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Abstract We present a theoretical study of the model heterostructure composed of the Mott-insulator
sandwiched by the band-insulators. We find intriguing magnetic/charge phase transitions at the interface,
closely related to the charge density profile. We elucidate that these transitions are driven by the strong
coupling between charge and spin degrees of freedom.
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Abstract We examine the violation of Fluctuation Dissipation Relation (FDR) in several non-equilibrium
situations, and show that Harada-Sasa equality can be extended to these situations. Furthermore, we have
studied the physical meanings of the off-diagonal components of the violation of FDR.
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Abstract We have studied collision dynamics of fermion clusters, and simulated one-dimensional Fermi
systems by applying the time-dependent density matrix renormalization group method. We have revealed
quantitative differences between quasi-classical results and quantum simulation results when the particles
are strongly correlated and the interaction is strong.
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LT, R RITEOMEEROBSIZE > TR FEHIIS SNz 0 ER L-0 §5. OOk -4
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Abstract By introducing a new stochastic integral, we investigate the energetic of classical stochastic
systems driven by non-Gaussian white noises. In particular, we introduce a decomposition of the
total-energy difference into the work and the heat for each trajectory. Some physical models driven by
non-Gaussian noises are investigated analytically.
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FHGaussiBFE T, BN FEBEZEET DMRBEONM LN TWRholznb . & 2 TARIFZETIE, FE
GaussiBf COFT-RMEREE D ZEAL, 5 XD R/FX —indIECaussiBFEITILIR L7 [3].
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FAFX—FRIICHT D Z & T, FEHERERE TOZ R VX —fmEe ERL Lz, ZCE - T, R
feRBRRICx L Cop v F—ina e b3 25 2 Licksh Lz
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Abstract We propose a full quantum formulation for the topological invariants characterizing line defects
in three-dimensional insulators with no symmetry, and demonstrate nontrivial topology in the topological
insulator-ferromagnet tri-junction systems. We also argue a full quantum calculation for the Axion
electrodynamics and the index theorem.
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Abstract The anisotropy of optical and electric conductivity is observed in antiferromagnetic metaric
phase of iron-based superconductors. We theoretically investigated the origin of this anisotropy and found
that the orbital degrees of freedom and Dirac cone-like dispersion are important for the anisotropy.
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Abstract Faraday waves are studied by means of a numerical simulation of a binary fluid system.
We focus on the period-tripling state in the two dimensions and the hexagonal pattern in the three
dimensions. (¢) 2011 Department of Physics, Kyoto University
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Abstract In order to clarify the effects of orbital degrees of freedom in multi-orbital systems, we
investigate two-orbital Hubbard model and Bernevig-Hughes-Zhang model. We perform these analyses
with variational Monte Carlo method and discuss the effects of electron correlations and spin-orbit
interaction.
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Dynamics of a deformable self-propelled particle
under external forcing

Nonlinear Dynamics Group Mitsusuke Tarama

Abstract We investigate the dynamics of a deformable self-propelled particle under external forces based
on the time-evolution equations for the centre of mass and a tensor variable characterising deformation. A
rich variety of dynamical states are obtained from numerical simulations. A theoretical analysis is also
carried out to clarify the dynamics.

© 2012 Department of Physics, Kyoto University

We investigate the dynamics of a deformable self-propelled particle under external forces in a two-dimensional
space. The time-evolution equations we consider consist of the velocity of the centre of mass v, and a tensor
variable S, characterising deformations;

dv

dta =mw, —‘VZ v, — aSaﬁVﬂ +g, (1)
ds, 1
Ttﬁ = —K‘Saﬁ + b(vavﬁ —E‘vz 5f1ﬂj + Qaﬂ (2)

where y characterises the spontaneous propulsion and « represents the deformability of the particle. Here, we
consider two kinds of external force. One is a gravitational force g,, which enters additively in the time-evolution
equation for the centre of mass. The other is an electric force E, supposing that a dipole moment is induced in the
particle. This force is added to equation (2) as O, which is defined by

1
0, = h(EaE s =5 IE° 5aﬁj (3)
The system we consider is simply a single particle
but has internal degrees of freedom due to @ . |®o  |e~
deformability. It should be noted that, even when the gl 5 1 \‘ 1 "-\#q i
external forcing is absent, there is a bhifurcation i 1 7 1 (“w‘ l
between a straight motion and a rotating motion [1]. “\ 2 "‘}
Therefore, by adding an external force, there occurs a > | + (/ + i,:: - .
frustration between the rotating motion and the forced i l 1 ) l | (&) _‘_‘ i
straight motion. As a result, a variety of non-trivial f\ oe ]
dynamical states are obtained by changing the - l + / . SAY
magnitude of the external force and the internal force y, . )'[ E—

which generates the spontaneous velocity. In Fig. 1, we
show some trajectories of the centre of mass of the
particle in real space. We have carried out numerical
simulations of the time-evolution equations to obtain a
dynamical phase diagram. Analytical study has also
been developed to reproduce some of the bifurcations.

Fig. 1  Trajectories of the centre of mass of a
deformable self-propelled particle under
gravity in real space. Snap shot of the particle
is also displayed for the sake of clarity.
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Abstract We have studied photoluminescence spectra of free excitons in diamond under tunable
excitation around excitonic phonon-sideband. We find that excitonic effective temperature is kept near the
lattice temperature at excitation density upto 10'°cm™. This result provides a novel excitation scheme to
investigate quantum condensed phases in diamond.
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Abstract. Time development on the micro-separated pattern in a polymer solution was investigated. Polymer
solution in a thin slit is phase separating, coarsening, and finally pinned due to the gelation. We discuss the
dependence of the coarsening law and the size of pinned structure function of the thickness of the slit.

© 2012 Department of Physics, Kyoto University
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Fig. 1. Pattern-evolution process observed with Fig. 2. Time development of characteristic wavelength
phase-contrast microscopy in PNIPAM aqueo- A. Structures coarsen with scaling law A~t"(n is a
us solution at various thickness. function of the thickness h), and finally are pinned.
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Abstract We report on the field ionization process of accepters in p-Ge under intense terahertz
(THz) electric field. Broadening of the accepter absorption lines followed by disappearance is
observed below 10 kV/cm. In the strong field limit, one can see clearly Drude dispersion. This
implies that field ionization should take place within 1 ps under THz electric field. .

© 2012 Department of Physics, Kyoto University
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Abstract We accurately determined the binding energies of electronic ground states of a Yb, molecule.
These results enable us to test a Yukawa-type correction of gravity at a nanometer range. We also report
on the determination of scattering lengths associated with Yb atom-molecule collisions.

© 2012 Department of Physics, Kyoto University
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Fig. 1. 2PA spectrum of 168Yb. The solid Fig. 2. Density dependence of
line is a fit of the Lorentz function. binding energies.
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Abstract Towards observing and controlling the individual ytterbium atoms in an optical lattice, we
design and develop a new system. In particular, we develop a new method for addressing the individual
atoms, “light shift addressing”.
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Fig. 1. (a) Bose-Einstein Condensation in Fig. 2. Large energy shifts of resonance lines with an off-resonant
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a thin glass cell, ~3x10" atoms. (b) laser beam. A circle symbol: the resonance line without an
Diffraction pattern by a pulsed deep off-resonant laser beam. A triangle symbol: an off-resonant laser
optical lattice, whose potential ~250Er = beam power is 1.97mW, and the resonance line is shifted
50uK. In both images, TOF (Time Of ~0.27MHz. A square symbol: an off-resonant laser beam power is
Flight) time is 14ms. 8.40mW, and the resonance line is shifted ~1.45MHz.

References
[1] C. Weitenberg et al., Nature 471, 319 (2011)
[2] K. Shibata et al., Appl. Phys. B Laser Optics 97, 753 (2009)



VAaMBEERICE TS0 FREIRSE—F
SRR R b

Abstract The anharmonic intermolecular vibration modes depending on temperature in sucrose are studied by
terahertz time-domain spectroscopy. The result suggest exotic material control would be feasible with intense

(2 MV/cm) terahertz pulse, which is currently achievable.
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Abstract We have investigated uniaxial pressure effects on the antiferromagnetic Mott insulator
Ca,RuO,4 The crystal structure is known to be a crucial parameter to determine the electronic
state in this system. In this study, we obtained evidence that a ferromagnetic metallic state is
induced under in-plane uniaxial pressure.
© 2012 Department of Physics, Kyoto University
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Fig. 1. Uniaxial-pressure dependence
of quasi-four-wire resistance of
Ca,RuQy4. A sharp drop at 1.5 GPa
reflects the insulator to metal
transition. Note that the resistance
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Ca,RuO, at various magnetic
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Abstract Carrier dynamics of highly photoexcited Si;xGex quantum dots was studied using femtosecond
pump-probe spectroscopy. We clarified that the initial decay time is explained well by quantized Auger
recombination. The temperature dependence of the Auger recombination rate indicates that no-phonon
transition due to quantum confinement effect is dominant in Si; yGey quantum dots.
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Fig. 1 (a) Excitation intensity dependence of
the transient absorption decay profile in
Si;.xGey nanocrystals (x=0). (b) Initial decay
time as a function of the average e-h pair
number in nanocrystals. Broken curves
show calculated results by the quantized

Auger recombination model.
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Abstract We studied the interlayer magetoresistance in the quasi two dimensional organic conductor 6
- (BEDT-TTF) ,15 assuming that both dirac cone and normal electron quadratic band structure exist near
the Fermi surface .
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Fig.1. A schematic picture of the band structure of
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different magnetic fields. The horizontal
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Abstract We have performed measurements of magnetic penetration depth A in high-T7 iron-
pnictide BaFey(As;.P,), for 0.27 <x <0.64. The temperature dependence of A shows a 7T-linear
behavior for all x, indicating that the line nodes in the gap are robust in this system. The
anomalous enhancement of A(0) at x ~ 0.30 suggests the existence of a quantum critical point deep
inside the superconducting dome.
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Abstract We study heat conduction through the quantum spin chain in the linear regime. Kubo formula is
derived for some finite open quantum systems in contact with heat baths. We also argue that the Rotating
Wave Approximation (RWA) is inadequate for the problem.
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Abstract The critical phenomena of metamagnetic transition in UCoAl were investigated with 2’Al-NMR
measurement. Magnetization M. and magnetic fluctuation S, along the c-axis were estimated as a function of
c-axis magnetic field H; and temperature T. The results were compared with those in gas-liquid transition.
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Abstract. It was successful to photo-polymerize micro segregated liquid layer in-between smectic layers
using immiscibility of acrylates with liquid crystals. We found that this heterogeneous polymer sheets
memorize C-director orientation and keep the same electric field response as before the polymerization.
© 2012 Department of Physics, Kyoto University
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Abstract We measured the inelastic X-ray scattering from the solid and the liquid Rb to determine their
plasmon dispersions. For the large momentum transfers, the higher excitation energies were observed in
the liquid than in the solid. This difference is interpreted as the reduction in the band structure effect upon
melting.
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Diffusion of nuclear spin polarization
in bilayer quantum Hall systems

Nano-scale Quantum Condensed Matter Physics Laboratory ~ Nguyen Minh-Hai

Abstract At filling factor 2/3 quantum Hall states, nuclear spin polarization can be pumped by electric
currents. Using a bilayer system, we have first observed the spatial diffusion of nuclear spin polarization
from one layer to the other. The obtained diffusion coefficient agrees well with the value measured by op-
tical method.

© 2012 Department of Physics, Kyoto University

With the prospect of applications to quantum computing, in recent years the dynamics of nuclear spins has at-
tracted much attention owing to their long coherent time. At the spin phase transition point of the filling factor
v=2/3 quantum Hall states, nuclear spins can be polarized by electric currents through hyperfine interaction. This
enables us to investigate and control nuclear spins via electric means. However, due to the difficulty of locally
polarizing and measuring nuclear spins, the diffusion of nuclear spin polarization (NSP) has not been spatially
measured. Using a double two-dimensional electron system, we can observe the spatial transfer of NSP from one
layer to the other.

Based on the linear relation of NSP and magneto-resistance pointed out by Hashimoto et al. [1], we investigate
the dynamics of NSP by measuring the magneto-resistances. We use a double quantum well sample which con-
sists of two 20nm thick GaAs layers separated by a 1.5nm thick AlAs barrier. A 6-tesla magnetic field is applied
perpendicularly to the sample for tuning to the phase transition point of the v=2/3 quantum Hall states. One layer
is kept at filling factor 2/3 quantum Hall state and the other layer is depleted. We introduce an electric current in
the front layer to pump NSP and observe its diffusion to the back layer by measuring the time evolution of the
magneto-resistances of the two layers.

Figure 1 shows the time evolution of the magneto-resistances after the introduction of the electric current of 20
nA in the front layer. The magneto-resistance of the front layer rises immediately (squares in Fig.1). However, the
magneto-resistance of the back layer exhibits a delay of approximately 200 seconds and a lower rising speed
(open circles in Fig.1). This result is a clear
evidence showing that NSP pumped in the [
front layer diffuses to the back layer.

We interpret the result as the combina-
tion of three processes: the pumping process
of NSP in the front layer; the diffusion of
NSP from the front to the back layer; the
decrease of NSP due to impurities and
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spin-lattice relaxation. Using a simple
one-dimensional diffusion model, we simu-
late the three processes of NSP. By fitting
the experiment and simulation results
(dashed lines in Fig.1), we estimate the dif-
fusion coefficient to be approximately 15 nm?%s.

In conclusion, we have first observed the spa-
tial diffusion of nuclear spin polarization in bi-
layer quantum Hall systems.
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Fig.1. Time evolution of the magneto-resistances in the
front (squares) and back (circles) layers. The dashed
lines show simulation results.
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Abstract Semiconducting quantum dots show light intermittency even under continuous laser excitation.
We observed photoluminescence blinking behaviors of single quantum dots (CdSe/ZnS) on
nearly-resonant and far non-resonant excitation conditions. The obtained blinking statistics shows that the
nearly-resonant exaction condition enables the on-state duration to be longer than the non-resonant

excitation case.
© 2012 Department of Physics, Kyoto University
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Abstract We provided thermodynamic evidence for the existence of nematic phase transition in
iron-pnictide superconductors. Magnetic torque and synchrotron X-ray diffraction measurements were
performed over a wide doping range of BaFe,(As;.«Px). samples, which allowed us to determine the
nematic phase transition points on the phase diagram.
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temperatures Tc. Crosses indicate the nematic transition temperature T*.
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Abstract We investigated the relation between critical phenomena and three kinds of binary phase
diagram by the measurement of the layer compression modulus and the electroclinic effect. We found
out that only the system appearing an Induced SmA phase shows a large temperature width exhibiting
a critical behavior.
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Abstract We fabricated superconducting junctions Pb/Ru/Sr,RuQ,4, which exhibit peculiar
interference. Below the superconducting transition temperature of Sr,RuO,, we observed
anomalous magnetic field modulations of differential resistance, which are attributable to the
formation of chiral domains characteristic of superconductivity with broken time reversal
symmetry.
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Abstract It has been suggested that the spin Hall effect in nonmagnetic metal with rare-earth impurities
can be huge. First we confirm the spin Hall signal in Pt by fabricating nanowire device structure. We
successfully grow thin films of Ag with rare-earth Tm impurities, but could not observe the spin Hall
effect.
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Abstract We examined the aggregation state of self-associating protein using Dynamic Light Scattering
(DLS). In general DLS systems, molecules are assumed as spherical particles. We assumed them as
non-spherical particles and simulated DLS results.
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Fig.1. (@) Time dependence of intensity correlation function of self-associating protein. (b)Intensity correlation

function of spherical and prolate (axial ratio = 4) particle.
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Abstract We study angular dependence of the antiferromagnetic order in the high-field and low-
temperature (HFLT) SC phase observed in CeColns.We confirm that, when a magnetic field is applied
along the basal plane, a Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) phase coexisting with an
antiferromagnetic order appears, and, as the field is rotated out of the basal plane, the antiferromagnetic

order disappears keeping the FFLO order intact. The latter disappears at a higher angle.

© 2012 Department of Physics, Kyoto University

HUVE - RERER CeColng 1%, £ OEREFH D E#E5 ) S IRIR I BV T ‘ﬁ%%fﬁf%h
T2 OWSRAEIRRE L IZ R R 2B EMHEHT2WE TH D, O, BEEETHEIESAMY K
— T EBROERNS BIREX ¥ » T DM L7z Fulde—Ferrell-Larkin-Ovchinnikov (FFLO) JRHES
FEHRLEZBDTHDHEEZLNTEY 1], &IED NMR EBRIIZ OGO IEYS A2 T L-[2], —7.
=38 (ab ) (2K USPATICEESS &2 HUN U 72356012 RS IS B /2 T AT — A VN & RO ORI RR
FEM. sy « AKIR (HFLT) BREAEPICHRN D Z &0, FHFHELERBIIC LI VAL NI STV 5D
FLT., BeBomE s ab i bEEEL TV &, ab & OR344 0 2 17° (1T THROBREMERRT 23 14 2
THZEN, PHFHILERMANICLVBHIENTWS, 2ok x, E—A 2 FOMHEXDOES M (c i)
DS OFHUIBI S TRV, Z O HFLT ABPN CROEETERE 23 B 2 B 12 D)W T < Offii
DI TWD,

PARIZ, 230 U B REMERHIREE D 5R\ Y d R RER Tk, @8I58 & Pt 377 L9 <, FFLO %2
AT X 0 RBEVERRFr & O TR BIMICIER SN D FEN RSN TS [B], ZhaiEz, K
W TIE, 0 22 b S 87 & X OB & BIEERFOHFIZONTHA, Z 2Tk, @58
& T R DSEE S E B L= BCS NIV b =T U HiEH L= IRAY 72 Ginzburg-Landau B =
*»%~%%w1\ﬂﬁ)ﬁ@@ﬂW@%%k (B SR B b Z 8 L IR R R 24T o T2, iR
2% ab I AT 2 A I AR CHEBL L TV 2 BEE & ROEEME & OIFMIL, B & abmi & D734 0
ZHARLTIT O TE— A ¥ MOPATARRES RS OB L 0 R E(LT %, 2oL &, FFLOAHE & bl
TE SN R SRS R E D Z L IC L W REELT 20, KRBEERRFFORLELNREL, A0 %
HEML T < & CREVERR P 2 F77- 720 FFLO FH7235% 5 A FEEREI N B D & & 3 iR S iz (Fig. 1) o

) o) . . " i . i i
I - Normal | ( _) Normal @ Normal
025 N | ) | FFLO
s FELO . FFLO EU 25
= | ‘\ | 8% RFM-FFLO BE:
=2/ =2/ = SC
AFM-FFLO sC ' S¢ ”
0.15 015 . . )
! 0.1 T_.-'Tlr, 0.2 0.1 T,'T, 0.2 015 0.1 T/T. ]

Fig. 1. Example of numerically obtained H-T phase diagrams with (a) 6=0°, (b) 6=10° and (c) 6=15°.
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Abstract 2D confinement of the heavy fermions is achieved by fabricating superlattices made of
alternating layers of heavy-fermion CeColns and conventional-metal YbColns.Superlattices exhibit an
enhancement of the upper critical field relative to the transition temperature, indicating an extremely
strong- coupled nature of the superconductivity.
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Abstract It has been reported experimentally and numerically that a composite of soft and hard
materials sometimes increases fracture strength in comparison with a single one. We investigate its
mechanism using the random fuse model which represents an electrical analogue of brittle fracture.
© 2012 Department of Physics, Kyoto University
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Abstract We study the interaction of Ne clusters with the intense extreme ultraviolet
free-electron laser (EUV-FEL) pulses whose photon-energy is just below the
ionization potential of Ne atom. The FEL intensity dependence of electron kinetic
energy spectra reveals the cross-over of ionization processes of Ne clusters.
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Abstract Matrix Product State (MPS) is a way to describe quantum many-body systems. This method
has good properties to analyze the entanglement of the systems. We analyzed one-dimensional quantum
spin systems using infinite Time-Evolving Block Decimation (iTEBD) which is based on systematic
update of MPS. Topological properties of ground states are also discussed.
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