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Renat Sabirianov
University of Nebraska at Omaha, Omaha, NE, USA

I was visiting Institute for Solid State Physics from May 30 till August 30 of 2008. I have very positive
impression of the University of Tokyo and particularly of the Kashiwa campus. I was interested to visit ISSP to learn
about the leading institution in Japan. I was particularly interested in collaboration with the group of Professor
Sugino, who is well known for his innovative work in the field of electronic structure of materials. My expectations
were fully realized. We developed a close collaborations and we started our current joint project on the properties of
ferroelectric materials in external electric field. The innovative computational approach developed in Prof. Sugino’s
group is essential for the success of the project. The collaboration with Minoru Otani of AIST on this project was a
blessing with his hands-on approach. I had access to a supercomputer facility at ISSP and got all the support needed.
I was quite impressed with the computational facilities which ISSP.

During the visit I had opportunities to participate in “The 1st International Conference of the Grand Challenge
to Next-Generation Integrated Nanoscience” (June 3-7, 2008, Tokyo, Japan) as well as present the results of my
work at ISSP colloquium, theory group seminar, seminar at NIMS and Prof. Sugino’s group meetings. I find these
meetings very productive.

I find that people at ISSP were very friendly and supportive. The organization of the visit was excellent. Akiko
Kameda from the International Liaison Office helped with settling in and helped me and my family throughout the
visit both dealing with official paperwork (especially helping with the bank) and helping to experience Japanese
culture and traditions. I thank Kubo-san for her help with various questions which occasionally come up. I had
support from secretarial staff as well. Naomi Habu spent time to help me with organizing week-end activities.
Particularly memorable was the tea ceremony.

Visiting ISSP had provided me with the opportunity to visit with my old colleague (Igor Solovyev at NIMS
Tsukuba) and create new contacts (Mikhail Eremets, Max Plank).

The ISSP location allows visitors to get full set of recreational and educational activities with easy access to
Tokyo with its historical and modern day attractions. The International office organized several trips over the
summer. Most memorable was a trip to Tsukiji fish market and the Japanese Tokugawa Shogun garden. The family
activities are plentiful with local parks, as well as theme parks such as H. Andersen park, Disney Land, museums
(we visited Miraikan, and the Museum of Science and technology at Ueno park), aqua-park. The mountain hiking
could be done at various locations nearby (Mt. Tsukuba which 4 year old can hike in about 2.5hours) or ultimately at
Mt. Fuji. Our 4 year old boy did not want even to go home and still misses Japan.

I would like to conclude that the three month stay at ISSP has given me many new ideas and the results of our
collaborative research will be published and presented at the international forums. I enjoyed my stay at ISSP and I

look forward to future collaborations with Prof. Sugino group.
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Mikhail Eremets
Hochdruck Mineralphysik
Max-Planck Institute for Chemistry
55020 Mainz, Germany

I visited ISSP during three months in July-October 2008. I worked in laboratory of Professor T. Yagi which is
well known as one of the best high pressure laboratories in Japan. Together with Prof T. Yagi and Dr T. Okada we
performed an interesting experiment on superionic conductivity in ice at high pressure and high temperatures. To
measure protonic conductivity, we introduced a new technique for megabar pressure studies — impedance
spectroscopy. In my opinion, this work is a good combination of experimental achievements of two groups. Laser
heating, for instance, is very well developed in the Prof. Yagi’s laboratory, and I transferred our experience on
electrical measurements in diamond anvil cell. We obtained promising results in this difficult experiment and
continue to work.

I immediately felt advantages of university system (and a power of Prof Yagi’s links!) when we easily obtained
help and consultations on impedance spectroscopy, and even got an expensive impedance spectrometer. We also used
other state-of-art equipment of the Tokyo university such as various electron microscopes. I was happy to work in
the Yagi’s laboratory which is well equipped, and everything perfectly functions! People are well qualified, motivated,
interesting, and, needless to say, polite and helpful.

Another benefit of the visiting professorship is communication with many people, participating in a number of
seminars, conferences, talks, and, of course, in many conversations with Prof Yagi and his group. Some interesting
ideas appeared in discussions with other visiting professors working far from my field. Visiting some other
laboratories was also instructive, in particular, Dr Y. Akahama who holds a record on static high pressures about 4

Mbars.

Personally, I had a warm feeling to come back in Japan after ten years and meet good friends in Tsukuba and
Osaka where I spent fruitfully and happily nearly three years. A new interesting experience was climbing Fuji in a
procession of thousands people forming a nearly continuous chain from bottom to top of the Fuji-san.

My living conditions were very comfortable. This is partly due to a kind support and care of staff at the

International Liaison Office for whom I am thankful.

To my mind, the visiting professor appointment was very fruitful and I am grateful to Professor Yagi and his
laboratory for the opportunity to contribute to the interesting work. I hope for further close collaboration and joint

works in Mainz and, of course, in ISSP where I would be happy to come back.
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WEEK 1
June 4 11:00 - 12:00 Xiaoliang Qi Topological Field Theory of Time-Reversal Invariant
(Wed.) (Stanford University) Insulators and Beyond
13:30 - 14:30 Igor Herbut Zero-energy states of Dirac fermions in two dimensions
(Simon Fraser University) and orders in graphene
June 5 11:00-12:00 Ken-Ichiro Imura Colossal spin fluctuations in a molecular quantum dot
(Thu.) (Tohoku University) magnet
17:30 - ISSP Beer party
June 6 11:00 - 12:15 Vincent Pasquier Quantum Hall Effect from the wave function point of
(Fri.) (CEA Saclay) view, Part 1 (Introductory Lectures)
13:30 - 14:45 Vincent Pasquier Quantum Hall Effect from the wave function point of
(CEA Saclay) view, Part 2 (Introductory Lectures)
WEEK 2
June 9 11:00-12:00 Kazuki Hasebe Supersymmetric extension of the quantum Hall effect
(Mon.) (Takuma National College
of Technology)
June 10 11:00 - 12:00 Akiyuki Tokuno Dynamics of one-dimensional Bose liquids in Y-
(Tue.) (Hokkaido University) junction and its related system: Andreev-like reflection
and absence of the Aharonov-Bohm effect
16:00 - 17:00 Shoucheng Zhang Quantum spin Hall effect and topological insulators
(Stanford University) (joint with theory seminar)



June 11
(Wed.)

June 12
(Thu.)

June 13
(Fri.)

June 14
(Sat.)

11:00 - 12:00

11:00 - 12:00

13:30 - 14:30

10:30 - 11:30

11:30 - 12:30

14:00 - 15:00

15:00 - 16:00

18:00 - 20:00

WEEK 3

June 16
(Mon.)

June 17
(Tue.)

June 18
(Wed.)

June 19
(Thu.)

June 20
(Fri.)

June 21
(Sat.)
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11:00 - 12:00

11:00 - 12:00

11:00 - 12:00

11:00 - 12:00

18:00 - 20:00

11:00 - 12:00

13:30 - 14:30

10:30 - 11:30

12:30 - 18:00

Zenji Hiroi

(ISSP, University of Tokyo)

Hsiu-Hau Lin

(National Tsing-Hua University)

Pierre Pujol

(Université Paul Sabatier)

Recent topics on two frustrated spin compounds

Topological nanomagnet: Quantized magnetic moment
at the edge of single-walled carbon nanotube

Gauge theory picture of an ordering transition in a
dimer model

Mini-Symposium on Mathematical Approaches

Murray Batchelor
(Australian National University)

Mitsuhiro Arikawa
(University of Tsukuba)

Paul Pearce

(University of Melbourne)

Vincent Pasquier

(CEA Saclay)

1D anyon models and fractional exclusion statistics

Analytic results on the Gutzwiller wave function

Logarithmic Minimal Models, Critical Dense Polymers,
Percolation and W-Extended Fusion Rules

Alternating sign matrices and the Quantum Hall
effect?

Cheese and Wine (or Sushi and Sake?)

Excursion: Bicycle trip to Teganuma (Lake) and Japanese Hotspring Bath

Dung-Hai Lee
(University of California)

Yoshichika Otani
(ISSP, University of Tokyo)

Takahiro Fukui
(Ibaraki University)

Jung Hoon Han
(Sung Kyun Kwan

University)
Banquet

Takashi Oka

(University of Tokyo)

Satoru Nakatsuji
(ISSP, University of Tokyo)

Subir Sachdev
(Harvard University)

Dynamic effects in topological insualtor/superconductor

Spin current and the spin hall effect in metallic nano-
structures

On a method of computing Chern numbers and Z:
invariant on a discretized Brillouin zone

Aspects of multiferroic behavior In spin-chirality- and
exchange-striction-driven compounds

Photo-induced Tomonaga-Luttinger-like liquid in a one-
dimensional Mott insulator

Exotic Freezing Phenomena in Metallic and Insulating
Frustrated Magnets

Hydrodynamic transport near quantum critical points
and the AdS/CFT correspondence

Excursion: Visiting Soy-Sauce Capital and Hands-On Experience on Soy-Sauce

Making



Topological Field Theory of Time-Reversal Invariant

Insulators and Beyond

Xiaoliang Qi (Stanford University)
[Reference: arXiv:0802:3537]

Abstract: We show that the fundamental time reversal invariant (TRI) insulator exists in 4+1 dimensions, where
the effective field theory is described by the 4+1 dimensional Chern-Simons theory and the topological properties of
the electronic structure is classified by the second Chern number. These topological properties are the natural
generalizations of the time reversal breaking (TRB) quantum Hall insulator in 2+1 dimensions. The TRI quantum
spin Hall insulator in 2+1 dimensions and the topological insulator in 3+1 dimension can be obtained as descendants
from the fundamental TRI insulator in 4+1 dimensions through a dimensional reduction procedure. The effective
topological field theory, and the Zz topological classification for the TRI insulators in 2+1 and 3+1 dimensions are
naturally obtained from this procedure. All physically measurable topological response functions of the TRI
insulators are completely described by the effective topological field theory. Our effective topological field theory
predicts a number of novel and measurable phenomena, especially the topological magneto-electric effect, where an
electric field generates a magnetic field in the same direction, with an universal constant of proportionality
quantized in odd multiples of the fine structure constant « = €2/ i c¢. Our theory shows explicitly that a three-d Z2
topological insulator is a condensed matter realization of the gb vacuumh studied in the high energy physics, with
0 = n. Finally, we present a general classification of all topological insulators in various dimensions, and describe

them in terms of a unified topological Chern-Simons field theory in phase space.

Zero-energy states of Dirac fermions in two dimensions and orders in graphene

Igor Herbut (Simon Fraser University)

The Dirac equation in two dimensions in a magnetic or a pseudo-magnetic field admits a certain number of special
solutions with exact zero energy. I will present a pedagogical discussion of the role this zero-energy manifold plays
in the formation of possible order parameters in presence of interactions. This “magnetic catalysis” may be
responsible for the observed quantization of Hall conductivity in graphene at filling factors zero and one. Special
roles played by the particle-hole and the time-reversal symmetry of the Dirac equation will be emphasized, and some

simple examples worked out.
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Colossal spin fluctuations in a molecular quantum dot magnet
Ken-Ichiro Imura (Tohoku University)

We report our recent study [1] on the enhanced spin fluctuations in a molecular quantum dot with an intrinsic
spin degree of freedom s coupled to two magnetic electrodes. To investigate whether we can control the molecular
spin by sending current from these polarized electrodes, we calculated the average, noise and higher moments of jz
(z-component of the sum of molecular and conduction electron spins (the latter denoted by s; j=s+s, averaged during
a measurement time). We focused so far on the incoherent tunneling regime, in which the average and noise can be
calculated by considering a Markov chain; random sequential jumps between neighboring spin (and charge) states.
[2] We found that the sum over all such possible (infinite number of) sequences combines to give an analytic
expression of the jz-noise for an arbitrary polarization P of the electrodes (actually a rational fraction of P).

The jz-noise is inversely proportional to the tunneling rate, and its amplitude is characterized by some magic
numbers, which we we found to be 22/5 for s=1/2, j=1, 138/7 for s=1, j=3/2, 520/9 for s=3/2, j=2 in the case of j=s+1/2
spin sector in the bias window, in contrast to a considerably smaller value 1/3 for a usual quantum dot (s=0, j=1/2).
We also reproduced all these results by an alternative method, employing a generating function obtained by solving
an eigenvalue problem of the Master equation with a counting field for jz. [3] We also calculated the third and fourth

order cumulants for s=0, 1/2, 1, 3/2 ...

[1] T. Jonckheere, K.-I. Imura and T. Martin, arXiv:0803.3058, Phys. Rev. B in press.
[2] A. N. Korotkov, Phys. Rev. B 49, 10381 (1994).
[3] K.-I. Imura, Y. Utsumi and T. Martin, Phys. Rev. B 75, 205341 (2007).

Quantum Hall Effect from the wave function point of

view, Parts 1 and 2 (Introductory Lectures)
Vincent Pasquier (CEA Saclay)

(I plan to really make it for beginners)

e Lowest Landau Level Physics. a few geometries.

Projection in the LLL and noncommutativity:Laughlin and Jain wave functions, the v=1/2 state.
e Jack and Macdonald polynomials and nonabelian states:

The edge states, the protected states and toplogy..

Some relations with combinatorics.
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Supersymmetric extension of the quantum Hall effect

Kazuki Hasebe (Takuma National College of Technology)

We overview the developments of a supersymmetric extension of the quantum Hall effect. The SUSY quantum
Hall effect is constructed on supersphere in a supermonopole background.

The underlying geometry is given by the non-anti-commutative geometry. We derive a SUSY extension of the
Laughlin wavefunction and discuss its basic properties. Interestingly, the original Laughlin state and the Moore-
Read state appear in two extremal limits of the SUSY Laughlin wavefunction. We also construct the corresponding

Chern-Simons effective field theory. Recent work about application to the AKLT spin model is briefly reported.

Dynamics of one-dimensional Bose liquids in Y-junction
and its related system: Andreev-like reflection and
absence of the Aharonov-Bohm effect

Akiyuki Tokuno (Hokkaido University)

Recently, guiding of atoms in a low-dimensionally magnetic trap has been actively studied. It provides an
opportunity to study quantum dynamics of many particles in real time. I will present the study on dynamics of one
dimensional Bose liquids of interacting ultracold atoms in the Y-shaped potential when each branch is filled with
atoms. The excitation packet incident on a single Y-junction should experience a negative density reflection
analogous to the Andreev reflection at normal-superconductor interfaces, although the present system does not
contain fermions. In addition, I will also present the dynamics in the ring type interferometer which consists of two
symmetric Y-junction. In that system, we find that the transport is completely insensitive to the (effective) flux

contained in the ring, in contrast to the Aharonov-Bohm effect of a single particle in the same geometry.

Quantum spin Hall effect and topological insulators
(joint with theory seminar)

Shoucheng Zhang (Stanford University)

Search for topologically non-trivial states of matter has become a important goal for condensed matter physics.
Recently, a new class of topological insulators has been proposed. These topological insulators have an insulating
gap in the bulk, but have topologically protected edge states due to the time reversal symmetry. In two dimensions
the edge states give rise to the quantum spin Hall (QSH) effect, in the absence of any external magnetic field. I shall
review the theoretical prediction [1] of the QSH state in HgTe/CdTe semiconductor quantum wells, and its recent
experimental observation [2]. The QSH state can be generalized to three dimensions in terms of the topological
insulators. I shall also present realistic experimental proposals to observe fractional charge, spin-charge separation

and the de-confinement of the magnetic monopoles in these novel topological states of matter.

[1] Bernevig, Hughes and Zhang, Science, 314, 1757, (2006)
[2] Koenig et al, Science 318, 766, 2007
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Recent topics on two frustrated spin compounds

Zenji Hiroi (ISSP, University of Tokyo)

Experiments on two compounds are introduced. One is Aga2MnOz that contains an S-2 triangular lattice and shows
unique phase transitions possibly associated with spin chirality degree of freedom expected for the classical XY spin
model on the triangular lattice. The other is volborthite CusV207(OH)2-2H20 presenting an S-1/2 slightly distorted
kagome lattice. This is obviously a quantum spin system: neither long-range order nor spin gap has been observed
down to ~ 50 mK, much lower than J ~ 100 K. Surprisingly, very recent experiments under magnetic fields have

found that there are at least three “transitions” in the ground state

Topological nanomagnet: Quantized magnetic moment at

the edge of single-walled carbon nanotube

Hsiu-Hau Lin (National Tsing-Hua University)

One of the ultimate goals in nanotechnology is to manipulate signal processing at the molecule level. At earlier
attempts in molecular electronics, the major difficulty lies in the contact problem that was recently resolved by
precise oxidative cutting of a single-walled carbon nanotube (SWNT) with conducting molecules introduced to form
covariant bridge over the tiny gap. The functionality of the molecular junction sensitively depends on the bridging
molecule and also the edge morphology of the SWNT. Since the mutual Coulomb interaction between electrons is
expected to have a crucial role at nanoscale, we are motivated to investigate the correlation effects in a semi-infinite
SWNT. By both analytic and numeric approaches, we spotted a quantized magnetic moment near the edge with
magnitude dictated by its topological properties but not on the detail interaction profile. Meanwhile, the edge
moment only shows up in one of the sublattices, revealing an approximate supersymmetry (SUSY) in the realistic
band structure. Our findings demonstrate the crucial importance of edge morphology at nanoscale due to electronic
correlations. In addition, the edge moment, solely depending on the topology of the nanotube, provides an excellent
candidate for nanomagnet farbrication and thus has great application potentials in spintronics devices, spin-

polarized scanning tunneling microscope and other related fields.

Gauge theory picture of an ordering transition in a dimer model

Pierre Pujol (Universit’e Paul Sabatier)

We study a phase transition in a 3D lattice gauge theory, a “coarse-grained” version of a classical dimer model.
Duality arguments indicate that the dimer lattice theory should be dual to a XY model coupled to a gauge eld with
geometric frustration, allowing to make connection with the recently introduced deconned quantum criticality. The
transition between a Coulomb phase with dipolar correlations and a long range ordered columnar phase is
understood in terms of a Higgs mechanism. Monte Carlo simulations of the dual model are made to clarify the

nature of the transition.
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1D anyon models and fractional exclusion statistics
Murray Batchelor (Australian National University)

Anyon statistics is a fundamental topological property of wave functions in 2D. Anyons may also be defined in 1D
with a number of interesting consequences. In particular, the lower dimensionality introduces an interplay between
exchange and exclusion statistics. In this talk I will review recent work on a 1D model of interacting anyons which is
an anyonic extension of the 1D Bose gas solved by Lieb and Liniger. Results obtained include the ground state, low-
lying excitations and the asymptotics of correlation functions. Below the degenerate temperature the distribution
profiles of strongly interacting anyons in 1D are seen to coincide with the most probable distributions of ideal
particles obeying generalized exclusion statistics.

A further generalisation of the interacting anyon model will also be discussed.

Analytic results on the Gutzwiller wave function
Mitsuhiro Arikawa (University of Tsukuba)

Recently we have obtained the simple analytic expression of the density matrix for Gutzwiller wave function in
one dimension with the exclusion of double occupancy per site. This Gutzwiller wave function is the exact ground
state of the supersymmetric t-J model with the inverse square interaction. In this talk, I review the known results

on the dynamics in the one dimensional system with the inverse square interaction, and introduce the recent result.

Logarithmic Minimal Models, Critical Dense Polymers,

Percolation and W-Extended Fusion Rules
Paul Pearce (University of Melbourne)

The logarithmic minimal models LM(p,p’) with p, p’ coprime are a family of Yang-Baxter integrable two-
dimensional lattice models. The first members of this family are critical dense polymers LM(1,2) and critical
percolation LM(2,3). The continuum scaling limit of these theories yield logarithmic conformal field theories
characterized by the existence of reducible yet indecomposable representations of the Virasoro algebra or extended
conformal algebra. In the extended W-algebra picture, LM(1,2) is identified with symplectic fermions. The
representation content and fusion rules for polymers and percolation are presented in both the Virasoro and

extended W-algebra pictures and their relationship explained.

Alternating sign matrices and the Quantum Hall effect?
Vincent Pasquier (CEA Saclay)

There has recently been a convergence of interests between combinatorics and physics through the observation
due to Razumov and Stroganov that the components of the ground state wave function of the 6-vertex (at a special
value of the anisotropy parameter) model enumerate alternating sign matrices. This correspondence is still
mysterious. I shall present one approach to the problem which uses the (Macdonald) polynomial representation of

affine-Hecke algebras and points towards a connection with the Quantum Hall Effect.
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Dynamic effects in topological insualtor/superconductor
Dung-Hai Lee (University of California)

Defects in topological insulators (note, not necessarily free-particle band insulator type) or superconductors
possess non-trivial quantum numbers. The condensation of these defects destroy the parent topological
insulating/superconducting state and converts the system to other states of matter whose property depend on the
quantum number of the defects. Interestingly, many examples of these type of defect are related to the soliton of the
1D Dirac equation studied by Jackiw and Rebbi more than quarter of a century a ago. In the talk this interesting
relation will be discussed and two examples where defect condensation gives rise to interesting phase transition will

be given.

On a method of computing Chern numbers and Z>

invariant on a discretized Brillouin zone
Takahiro Fukui (Ibaraki University)

We present a manifestly gauge-invariant description of Chern numbers on a discretized Brillouin zone. It turns
out that it gives strictly integers. We demonstrate that it correctly reproduces exact Chern numbers even on a
coarsely discretized Brillouin zone, and that it is very efficient for numerical computations. We apply our method to

the calculation of Zz invariant for time reversal invariant systems.

Aspects of multiferroic behavior In spin-chirality- and

exchange-striction-driven compounds
Jung Hoon Han (Sung Kyun Kwan University)

The field of multiferroics, the cross-coupled ferroelectric and magnetic materials, has exploded and then matured
within the last few years. It came to be realized that roughly two sorts of mechanisms dominate the multiferroic
behavior in materials: either spin-chirality-driven or exchange-striction-driven. In this talk, I describe some key

physics underlying both mechanisms and discuss their manifestations in a number of compounds.

Photo-induced Tomonaga-Luttinger-like liquid in a

one-dimensional Mott insulator
Takashi Oka (University of Tokyo)

We theoretically study the non-equilibrium quantum phase transition in strongly correlated electron systems
when strong AC electric fields are applied to the Mott insulator. The timedependent density matrix renormalization
group method is used to calculate the nonlinear optical conductivity for the half-filled one-dimensional Hubbard
model, where we have found an emergence of metallic states that have a linear dispersion within the energy gap.
This indicates that the photo-doped carriers behave collectively as in the Tomonaga-Luttinger liquid. A non-
equilibrium phase diagram for the photo-induced insulator-to-metal transition is then proposed. We further show
that the numerical result is similar to an analytic result for an effective Dirac model, where the Floquet method is

employed to incorporate the effect of strong electric fields.
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Exotic Freezing Phenomena in Metallic and Insulating Frustrated Magnets

Satoru Nakatsuji ISSP, University of Tokyo)

I will introduce several unusual freezing phenomena found in our recent experiments on two types of a frustrated
magnet. First topic is on NiGa2S4, a rare example of 2D triangular Heisenberg magnets. On cooling, this system goes
through a transition like freezing phenomena at ~ 10 K and forms an unusual low temperature “phase” with critical
spin dynamics. This transition might be related to a vortex binding transition. The other is the metallic pyrochlore
system with a metallic spin ice like configuration at low temperatures. It exhibits “irreversibility” in the anomalous
Hall effect in a “paramagnetic” state. This suggests a freezing or a phase transition of a higher order object than

spin itself, for example, spin chirality

Hydrodynamic transport near quantum critical points
and the AdS/CFT correspondence

Subir Sachdev (Harvard University)

Many condensed matter experiments explore the finite temperature dynamics of systems near quantum critical
points. Often, there are no well-defined quasiparticle excitations, and so quantum kinetic equations do not describe
the transport properties completely. The theory shows that the transport co-efficients are not proportional to a mean
free scattering time (as is the case in the Boltzmann theory of quasiparticles), but are completely determined by the
absolute temperature and by equilibrium thermodynamic observables. Recently, explicit solutions of this quantum
critical dynamics have become possible via the “AdS/CFT” duality discovered in string theory. This shows that the
quantum critical theory provides a holographic description of the quantum theory of black holes in a negatively
curved anti-de Sitter space, and relates its transport co-efficients to properties of the Hawking radiation from the
black hole. I will show how insights from this connection have led to new results for a number of experimental
systems: (i) the vicinity of the superfluid-insulator transition in the presence of an applied magnetic field, and its
possible application to measurements of the Nernst effect in the cuprates, and (i7) the magnetohydrodynamics of the

plasma of Dirac electrons in grapheme and the prediction of a hydrodynamic cyclotron resonance.
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% : Amnon Aharony
(Ben Grion University)
#H : Spin filtering by a periodic nanospintronic device
H®E:

For a linear chain of diamond-like elements, we show that the Rashba spin-orbit interaction (which can be tuned
by a perpendicular gate voltage) and the Aharonov-Bohm flux (due to a perpendicular magnetic field) can combine to
select only one propagating ballistic mode, for which the electronic spins are fully polarized along a direction that
can be tuned by the electric and magnetic fields and by the electron energy. All the other modes are evanescent. For

a wide range of parameters, this chain can serve as a spin filter.
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*H. Kondo and T. Moriya: cond-mat .str-el. 0809.4825
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ifl : Jize Zhao
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H®E:

A two-dimensional square lattice of coupled photonic cavities is systematically investigated using quantum Monte
Carlo simulations. The ground state phase diagrams in (¢,A) and (¢,1) plane are obtained accurately. The phase
diagrams contain insulating phases with integer polariton densities surrounded by a superfluid phase. Finite-size
scaling of the superfluid stiffness is used to obtain the phase boundaries. The critical exponents are extracted and
critical behavior is found to be the generic, density-driven insulator-superfluid transition with dynamic exponent z=2,
with no special multicritical points with z=1 at the tips of the insulating-phase lobes (in contrast to the Bose-

Hubbard model). This demonstrates a limitation of the description of polaritons as structureless bosons.

[1] Jize Zhao, Anders W. Sandvik, and Kazuo Ueda, arXiv:0806.3603.

[2] M.J. Hartmann, F.G.S.L. Brandao, and M.B. Plenio, Nature Physics 2, 849 (2006).

[3] A.D. Greentree, C. Tahan, J.H. Cole, and L.C.L. Hollenberg, Nature Physics 2, 856 (2006).
[4] D.G. Angelakis, M.F. Santos, and S. Bose, Phys. Rev. A 76, 031805(R) (2007).
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Ml : Cyrus F. Hirjibehedin
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e

We use a scanning tunneling microscope (STM) to construct a novel class of magnetic nanostructures one atom at
a time in an environment that is known with atomic-scale precision.
By utilizing a vertical transfer technique, we are able use the STM tip to position various transition metal atoms on a
copper nitride (CuzN) surface. STM-based spin-excitation spectroscopy enables us to measure the spin-excitation
spectra of the individual magnetic nanostructures. By following the evolution of these excitations as a function of
magnetic field, we determine the orientation and strength of the anisotropies for individual atomic spins on the Cu2N
surface, as well as the interplay between magnetic anisotropy and Kondo screening.

In structures containing more than one magnetic atom, we observe excitations of the coupled spin system that can
change both the total spin and its orientation. By selecting the precise atomic configuration, we are able to control
the strength of the coupling between the atoms. The result is an atomic-scale toolbox for engineering magnetic

structures atom by atom.

£EZ% k) . Cyrus F. Hirjibehedin, Andreas J. Heinrich, et al. Science 312, 1021 (2006), ibid. 317, 1199 (2007)
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[1] A. P. Mackenzie and Y. Maeno, Rev. Mod. Phys. 75, 657 (2003), and references therein.
[2] J. Xia, Y. Maeno, P. T. Beyersdorf, M. M. Fejer, and A.Kapitulnik, Phys. Rev. Lett. 97, 167002 (2006).
[3] Jun Goryo, Phys. Rev. B 78, 060501(R) (2008).

B : OCCURRENCE OF TWO QUANTUM CRITICAL POINTS IN Yb:Pd-Sn OR, Yb SYSTEMS DO NOT
BEHAVE MIRROR-LIKE TO Ce COMPOUNDS

HIk : 2008 4 11 A 11 HCK) 4 11 B 00 53~

5t : DYEWERI AR 6 B 355 £ 3 —% (A615)

Ml : Prof. E. Bauer

g : Institute of Solid State Physics, Vienna University of Technology, A-1040 Wien,

H®E:

Ce and Yb compounds have been proven as ideal playground to explore the principal features of competing
electronic ground states and peculiarities associated with a quantum critical point (QCP). Here, we report on the
first discovery of two consecutive, pressure driven QCP&#8217;s. They emerge in a non-Fermi liquid environment at
the origins of a dome-like, single magnetic phase in Yb2Pd:Sn at pressures pcl = 1 GPa and pc2 = 4 GPa. This
unique behavior of Yb compounds is supposed to result from mutually competing, pressure modified energy scales,
which in case of Yb:Pd>Sn cause a sign change of the pressure dependence of the Kondo temperature TK and
magnetic ordering temperature TN. Our finding turns out to be inimitable for Yb compounds, unlikely occurring in
any Ce system. We present a variety of temperature, field and pressure dependencies of bulk properties,

substantiating this conclusion.
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[1] T. D. Stanescu and G. Kotliar, PRB 74, 125110 (2006); R. M. Konik, T. M. Rice, and A. M. Tsvelik, PRL 96,
086407 (2006); C. Berthod, T. Giamarchi, S. Biermann, and A. Georges, PRL 97, 136401 (2006).
[2] S .S., Y. Motome, and M. Imada, ArXiv:0809.0950.
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I will briefly review the important first principles methods of computational solid state Physics that have
contributed to advance the field of high pressure mineral physics and geophysics during the past 15 years. Such
techniques have enabled studies of thermoelastic and thermodynamics properties of single crystals and multi-phase
aggregates at high pressures and temperatures. Applications of these methods have been geared towards
understanding planetary interiors, interpreting seismic observations, and providing essential constraints for
geodynamic simulations. I will also review recent results such as the discovery of the post-perovskite and post-post-
perovskite structures, determination of thermoelastic properties of mantle minerals at relevant conditions and their
relationship with mantle elasticity and structure, and the spin-transition in the iron bearing phases of the lower
mantle and some potential consequences. These successes have contributed to the establishment of a research field

that rivals experiments, is increasing at a very rapid pace, and whose future is very bright.
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fird ¢ A simple multi-purpose uniaxial pressure device for electrical resistivity and ac-susceptibility
measurements- Suitable for closed cycle refrigerator system
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#Ml : Prof. S. Arumugam
JiE : High Pressure Low Temperature Lab School of Physics, Bharathidasan University
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A simple design of uniaxial pressure device utilized for the measurement of acsusceptibility and electrical
resistivity at low temperatures for the first time using closed cycle refrigerator system (CCRS) is presented. This
device mainly consists of discmicrometer, spring . holder attachment, uniaxial pressure cell and the ac-susceptibility
coil wounded on stycast 1266 former. The uniaxial pressure device is same for both electrical resistivity and ac-
susceptibility measurements except that the resistivity pressure cell is replaced with ac-susceptibility pressure cell
with suitable coils. The pressure cell is simple in design, easy to apply pressure, inexpensive and no need for
pressure calibration. Also, it is easy to change the sample and coils, calculation of pressure, pressure generation and
comfortable for small samples. It can be used under pressure upto 0.5 GPa and at temperatures from 20K to 300K.
The performance pf the coils are tested with calibration of standard paramagnetic salts [Gd203, Er:03 and
Fe(NH4S04)2 6H20], Fe304,Gd- metal, Dy-metal, high-TC superconductor (YBCO), manganite (Lai.s5Bao.15MnQOs)
and spin glass system (Pro.sSro2MnOs3). The performance of the uniaxial pressure device is tested by investigating
manganites (La1.25Sr1.7sMn207, Lal. 85Bao.1sMnQOs ) and superconductors (Lai.ssSro.15CuQ4, La1.4sNd0.4Sro.12CuO4)

with P| | ab-plane and P| | c-axis.

1. S. Arumugam et al., Phys.Rev.Lett. 88, 247001 (2002)
2. S.Arumugam et al., Rev. Sci. Instrum.76, 083904 (2005).
3. S.Arumugam et al., Phys. Rev.B, 73, 212412 (2006)
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Small systems, in which we observe large fluctuations, are important to research on nonequilibrium statistical
physics. An analytical calculation of such fluctuation will be important for experimental and theoretical studies of
nonequilibrium systems. One of the examples of the small systems is an ion channel, which is modelled by a
classical stochastic process. It has been reported experimentally that there is an activation of the pumping mode by
applying an oscillating electric field. The additional current induced by the periodic perturbation is called a pump
current. The phenomenon is modelled by a simple two-state system. The two-state system is attached to two particle
reservoirs, and it shows the pump current between the reservoirs. For adiabatic cases, it has been shown that the
Berry phase interpretation is useful to calculate the current statistics. In this talk, we will show an analytical

treatment based on the Floquet theory in order to calculate the current statistics in non-adiabatic cases.

[1] Jun Ohkubo, J. Stat. Mech., P02011 (2008).
[2] Jun Ohkubo, to appear in J. Chem. Phys. (arXiv:0712.4105).
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A fundamental challenge to the development of a new electronics based on single atomic sheets of carbon, known
as graphene, is to realize a large-area production platform that can produce a carbon system with the same intrinsic
properties as a single sheet of graphene. Multi-layer epitaxial graphene (MEG) grown on SiC substrates has been
proposed as a possible platform to this end [1]. Besides the challenges to produce wafer scale graphene, the full
utilization of this platform requires a detailed understanding of the relation between the structural and electronic
properties, for both single-layer graphene and multilayer epitaxial graphene films. The central question is, Can
MEG “behave” as single layer graphene with the same intrinsic electrical characteristics? In this talk we show that
MEG graphene on SiC exhibits single layer graphene properties through new tunneling magnetic measurements.
We observe tunneling magneto-conductance oscillations (TMCO) in scanning tunneling spectroscopy of epitaxial
graphene as a function of both magnetic field and electron energy. These oscillations arise from Landau quantization
of the 2-dimensional Dirac electron and hole quasiparticles in the topmost layer of multilayer epitaxial graphene
grown on SiC. The single-layer graphene characteristics observed in these multilayer samples are attributed to
rotational stacking domains, which effectively decouple the carbon layers electronically, thereby yielding single-layer
graphene properties in a large area production method.
*In collaboration with Lee Miller, Kevin Kubista, Gregory M. Rutter, Ming Ruan, Mike Sprinkle, Claire Berger,
Walt A. de Heer, and Phillip N. First, Georgia Institute of Technology

[1] W. A. de Heer et. al., Solid State Comm. 143, 92 (2007).
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The physical properties of molecular materials and their combination in multi-component phases, result from
supermolecular interactions in the condensed state. Metal bisdithiolene complexes have been largely used as

building blocks to prepare materials exhibiting (super) conductive and/or magnetic and /or optical properties.!* 2
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This presentation will review the properties of the materials isolated in Toulouse as crystals, nanowires or
electrodeposited thin films, by using the schemed building blocks alone, or associated with various organic donors or

spin crossover complexes. [3-9]

[1] C. Faulmann and P. Cassoux in Solid state properties (electronic, magnetic, optical) of dithiolene complex-based
compounds, Vol. 52 (Ed. E. I. Stiefel), John Wiley & Sons, Inc., Hoboken, New-Jersey, 2004, pp. 399-489.

[2] N. Robertson and L. Cronin, Coord. Chem. Rev. 2002, 227, 93-127.

[3] S. Dorbes, L. Valade, J. Real and C. Faulmann, Chem. Commun. 2005, 69-71.

[4] L. Valade, D. de Caro, M. Basso-Bert, I. Malfant, C. Faulmann, B. Garreau de Bonneval and J.-P. Legros, Coord.
Chem. Rev. 2005, 249, 1986-1996.

[6] I. Malfant, K. Rivasseau, J. Fraxedas, C. Faulmann, D. de Caro, L. Valade, L. Kaboub, J.-M. Fabre and F. Senocq,
J Amer Chem Soc 2006, 128, 5612-5613.

[6] J.-P. Savy, D. de Caro, L. Valade, J.-P. Legros, P. Auban-Senzier, C. Pasquier, J. Fraxedas and F. Senocq,
Europhys. Lett. 2007, 78, 37005.

[7] J.-P. Savy, D. de Caro, C. Faulmann, L. Valade, M. Almeida, T. Koike, H. Fujiwara, T. Sugimoto, J. Fraxedas, T.
Ondar¢uhu and C. Pasquier, New J. Chem. 2007, 31, 519-527.

[8] C. Faulmann, K. Jacob, S. Dorbes, S. Lampert, I. Malfant, M.-L. Doublet, L. Valade and J. A. Real, Inorg. Chem.
2007, 46, 8548 -8559.

[9] A. Sournia-Saquet, B. Garreau-de Bonneval, K. I. Chane-Ching and L. Valade, J. Electroanal. Chem. 2008, in
press, doi:10. 1016/j. jelechem. 2008. 1008. 1001.
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One of the key challenges in molecular machines and devices is the reproducible assembly of functional units in an
addressable way, e.g. in 2D arrays at surfaces. By combining concepts of supra-molecular chemistry and surface
science, increasingly complex functional layers have been manufactured and explored. Selective molecular
interaction is the generic origin of molecular self assembly [1] and distinctively different mechanisms have been
identified: Selective chemical bonding [2], conformational bi-stability [3], and 2D phase behaviour [4] produce
distinctly different functional layers. Binary molecular systems which involve longer range dipole forces and
entropic mobility provide the basis for an increased periodicity [5]. In conjunction with a conformational mechanism
the spacing between individual supramolecular units has very recently been increased to 7.2 nm [6]. Beyond supra-
molecular assembly, extended networks have been created by a thermally activated chemical reaction [7] and have
been used as a template for supra-molecular organisation of ad molecules [8,9]. A single chain covalent polymer has
also been formed [10]. ‘Random walk’ analysis reveals conclusive statements on the host-guest interaction of pores
and guest which can be related to early work by Mott and Peierls and also to the Host-Guest interaction within
Zeolithes. Ultimately, the assembly of adressable supra-molecular rotor-stator systems and their Arrhenius type
activation of libration is described which tops in the demonstration of a locally actuated supra-molecular rotational
switch [11,12]. Most recently, the successful assembly of extended molecular layers on insulator thin films has been
demonstrated [13].

All these examples have in common that the supra-molecular structures are extremely well defined on a level
which is impossible to reach by conventional top-down assembly techniques. The physics and chemistry of these
unprecedented addressable systems provides insight into mechanic and electronic ‘function’ on a single molecular

scale.

[1] G. M. Whitesides, J. P. Mathias and C. T. Seto, Science 254, 1312 (1991)
[2] S. Berner et. al. Chem. Phys. Lett. 348, 175 (2001)

[3] T. A. Jung et al. Nature 386, 696 (1997)

[4] S. Berner et. al. Phys. Rev. B 68, 115410 (2003)

[5] M. de Wild et al. Chem. Phys. Chem. 10 881 (2002)

[6] D. Bonifazi et al. Angewandte Chemie Intl. Ed., 43, 4759 (2004)
[7] M. Stoehr et al. Angewandte Chemie Intl. Ed., (2005)

[8] H. Spillmann et al. Advanced Materials 18, 275 (2006)

[9] A. Kiebele et al. Chem Phys Chem 7, 1462 (2006)

[10] M. Matena et al. Angewandte Chemie Intl. Ed. 120, 1 (2008)
[11] M. Wahl et al. Chem. Commun., 2007, 1349

[12] N. Wintjes et al. Angewandte Chemie Intl. Ed. 119, 4167 (2007)
[13] L. Ramoino et al. Chem. Phys. Lett. 417 22 (2005)
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Articular cartilage is a highly complex and heterogeneous material in its structure, composition and mechanical
behavior. Understanding these spatial variations is a critical step in designing replacement tissue and developing
methods to diagnose and treat tissue affected by damage or disease. Existing techniques in particle image
velocimetry (PIV) have been used to map the shear properties of complex materials; however, these techniques have
yvet to be applied to understanding shear behavior in cartilage tissue. In this talk I will show that confocal
microscopy in conjunction with PIV techniques can be used to determine the depth dependence of the shear
mechanical properties of articular cartilage. I will show that the shear modulus of this tissue varies by up to two
orders of magnitude over its depth, with the least stiff region located about 200 microns from the surface.
Furthermore, our data indicates that the shear strain profile of articular cartilage is sensitive to both the degree of
compression and the total applied shear strain. In particular, we find that cartilage strain stiffens most dramatically
in a region 200-500 microns below the surface. Finally, I will describe a physical model that accounts for this

behavior by taking into account the local buckling of collagen fibers just below the cartilage surface.
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We have performed neutron scattering measurements on a single crystal sample of the iron pnictide BaFe2As2, a
parent compound of a recently discovered family of Fe-based superconductors, to study magnetic excitations. In the
ordered state, we observe low energy spin wave excitations with a gap energy A= 9.8(4) meV,in-plane spin wave
velocity va, = 280(150) meV-A, and out-of-plane spin wave velocity v. = 57(7)meV-A. Anisotropic magnetic
interactions in this system will be discussed in a comparison with the cuprates and other iron pnictide compounds.
At high energy,we observe anisotropic scattering centered at the antiferromagnetic wavevectors on top of the spin
wave scattering.This scattering possibly indicates two dimensional spin dynamics inside the Stoner continuum,
characteristic of itinerant magnetism. At 7n = 136(1) K, the gap closes, and quasi-elastic scattering is observed
above TN, indicative of short-range spin fluctuations. In the paramagnetic state, the scattering intensity along the L
direction becomes “rod-like”, indicative of uncorrelated out-of-plane spins, attesting to the two-dimensionality of the

system.

Reference: K. Matan, R. Morinaga, K. Iida, and T. J. Sato, arXiv: 0810.4790v1 (2008)
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