained. To overcome such
difficulties, I had recently proposed the replica-permutation method (RPM) [1]. In RPM, replicas (or copies) of a target
system are prepared, and different temperatures are assigned to the replicas. Canonical simulations at the assigned
temperatures are performed individually and simultaneously. During the simulations, the temperatures are
permutated among the replicas. Here, the Suwa-Todo algorithm [2] is employed for replica-permutation trials to
minimize its rejection ratio. In my talk, I will show efficiency of RPM for small biomolecules. I will also show
applications of the Hamiltonian RPM, which is a generalization of RPM, to amyloid B-peptides (AB) [3,4]. ABs form
oligomers and then amyloid fibrils which are associated with Alzheimer's disease. I will discuss the oligomerization

process of ABs.

Reference:

[1] S. G. Itoh and H. Okumura, J. Chem. Theory Comput. 9, 570 (2013).
[2] H. Suwa and S. Todo, Phys. Rev. Lett. 105, 120603 (2010).

[3] S. G. Itoh and H. Okumura, J. Comput. Chem. 34, 2493 (2013).

[4] S. G. Itoh and H. Okumura, J. Phys. Chem. B 118, 11428 (2014).
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1.S.Suga and A.Sekiyama, Photoelectron Spectroscopy: Bulk and Surface Electronic Structures, Springer Series in
Optical Sciences 176,1-378 (2014).
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spin resolution, J.Electron Spectrosc. Rel. Phenom. (2015), in press.
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The stability of Majorana fermions at the edges of a two-dimensional topological superconductor after a quantum
quench is studied. Both instantaneous and slow quenches are considered. In the case of instantaneous quenches, the
Majorana modes generally decay, but for a finite system there is a revival time that scales to infinity as the system
size grows. Exceptions to this decaying behavior are found in some cases such as due to the presence of edge states
with the same momentum in the final state. It is shown that the Chern number remains invariant after the quench,

until the propagation of the mode along the transverse direction reaches the middle point.

A periodic driving is also considered. In this work we consider triplet and singlet superconductors subject to periodic
variations of the chemical potential, spin-orbit coupling and magnetization in both topologically trivial and nontrivial
phases, and study their influence on the charge and spin currents that propagate along the edges of the two-

dimensional system.
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Poly(3,4-ethylenedioxythiophene) doped with poly(4-styrenesulfonic acid) (PEDOT/PSS), available in the form of
aqueous dispersion as colloidal particles, is one of the most successful conductive polymers. Because of its high
electrical conductivity, transparency, and thermal stability, the PEDOT/PSS has potential applications to organic
electronics such as capacitors, hole transport layers of organic light-emitting diodes, and transparent electrodes of
touch panels and solar cells as an alternative of indium tin oxide (ITO). In this seminar, correlation between
hierarchical structure and electrical conductivity of PEDOT/PSS will be investigated by means of XPS, XRD and C-
AFM. The improvement of electrical conductivity can be achieved by hierarchical structure changes: crystallization of
PEDOT molecules, removal of the insulating PSS from the surface of the PEDOT/PSS particles, and aggregation of
the particles, affecting both intra- and inter-particle transport of charge carriers. Furthermore, if there is time, our
recent work on synthesis and characterization of highly conductive PEDOT/PSS (> 1000 S/cm) and applications to

flexible and stretchable organic devices will be presented.
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The optimized effective potential (OEP) method combined with many-body perturbation schemes is one of promising
approaches to go beyond the local density approximation of the density functional theory. Although the method is very
powerful, it has not been widely used so far. One of the reasons is that some ambiguity inherent to the OEP prevents
us to apply it to spin-polarized cases [1]. Another more practical reason is that its computational cost is rather high.
In order to overcome these points, first, we reformulated the OEP method to render it applicable to general correlation
functionals including the RPA correlation functional [2]. The following points are emphasized: i) Level-crossing at the
Fermi surface is taken into account; ii) eigenvalue variations in a Kohn-Sham functional are correctly treated; and iii)
the resultant OEP equation is different from those reported to date.

Seoond, we have introduced a method that accelerates the OEP scheme in a static RPA-level correlation functional
in the framework of KKR. Further to improve the computational speed, the Krieger-Li-Iafrate (KLI) approximation is
exploited for solving the OEP equation. It is likely that KLI approximation does not deteriorate the description of the
magnetic transition metals (Fe, Co, and Ni) examined here, despite the fact that their magnetic properties are rather

sensitive to the treatment of correlation energy.
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Impurity-induced carrier scattering is expected to be dependent on the chirality of nanotubes and the nature of

scattering potentials induced by impurities. Such scattering is still poorly understood because it has been impossible

to measure the impact of impurities on resistance of carbon nanotubes with known chirality.

We have measured the scattering strength of charged impurities on semiconducting single-walled carbon nanotubes

with known chirality. The resistivity of nanotubes is measured as a function of the density of adsorbed potassium

atoms, enabling the determination of the resistance added by an individual potassium atom. Holes are scattered 26

times more efficiently than electrons by an adsorbed potassium atom. The determined scattering strength is used to

reveal the spatial extent and depth of the scattering potential for potassium, a model Coulomb adsorbate, paving way

for rational design of nanotube-based sensors.
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Program
10:30 Roland Wiesendanger (University of Hamburg)
"Exploring spins at surfaces by spin-polarized STM" (Lecture in NPSMP2015)

Lunch break

13:30 Hidemi Shigekawa (Tsukuba University)

"Probing spin dynamics by laser-combined scanning tunneling microscopy"

14:00 Tadahiro Komeda (Tohoku University)

"Spins of adsorbed molecules"

14:30 Toyokazu Yamada (Chiba University)

"Quantitative STM spin-polarization measurements of single molecules on magnetic domains"
Coffee break

15:15 Noriyuki Tsukahara (University of Tokyo)

"Controlling orbital-selective Kondo effects in a single molecule"

15:45 Yasuo Yoshida (University of Tokyo)
"Real-space observations of superconducting and magnetic properties of the heavy fermion

superconductor CeColn5"

16:15 Toshio Miyamachi (University of Tokyo)

"Orbital selectivity in STM: distant-dependent tunneling process observed in iron nitride"
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When the physical dimension is reduced, fluctuation gets generally enhanced and a phase transition of a system
under question is strongly suppressed, if not entirely wiped out. Such fluctuations dominated phases generally offer a
rich playground of new physics. Although there have been extensive studies of such low-dimensional magnetic systems,
any new studies when carried in full details are bound to unearth novel phenomena.

In this talk, I am going to take two examples with two-dimensional magnetic lattice and illustrate how inelastic
neutron scattering gives the rare glimpse of new spin dynamics. The first example is multiferroic hexagonal RMnOs,
which exhibits two-dimensional triangular magnetism. Furthermore, as it belongs to the interesting class of materials,
called multiferroic, it also provides an interesting platform to investigate low dimensional magnetism with a
supposedly strong coupling to the ferroelectric order parameter and lattice. The second example is LieRuOs with a
honeycomb lattice. As Ru of Li2RuOs has 4+ valence with intermediate spin-orbit coupling strength, it offers a test
ground for exploring spin-orbit physics with the honeycomb lattice. By using the high-resolution neutron scattering
technique, we have been investigating the spin dynamics of these two interesting materials. The main findings are
magnon-magnon and magnon-phonon interactions for RMnOs [1, 2] and unusual doping-induced low energy spin

dynamics of Li2RuOs[3].

[1] Seongsu Lee, et al., Nature 451, 805 (2008).
[2] Joosung Oh, et al., Phys. Rev. Lett. 111, 257202 (2013).
[3] Junghwan Park, et al., to be published
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Exact calculations are performed on the two-dimensional strongly interacting, unpolarized, uniform Fermi gas with
a zero-range attractive interaction. We briefly describe recent advances in auxiliary-field quantum Monte Carlo
techniques, which enable calculations on large enough lattices to reliably compute ground-state properties in the
thermodynamic limit. A new equation of state is obtained, with a parametrization provided, which can serve as a
benchmark and allow accurate comparisons with experiments. The pressure, contact parameter, and condensate
fraction are determined systematically vs. the interaction strength. The momentum distribution, pairing correlation,
and the structure of the condensate wave function are computed. A Rashba spin-orbit coupling is then included to

examine its interplay with superfluidity and the resulting pairing and spin structures and correlations.
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Since the discovery of graphene, two-dimensional (2D) materials have drawn much recent interest. Two outstanding
properties unique to 2D materials are Dirac and topological states, which span a wide range of novel electronic and
quantum transport phenomena. When a freestanding 2D atomic layer is transferred to a substrate, however, its
intrinsic properties will be altered, let alone the difficulty of the transfer process. This poses also a formidable technical
challenge for potential applications of 2D materials. In this talk, I will present our recent efforts in computational
design of Dirac and topological states on conventional semiconductor surfaces [1-4]. By constructing overlayer
structures that are atomically bonded but electronically isolated from the underlying substrates, various “virtual”
2D materials can be made on top of semiconductor substrates, where the electronic bands of the virtual 2D materials
lie completely inside the band gap of substrates. A substrate orbital filtering effect is shown to play a key role in the
design process. We envision that our findings will not only greatly broaden the scientific scope of 2D materials but

also significantly impact on their applications in real devices.

[1] M. Zhou, W. Ming, Z. Liu, Z. Wang, P. Li, F. Liu, “Epitaxial growth of large-gap quantum spin Hall insulator on
semiconductor surface”, Proc. Natl. Acad. Sci., 111, 14378 (2014).

[2] M. Zhou, Z. Liu, W. Ming, Z. Wang, F. Liu, “sd2 Graphene: Kagome Band in Hexagonal lattice”, Phys. Rev. Lett.
113, 236802 (2014).

[3] M. Zhou, W. Ming, Z. Liu, Z. Wang, Y. Yao, F. Liu, "Formation of quantum spin Hall state on Si surface and energy
gap scaling with strength of spin orbit coupling”, Sci. Rep. 4, 7102 (2014).

[4] Z. F. Wang, F. Liu, “Self-Assembled Si Surface Dirac States and THz Plasmonics”, Phys. Rev. Lett. (in press, 2015).
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[1] Y. Noguchi, M. Hiyama, H. Akiyama, and N. Koga, J. Chem. Phys., 141, 044309 (2014).
[2] Y. Noguchi, M. Hiyama, H. Akiyama, Y. Harada, and N. Koga, J. Chem. Theory Comput., 11, 1668 (2015).
[3] Y. Noguchi and O. Sugino, J. Chem. Phys., 142, 064313 (2015).
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