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VEKHTER, Ilya
Sabbatical thoughts: ISSP, Louisiana politics, and the creative pursuits
Department of Physics and Astronomy, Louisiana State University, Baton Rouge,
LA 70803-4001, USA

My governor thinks I should not have come to ISSP. Yes, it is true: last October the governor of Louisiana declared
to the media that the faculty should not be taking sabbaticals to do their “so called research” instead of teaching,
and that it would save money for the state deep in the budget crisis. Apart from its mathematical and budgetary
absurdity, this statement shows a profound lack of understanding of what it is that scientists do, why sabbaticals
are important, and how we choose places to spend them. Research is a creative endeavor: right conditions to focus,
access to resources, opportunities for exchange with world class researchers all combine with the social and cultural
interactions to create the elusive and intangible, but in the end very real atmosphere that helps generate new ideas,
pursue promising leads, and identify exciting results. I wanted to come to ISSP for the sabbatical thinking that it is
a unique place where all the different facets of what makes a sabbatical both enjoyable and successful may combine -
and the experience exceeded my expectations.

My very gracious host, Professor Toshiro Sakakibara, has made the visit possible, and both he and the ILO staff,
Akiko Kameda and Mihoko Kubo, worked tirelessly in the months leading to my arrival to ensure that I had the
smoothest possible arrival and would find everything ready. Both Professor Sakakibara and his entire group made
me feel instantly welcomed as a part of both their research effort and the common activities, and I deeply
appreciated how much effort they put into making my stay as enjoyable and productive as possible. I feel privileged
to have been able to spend a part of my sabbatical with them, and would be delighted to reciprocate their hospitality
one day. I do feel somewhat guilty that the main project that we attempted turned out to be more difficult than what
I had anticipated and was not completed, but with that comes excitement that it will produce interesting results
when I finish it. I have learned very much about both physics and Japan from Sakakibara san, Kittaka san, and
everyone in the group, and I should have learned some traditional recipes from Mitamura san whose cooking was a
large part of what made our parties so cheerful. Yumi Hishinuma has been a marvel of efficiency in helping me
whenever I needed it.

Satoru Nakatsuji and his group have welcomed me with open arms and showed many results which I found very
impressive and interesting, and often puzzling. They stimulated much of my continued thinking about new subjects,
although in our discussions I had to say "I don’t know” more times than an average theorist normally does in a year.
I hope one day to be able to answer at least some of the deep questions they posed. Masashi Takigawa and Kazuo
Ueda have been very patient and took time to explain their recent work and its implications.

Many other researchers from everywhere in Japan have been very hospitable and invited me to give talks at their
universities and research institutes. I have covered rather thoroughly the area between Niigata and Okayama,
giving the talks there as well as in Kyoto, Nagoya, Tsukuba, and RIKEN. During my stay I saw the temples of
Kamakura and Kyoto, visited the old areas of Kanazawa, hiked in Kamikochi (in heavy rain), spent a night in a
gassho zukuri house in Shirakawago, walked between Tsumago and Magome in Kiso-ji, and saw the Matsumoto

castle. I enjoyed ukiyo-e prints at several museums, and also wandered with the crowds at Harajuku, appreciating



the variety and vibrancy of the experiences. I have been to Japan before at conferences in big cities, but this was the
first time when I was able to delve deeper into history outside of the major centers, and it has been illuminating and
enriching.

I have tried the patience of Kameda san and Kubo san with a multitude of naive and ignorant questions about all
aspects of life in Kashiwa (and much more), and would have been truly lost without their everyday help that was
invariably provided with a smile and an open heart. They were my willing chauffeurs, my efficient bank
representatives, my helpful translators, and my knowledgeable travel agents. They have anticipated many of my
requests before I even asked (I inevitably concluded that all the visiting professors are very predictable), and have
brightened every day that I talked to them. The tea ceremony lesson which they organized for Prof. Rogacki and
myself remains one of the most vivid and treasured memories of my stay in Japan. It is thanks to them and to the
entire group of Sakakibara san that I had one of the most memorable birthdays of recent years while in Kashiwa. 1
owe them a debt of everlasting gratitude.

One of the strength of the ISSP that I observed is in the continuity of its traditions. The winter holiday concert
that included everyone from students to the Director of Institute, with participation of former students such as
Koichi Izawa, whom I have known since we both were very junior, and former staff such as Naomi Habu, who has
volunteered her help during the tea ceremony organized by Kameda san, testifies to the uninterrupted thread that
creates such a unique research and cultural environment.

And this is what the governor of Louisiana does not understand. We could exchange files with data, we could
exchange emails with ideas, but this would be poor substitute for experiencing and fully participating in common
projects while sharing in a different lifestyle and culture. This latter helps us to think differently, to appreciate and
understand much deeper new viewpoints, and to greatly enlarge our experience and horizons. All of it together was

an enriching experience. I feel lucky that I had this opportunity, and I hope to be back soon.
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g : Tata Institute of Fundamental Research

We have reported a large number of rare-earth (R) intermetallic compounds exhibiting many magnetic and
transport anomalies. In my talk, I will demonstrate this by reviewing our recent work on the transport anomalies in
the families not paid much attention till recently, R7Rhs and R5Sis.

Particular emphasis will be paid on the magnetoresistance anomalies in TbsSis. It is a well-recognized fact that
the sign of magnetoresistance (MR) is negative at the field-induced magnetic transitions. In contrast to this
traditional belief, in this compound, MR is found to be interestingly positive with a large change in magnitude
beyond the critical-field. We invoke the concept of ‘inverse metamagnetism’ (in which magnetic fluctuations are
introduced beyond the transition-field) - a concept not so commonly known in metallic magnetism - to explain this.
There are observations attributable to an unusual magnetic-phase-coexistence phenomenon, as though the transport

is apparently dominated by high-resistive high-field phase.

FERE : BlERf > 7+ — %IVt 2 F— : Novel magnetization plateaus in frustrated quantum magnets
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Ml : Pinaki Sengupta
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Geometrically frustrated spin systems are known to exhibit novel quantum phenomena. One example is the
unique non-monotonic field dependence of the magnetization and the associated emergence of magnetization
plateuas in a class of frustrated spin compounds commonly known as the Shastry-Sutherland compounds after their
underlying magnetic lattice. In this talk, I shall discuss the underlying mechanism for the formation of these
plateaus. I shall compare the quantitative predictions from our recently developed unconstrained Chern-Simons
theory with experimental observations in SrCuz(BOs3)2.

Interestingly, our theoretical calculations predict that at the plateaus, the elementray magnetic excitations,
triplons, form well-defined stripes. Evidence of such stripes have recently been reported in TmB4, another compound

belonging to this family.
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In this talk, I will present recent studies of heavy-fermion systems performed at the LNCMI-Toulouse (France) in
pulsed magnetic fields up to 60 T. Heavy fermions are characterized by relatively small energy scales which can be
easily tuned by pressure or doping, leading generally to a quantum instability between a paramagnetic and an
antiferromagnetic ground states. The application of a magnetic field is an alternative to induce a quantum phase
transition on these systems, which are driven in high fields to a polarized paramagnetic state.

An investigation of the magnetic field - temperature phase diagram of CeRh2Siz by resistivity, torque,
magnetostriction, and thermal expansion measurements will be presented. CeRhzSi2 is an antiferromagnet which
becomes superconducting in the neighbouring of its pressure-induced quantum phase transition to a paramagnetic
regime, at around 11 kbar. High fields applied along the easy-axis ¢ permit to tune the system to a polarized
paramagnetic regime above 26 T . The magnetic field-temperature phase diagram is found to be composed of (at
least) three different antiferromagnetic phases. The magnetic-field and pressure-dependences of the quadratic
exponent A of the resistivity indicate a similar enhancement of the effective mass at the pressure- and field-tuned
quantum instabilities in CeRh2Siz , which suggests that both kinds of criticality are controlled by common features.
In a second part, I will summarize recent works performed on the “hidden-order” system URu2Sie. High fields
applied along the easy-axis ¢ drive the system to a polarized paramagnetic state via a cascade (at very low
temperatures) of first-order transitions, at magnetic fields between 35 and 39 T. The magnetoresistance of new high-
quality single crystals has been studied for several field-directions, at temperatures between 100 mK and 150 K and
in high magnetic fields up to 60 T. Our data confirm the well-established low-temperature magnetic phase diagram
of URusgSiz, but also permit to evidence that quantum criticality at the field-induced polarization is initially
controlled by the field-induced vanishing of a crossover temperature, which equals approximately 40 K at zero-field.
This energy scale might be related to the development of antiferromagnetic correlations, as suggested by the
maximum of the susceptibility also observed at around 40-50 K. A comparison of the characteristic energy scales
determined by transport and inelastic neutron scattering will be made. Finally, quantum oscillations observed above

30 T in our magnetoresistivity data and their analysis will be presented.
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Numerical Analysis of Frustration Effects in a Checkerboard Lattice Hubbard Model
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Aharonov-Bohm Effect in a Chiral p-wave Superconducting Ring
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Electron-hole Distribution in Carbon Clusters and Its Electric Field Dependence — A First-principles

Calculation

EHZ2 5 Hirotoshi Hirai (R2EPAFZEER. fEit)
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Non-Adiabatic Molecular Dynamics Simulations using Time-Dependent Density Functional Theory

MEEEM  Yoshitomo Kamiya (JI|&#FE=, 1#+)
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Phase Transitions and Critical Phenomena in Frustrated Continuous Spin Systems with Ising-like

Symmetry Breaking
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Edge States, Energy Gap, and Topological Phases of Graphene
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Numerical Studies of Nonequilibrium Transport in Strongly Correlated Electron Systems
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Theory on Terahertz Electromagnetic Wave Emission from Intrinsic Josephson Junctions
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Superconductivity in Correlated Jahn-Teller Coupled Systems
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Bulk magnetism in solids is fundamentally quantum mechanical in nature. Yet in many situations, including our
everyday encounters with magnetic materials, quantum effects are masked, and it often suffices to think of
magnetism in terms of the interaction between classical dipole moments. Whereas this intuition generally holds for
ferromagnets, even as the size of the magnetic moment is reduced to that of a single electron spin (the quantum
limit), it breaks down spectacularly for antiferromagnets, particularly in low dimensions. Considerable theoretical
and experimental progress has been made in understanding quantum effects in one-dimensional quantum
antiferromagnets, but a complete experimental description of even simple two-dimensional antiferromagnets is
lacking. Here we describe a comprehensive set of neutron scattering measurements on insulating Cu(DC0OQO)2-4D20,
that reveal a non-spin-wave continuum and strong quantum effects, suggesting entanglement of spins at short

distances in the simplest of all two-dimensional quantum antiferromagnets, the square lattice Heisenberg system.

il : MDCL 1 > 7 4 —< )t 3 F— : Correlations and Excitations in the s=1/2 Quasi-Kagome Antiferromagnet
Volborthite
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Despite recent synthetic efforts, an experimental realization of the s=1/2 kagome Heisenberg antiferromagnet
remains one of the holy grails of solid state physics. While structurally distorted, volborthite [CusV207(OH)2.2H20] is
one of the cleanest known candidate materials, and studies by NMR and ¢ SR have revealed rich physics, including
a crossover into an incommensurate or short range ordered state at T*=1 K [1]. We have probed the instantaneous
and dynamical structure factors, S(Q) and S(Q,w), both above and below T* using polarized and inelastic time of
flight neutron scattering on a powder sample. S(Q) shows dominantly nearest neighbor correlations at high
temperatures, with a buildup of short range correlations in the positions Q1=0.65(3) A1 and Q2=1.15(5) A1at T~5 K.
S(Q,w) reveals a flat band at w=5 meV, as well as vertical features dispersing from the Q1 and Q2 positions.
Furthermore, the temperature dependence allows us to identify the buildup of intensity in the Q1 position as the
origin of the feature at T*. Finally, we employ an empirical spin wave model to demonstrate that the excitations can
be generated semi-classically, and that a microscopic understanding of volborthite should be sought away from the

pure kagome Heisenberg antiferromagnet.
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Ml : Professor Henrik Ronnow
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The field of quantum magnetism form an arena where theoretical models and experiments on real materials meet
to further our understanding of quantum many body physics. I will illustrate the unique role of neutron scattering
through results on selected Cu?* based materials serving as physical realizations of fundamental low-dimensional
spin 1/2 models. Balancing the borderline between classical antiferromagnetic order and quantum fluctuating
ground states, in some ways, theoretical description of fully quantum ground states as found in spin chains and
ladders is currently more advanced than for ordered spin clusters, or even the simple 2D square lattice. The
antiferromagnetically ordered unfrustrated 2D square lattice host behaviour not explainable by spin-wave theory.
This observation from inelastic neutron scattering may provide the 'smoking gun' of so-called resonating valence
bonds (RVB) that Anderson and co-workers propose to describe the enigmatic high-Tc cuprate superconductors.
Finally I will show how magnetic excitations can now also be investigated with high-resolution Resonant Inelastic X-

ray Scattering (RIXS).

R SRR B B BRI R
HI : 2011 4E 2 A 23 HOK) % 4 Be~Fi% 5 Iy
5 - YERA AR 6 B S5 5 B3I —%F (A615)
Ml Prof. A. A. Nugroho
g : Institut Teknologi Bandung
i

The ability to manipulate the electric (magnetic) properties by applying magnetic (electric) field, namely
magnetoelectric effect, can be realized due to the magnetoelectric coupling between electrical polarization and
magnetization. Magnetoelectric effects have recently attracted much interest since the discovery of multiferroic
materials. In multiferroic materials, there is coexistence of at least two order parameters of electrical polarization,
magnetization and strain. Following the phenomenological Landau description, I will discuss the magnetoelectric
coupling in antiferromagnetic system, namely quadratic and linear coupling for Ga-doped YMnOs and MnTiOs,
respectively. In case of quadratic coupling, the dielectric measurement show anomaly at Tn, whereas in case of
linear coupling, there is no anomaly at Tx but a sharp peak in the dielectric constant appears at Tx when a magnetic

field is applied. The properties of those couplings in applied magnetic field will be presented.
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