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Xenophon Zotos

Department of Physics, University of Crete
70013 Heraklion, Greece
zotos@physics.uoc.gr

I was introduced to the scientific approach and
exceptional skills of Japanese scientists already during
my Ph.D. work studying the seminal works of Profs.
Minoru Takahashi and Masuo Suzuki. It was followed
by a post-doc term with Prof. Kazumi Maki in the States
Japanese

where 1 was acquainted with his

students/collaborators and during my stay in
Switzerland to Japanese colleagues, by now friends. My
first visit to Japan was in 2004 attending a workshop in
Sendai and a summer school in Tokyo organized by Prof.
Masaki Oshikawa and having the first opportunity to get

a glimpse at the life and culture in Japan.

This three month long visit to ISSP, kindly organized by
my host Prof. Hirokazu Tsunetsugu, was really my first
opportunity to live and work in Japan. Scientifically, it
was very intense and fruitful. Daily hourlong

discussions with Prof. Tsunetsugu, opened new
directions in my research plans as well as on common
projects. It was also very good timing as there are
serious developments in the dynamics of integrable
systems that we are cur-rently pursuing. Interaction
with members of his group (in particular Dr. Tatsuhiko
Ikeda and others at the ISSP Theory Department) was
very cordial and scientifically interesting. Presentations
of and attending seminars at ISSP and discussions at the
Univ. of Tokyo with Profs. S. Miyashita, M. Ogata, S.
Aoki were very constructive. And with the opportunity
to attend the March Japanese Physical Society Meeting
in Osaka I witnessed a vibrant Japanese physical society

working at the frontiers of science.

And all this of course would not have been possible

without the kind, friendly and efficient assistance of the
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secretaries, Ms. Mayumi Matsushita and Atsuko Tsuji of
my host group and Ms. Yuko Ishiguchi and Ayano
Hashiguchi of the International Liaison Office, that

made my stay comfortable and enjoyable.

About visiting Japan, a while after I arrived, I was asked
by my colleagues what made me more impression. My
spontaneous answer was the politeness of people and the
variety of seafood ! - of which I am great fun. In the
meantime, with my wife that visited for 3 weeks, we had
the opportunity over the "Golden Week” and a couple of
weekends to visit the impressive cultural places in Tokyo,

Kyoto and Nikko, shrines, temples, museums, which is

what tourists do.

But also, to enjoy a walk through the Rikugien garden -
distinctly Japanese, to enjoy the nature in a hiking
through Ryuokyo valley, to wonder through the lively
neighborhoods of Tokyo, a clean and safe metropolis - a
contradiction in terms for other parts of the world - , to
be impressed by the perfectly organized and punctual
metro and trains, to meet passers-by ready to help a lost
tourist, to have dinner at simple restaurants and meet
very friendly locals eager to start a conversation, to see
the very hard working but also fun loving people, to have
some delicious "street food” (e.g. takoyaki), to note the

particularities of Japanese daily life.

And all this was possible due to the hospitality of my host
and ISSP which I believe, besides being an outstanding
center of physics, gives an opportunity to appreciate the

unique Japanese culture.
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Marie D’angelo
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University Pierre and Marie Curie / National Center for Scientific Research
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dangelo@insp.jussieu.fr

I had the opportunity to stay at the Institute for Solid
State Physics as a visiting professor in the group of

Professor Iwao Matsuda from May to August 2017.

I first met Professor Iwao Matsuda in Elettra, the Italian
synchrotron, sixteen years ago. At that time I was a PhD
student in Paris, working on silicon carbide surfaces
and Scanning
I had

opportunities to meet Prof. Matsuda in Elettra. I really

Spectroscopy
After that,

using Photoelectron

Tunneling Microscope. several
appreciated his way of working: very dynamical,
rigourous, efficient and demanding also, but always the
beamtimes were quite enjoyable with lot of fun and

laughs.

Thus, at the end of my PhD I decided to join Professor
Shuji Hasegawa’s group in which Professor Matsuda was
working then. I spent two years in the University of
Tokyo as a postdoctoral researcher and went back to
France in 2005 when I got a position as Associate

Professor in the Paris Institute of Nanosciences.

Since then, I have been collaborating with Professor
Matsuda on different thematics of surface science and we
perovskite oxides,

already worked together on

topological insulators or wide band gap semiconductors.

During my four-month stay at ISSP, I had the opportunity
to use the Time-Resolved Photoemission facility of the
BLO7LSU beamline in SPring-8. This state-of-the-art
setup combines ultra-short laser pulse, synchrotron
radiation light and time-of-flight analyzer, allowing
measurement of carriers dynamics in crystals as fast as

the 50 ps range (the pulse- width of the synchrotron

radiation). This time, we performed experiements on
cubic silicon carbide 3C-SiC(001) surface and we could
evidence an effect of surface reconstructions on the
relaxation of the surface photovoltage. This first results
of time-resolved photoemission on silicon carbide
surfaces encourage us to go further and will lead to new

experiments on BLO7LSU in the coming years.

I would like to mention here that this study was part of
the international collaboration work of Ms. Myriam
Lachheb, a French M1 student from Pierre and Marie
Curie University who spent three months in ISSP. For
the last two years, Professor Matsuda has welcomed and
trained three master students from my university. I am
really grateful to him and to ISSP to give such unique
opportunity to young people to work in a stimulating
environment on world top-class experimental setups and
in a country that for most of them, they didn’t know

before.

I believe that with this kind of initiative we are sowing

seeds that will bear beautiful fruits in near future.

To end with, I would like to thank all people in ISSP that
have made my stay in ISSP -and more generally in
Japan- very pleasant, enjoyable and fruitful. I have been
welcomed in the best conditions with my family and we
will be going back to France with our heads full of

precious memories.

My sincerely thanks to ISSP and Professor Iwao
Matsuda for this wonderful opportunity.
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Kedar Damle
Department of Theoretical Physics

Tata Institute of Fundamental Research

To start with the basics: I spent the last three months at
ISSP (today is my last day here), having taken up an
invitation to spend some time here as a Visiting Professor.
Although the initial invitation from the University of
Tokyo was for a year's appointment at ISSP, my colleague
at ISSP, Masaki Oshikawa, who had been in touch with
me about this possibility, readily agreed to a curtailed
three month appointment and set in motion the well-
oiled ISSP machinery that works behind the scenes to

make such visits possible in practical terms.

After a hectic couple of weeks making arrangements for
this unusually long (from my point of view!) absence from
my home base, the Tata Institute of Fundamental
Research in Mumbai (India), where I serve on the
Natural Sciences Faculty, I arrived here looking forward
to the possibility of spending time discussing physics
with Masaki (whose work I have long admired from afar)
and his group, but frankly a bit apprehensive about the
thought of living for three months in a culture whose
three scripts I cannot read, and language I cannot
understand--- the thought of being effectively illiterate
for three months weighed heavily somewhere in the
subconscious, since I was aware that Japan has a long
and proud tradition of carrying on in all spheres of
activity using their own language as the primary means

of communication and record-keeping.

Japan did not disappoint in this regard, nor did ISSP.
Coming from a country that has ended up adopting
English as the primary means of communication and
dissemination of information at least in university
settings, it was quite an education to see a whole new
world, where every conceivable book has a Japanese

edition (often much much smaller in size than the
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corresponding English edition---and this has nothing to
do with typeset as far as I can tell---rather, it is perhaps
a tribute to the high information density of Kanji),
seminars are in Japanese unless the speaker specifically
warns the audience by submitting an abstract in English,
keyboards, in spite of having only the usual limited
number of keys, are used at breathtaking pace to produce
a variety of Kanji characters (and perhaps Hiragana and
Katakana characters as well?) whose number vastly
exceeds the available keys---how this is done remains a
mystery to me, although I have shamelessly peered over
Masaki's shoulder on multiple occasions in the last three
months while he wrote emails predominantly in Kanji
script at breakneck speed sitting at the back of some
seminar---loudspeakers embedded into the false ceilings
of the building helpfully provide a detailed Japanese
summary of the day's colloquium an hour or so before it
is to begin, and every supermarket trip becomes a game
of roulette, with one never quite knowing what's being
proclaimed in bright red letters on that attractive looking

package of chips!

At this point, the uninitiated reader will perhaps find it
hard to imagine how an effectively unlettered person
could possibly function over the period of an extended
visit at a level that would make such a visit fruitful and
productive in professional terms. But for the initiated,
who have already experienced the perhaps uniquely
Japanese combination of enormous attention to detail
(the Japanese are one people who truly have nothing to
learn from ““The Checklist Manifesto" of Atul Gawande),
incredibly warm hospitality, and ingrained helpfulness
and unfailing politeness that goes well beyond the
ordinary, it will come as no surprise that I look back on

three months well-spent, with old projects taking on new



twists, new ones starting from discussions over coffee
with Masaki and his group, and the unexpected bonus of
having Naoki Kawashima and some of his group willing
and interested in helping me explore something I've been

wanting to clear up for some time now.

This is hardly the forum to dwell on details of these
discussions, or our hopes for bringing to fruition some of
what we discussed at ISSP---Time will tell, and the
interested can always check on the arXiv in perhaps a
year's time from now! Rather, let me close this note by
doffing my hat (yes, I did go and buy a hat, since this is
a country where hats and caps of all manner are worn at
the slightest hint of the sun!) to the people at ISSP, who,
for me, have been the personification of the warm
hospitality, ingrained helpfulness and unfailing
politeness, and the attention to detail which I mentioned
earlier: These are the administrators working in the
Division of Condensed Matter Theory, the International
Liaison Office, the Kashiwa International Office, and the

Kashiwa Campus Central Administration.

To all of them I say here:

"Arigatou Gozaimasu".

July 19 2017
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P : Structural and Dynamical Transition in Functional Materials
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fik& : Bhabha Atomic Research Centre, Mumbai, India
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Phase transition in condensed matter is an interesting phenomenon from both experimental and theoretical point
of view. It can occur either on application of temperature, pressure or field. There exists variety of nomenclature to
delineate various kinds of transitional behavior, particularly regarding order of a transition etc. Phase transition has
been studied by using macroscopic and microscopic probes. Dynamical transition, viz, order-disorder, sublattice
melting, etc. is related to motion of atoms and molecules, leads to many applications. In this context, diffusion
or reorientation of a molecular species is of interest in various functional materials. Diffusion is actually a stochastic
process. Such a process over a time scale ca 10-10 - 10-13 sec is conveniently studied using neutron scattering
technique. It is particularly suited for studying the dynamics in hydrogenous materials (viz. organic, polymer, soft
matter and biological systems etc.) as hydrogen has large scattering cross section. It offers unique possibility of
analyzing spatial dimensions of atomic or molecular processes in their development over time. The time-scale of the
dynamical motion, its geometry as well as the nature of the hindering potential can be obtained from the neutron
scattering data. Molecular dynamics simulation studies are very useful for further insight in the underlying processes
as it does not suffer limitations of an experimental setup.

We have studied various systems, for examples, atomic or molecular diffusion (translation and rotation) in
crystalline systems, confinement of molecules in nano pores, like clay, zeolites, molecular sieves, metal organic
framework etc; polymer based membranes, molecular magnets; nano-metal clusters; micelles and vesicles (a model
biological systems) etc. Some of the recent results as obtained from neutron scattering experiments and molecular

dynamics (MD) simulation will be discussed.
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We propose a method, inspired by Free Probability Theory and Random Matrix Theory, that predicts the eigenvalue
distribution of quantum many-body systems with generic interactions [1]. At the heart is a “Slider”, which
interpolates between two extremes by matching fourth moments. The first extreme treats the non-commuting terms
classically and the second treats them ‘free’. By ‘free’ we mean that the eigenvectors are in generic positions. We
prove that the interpolation is universal. We then show that free probability theory also captures the density of states
of the Anderson model with an arbitrary disorder and with high accuracy [2]. Theory will be illustrated by numerical
experiments.
[Joint work with Alan Edelman]

Time permitting we will prove that quantum local Hamiltonians with generic interactions are gapless [3]. In fact,
we prove that there is a continuous density of states arbitrary close to the ground state.
The Hamiltonian can be on a lattice in any spatial dimension or on a graph with a bounded maximum vertex degree.
We calculate the scaling of the gap with the system’s size in the case that the local terms are distributed according

to gaussian B-orthogonal random matrix ensemble.

References:

[1] Phys. Rev. Lett. 107, 097205 (2011)

[2] Phys. Rev. Lett. 109, 036403 (2012)

[3] R. Movassagh “Generic Local Hamiltonians are Gapless”, (2017) arXiv:1606.09313v2 [quant-ph]
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BEE:mEae—1L Y b RERI¥EIF—  Xray spectromicroscopy: A powerful technique for probing
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Engineering of surfaces and interfaces of nanostructures remains a central goal of modern solid state physics and
chemistry, since atomically controlled interfaces play a key role in the performance of nanodevices. Limitations in
characterisation and theoretical modelling tools have been a major obstacle to the development of controllable device
interfaces. Technology is now entering a period of convergence between theory and characterisation tools, traditional
spectroscopic techniques are being combined with microscopy to characterise individual nanoobjects.

In the first part of this talk we will discuss nanoscale spectroscopy using polarized X-rays by NEXAFS-TXM. We
present image stacks and polarization-dependent NEXAFS spectra from individual titanate nanoribbons. The full-
field transmission X-ray microscope (TXM) installed at the beamline U41 in BESSY II (Berlin Germany) generates
high-resolution, large-area NEXAFS data with high collection rate. This new high-resolution NEXAFS-TXM
technique opens the way to advanced nanoscale science studies. Novel X-ray optics is also revolutionising the well-
established X-ray photoelectron spectroscopy allowing the characterisation of isolated nanostructures such as carbon
nanotubes or graphene. In the second part of the talk we will discuss recent results on doping of carbon
nanostructures recorded at the beamline ESCAMICROSCOPY at Elettra (Trieste—Italy).

Nanoscale spectroscopy with polarized X-rays by NEXAFS-TXM(2012) Nature Photonics 6, 25-29 Nitrogen
implantation of suspended graphene flakes: Annealing effects and selectivity of sp2 nitrogen species(2014)Carbon,
73, pp. 371-381.

Fluorination of suspended graphene(2017)Nano Research (just accepted) Nitrogen ion casting on vertically aligned

carbon nanotubes: Tip and sidewall chemical modification(2014)Carbon, 77, pp. 319-328
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[1] S. Maekawa, S. O. Valenzuela, E. Saitoh, and T. Kimura, ed., “Spin Current”, Oxford, 2012.
[2] M. Matsuo et al., Phys. Rev. Lett. 106, 076601 (2011).
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[3] H. Chudo et al., Appl. Phys. Expr. 7, 063004 (2014).
[4] M. Ono et al., Phys. Rev. B92, 174424 (2015).

[6] Y. Ogata et al., Appl. Phys. Lett. 110, 072409 (2017).
[6] M. Matsuo et al., Phys. Rev. B87, 180402(R) (2013).
[7] R. Takahashi et al., Nature Physics 12, 52 (2016).
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On lattices with triangular symmetry, competition between different antiferromagnetic interactions results in a
macroscopic degeneracy of low energy configurations for easy-axis magnets. Small perturbations or quantum
fluctuations then seed a three-sublattice ordered state which breaks lattice and spin symmetries. The question in the
title has to do with the temperature-driven transition from this long-range ordered state to a high temperature
paramagnet: In addition to a direct first order transition, which is certainly possible, two other scenarios are possible
on general (symmetry) grounds: a two-step melting process, with an intermediate Kosterlitz-Thouless (KT) phase, or
a sequence of two second-order transitions. After introducing this physics, I will try and outline a couple of questions
(and some partial answers) about the multicritical point(s?) at which the intermediate KT phase pinches-off to give

way to either a first-order transition line or two second-order transition lines.
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[2]S. Fujiyoshi, et al., J. Phys. Chem. Lett. 1, 2541, (2010).
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B mifRae—L 2 MEREE I — 85 51 [H : Ultrafast manipulation of magnetic structures probed by
X-rays
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Being able to manipulate magnetic structures in non-trivial ways such as by the application of a magnetic field, is
interesting from fundamental point of view as well as from that of applications. Manipulating them on ultrafast time
scales is even more exciting and challenging. Here I like to address the ultrafast magnetization dynamics of
antiferromagnets, for which a microscopic understanding of the spin dynamics can be obtained by x-ray (resonant)
diffraction using ultra-short x-ray pulses, today obtainable on X-ray-Free-Electron-Laser (XFEL) sources, such as the
LCLS and SACLA. I will give examples on ultra-fast demagnetization on simple elemental Ho [1], on CuO, [2,3]
which are in strong contrast to the results obtained on TbhMnOs. [4] At the end I hope I will show you the potential
to obtain ultrafast all optical switching in oxides by switching the magnetic structure and the ferroelectric

polarization in a multiferroic. [5]

[1] L. Rettig et al., submitted.

[2] S. L. Johnson et al., Phys. Rev. Lett. 108, 037203 (2012).

[3] U. Staub et al., Phys. Rev. B 89, 220401(R) (2014).

[4] J. Johnson et al., Phys. Rev. B in press (arXiv:1507. 06628).
[6] T. Kubaka et al., Science 343, 1333 (2014).
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[1] Inoue K. et al. Nature Commun. (2013) 4, Article number: 1678.
[2] Inoue K. et al. Nature Commun. (2016) 7, Article number: 13415.
[3] Kato H. E. et al. Nature (2015) 521, 48-53.
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Spin-liquids are peculiar states of matter in that they do not break any symmetries of the high temperature,
magnetically disordered state, but nevertheless represent a distinct phase. The spin-liquid state is defined by the
emergence of excitations which carry fractional quantum numbers and can be measured directly using neutron
spectroscopy. While the existence of a spin-liquid for Heisenberg spins on the pyrochlore lattice was first speculated
by Jacques Villain nearly 40 years ago, there have been no controlled experimental realizations — either classical or
quantum — of this model. In real materials, the spin-liquid is more often than not preempted by small perturbations
or intrinsic disorder that stabilize a broken symmetry state. In this talk, I will discuss a new material, NaCaNizF7,
which realizes the isotropic spin liquid of Villain but with the additional complication of random Na* — Ca%* charge
disorder in the crystal structure. We use neutron scattering and calorimetric measurements to uncover the magnetic
correlations in this material and fully determine the magnetic Hamiltonian. The ionic disorder creates a rugged
energy landscape that acts to freeze a small fraction of the magnetic degrees of freedom in time. However, the energy
scale set by this disorder is small, and the Heisenberg interactions prevail. In fact, only 40% of the available moment
is frozen, and the magnetism in NaCaNi2F7 is dominated by a persistently fluctuating component. These
measurements provide the first experimental confirmation of Villain’s prediction and a new insight into the interplay

between disorder and magnetic exchange interactions in highly frustrated magnets.

BERE : BRER A > 7 + — <)k 3 J— : Manybody topological invariants for fermionic topological phases
HEF : 2017 45 A 16 HCK) i 3 B~ iR 4 K

B e RTAEE 6 B S5 I —% (A615)

kMl : Ken Shiozaki

g : RIKEN

I present a way to define the manybody topological invariant (“order parameter”) for some classes of fermionic
topological phases protected by point group symmetries. We introduced the “partial point group transformation”,
which is defined by the point group transformation on a subregion that is closed under the point group transformation.
The topological invariant appears as the complex U(1) phase of the ground state expectation value of the partial point
group transformation. Since such a topological invariant is made only from the ground state and the symmetry
operator, it is applicable to systems with interaction and disorder. I explain why such the quantity gives the
topological invariant from the viewpoints of (i) the topological quantum field theory and (ii) the surface gapless theory.

I also show the numerical calculations of our topological invariants for some simple free fermionic ground states.
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B F )T A3 J—  Image states and energy dissipation on Bi:Tes surface
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Topological insulators (TIs), belonging into the family of intercalated compounds, have a bandgap in the bulk that
makes the crystal insulator, whereas their surfaces (or edges) are conducting. While protected topological states
might offer promising playground to observe exotic physical phenomena like Majorana fermion bounded state [1] or
magnetic monopoles [2], the effect of friction on topologically protected surface is yet to be reported.

Here we study energy dissipation onto BizTes surface by means of pendulum geometry oscillating cantilever of
combined AFM/STM [3]. While STM shows well understood image potential states, AFM reports on huge dissipation
peaks occur due to charging/discharging of those states by the oscillating tip. Huge dissipation peaks occur few nm
above the surface and are localized at relatively large voltages as expected for image states. Moreover the energy
dissipation depends on the local defect density.In order to understand the frictional response of BizTes in TI phase as
well as its frictional response when the TI phase is partially or fully suppressed, we probe surfaces with different
defect density and under external magnetic field. The results show extremely strong dependence of dissipation on

external magnetic field since the peaks are shifted to lower energies as the magnetic field increases.

[1] R. Pawlak, et al., Probing atomic structure and majorana wavefunctions in mono-atomic Fe-chains on
superconducting Pb-surface, npj Quantum Info 2, 16035 (2016)

[2] M. Z. Hasan and C. L. Kane, Topological insulators, Rev. Mod. Phys. 82, 3045 (2010).

[3] M. Kisiel, et al., Suppression of electronic friction on Nb films in the superconducting state, Nature Materials 10,

119 (2011).
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[1] H. Sukegawa et al., Appl. Phys. Lett. 96, 212505 (2010); H. Sukegawa et al., Phys. Rev. B 86, 184401 (2012); M.
Belmoubarik et al., Appl. Phys. Lett. 108, 132404 (2016); H. Sukegawa et al., Appl. Phys. Lett. 110, 122404 (2017).

[2] R. Shan et al., Phys. Rev. Lett. 102, 246601 (2009); W. Wang et al., Phys. Rev. B 81, 140402(R) (2010); Z. Wen et
al., Adv. Mater. 26, 6483 (2014); T. Scheike et al., Appl. Phys. Express 9, 053004 (2016); H. Sukegawa, Appl. Phys.
Lett. 110, 112403 (2017).
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1, Watanabe et al., Nature Communications (2014b) 5, 4519.

2, Watanabe et al., Nature Communications (2013) 4, 1631.

3, Watanabe et al., IEEE Transactions on Nanotechnology (2016) 15, 70-73.
4, Watanabe et al., Scientific Reports (2014) 4, 7076.
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The X-ray photoelectron spectroscopy (XPS) is one of the most important and widely used techniques in studying
chemical composition and electronic states in the vicinity of surfaces of materials. In spite of the long history of XPS
and its importance in materials science, a general method has not been developed so far to calculate absolute binding
energies for both insulators and metals, including multiple splittings due to chemical shift, spin-orbit coupling, and
exchange interaction, on equal footing.

Here, we propose a general method to calculate absolute binding energies of core levels in metals and insulators, based
on a penalty functional and an exact Coulomb cutoff method in a framework of the density functional theory [1]. It is
demonstrated that the absolute binding energies of core levels for both metals and insulators are calculated by the
proposed method in a mean absolute (relative) error of 0.4 eV (0.16 %) for eight cases compared to experimental values
measured with XPS within a generalized gradient approximation to the exchange-correlation functional. Recent
applications of the method including silicene [2], borophene, and platinum atoms will also be discussed in comparison
with experimental data together with analysis of the initial and final state effects based on an energy decomposition

method.

[1] T. Ozaki and C.-C. Lee, Phys. Rev. Lett. 118, 026401 (2017).
[2] C.-C. Lee, J. Yoshinobu, K. Mukai, S. Yoshimoto, H. Ueda, R. Friedlein, A. Fleurence, Y. Yamada-Takamura, and
T. Ozaki, Phys. Rev. B 95, 115437 (2017).
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The absorbed intensity of microwaves penetrating a quasi 1d spin chain compound, as measured e.g. in ESR
experiments, is determined by the imaginary part of the dynamical susceptibility of the compound. The latter is hard

to calculate over the full range of experimentally available values of temperature and magnetic field, even in for the

B B B B B B meccccercicreccrecosscosnssesnsesmresessesesnnsasnnsasansasansnsansnrans PHEMELVE ST EE 2B 60



integrable 1d Heisenberg chain. Theoretically more accessible quantities are the moments of the normalized intensity.
As suggested by Maeda, Sakai and Oshikawa in 2005 the first two moments determine the resonance shift, measured
in ESR experiments on systems that can be seen as small perturbations of the Heisenberg chain. Combining
perturbation theory, high-temperature expansions and scaling arguments with exact results I shall discuss
applicability and limitations of a general method of moments applied to close to isotropic systems. The resulting
insight will then be used for a detailed analysis of ESR and thermodynamic data for the spin chain compound
Cu(py)2Brz (CPB), where (py) stands for the pyridine molecule NCsHs. The analysis allows us to fully and precisely

determine the g-tensor and to identify directions and magnitude of the magnetic anisotropies of this compound.
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Thanks to the development of a new technique of polarization modulation of synchrotron radiation experiment,
efficient measurements of magneto-optical effects of magnetic surfaces and interfaces become now possible [1]. In
particular, the measurements using resonant scattering such as resonant magneto-optical Kerr effects (RMOKE)
combined with this technique are now powerful tools to investigate the detailed electronic and magnetic properties
of these systems. In the first part of this talk, first-principles calculations on X-ray absorption and magnetic
circular dichroism (XMCD), X-ray resonant scattering and resonant MOKE are briefly reviewed. In the second part,
the results of first-principles calculation related to the RMOKE experiments that have been performed recently
by Matsuda’s group (ISSP) are presented. The difficulty of the calculation of such spectra with photon energy of ~1

keV lies in the fact that it is necessary to perform accurate relativistic calculations of the deep cores as well as valence
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states up to ~100 eV above the Fermi edge in the same framework. Also since the magnetic dichroism is usually much
smaller than the absorption or scattering itself, rather precise calculations are required. In order to cope with these,
the KKR Green’s function method combined with the linear response theory has been exploited. If time is allowed,
the efforts to extend the study to non-linear optical effects targeting the resonant second harmonics generation will

be explained.

Reference :

[1] Y. Kubota, et al. to be submitted (2017)
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Etching of semiconducting materials at rates approaching atomic level resolution is of high interest to the
advancement of technologies addressing fabrication of low-dimensional devices, tunability of their optoelectronic
properties and precise control of device surface structure. The so-called digital etching that takes advantage of a self-
limiting reaction has the potential to address some of these challenges. However, conventional applications of this
approach proposed almost 30 years ago, require specialized and expensive equipment, which contributed to a
relatively slow progress in penetration of digital etching to micro/manofabrication processing schemes. We have
observed that for photoluminescence (PL) emitting materials with negligible dark corrosion, it is possible to carry out
PLmonitored photocorrosion in cycles analogous to those employed in digital etching. The advantage of this approach
is that photocorrosion of materials, such as GaAs/AlGaAs heterostructures, could be carried in a water environment.
This digital photocorrosion (DIP) process could be carried out in cycles, each approaching sub-monolayer precision. I
will discuss fundamentals of DIP and, in particular, mechanisms responsible for achieving high-resolution etch rates
of semiconducting materials. For instance, we have demonstrated a successful dissolution of a 1-nm thick layer of
GaAs embedded between Alo.3sGao.esAs barriers in a 28% NH4OH:H20, and we claimed that under optimized
conditions a further enhanced resolution is feasible. The nm-scale depth resolution achieved with DIP and lowcost of
the instrumentation required by this process is of a potential interest to specialized diagnostics, structural analysis
of multilayer nanostructures and, e.g., revealing in situ selected interfaces required for the fabrication of advanced
nano-architectures. We have explored the sensitivity of DIP to perturbations induced by electrically charged
molecules, such as bacteria, immobilized on semiconductor surfaces. Here, I will highlight our recent studies on
detection of Escherichia coli and Legionella pneumophila bacteria immobilized on antibody functionalized
GaAs/AlGaAs biochips. I will also discuss the application of this approach for studying antibiotic reactions of bacteria
growing on biofunctionalized surfaces of GaAs/AlGaAs biochips.
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The general context of this seminar is the experimental and theoretical study of “Heavy Fermion” systems: Metallic
compounds containing rare earth (RE) ions such as Ce and Yb. The experimental method considered is photoemission,
as carried out either in angle integrated (“PES”) or angle resolved (“ARPES”) mode. The Periodic Anderson Model
(“PAM”) has frequently been employed to interpret the spectra. The subject, started half a century ago, is still
surprisingly lively and full of new challenges.

I have collaborated with Clemens Laubschat’s group at the TU Dresden in Germany. My theoretical contribution
was to consult a PhD student in the group, Alla Chikina, in the development of a computer code for the PAM that
uses our phenomenological Continued Fraction Method (CFM) [1]. The CFM was generalized from the Hubbard
model to the PAM and the code was tested in comparison with results from Dynamical Mean Field Theory [2]. The

benchmarking was carried out in the “Kondo Lattice” regime of the PAM, which is characterized by the presence of
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a “large” Fermi surface (FS). The physical meaning of this concept is explained in terms of Luttinger’s counting
principle [3].

The PAM englobes other scenarios, beyond the Kondo Lattice, such as charge transfer and mixed valent regimes.
An overview of possible spectra is presented, as calculated with our code [4]. The PAM predicts damped van Hove
singularities in the quasiparticle density of states. One of the new challenges is to demonstrate their presence in the
PES data.

A detailed discussion of ARPES and PES results on YbRh2Si2 [5] and YbNiSn [6] uses an “asymmetric KL.” scenario.
We conclude that Doniach’s KL model, based on a single Kramers doublet per RE ion, is not applicable. The excited
4f levels under the cristalline electric field exert a strong influence in stabilising the large FS at temperatures well

beyond the Kondo temperature of a Kramers doublet.

] R. Hayn, P. Lombardo, and K. Matho, Phys. Rev. B 74, 205124 (2006).

] A. Benlagra, T. Pruschke and M. Vojta, Phys. Rev. B 84, 195141 (2011).

] R. M. Martin, Phys. Rev. Lett. 48, 362 (1982); J. Appl. Phys. 53, 2134 (1982).
[4] A. Chikina, PhD Thesis, Dresden (2016) and t.b.p.

] K. Kummer et al., Phys. Rev. X 5, 011028 (2015).

] A. Generalov et al., Phys. Rev. B (accepted May 2017).
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