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The 8t International Symposium on Ultrafast
Phenomena and Terahertz Waves (ISUPTW 2016) in
Chongqing, China on Oct. 10t which was an
international symposium organized by Chinese Academy
of Sciences (CAS) and the Optical Society of America
(OSA) , evolved 150-300 participants every 2 years. On
ISUPTW 2016 in Chongging, there were more 200
participants and 8 persons won Best Conference Paper
Award. The paper with the title of “High power Yb:YAG
ceramics laser and diamond Raman laser for frequency
conversion to DUV.” won the Best Conference Paper
Award on this symposium. The content is about the high
power Yb:YAG amplifier and new method by use of
Raman laser to generate high power DUV laser at 193
nm that was carried out in Kobayashi Lab during last
two years. The awarded contents will be introduced
simply as following.

Extreme ultra-violet (EUV) laser lithography at 13.5
nm is now the most expected powerful technology to
achieve the sub-10 nm node in the following years.
However, it still takes a long time to overcome the power
consumption and the throughput problems. ArF excimer
laser at 193 nm with narrow-linewidth and high
coherence is a profitable light source for interference
lithography as a substitute towards the sub-10 nm node
before EUV is ready[1]. Hence, the generation of deep
ultraviolet (DUV) laser at 193 nm for seeding the hybrid
ArF excimer laser is a necessary and important topic.
Currently, the most popular method to generate
ultraviolet (UV) or DUV laser is the frequency conversion
scheme in nonlinear crystals such as second harmonics
generation (SHG), sum frequency generation (SFG). In
the past decades, it took a lot efforts for many studies to
generate UV or DUV laser at 193 nm mainly focused on
the Nd-doped lasers, Ti:Sapphire lasers or fiber lasers as
fundamental. However, the reported fiber laser was

running at CW mode or at lower power level, limiting the

AIRBFZEE 7
power scaling of DUV laser, as well as the Nd-doped
lasers and Ti:Sapphire lasers. Thus, a high power
fundamental power at longer wavelength is necessary for
obtaining a high power UV and DUV laser.

Solid-state lasers such as the slab amplifier, the thin
disk amplifier and the single crystal fiber (SCF)
amplifier had demonstrated their ability of achieving
hundreds of watts average output power. We have also
already obtained 300 mW average power of DUV laser at
193 nm by use of a SCF amplifier as the fundamental [2].
This time we used a Yb:YAG ceramics rod amplifier
(O=1mm, L=40mm) with a double-pass configuration[2].
The pump source was a 110 W laser diode (105um,
NA=0.22) at the wavelength of 940 nm. The seed laser
for the Yb:YAG was at the repetition rate of 10 kHz
with the pulse duration of 10 ns. The highest output of
the Yb:YAG ceramics amplifier is 27 W at 1030 nm under
the pump power of 116.3 W at 940 nm when the seed
power of 1.25 W using a double pass amplification

configuration as shown in Fig 1.

Yb:YAG Power(W)

o 20 40 60 EY 100 120

Pump Power@940nm(W)

Fig.1 Yb:YAG SCF amplifier power pumped by a higher power
LD at 940 nm.

We used the same LBO and CLBO crystal for SHG
and FHG, respectively, as those in Ref. [2]. SHG and
FHG powers were both demonstrated under the higher
fundamental power of Yb:YAG ceramics laser. 15 W of
515 nm and 6 W of 258 nm were obtained, respectively.
The conversion efficiency is more than 65% for the SHG

and 40% for the FHG from 515 nm to 258 nm.
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We used the above Yb:YAG ceramics laser and an
external cavity figure to achieve the Raman laser
oscillation. The experimental setup is demonstrated in
Fig. 2. In the setup, the light at 1030 nm from the
Yb:YAG amplifier was the pump. A convex focal lens
(f=150 mm) was used to focus the pump beam to the
surface of the diamond from the radius of ~700 um. The
Raman material is a CVD diamond with the dimension
of 6x6x1.5mm3 and anti-reflection (AR) coating at 1030
nm. The pump laser went through the diamond crystal
direction of <110> which is the crystal axis. The laser
cavity is a linear and short cavity with the length of 25
mm. The radius of the input mirror (M1) was 75 mm and
the radius of the output coupler (OC) mirror was 50 mm.
The coating for the input mirror was high transmission
(HT) at 1030 nm and high transmission (HR) at both of
the 1st and 2nd Stokes wavelength which is 1194 nm and
1420 nm. The OC mirror was coated with HR coating at
1030 nm and 1194 nm. Three different values of the
1420 nm were

experimentally which is 5%, 20%, and 50%.

output transmission at tried

f=150mm

light was 4.2 W. The slope efficiency with 50% OC was
approximately 23%, which is a satisfactory value
comparing to the previous reports.

This was a primary experiment for our next step of
choosing suitable high power pump and high power
Raman wavelengths to generate DUV laser at 193 nm.
However, 1420 nm is still an interesting wavelength
because its FHG is 355 nm, which is a common but useful
UV wavelength in laser machining.

This time we reported a 27 W Yb:YAG ceramics rod
type laser at 1030 nm . The SHG to green and FHG to
UV laser power were 15 W and 6 W, respectively. A
6x6x1.5mm?3 CVD diamond was used as the Raman
crystal in an external cavity pumped by this laser. The
highest power of 0.586 W was obtained at the 2n Stokes
light at 1420 nm. To the best of our knowledge, it is the
first time to achieve this wavelength by use of diamond
Appropriate and Raman

Raman laser.

pump
wavelengths will be studied in future for 193 nm laser

generation.

~25mm

HVXP PBS HwWp 4EEEEE——)
[ 0C, R=50mm
Yb:YAG
Amplifier / / \
HT@1030nm HR@1030nm 5 d S k
nm nm t
L L il;gg;zj@r:: ?aSC(i)ir:IS :Egu%nm ssg:sgnm(s%,zo%& sow\ @n1 420(:1 n(:s
Fig.2 Setup of the external cavity diamond Raman laser (HWP: half wave plate)
After the Raman laser cavity, two reflection mirrors
were used to remove the residual power of pump laser at
1030 nm and the tiny power of the 1t Stokes laser at
1194 nm for diagnostic of the generated 24 Stokes laser. ool ¥ 50%0C v
A 5% 0C v
The Raman laser could easily achieve lasing at the pump s sk v 1
3 v
laser power more than 1.25 W shown in Fig. 3. The Rl g 1
g wf 4 i
threshold was difference for 3 OCs, which was around 1.5 5 o . 3
; 200 |- 4
W. It also depicted a higher OC corresponding to a higher ¢ . M ui
100 AAA 4
threshold. To avoid the damage inside the cavity, the A:: .
8 . ; : ’ A

pump power for 5% and 20% OC was limited to 3.0 W. At
the same pump of 3 W, the output power of the Raman
laser at 1420 nm was 130.6 mW, 293 mW and 325 mW
by use of 5%, 20% and 50% OC, respectively. The highest
output power of 1420 nm was 0.586 W when the pump

21 PMEEXOESTEE 15

15 20 25 3.0 35 4.0 45
Pump@1030nm(W)

Fig. 3 Output Power of 2nd Stokes (1420nm) vs. Pump power
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Sonachalam. ARUMUGAM
Centre for High Pressure Research, School of Physics

Bharathidasan University, Tiruchirappalli 620 024, India
(sarumugam1963@yahoo.com, +91-95009 10310)

My Experience at ISSP

I made my first visit to Prof. Mori's Lab, ISSP in
September 1997 after attending AIRAPT conference at
Kyoto and followed by two year visit under JSPS
program (1998-2000) as a Post Doctoral Researcher. The
association and collaboration initially with Prof. N. Mori
and then followed with Prof. Uwatoko and it continues
from 2000- till date.
through Indo-Japan (DST-JSPS) program, DST_JSPS
exploratory visit, short term JSPS, COE fellowship and

I made several visits to ISSP

conference visits etc. These visits were helpful for me and
my students to learn and improve various experimental
skills such as piston-cylinder techniques, cubic press
method for transport measurements, modified Bridgman
anvil pressure cell and diamond anvil cell for electrical
resistivity measurements and uniaxial pressure device
for magnetic measurements under the extreme
conditions of high pressure, low temperature and high
magnetic field. The amazing instrumentation capability
and dedication of Prof. Uwatoko at ISSP led to various
unique facilities (palm type cubic press, miniature
uniaxial pressure cell for magnetic measurements,
pressure cell for neutron diffraction and structural
measurements etc) to study the structural, transport,
magnetic and thermal properties at extreme conditions
of high pressure, low temperature and high magnetic
field. I can simply say that World of high pressure
techniques at the door step of University of Tokyo and

realized the same.

My stay at ISSP as a Visiting Professor during August
2016 to November 2016 with my wife had a wonderful

and memorable experience in both personal and scientific

aspects. Even though I visited ISSP several times in the
past and this was the second long visit with my family after
16 years. The aim of my visit to ISSP is to continue my
investigation of transport and magnetic properties under
hydrostatic of BiSz based superconductors and topological
semimetals. Further, we continued the magnetic
properties of selected inorganic spin ladder system under
uniaxial pressure. The ISSP infrastructural experimental
facility and fast development of in and around
Kashiwanoha campus are enormously changed, and it
helps the researchers to spend more time in research
rather than other activities. 1 have visited various
countries in the world and stayed for short time and I
could find 100 % peace, comfort and safety in Japan than
any other country in the world and similar to my feeling

of staying in my home country.

I am very much attracted towards the Japanese
traditional culture and arts, Japanese calligraphy, sumo
wrestling, Pottery and Ceramics, Japanese traditional
foods, technology mindset and special kindness. Hence,
the collaboration keeps continue to ahead for so long time.
My stay at ISSP was more comfortable due to systematic
effort and help of Prof. Y. Uwatoko, Shoko Nagasaki san,
Akiko Kameda san, Atsuko Yamauchi san, Kento

Ishigaki san and Bosen Wang san.
I thank the ISSP and Prof. Y. Uwatoko for the wonderful

opportunity given to me.

(S. ARUMUGAM)
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Agustinus Agung Nugroho

Institut Teknologi Bandung
Jl.Ganesha 10 Bandung, INDONESIA
nugroho@fi.itb.ac.id

Thad visited ISSP (at Nakatsujilab.) almost every year
since 2009 during my semester break. In collaboration
with Prof. Satoru Nakatsuji, I was always excited in
synthesizing new materials and more interestingly to
follow its flourishing the new physics. In 2015, Nakatsuji
group discovered a large anomalous hall from
antiferromagnetic MnsSn and MnsGe. It was a great
challenge for me to take a one-year visiting professor
position at ISSP to extensively explore the fundamental
science as well as the application of MnsSn related
compounds. After getting permission from the rector of
my institute, Institut Teknologi Bandung (ITB), as a
sabbatical leave, a quick arrangement was carried out by
the ISSP ILO team to complete the administration
procedures in order to start the project as early as
possible. Finally, the program was set from the beginning

of March 2016 to the end of February 2017.

The exploration to enhance the properties of MnsSn was
attempted using various kinds of doping to tune the
chemical potential of the system. The physical properties
of the doped samples show significant changes and
require a better theoretical model to understand all of
the effects. On the other hand, the enhancement with
respect to the performance criteria for the application is
still far from being achieved. One year has turned out to
be quite short for me to fulfill this target. However, since
not all the possibilities have been explored, there is still
chance that it could be realized. All of this work was
carried out using single-crystalline sample. I would like
to thank Takashi Nishikawa (M1) and my students from
ITB, who assisted me to characterize, orient and cut the
suitable size for physical

crystals having a

characterizations. Those are time-consuming work and
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share much of responsibility. I also thank Akito Sakai
(research associate) for providing heat and electrical
transport data to judge the performance criteria of our
samples. Fortunately, the crystal growth facility and all
the characterizations can be carried out in Nakatsuji lab.
I thank Ishii for helping us measuring the elemental
compositions. Beside Mn3Sn and MnsGe, I also explored
various compounds predicted to have Weyl fermion and
the results are still in progress. Related to the MnsSn
project, I had opportunities to collaborate with the group
of Prof. Yoshichika Otani which focused on the
spintronics and the group of Prof. (Associate) Takeshi
Kondo which focused on ARPES measurement. The
internal collaboration among research groups in ISSP to
investigate the electronic structure, the magnetic
structure as well as the physical properties of MnsSn
including its potential for spintronic application was very

interesting activities during my stay.

When I started to work at ISSP, it was nearly spring. I
had an opportunity to observe the new academic
atmosphere in Kashiwa campus, especially at ISSP.
During my stay at ISSP, I enjoyed many social activities:
starting from hanami in spring, barbecues in summer,
music festival and end year party in winter. I think those
activities are quite positive for the interaction between
students and staffs. During the ISSP barbecue, I could
chat with Prof Osamu Yamamuro and invited him to the
international conference organized by the association of
Indonesian material science in Bali. In the future, I
expect many ISSP staffs could make their time to attend

an international conference in Indonesia.



Although I have visited Japan, in particular ISSP, many
times, I have very little Japanese survival sentences.
After a one-year duration of stay, I still have not
improved my Japanese. Maybe the life between ISSP and
Kashiwa Lodge where I stayed was very convenient so I
had less cultural experience. During summer, my family
visited me in Japan. They had already experienced the
summer in Tokyo, which is quite hot, so with the help of
Akiko Kameda and Dr. Hiro Suzuki, I could place them
in Sendai and they enjoyed exploring touristic spots

around Tohoku area.

I had a great time during my stay at Nakatsuji’s group
and at ISSP. For that, I would like to thank: Masaki
Tsujimoto and Dr. Takahiro Tomita for their technical
assistance, our group secretaries Mariko Suzuki and
Yuko Ishiguchi for their help with administration, and
ISSP ILO team Akiko Kameda, Atsuko Yamauchi and
Ayano Hashiguchi for helping me settle to live in
Kashiwa and work at ISSP. I hope, in the future, I could

contribute more to Nakatsuji group as well as to ISSP.
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Surface and interface science serves as the foundation for numerous applications, ranging from microelectronics to
bio-sensing to heterogeneous catalysis. Surface chemistry thus informs important technologies of today that drive
multibillion dollar industries, and understanding the fundamental chemistry at a molecular level is key to future
advances. This talk will examine my group’s studies of molecular surface science in two key areas: electronics and
catalysis.

On the topic of electronic materials, I will describe our work on the adsorption of organic molecules at
semiconductor surfaces, aimed at the ultimate goal of controlling the chemical and electrical properties of these
hybrid systems. The presentation will examine model systems of molecular adsorption on the Ge(100)-2x1 surface
using a combination of experimental and theoretical methods. The reactivity of different functional groups will be
described, with particular focus on reactions of bi- and trifunctional molecules. The results help elucidate the way in
which the molecular structure as well as the identity of the reactive moieties affects the product distribution of the

molecules upon adsorption.
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On the topic of heterogeneous catalysis, I will describe recent studies on supported metal catalysts for the
conversion of synthesis gas (CO + H2) to synthetic liquid fuels and high-value chemicals. The interactions between
the metal, the support and promoters, and adsorbed reaction intermediates are of particular interest. Experimental
and theoretical studies provide strong evidence of structure sensitivity in syngas conversion on Rh catalysts. Further,
atomic layer deposition is applied as a method to achieve atomic scale catalyst design, allowing study of the important
effects of promoters and supports, which strongly influence the performance of Rh catalysts. Our results show that
the activity and selectivity is highly sensitive to the identity as well as the placement of the promoters, and in situ
spectroscopy combined with theoretical calculation helps provide a mechanistic understanding of the relationship

between surface reaction intermediates and the desired products.
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Our (eukaryotic) cells have a complex structure consisting of various organelle; cellular subunits made of lipid
membrane. Organelle allows cells to carry various chemical reactions in parallel, to realize complex cellular functions
and to construct complex multicellular organisms. However, because of the small size, the organization mechanism
of the cellular complex structure remains elusive. In this study, we consider organization of Golgi body; a membrane-
bound organelle working as the hub of the cellular logistics. Golgi body has a characteristic morphology; several
flattened of lipid membrane sacs (cisternae) stacking to each other. At the cell division in mammalian cells, Golgi
body is newly formed from assembly of small vesicles. We adopted dynamical triangulation method for coarse
graining of membrane performed Monte-Carlo simulation to reproduce the Golgi organization process. We found that
the control of membrane fusion based on local membrane structure is necessary to organize and maintain the fine
Golgi-like shape. We also characterized the self-organization of fine Golgi-like shape via balances among three time

scales of vesicle aggregation, membrane shape relaxation and membrane fusion.
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Tautomerization in a single organic molecule is a fascinating model to study hydrogen dynamics and has recently
obtained increasing attention in the field of nanoscale science because the process resembles a single-molecule switch.
We have studied tautomerization of porphycene (a structural isomer of free-base porphyrin) by using low-
temperature scanning probe microscopy (LT-SPM). Porphycene exhibits particularly interesting tautomerization
behavior due to its strong intramolecular hydrogen bonds, and the investigation with LT-SPM opens a unique
opportunity for studies of hydrogen-bond dynamics at the single-molecule level. I will discuss direct observation and
control of tautomerization in the porphycene molecule on metal surfaces induced by different external stimuli-heat,

tunneling electron, light, and force.
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The past decade has seen enormous increases in the size and quality of datasets produced by techniques such as
scanning probe microscopy and x-ray diffraction from synchrotrons globally. However, the necessary pathways to
both mine the large datasets to derive understanding of fundamental mechanisms, as well as synthesize and compare
the results across the wider available literature, are still generally limited. Here, I will present case studies involving
our use of machine learning and deep data analysis of scanning probe microscopy datasets for understanding of
physical mechanisms.

I will first outline the new suite of techniques that we have developed using scanning probe microscopy, which we
term the "General mode" acquisition technique, that streams all of the information available from the measurement
system (photodetector, current amplifier, etc.) to be captured and analyzed. This large increase in data volume allows
for a wide variety of subsequent analysis, including data-driven filtering, digital lock-ins, and denoising. These
techniques can greatly increase the acquisition speed by orders of magnitude for typical SPM experiments, such as
in I-V curve acquisition on conductive oxides, and hysteresis loop acquisition for ferroelectrics.

Throughout the talk I will emphasize techniques to learn physics from the large datasets captured, including
examples of endmember extraction, Bayesian inference, matrix factorization and convolutional neural networks that
can be utilized to automatically learn appropriate features from images for classification, and from which subsequent
physics is then derived by combining the information with first principles and thermodynamic models. These
advances point to the big-data driven future of scanning probe microscopy as a vital tool for materials science

researchers, as a means towards understanding local physics in complex material systems.
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This work has been performed in collaboration with Suhas Somnath, Petro Maksymovych, Maxim Ziatdinov,
Stephen Jesse, and Sergei V. Kalinin. The imaging and deep data analysis portion was sponsored by the Division of
Materials Sciences and Engineering, BES, DOE. This research was conducted and partially supported at the Center

for Nanophase Materials Sciences, which is a US DOE Office of Science User Facility.
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It is a well known fact that a magnetic field can break the time reversal symmetry and therewith can destroy a
topologically protected surface state in topological insulators. However, the interplay between magnetism and
topological order can yield a number of interesting phenomena such as the quantum anomalous Hall effect, a
topological magneto-electric effect, and quantised Kerr- or Faraday rotation. This motivates researcher for a search
of new magnetic topological insulators and for an intensive study of their electronic and magnetic properties. In my
talk, I’ 11 give an overview of our first-principles investigations on this class of materials. In the first part, I" 11
present a method and approximations used in our simulations and then talk about several examples of magnetic
topological insulators, studied in our group within the last three years. First of all, I’ 11 discuss topological insulators
doped with magnetic impurities, which can imply various magnetic order in these materials. A special attention will
be devoted to the exchange interaction between magnetic impurities and to the impact of electron-magnon interaction
on the electronic structure in some doped topological systems. As next, I’ 11 demonstrate how some defects or
impurities without magnetic moments can induce magnetism in topological insulators and discuss the main features

of magnetic interactions in these systems.

B S mE e I J— : Antiferromagnetic spintronics - spin-transfer torque and spin-motive force
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Louis Néel, who received Nobel Prize in Physics 1970 for his pioneering work on magnetic properties of solids,
commented in his Nobel lecture that "They (antiferromagnets) are extremely interesting from the theoretical
viewpoint, but do not seem to have any applications." More than 40 years after his winning the prize, now
antiferromagnets seem to be finally finding their major applications in the field of spintronics; people are realizing
that replacing ferromagnets involved in spintronic devices by antiferromagnetic materials can lead to downsizing of
the devices as well as much faster operations. One of the difficulties in dealing with antiferromagnetic materials,
however, comes from the absence of macroscopic magnetization, making it hard to control them by magnetic fields.
In this talk, we will discuss two phenomena, spin-transfer torque and spin-motive force, which could provide a route

to generate and detect dynamical antiferromagnetic textures by electrical means.
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Accurate description of complex systems including heterogeneous interfaces, such as molecule/metal and
solid/liquid interfaces is important in diverse fields, e.g., heterogeneous catalysis, molecular electronics, and
electrochemistry, but it poses a challenge on the electronic structure method as it requires the accurate description
of the different interactions on the same footing. I will discuss the van der Waals density functional (vdW-DF) [1,2]
as one of the efficient approaches to describe complex interfaces and show that by appropriate design of the exchange
and correlation functionals [3], it is possible to accurately describe wide range of materials, including graphene on

metal surfaces [4].
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i : Cathode lens electron microscopy
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Cathode lens electron microscopy is a method for imaging surfaces and thin films with reflected or emitted low
energy electrons. This talk will discuss the principles, possibilities and limitations of the various operation modes.
They include the reflection modes low energy electron microscopy (LEEM) and mirror electron microscopy (MEM),
the emission modes photo emission electron microscopy (PEEM) with UV, laser and synchrotron X-ray light
excitation and Auger electron emission microscopy. Some of these operation modes give not only structural
information but also magnetic information, making use of the spin dependence of the reflectivity or the circular
dichroism in emission. Chemical information can be obtained with X-ray PEEM (XPEEM) and Auger electron
emission microscopy (AEEM) via energy filtering. In addition to imaging most instruments allow also diffraction and
spectroscopy. Combining several of these techniques a rather comprehensive characterization of surface and thin
films on the 1 to 10 nm resolution level is possible, depending upon operation mode and instrument design. The
ultimate resolution is limited by the long wavelength of low energy electrons to about 2 nm in aberration-corrected
instruments.

The talk assumes familiarity with the basic physical processes involved in these imaging modes, such as electron
diffraction, UV and X-ray photoelectron emission and Auger electron emission, in order to allow enough time for the
illustration of their application with examples.

General reference: E. Bauer: Surface Electron Microscopy with Slow Electrons, Springer, New York, 2014
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Rare-earth magnets are mainly composed of 3d transition metals (T) and rare-earth metals (R). The former yield
large magnetization, while the latter are a source of strong magnetocrystalline anisotropy (at low temperature).
Strong magnet compounds, such as Nd2Fe14B and Sm2Fel17N3, contain a light element (X) as a third element. We

will discuss the role of the X element in the magnetism of R-T-X systems. First-principles calculations [1] clarify that
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the magnetic moment depends sensitively on X as a consequence of orbital hybridization between X-2p and T-3d.
Crystal-field coefficients at the R sites are also affected by X. This suggests that magnetocrystalline anisotropy can
be controllable by additive elements. We will also present a combined first-principles and classical spin model

analysis of magnetocrystalline anisotropy at finite temperature [2,3,4].

[1]1 Y. Harashima et al., Phys. Rev. B 92, 184426 (2015).

[2] M. Matsumoto et al., J. Appl. Phys. 119, 213901 (2016).

[3] Y. Toga et al., Phys. Rev. B 94, 174433 (2016).

[4] T. Fukazawa et al., arXiv:1612.04478.

B BT > 74 —<J) 3 J— : Finite-temperature magnetism of 4f-3d intermetallics: a set of ab
initio studies
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Rare-earth permanent magnets are important materials both technologically and scientifically. They are used in
traction motors of hybrid vehicles and power generators to provide a sustainable solution to the energy problem. In
those industrial applications, a recent challenge has been to soften a high-temperature degradation of the magnetic
properties. Engineering of microstructure to better control the extrinsic properties has been pursued while we propose
an intrinsic solution spotting a key energy scale of an exchange coupling between the anisotropic 4f-electron cloud in
rare-earth atom and the magnetically polarized 3d-electron bands coming from the Fe-group elements. A simplified
spin model derived basically from first principles shows that a slight enhancement of 4f-3d exchange coupling helps
in partially avoiding the temperature degradation of the magnetic properties around the room temperature or higher
[1]. Calculated temperature dependence of magnetic properties in our ab initio spin model is not entirely consistent
with experimental results [1,2] of which reason can be at least partially tracked down to the fundamental issue in
describing the nature of delocalized electrons on the basis of localized degrees of freedom. Other independent ab initio
finite-temperature calculations for rare-earth permanent magnet compounds [3] provide a cross-check with ab initio
description of itinerant electrons within Korringa-Kohn-Rostoker (KKR) method for the electronic structure
calculation combined with coherent potential approximation (CPA) [4]. Finite-temperature scaling analysis between
magnetization and uni-axial magnetic anisotropy energy elucidates the common nature and a difference between a
spin model description, ab initio KKR-CPA, and the experimental results. Thus rare-earth permanent magnet makes
a good playground for solid-state physics to address the nature of localized and itinerant magnetism. Extensions of
the present models toward a finite-temperature description of magnetization reversal processes pose another
challenge in statistical physics, and are under progress with several different approaches in implementing a scale-

bridging scheme [5].

References

[1] MM, H. Akai, Y. Harashima, S. Doi, T. Miyake, J. Appl. Phys. 119, 213901 (2016).
[2] Y. Toga, MM, S. Miyashita, H. Akai, S. Doi, T. Miyake, A. Sakuma, Phys. Rev. B 94, 174433 (2016).

[3] MM, R. Banerjee, J. B. Staunton, Phys. Rev. B 90, 054421 (2014).

[4] H. Shiba, Prog. Theor. Phys. 46, 77 (1971); H. Akai, Physica 86-88B, 539 (1977).

[5] H. Sepehri-Amin, J. Thielsch, J. Fischbacher, T. Ohkubo, T. Schre, O. Guteisch, K. Hono, Act. Mater. 126, 1 (2017).
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BEE: BiMR 1Y 74+—<I)E3IF—: Toward unified physics of quasi-one-dimensional organic
superconductors: (TMTTF)2X in the metallic state (X=Br)
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(TMTTF)2X is the sulfur analog of the well-known quasi-one-dimensional (Q1D) organic superconductor
(TMTSF)2X and precedes it in the development of organic metals. Although they are metallic at room temperature,
they undergo transitions into various insulating states at low temperature. While the insulating states deserved
intensive study by themselves, efforts have been made to bring (TMTTF)2X to a metal at low temperature and to find
superconductivity therein. Over a period of 14 years, superconductivity was confirmed in four members of
(TMTTF)2X such as X=Br, PF6, AsF6, SbF6 under relatively high pressure. On the other hand, a generic phase
diagram has been proposed to assume that the physics of the selenium and sulfur series must be treated on an equal
footing. In an effort to support this idea, there has been a number of attempts to verify if the metallic state of
(TMTTF)2X has indeed the same ingredients as those of (TMTSF)2X, but without much success until recently. In
this study, we chose (TMTTF)2Br for a practical reason and studied the angular dependent magnetoresistance
oscillations (AMRO) and the Hall effect under high pressure. Two of the most representative properties of Q1D metals,
three-dimensional AMRO oscillations (including Lebed resonances, Danner-Chaikin oscillations, and the third angle
effect) and field-induced spin-density-waves accompanied with quantized Hall resistance, were unambiguously
confirmed in (TMTTF)2X in the end. These results suggest that physics of Q1D electronic system is universal

regardless of the sulfur and selenium series.

iNE  PiEE 2 J— : Shot noise and Bell pair creation in nonlinear current of Kondo quantum dots
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Low energy properties of the Kondo—correlated quantum dots are described by the local Fermi-liquid which is an
extension of famous Landau’ s Fermi-liquid to impurity systems where the Coulomb interaction works only for
electrons in the impurity site. The non—equilibrium Kondo state has been intensively investigated in quantum dots,
where non—equilibrium state is finely tuned and investigated by applying small bias—voltages between electric leads
connected to the dot. A prominent result from the non—equilibrium Kondo effect is that residual interaction of the
Fermi liquid generates quasiparticle pairs with 2e effective charge in nonlinear currents, and the pair can be observed
as an enhancement of the shot noise.

We show theory and experiments on Fermi-liquid nature in shot noise measurement in a carbon nanotube
quantum dot1-3. Particularly, current and noise due to the Kondo effect in carbon nanotube quantum dot where the
local moment constituted of not only spin and but also chiral or orbital degrees of freedom emerges are discussed.
Furthermore, a new entangled—electron—pair generator utilizing the pair creation of the local Fermi-liquid in electric

current in a quantum dot device is discussed. It is elucidated that local-Fermi—liquid exchange interaction violates
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the Clauser-Horne-Shimony-Holt type Bell’ s inequality for nonlinear currents through correlated two different

channel of a double quantum dot device.

1. Ferrier, RS, et al., Nat. Phys., 12, 230-235 (2016).
2. Y Teratani, RS, et al., J. Phys Soc. Jpn. 85, 094718 (2016).
3. M Ferrier, RS, et al., submitted to PRL.

B - FiEht 29—  On the dynamics of a 1D and 2D prototype quantum many body system
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I will present recent results

(1) on a novel thermal Bethe ansatz approach to magneto-thermal transport in the Heisenberg spin 1/2 chain, as well
as an extension to far out of equilibrium thermal transport (thermal quench) [1],

(11) on the high temperature dynamics of quantum compass models [2].

References:
[1] X. Zotos, arXiv: 1604.08434
[2] A. Briffa and X. Zotos, arXiv: 1611.00637
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During the last decade, two-dimensional (2D) materials, exemplified by the well-known graphene that can be
exfoliated from the bulk phase, have attracted intensive attention. The advent of novel 2D materials makes it possible
to fabricate devices at the atomic scale. Here, I will briefly introduce three of the newly emerging 2D materials:
silicene, borophene and Cu2Si. These materials contain only one atomic layer and have been successfully synthesized
on metal substrates by molecular beam epitaxy (MBE). Scanning tunneling microscopy (STM) and angle resolved
photoemission spectroscopy (ARPES) measurements have unraveled intriguing properties in these materials, such
as the Dirac cones in silicene and borophene and Dirac nodal lines in Cu2Si. These novel properties are not only of

fundamental interest but also essential for the future device applications.
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