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Visiting Professorship at the Institute for Solid State Physics, University of Tokyo

Mike Zhitomirsky
CEA, INAC, Service de Physique Statistique, Magnétisme et Supraconductivite,
17 avenue des Martyrs, F-38054 Grenoble, France
mike.zhitomirsky@cea.fr

I had a pleasure of being a visiting professor at the ISSP of The University of Tokyo during two months in the
beginning of 2009. That was not my first visit to the ISSP and Japan. Fifteen years ago I spent two memorable years
as a postdoc with Professor Kazuo Ueda at the nice old campus of ISSP in Roppongi area. Those years brought me a
wonderful cultural experience and a lot of friends. That time was also fruitful in another aspect: during my second
postdoc year I published 10 research articles, the kind of personal record I have not been able to repeat so far. I find,

therefore, very useful to come from time to time to the ISSP in the search for new inspiration, problems, and friends.

This time I was a guest of Professor Hirokazu Tsunetsugu and his group. We have been fruitfully collaborating
with Hirokazu Tsunetsugu over the past five years. My present visit gave us an opportunity to deepen our
collaboration and to discuss more complicated and interesting problems in the Condensed Matter Physics. I hope
that the results of our joint work will be published soon in scientic journals. Let me only mention here that we
focused in our research on theoretical study of unusual magnetic materials with spin-tensor order parameters. The
topic has recently attracted a lot of attention thanks to interesting experiments performed in Japan, in particular by
Prof. Satoru Nakatsuji from ISSP.

From my first days in Kashiwa I was immersed into a friendly and nice atmosphere of Tsunetsugu’s group. I
want to emphasize here especially the everyday help and hospitality I received from Mrs. Mayumi Matsushita,
group secretary, and from Dr. Kazumasa Hattori. If allowed, I would like to compare Hattori-san with the character
played by Harvey Keitel in the motion picture “Pulp Fiction,” who said: “... I solve problems.” I can assure you that
there were many problems: with computers, printers, presentations, bicycles and so on, which Hattori-san was
solving for me with extreme efficiency and speed. I also want to mention generosity of Prof. Masaki Oshikawa, who
helped to arrange a proper size bicycle for me, good sense of humor of Prof. Zenji Hiroi, who were making jokes each
time we were meeting in the corridors, and deep scientific insights I received form Prof. Masashi Takigawa, who
explained to me the essence of NMR technique. Last but not least Mrs. Akiko Kameda and Mrs. Mihoko Kubo, the
staff of the International Liaison Office, helped me with administrative aspects of my stay. Thanks to all these
people and many others, whose names I apologize for not mentioning here, my stay was enjoyable and productive
from both scientific and social points of view.

I believe that most of the foreign visitors praise excellent working conditions at the ISSP. I want to join their
chorus by mentioning a nice Library and a small but cute fithess room. The Library has a good collection of
specialized and general interest scientific literature as well as English-speaking newspapers. Its extended opening
hours are especially useful for guests from the opposite side of the Globe, who may want sometime to read at
unexpected moments of the day or night. Creation of the fithess room was a very good idea on the part of the
Institute’s administration. Still T recollect a small summer swimming pool on the old campus, the facility which
might be not so difficult to build again in cooperation with other Institutes at the Kashiwa campus.

To finish I had wonderful and very useful time. I will be always remembering a modest beauty of the Kashiwa-
no-ha park, lively streets of Tokyo, blossoming of plum trees on Tsukuba mountain. I told these and other stories to
my wife and son and hope to bring them sometime in future to Kashiwa.

22 June, 2009
Grenoble
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Feb. 16 (Mon)
10:00-12:10 Morning Session
10:00-10:10 Opening address
10:10-10:50 W. J. Briels (Twente)
Coarse grain simulations of soft matter
10:50-11:20 T. Deguchi (Ochanomizu)
Universality in the diffusion of knotted ring polymers in solution via Brownian dynamics
11:20-11:50 N. Ito (Tokyo)
Statistical Physics with Exaflops Computer
11:50-12:10 K. Michielsen (EMBD Belgium)
Simulation of three-dimensional photonic nanostructures on the IBM BlueGene/P
13:30-19:00 Afternoon Session
13:30-14:10 M. Muller (Gottingen)
Structure formation in diblock copolymer materials
14:10-14:30  S. Yasuda (Kyoto)
Hybrid simulation of MD and CFD for the behaviours of a supercooled polymer melt between two
parallel plates
14:30-14:50 H. Noguchi (ISSP)
Deformation of red blood cells and vesicles in flows
14:50-15:20  coffee break
15:20-16:00 N. Yoshida (I/PMU)
Supercomputing in Cosmology
16:00-16:30 S. Takada (Kyoto)
Multiscale simulations for biomolecular systems
16:30-16:50 S. Watanabe (Tokyo)
The nature of the quantum critical point of the first-order valence transition

16:50-19:00 poster I (Odd number)
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Feb. 17 (Tue)
9:00-12:10 Morning Session
9:00- 9:40 D. P. Landau (Georgia)
Monte Carlo simulations of the compressible Ising model
9:40-10:10 K. Hukushima (Tokyo)
Phase transition in random graph coloring problems
10:10-10:30  coffee break
10:30-11:10 U. H. E. Hansmann (Michigan Tech)
Computer Experiments of Folding and Interaction
11:10-11:30  A. Ishii (Tottori)
Computational study for growth of GaN on graphite as 3D growth on 2D material
11:30-11:50 T. Kotani (Tottori)
Re-examination of half-metallic ferromagnetism for doped LaMnO3 in quasiparticle self-consistent
GW method
11:50-12:10 T. Sakai (JAEA/SPring-8)
Quantum Phase Transitions in the Spin Nanotube
13:30-16:50  Afternoon Session
13:30-14:00 T. Tohyama (Kyoto)
Dynamical DMRG study of one-dimensional Hubbard-Holstein model
14:00-14:30 M. Imada (Tokyo)
Electronic Structure Calculation of Real Strongly Correlated Materials
14:30-15:00 A. Koga (Kyoto)
Supersolid state in fermionic optical lattice systems
15:00-15:20  coffee break
15:20-16:00 M. Scheffler (FHI-Berlin)
Improving the efficiency and accuracy of ab initio statistical mechanics by “degree of rate control”
analysis
16:00-16:30 Y. Morikawa (Osaka)
First-principles molecular dynamics simulations of chemical reactions at electrode surfaces
16:30-16:50 T. Oguchi (Hiroshima)
First-principles calculation for light-element hydrogen-storage materials
17:00-18:00 Open Discussion on 10 Peta Flops Supercomputer
18:10-20:00 banquet

Feb. 18 (Wed)
9:00-12:10 Morning Session
9:00- 9:40 M. Troyer (ETH)
Continuous time QMC solvers for quantum impurity problems
9:40-10:10  S. Todo (Tokyo)
Low-energy Properties of Frustrated Ising Magnets with Competing Exchange and Dipole Interactions
10:10-10:30  coffee break
10:30-11:10  J. Thm (Seoul)

Hydrogen-metal interaction on the carbon-based matrix in hydrogen storage systems
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11:10-11:40

11:40-12:10

13:30-19:00
13:30-14:00

14:00-14:20

14:20-14:25

14:25-14:45

14:45-15:05

15:05-15:30
15:30-16:10

16:10-16:30

16:30-16:50

16:50-19:00

S. Trebst (Santa Barbara)

Interacting anyons in topological quantum liquids: Things golden

H. de Raedt (Groningen)

Quantum Spin Dynamics on the IBM BlueGene/P

Afternoon Session

Nic Shannon (U. Bristol)

First numerical evidence for a U(1) liquid phase in a 3D quantum dimer model

N. Kawashima (ISSP)

Simulation of Boson Systems

M. Troyer (ETH)

Validating a quantum simulator: do ultra-cold atomic gases live up to their promise?

K. Harada (Kyoto)

Quantum Monte Carlo simulations of quantum S = 1 spin models with bi-quadratic interactions
S. Miyashita (Tokyo)

Dynamical properties of spin-crossover phase transition

coffee break

Z. Fang (Beijin)

Anomalous Hall, Spin Hall, and Topological Insulators Studied from First-principles Calculations
T. Oda (Kanazawa)

Magnetic anisotropy and its finite electric field effect in the nanostructures of Fe-Pt system
K. Fuchizaki (Ehime)

The generalized Ewald method in action

poster II (Even number)

Feb. 19 (Thu)

9:00-12:40
9:00- 9:40

9:40-10:10

10:10-10:30

10:30-10:50

10:50-11:10
11:10-11:40

11:40-12:10

12:10-12:30

12:30-12:40
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Morning Session

A. Sandvik (Boston)

Valence-bond solid transitions in two-dimensional quantum antiferromagnets

A. Oshiyama (Tokyo)

Real-space density-functional-theory scheme and its application to large systems

K. Watanabe (TUS)

Laser-Driven Molecular Dissociation: Time-Dependent Density Functional Theory and Molecular
Dynamics Simulations

S. Tsuneyuki (Tokyo)

Theoretical study of a strain-induced nanostructure at N/Cu(001) surface

coffee break

H. Akai (Osaka)

Order-N full potential KKR method and its application to layered systems

Y. Kawazoe (Tohoku)

Quality Assurance of the First Principles Calculation

0. Sugino (ISSP)

A first-principles molecular dynamics approach to metal-water interfaces and electrochemical reactions

Closing
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Wl : Frederic Mila

g : EPFL/$ s

M H : Spin liquids and exotic phases of Mott insulators (& MEREICHBIT 3 AE ViR E TSI F v i 1HD
¥E:

The proposal that doping a spin liquid might lead to superconductivity has been one of the main motivations to
explore exotic phases of Mott insulators.

In this talk, I will discuss some of the recent successes in the identification of such phases, with emphasis on the
properties of two systems in strong magnetic field.

First, I will review the properties of SrCuz2(BOs)z2, a system that exhibits a remarkable series of magnetization
plateaux on the way to polarization, and I will discuss the current status of the identification of these phases as
high-commensurability Mott-insulating phases of effective hard-core bosons.

Then I will turn to BaCuSi20s, a compound also known as Han purple, and I will show that frustration leads to a

dimensional reduction where every second layer constitutes a highly unconventional 2D gas of hard-core bosons.
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MIETE R X —

BERE PR C > 7+ — <)V X F— : Microscopic Theory of Electronic Nematic Phase in Ruthenates
HIF : 200944 A 6 H(H) 7% 1 I 30 /3 ~F% 2 I 30 4y
5 - R ARE 6 B S5 I —% (A615)
3l : Hae-Young Kee
P& : Department of Physics, University of Toronto
HE:
It was proposed that the electronic nematic phase characterized by broken rotational symmetry is responsible for
the metamagnetic transitions and anistropic transport observed in SrsRu207.
In this talk, I will first review recent experimental and theoretical developments on the bilayer ruthenates and the
nature of nematic phase. I will then present a microscopic mechanism of the electronic nematic order, and discuss its

experimental consequences and other competing orders.

B BER 1 > 7+ — IV I J—  Mott transition between a spin-liquid insulator and a metal in three
dimensions
HIF : 200944 H 7 HCK) F#& 1 I 30 -5 ~"Fi% 2 K 30 43
B R ARE 6 B S5 B3I —% (A615)
3l : Yong Baek Kim
P& : Department of Physics, University of Toronto
HE:
We present a theory of continuous Mott metal-insulator transition between a Fermi liquid metal and a quantum
spin liquid insulator in three dimensions. Various thermodynamic and transport properties near the quantum
critical point are studied. We discuss applications to the physics of three dimensional spin liquid insulator NasIr3Os

which exhibits a pressure-tuned transition into a metallic state.

B 2 PSR > 7+ — <)V I F— : Ultracold atomic Fermi gases from the Bethe ansatz perspective:
phase transitions and Luttinger liquid signature

HEF : 2009 £ 4 H 10 H(&) P2 4 BE~F# 5 if

S - mTERER AR 6 B S5 5 23 —% (A615)

%M : Xi-Wen Guan

kg : Theoretical Physics, Research School of Physical Sciences and Engineering, Australian National
University

HE:

The Bethe Ansatz is an important tool in low-dimensional quantum many-body physics. Exact results for solvable
models with §-function interactions are highly desirable in understanding strong correlation effects, molecular
superfluids and phase transitions in 1D interacting ultracold atomic fermions with multiple hyperfine states. In first
talk, we discuss in detail analytical results for the ground state energy, magnetic critical fields, phase diagrams and
thermodynamics of spin-1/2 ultracold atomic fermions throughout the whole interaction regime. The signature of
paired states and the universality class of quantum phase transitions, finite-size corrections and finite temperature

corrections to the free energy are investigated.
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We also discuss the nature of paired sates, trions, and quantum phase transitions in 1D attractive atomic
fermions with three hyperfine levels. We find that a smooth phase transition from a trionic phase into a pairing
phase occurs as the highest hyperfine level separates from the two lower energy levels. In contrast, there is a smooth
phase transition from the trionic phase into a normal Fermi liquid as the lowest level separates from the two higher

levels.

B BiER 1 > 7 4 — <V X J— ! First numerical evidence for a U(1) liquid phase in a 3D quantum dimer
model

HIEF : 2009 4F 4 15 HOK) - 4 B~7F# 5 I

5 R ARE 6 B S5 I —% (A615)

#fh : Nic Shannon

P& : University of Bristol / University of Tokyo

HE:

Recently, it has been suggested that in the quantum dimer model on a bipartite lattice in 3D, a U(1) liquid extends
for a finite range of parameters bordering the quantum-critical "Rokhsar-Kivelson" (RK) point [1,2]. Such a quantum
liquid phase would have extremely interesting properties, including a new form of effective electromagnetism, and
deconfined fractional excitations.

Here we present the results of an extensive numerical study of the quantum dimer model on a diamond lattice,
using variational and Green's function Monte Carlo simulation techniques. Our results confirm explicitly the
existence of the three phases conjectured for this model --- a 16-sublattice ordered "R state" with cubic symmetry, a
set of isolated states and, separating them, a U(1) liquid phase terminating at the RK point. Notably, in the liquid

phase, we are able to reproduce the finite size energy spectra predicted by the corresponding U(1) gauge theory.

References:
[1] R. Moessner and S.L. Sondhi, Phys. Rev. B 68, 184512 (2003).
[2] D.L. Bergman, G.A. Fiete, and L. Balents, Phys. Rev. B 73, 134402 (2006).
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PEIZOWT b L7V [2,3],

[1] M.Sato, arXiv:0806.0426
[2] M.Sato, Phys. Rev. B73, 214502 (2006)
[3] M.Sato and S. Fujimoto, Phys. Rev. B79, 094504 (2009)
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B PR > 7 4+ —< )Lk 3 F— : Controlled quantum coherence in scalable superconducting structures
HIF : 2009 4 4 H 20 H(H) F#& 1 | 30 5y ~"F 2 IFF 30 43

S MTERERIARE 6 B S5 23 —% (A615)

bl © Alexandre Zagoskin

Jli& : Department of Physics, Loughborough University

¥E:

Behind the hype of nanotechnologies and quantum computing, there is a very real and very solid progress in our
understanding of quantum physics of small artificial devices, and our ability to design, fabricate and manipulate
them in a quantum regime. In particular, this applies to the structures based on superconducting qubits, where
coherent superpositions of macroscopically distinct states (which involve up to 105-106 single-particle states per
qubit, like in flux qubits) are realized. The research in this field, not limited to quantum computing, will bring us

both the true understanding of the quantum-classical transition and the ability to control and use it.

iR : A% TSR PACrO. @7 5 A b L — bRE & BE Hall 1R
HIF : 2009 4E 4 H 20 H(H) T4 4 Re~T 4 5 i
50 AR 6 B B2 235 —% (A612)
T 3 L
g AR B R
HE:
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B Pl > 7+ —<)J)E 3 J— : High accuracy modelling for surface science
HEF : 2009 4E 4 H 24 H(&) P12 1 K 30 oy ~"F% 2 1§ 30 47

B IR ARE 6 BE B3I —% (A613)

#f : Prof. M. J. Gillan

i : London Centre for Nanotechnology, University College London, UK
®E:

Computer modelling is widely used to study surface processes, such as the adsorption and chemical reaction of
molecules. This kind of modelling is usually based on electronic-structure techniques, and the technique of density
functional theory (DFT) is very widely used. However, the quantitative accuracy of DFT is often not very good. The
seminar will describe our recent efforts to achieve greater accuracy, using both quantum Monte Carlo and quantum
chemistry techniques. These more accurate methods will be illustrated with recent calculations of the surface

formation energy of MgO and LiH, and the adsorption energy of water on graphite.
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[1] Y. Kawaguchi, H. Saito, and M. Ueda, Phys. Rev. Lett. 96, 080405 (2006).
[2] T. Lahaye, et. al., Phys. Rev. Lett. 101, 080401 (2008).

B HiEt X J— : Quantum Criticality, Kondo Effect, and Fermi Surfaces
HIE : 2009 4E 5 H 19 H(K) 7Pl 11 Bi~7F# 0 I

S MTERERIARE 6 B B 5 23 —% (A615)

%M : Prof. Qimiao Si

P& : Rice University

®E:

Quantum criticality describes the collective fluctuations of matter undergoing a continuous phase transition at
zero temperature.

In this talk, I will discuss some recent developments on quantum criticality in strongly correlated electron systems,
with attention paid to the prototype case of magnetic heavy fermion metals.

Studies in recent years here have illustrated the general notion of quantum criticality beyond the orthodox theory
of order-parameter fluctuations. I will discuss the underlying physics of critical destruction of Kondo effect, as it
appears in the local quantum criticality. This new class of quantum critical point has important implications on the
nature of Fermi surfaces, both across the quantum critical point and inside the proximate phases.

Experimental results relevant to dynamical scaling, multiple energy scales, and Fermi surfaces will be addressed.
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[1] Y. Noguchi, et. al., J. Chem. Phys., 129, 104104 (2008).
[2] Y. Noguchi, et. al., Phys. Rev. B, 77, 035132 (2008).
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Nontrivial quantum-mechanical effects in frustrated magnets on the pyrochlore lattice with non-Kramers rare-
earth ions are studied theoretically [1]. A new realistic quantum pseudospin-1/2 model is derived microscopically by
considering the anisotropic superexchange interaction in the presence of the LS coupling and the trigonal crystal
field for the Pr3* ion. It is shown that in the basis of the local ground non-Kramers doublet for the <111>-Ising
moment, the nearest-neighbor interaction becomes ferromagnetic, providing a new source of magnetic frustration
and spin-ice like behaviors [2] distinct from the magnetic dipolar interaction. It also includes appreciable pseudospin
nonconserving terms associated with quadrupole-quadrupole interaction. Then, the doubly degenerate scalar-chiral
and/or quadrupolar states mainly comprised of spin-ice configurations become the ground states of the tetrahedral
cluster. Exact diagonalization study of the cube containing the 16 sites has revealed a step-like feature in the
magnetization curve along the <111> direction in agreement with experiments in PraIr207 [3], as well as quadrupole

correlation coupled to the lattice distortion. The possible relevance to Pr2Snz0O7 [4] and Pralr207 [3] is discussed.
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Here, we report an overview of the phase diagram of single layered and double layered Fe arsenide superconductors at
high magnetic fields [1]. Systematic magnetotransport measurements of polycrystalline SmFeAsO1.xFx at different
doping levels confirm the upward curvature of the upper critical magnetic field Hez (T) as a function of temperature
T defining the phase boundary between the superconducting and metallic states for crystallites having their ab-
plane oriented nearly perpendicular to the magnetic field [1]. We further show from measurements on single
crystals that this feature, which was interpreted in terms of the co-existence of two superconducting gaps, seems to
be ubiquitous among both series of single and double layered materials [1,2]. In all compounds explored by us the
zero temperature upper critical field Hez (0), estimated either through the Ginzburg-Landau or the Werthamer-
Helfand-Hohenberg single gap theories, strongly surpasses the weak coupling Pauli paramagnetic limiting field.
This clearly suggests the strong coupling nature of the superconducting state and possibly the importance of
magnetic correlations for these materials. Our transport measurements indicate that the superconducting
anisotropy, as estimated through the ratio of upper critical fieldsyn =He2??/He¢ is relatively modest when compared
to that of the high-T. cuprates, but in several cases we found it to be temperature dependent [1,2]. However, we
show that a proper description of the angular dependence of the magnetic torque in SmFeAsQOo.sFo2and
SmFeAsQOo9Fo.1 single crystals requires, i) a proper procedure to subtract the superimposed magnetic signal and ii)
the introduction of a term describing the anisotropy in penetration depth y, which we found to be considerably larger
than 7 u and strongly temperature dependent [3,4]. Both observations suggest a multi-gap pairing scenario. Finally,
our preliminary estimations of the irreversibility field Hm (T), separating the vortex-solid from the vortex-liquid

phase in SmFeAsOo.9Fo.1 single crystals from torque magnetometry, indicates that it is well described by the melting
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of a vortex lattice in a moderately anisotropic uniaxial superconductor. Although a proper description of the vortex
pinning force in the irreversible region requires the inclusion of a term describing superconducting fluctuations

which is more common to the cuprates [1,4].
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®E:

We present a general thermodynamic theory that describes phases and phase transitions of ferromagnetic
superconductors with spin-triplet electron Cooper pairing. The theory is based on extended Ginzburg-Landau
expansion in powers of superconducting and ferromagnetic order parameters. We propose a simple form for the
dependence of theory parameters on the pressure that allows correct theoretical outline of the temperature-pressure
phase diagram for which at low temperatures a stable phase of coexistence of p-wave superconductivity and
itinerant ferromagnetism appears. We demonstrate that the theory is in an agreement with the experimental data
for some intermetallic compounds that are experimentally proven to be itinerant ferromagnetic exhibiting spin-
triplet superconductivity. Some basic features of quantum phase transitions in such systems are explained and
clarified. We propose to group the spin-triplet ferromagnetic superconductors in two different types of
thermodynamic behavior, on the basis of quantitative criterion deduced from the present theory and the analysis of

experimental data.
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