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Research and Activity Report
for My ISSP Visit in 2005 Summer

Yong-Shi WUt
(T On sabbatical leave from Department of Physics, University of Utah, USA)

I am honored to have been awarded a Visiting Professorship from the Institute for Solid State Physics, the
University of Tokyo. | paid the visit for three months in summer 2005, collaborating with my host Prof. Mahito
Kohmoto and his theory group. The following is my research and activity report of this visit, including comments and
impressions of mine for the ISSP.

1. My Academic Activities in Japan

I arrived at Tokyo on May 19th and left on August 20th. During this period, | stayed basically at the Institute for
Solid State Physics, University of Tokyo, at the Kashiwa campus. During my stay | have had a trip outside Tokyo to
Osaka University (at Osaka) and Hokkaido University (at Sapporo) for about ten days (see below).

I gave a formal seminar on my recent work in condensed matter theory, titled “Topological Aspects of the Spin
Hall Effect” in the ISSP on July 15th, and actively participated in most academic activities of the Theory Division of
the ISSP during my stay.

I have had numerous discussions with my host, Prof. Mahito Kohmoto, and with members of his research group
at the ISSP including his assistant, Dr. Masatoshi Sato, and several of his postdoc and students. Our discussions
were concentrated on two major research directions in the recent frontier of condensed matter theory: the spin Hall
effect in solid-state systems, a recently emerging research direction in spintronics, as well as the topological orders in
two-dimensional strongly correlated systems, a hot topic at the frontier of quantum phase transitions. In addition to
giving informal presentations on relevant topics during the discussions, | also made concrete suggestions about what
to do for the research topics.

Professor Kohmoto is expert in the quantum Hall effect and strongly correlated systems, which overlap with my
interests, and in many other areas of condensed matter theory which | am not familiar with. His expertise motivates
the research directions of his group. And his insightful remarks during discussions are often very beneficial to our
ongoing collaborative research. In particular | spent a lot of time with Dr. M. Sato individually on many topics, to
explore the effects of randomness in the Rashba model, a major model with spin-orbit coupling for spin Hall systems,
and to formulate a better framework for classification of topological orders in two dimensional systems. By the end of
my stay, we have made great progress in improving our understanding of the topics being discussed, which has not
only resulted in one or two joint papers but also has laid down a solid foundation for continuing the beneficial and
fruitful collaboration between Prof. Kohmoto (and his group) and me in the future. It is worth to mention that one of
his students, Mr. Daijiro Tobe, has got involved in the numerical calculations of the random Rashba model and made
impressive progress; though it will take a while to further confirm and finish the numerical computations, the
present preliminary results look encouraging and significant. To report the new numerical findings is expected to
take a couple of collaborative papers.

Moreover, through the introduction of Prof. Kohmoto, | had chances to discuss with Professor N. Kawashima on
supersolid, a newly discovered phase of matter in the quantum regime, especially on the possibility of using Monte
Carlo method to test theoretical ideas in the study of supersolids.

During the period of my stay, | also visited the other two campuses of University of Tokyo, the Hongo and the



Komaba campus, on June 22nd and July 12th, respectively. At the Hongo campus, | visited Prof. Hatsugai at the
Department of Applied Physics, a former postdoc of Prof. Kohmoto, discussing recent progress of each of us on
condensed matter theory. At the Komaba campus | gave a seminar on the spin Hall effect, and had discussions with
Prof. Hikami and other members of the condensed matter theory group there.

I was invited by Professors Y. Hosotani and K. Higashijima of Osaka University and Professors K. Ishikawa and
N. Kawamoto of Hokkaido University, who are my old particle theorist friends in Japan. So in early August I paid
visit to Osaka and Sapporo and had good time with my hosts, giving seminars on my recent work in string theory and
chatting about physics. While in Sapporo, there was a summer school on string theory for young scholars in Japan. |
was invited by the organizers and gave a talk in string theory.

I have enjoyed my sabbatical leave at the ISSP. | am happy that this visit has not only promoted a successful
ongoing collaboration with my host Professor M. Kohmoto and his capable and vigorous group, but has also laid down
a good foundation for future fruitful collaboration.

2. My Impressions on Sciences in Japan

From newspapers | read that the economic situation in Japan is in recovery, getting better and better. I have
noticed that at least for my fields in science, that is string theory and condensed matter theory, the situation in Japan
is in good shape. For these areas in basic researches, this is just opposite to that in the U.S., where the economy is not
bad but severe budget cuts have damaged the basic research in science. | think the trend in Japan for maintaining
and promoting basic scientific researches is very good and far-sighted. And | hope this good trend should keep its
momentum.

3. Comments and Impressions about the ISSP

Previously in 1990's | had several chances to visit the ISSP, when it was located in Roppogi area in Metropolitan
Tokyo. The last time was in summer 1997. The present visit is my first time to the Kashiwa campus. | am impressed
not only by the excellent new research environments, but also by the rapid success of the several experimental groups
in ISSP, in particular by the progress in material research and fabrication and in physics under extreme conditions.
This will further promote the success of theoretical research in the ISSP.

The ISSP visiting professorship program looks great and effective. It has benefited my Japanese colleagues and
myself a lot. The ISSP program certainly should be continued and strengthened.

Also | was impressed by the effciency and activities organized by the International Liaison Office. Not only I felt
happy with the warm hospitality, but also with the opportunities to learn about Japanese culture. The quality of the
activities is high, and the time intervals seem right too. The staff in the ILO must have spent quite a bit efforts in
organizing the activities, and also the effciency in dealing with administrative duties is admirable.

| feel the research environments of the ISSP are better than before. Discussions and exchange of scientific
opinions between different labs and divisions, particularly among students and postdocs could be further encouraged.
I have participated in several colloquia, which did not exist before in the ISSP. | have enjoyed them very much.

I am impressed by the research group of my host Professor Kohmoto at the ISSP. Prof. Kohmoto himself is
recognized by my U.S. colleagues as one among the best Japanese condensed matter theorists, who has made
fundamental contributions to our understanding of topological aspects of solid-state physics and the mutli-fractal
behavior of self-similar systems such as quasi-crystals etc. His researches are often original and creative, and
well-received by the international scientific community. During this visit I have enjoyed his insightful remarks
during discussions. Also | admire that he has built up a very capable and vigorous theory group, though the number
of the members of his group is not big.

| deeply appreciate the warm hospitality and the chance to have a pleasant and fruitful collaboration from the
ISSP, from the Director Professor K. Ueda and from Prof. Kohmoto and his group. | am happy that | will be busy, at
least for a quite while, with the continuing productive collaboration with Prof. Kohmoto and his group. | sincerely
hope that this visit of mine is the beginning of more exchanges between the ISSP and our department.
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AB-INITIO CALCULATION OF LATTICEDYNAMICS AND
SUPERCONDUCTIVITY IN SIMPLE SYSTEMS

S. Uma Maheswari, H. Nagara, K. Kusakabe and N. Suzuki
Graduate School of Engineering Sciences, Osaka University.

First principles calculations of lattice dynamics and superconducting transition temperature have been done on the

high pressure FCC phases of lodine and Lithium. The Full Potential Linear Muffin Tin Orbital technique
(FPLMTO) has been employed using local density approximation (LDA).The Allen —Dynes formula was used to
calculate the value of T..
FCC lodine has been studied at pressures of 68, 86 and 111 GPa. Lattice dynamics study reveals progressive
softening(decrease in frequency) of a transverse mode at a particular g vector as the pressure is decreased from 111
to 68 GPa [Fig.1]. The superconducting transition temperature T¢ of FCC lodine is within quantitative agreement
with recent experimental results[1] but T. variation with pressure exhibits a reversed trend[Fig.2]. The Tc values
obtained are 2.6, 1.2 and 0.6K at 68 , 86 and 111 GPa respectively. The Coulomb repulsion constant p* was
taken to be 0.1 for all the three pressure calculations.
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In FCC Lithium, phonon softening was observed all along the lambda line and at a particular g vector along the
sigma line[Fig.3]. The phonon frequency becomes imaginary at lattice volume

VIVo = 0.4 (Vo taken as the volume at ambient pressure when it is in the bcc phase) suggesting a phase change
between V/Vo= 0.47 and 0.4.This is a new result in the present study. The hR1 structure is found to be of lesser total
energy than the fcc structure at this pressure. Also, the superconducting transition temperature T. was found to be
much lower than earlier theoretical reports [2]. Tc increases with increasing pressure[Fig.4]. These results are in
agreement with recent experimental observations [3,4]. The calculated T. values were 8.7,15.4 and 18.3K at
V/Vo=0.6, 0.5 and 0.47 respectively. The Coulomb repulsion constant p* was taken to be 0.13 for these calculations.
The poster will contain the details of the 2 cases.
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Spinodal decomposition under layer by layer growth condition and high
Curie temperature quasi-one-dimensional nano-structure in dilute
magnetic semiconductor

T. Fukushima*1, K. Sato 12, H. Katayama-Yoshida! and P. H. Dederichs?

1The Institute of Scientific and Industrial Research, Osaka University, 8-1 Mihogaoka,
Ibaraki, Osaka 567-0047, Japan
2 Institut fur Festkorperforschung, Forschungszentrum Jilich, Julich, Germany

According to the first-principles calculations of effective exchange interactions in dilute magnetic semiconductor
(DMS), this magnetic percolation problem is significant in the DMS based on wide band gap semiconductors, where
exchange interaction is very short ranged. For example, very low- Curie temperature (Tc) is predicted by the Monte
Carlo simulation for the magnetism in (Ga, Mn)N. However, from experimental side, some experiments support this
prediction of low Curie temperature ferromagnetism in (Ga, Mn)N, but the others do not and report high- Tc
ferromagnetism. Thus, high- Tc in wide gap DMS has been in controversy and a consistent explanation has been
desired. Already Sato et al. [1] tried to explain high- Tc in the wide gap DMS. They show that in general the DMS
system undergoes the spinodal decomposition due to the attractive interaction between magnetic impurities and the
spinodal decomposition enhances Tc in (Ga, Mn)N considerably due to the formation of magnetic percolation paths.
However, this effect is only significant for high concentrations (higher than 20%) and high- Tc phases in wide gap
DMS is still open question.

In this Letter, as an extension of the previous Sato et al.'s attempt [1], we examine the effect of a layer by layer
crystal growth condition during the spinodal decomposition process. First, the chemical pair interactions are
calculated by using the first principles calculations. As shown in Fig.1, the chemical pair interaction of (Zn, Cr)Te is
attractive, so this interaction causes spinodal decomposition. Next, we simulate the spinodal decomposition under
layer by layer crystal growth condition by using the Monte Carlo simulation and calculated chemical pair interaction.
Calculated spinodal phase of (Zno.gs, Cro.os)Te is shown in Fig. 1. It is found that DMS systems can form rather large
clusters with highly anisotropic shape even for low concentrations. This result suggests that the blocking phenomena
in the super-paramagnetism, the magnetic dipole-dipole interaction and the network of the one-dimensional
structures should be considered to understand the magnetism in DMS.

.r—. ",.-.._rl_ e m———

i

Fig.1 Left figure: chemical pair interaction between :
Cr atoms in (Zn, Cr)Te as a function of distance.
Right figure: quasi-one-dimensional nano-structure .m
of (Znoss, Croos)Te. White region shows Cr atom.
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[1] K. Sato, H. Katayama-Yoshida and P. H. Dederichs, Jpn. J. Appl. Phys. 44, L948 (2005).
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First-principles materials design of CuAIO:2 based
dilute magnetic semiconducting oxide

H. Kizaki, K. Sato, A. Yanase and H. Katayama-Yoshida
The Institute of Scientific and Industrial Research, Osaka University, Osaka, Japan

Keywords: CuAlOz2, delafossite structure, first-principles calculation, materials design

r r 1 T
— - femomagnetic sEe
e og ™

First-principles materials design of CuAIO2 based dilute magnetic semiconductors
(DMSs) are proposed. The electronic structures and the magnetic properties of
CuAlO: based DMSs are calculated by using the Korringa-Kohn-Rostoker method
combined with the coherent potential approximation within the local density
approximation. CuAlOz has the delafossite structure in which Cu and O form
O-Cu-0O dumbbell-like structure. Although tetrahedral sites are partially replaced by
magnetic ions in traditional DMSs, in the delafossite structure Cu-site in the center
of the dumbbell are partially replaced by 3d transition metal elements. Due to this
characteristic local structure, hybridization between 3d states of impurities with
valence bands is weak and half-metallic and high-spin states are expected in the
ferromagnetic CuAlO2-DMSs. We also think about Al sites for substitution, because
this site is easily replaced by transition metal impurities. Total energy difference

Tetal anergy difforence (MRy)

»

. . . . = 04 15% —x- -
between ferromagnetic states and spin-glass states is calculated and Curie £ g5 2% sprgassse |
B0 m
temperatures are estimated by the mean-field approximation from the energy = v & wn ote e W
difference. Total encrgy difference per urit cell between spin-

. . R . R glass and ferremagnetic stales for 3dT-deped
Results are shown in Fig.s (a) and (b). It is shown that the high-spin states are  iFig i@ (Cu MA&I02 (Fig (b} SuiAl, MOz as

realized and the ferromagnetic states are more stable than the spin-glass states in SIS CII U I 5% 10 255 o TR
Mn, Fe, Co and Ni-doped ones at Cu sites (Fig. (a)). On the other hand, spin-glass states are stable in V and Cr-doped
ones. Curie temperature is expected as high as 1100K in Fe-25at%-doped CuAIlO.. Due to higher coordination number,
transition metal impurities show low spin states for Al sites. For this site, almost all of 3d transition metal elements
show ferromagnetism except for Co and Ni, and Curie temperature is calculated as 310K in Mn-25at%-doped CuAIO:2

(Fig. (b)). Subject Number: #2
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