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Fascinating Japan: a personal impression
of a foreign scientist

Yshai Avishai, Department of Physics
Ben Gurion University of the Negev, Beer Sheva
Israel

e-mail: yshai@bgumail.bgu.ac.il
February 19, 1998

Dear Editor
Thank you for asking me to express my impression

of Japan through your periodical. Enclosed is my report.

Having been visiting Japan for five times during summers, it is time to express some
personal feelings and impressions of the country, its people, its society and its nature. It
is therefore natural to start by expressing a deep gratitude to the Editor of Busseiken
Dayori for providing the pertinent arena. Evidently, what is written below is very

subjective and expresses solely the opinion of the writer.

Japan is so different from western countries like the United States or England. And yet,
it 1s so developed and modern. In Physics we often encounter the concept of path integral,
which requires to know all the possible paths that connect two points in space and time.
It seems that the path Japan has chosen to propagate from its ancient period to its present
status is unique and distinct. And that make foreigners so curious and interested to know

more about this fascinating country.

Japan is an island country, which was isolated for many years from the outside world.
Many other isolated countries remained underdeveloped. The first reaction of a foreigner
visiting Japan is an utmost surprise. How could an isolated country like that evolve and
develop into such a modern state and an economical giant? Isn’t it amazing? The answer
and the secret lies in the most precious resource Japan has, namely, the Japanese people.

On the face of it, Japanese society is extremely homogeneous. But is it really so? Who



s
are the Japanese people? There are of course many properties which are shared by most
Japanese people. They are very skilful hard workers, neatly and cleanly dressed,
educated and law abiding, ready to help. But otherwise, Japanese people are composed
of very rich textures which combine together. They are the company workers which are
so neatly dressed, and which jam the subway stations in an organaized and quiet order.
They are farmers who work hard in the field from sunrise to sunset. They are the
appliance merchants in Akihabara, or the millions of people strolling the streets in
Shinjuku. They are the Kabuki and No theatre actors and folklore singers. They are the
masters of electronic industry all over the country. They are the yellow haired youngsters
dancing western style dances at Harjuku and, at the same time, they are unbelievably
beautiful women wearing their traditional Kimono. They are the university professors
which bring the scientific and academic level of Japan to its utmost heights. With all that,
only the tip of the iceberg is exposed as to the answer to the question, who really are the

Japanese people.

Japanese society was and will apparently always remain a mistery for outsiders.
Hierarchy is strictly respected, and, in the language of physicists, it is almost a one
dimensional ordered set. The combination of modern attitude toward life and the ancient
tradition exemplified by numerous ceremonial events is striking. In which western
country can one be exposed to events such as Hina matsuri, Tanabata, Bon odori,

Daimonji, Shichi-go-san, and others.

Japan, the country and its people are really lovable. It is nice to walk around in its cities,
and yet to feel safe at any hour of the day. It is wonderful to travel around to remote
places and to enjoy its Onsens. It is interesting to enter bookstores and glance at journals
and other periodicals. Or to visit shrines in Kyoto and watch the worshipers lay their
prey. Or to visit Tsukiji fish market early in the morning and smell and see the
unbelievable variety and multitudes of fish and other sea products. Or to attend a concert
in Metropolitan Art Space hall in Ikebukuro. Or to attent a Theatre or a movie in
Shinjuku. Curiosity always drives you to know more about everything in Japan. Like
Japan Industry, History, Mass Media, Education, Language, Writing, Literature,

Economy, Arts, Urban Problems, Politics, Religion etc.



But the most enjoyable experience of all is to talk to the Japanese people in their own
language. To people on the street, to attendants in department stores, to waitress in a
restaurant, and even to policemen in a koban. At the onset, many foreigners do not seem
to well grasp and understand the subtelties of Japanese conversation and the “Japanese
smile” (the present writer is no exception.) But after some period of initiation period it
is exposed with all its beauty. Avoiding making direct and explicit judgement of what is
good and what is wrong. Taking care and consideration of the other side opinion and
doing everything not to hurt his feelings. It is sometimes hard to trace out the exact

position of the other side, but that makes it sometimes ever deeper and richer.

Japanese language and writing is an endless fascinating new world. Following idyoms
and short notations is a daily challenge. Whoever would be able to understand what is
todaibusseiken on first hearing it? But for those who like chalenges Japanese language
is a real bonanza. The power of Kanji and its effectiveness in fast reading via pattern
recognition is just one example of how rewarding the study of Japanese language could
be. Spending three hours on writing a one page letter to a Japanese friend is sometimes

a real pleasure, believe it or not.

The reader should not be led to conclude that everything is well and light, and that there
are no shadows. But as far as the present writer is concerened, he was exposed mostly
to the positive side of Japanese society and cannot avoid the conclusion that foreign
scientists visiting Japan are likely to be rewarded and feel that their visit was an
enjoyable experience. Most of them would like to visit again. The present writer is an
exception because he not only like to visit the country over and over again, but he simply

fell in love with it.

The above essay would not have been so positive and optimistic without the help and
consideration of many colleagues and friends, as well as generous grants from numerous
institutions. It is now time and opportunity to thank them all. Although the list is long,
it is by no means exhaustive. The first and most important are all those who turned ISSP
to be my second home.

My host professor M. Kohmoto of ISSP, without whom I would not have come to Japan

at all. Whose deep insight in physics inspired me all along. The group of associates and
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students in the research group of professor Kohmoto, which was so nice to me during
my stay and helped me a lot during my stays in Tokyo, in Particular, Y. Hatsugai, J.
Shiraishi, Y. Morita, M. Yamanaka and K. Kimura. Professors T. Ando and K. Ueda
who were always open and ready to answer questions. The secretaries Tsuchiya san,
Kamino san, Uehara san and Maruyama san, who allways have had a smile for me,

morning and evening.

I had the honor and opportunity to meet and discuss physics with other distinguished
professors of Tokyo University as well as other universities in Japan, all of whom are
to be deeply thanked. They include professors S. Hikami, H. Aoki, M. Suzuki, H.
Fukuyama and N. Nagaosa from Tokyo University, S. Kawaji, A. Kawabata, H. Tasaki
and T. Koma from Gakushuin University, Y. Okabe from Tokyo Metropolitan University
and Nakayama from Hokkaido University at Sapporo. I was also lucky to meet with
people at high tech research institutes, like F. Nihey and Nakamura from NEC at
Tsukuba, Y. Tokura and S. Tarucha from NTT at Atsugi and T. Katsuyama from

Hitachi at Kokubunji.

Last but not the least, I want to thank all the agencies who supported my visits and were
very generous in according the pertinent research grants, especially Monbusho and the
JSPS.

Sincerely yours,

Y. Avishai
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Field dependence of the cyclotron mass in Ybs(AsosP0.4)3

R. Pittini® M. Yoshida® H. Nojiri%, M. Motokawa®? A. Ochiai® and T. Suzuki®

®Institute for Materials Research, Tohoku University, Sendai 980-77, Japan

® Department of Material Science and Technology, Niigata University, Niigata 950-21,
Japan

“Department of Physics, Tohoku University, Sendai 980-77, Japan,

Yba(AsosPo.4)s is a semiconductor with an energy gap of the order of 0.07 eV [1]. There
are no valence p states nor conduction d states at the Fermi level. But there are some 4f
holes, in connection with the intermediate valence of this material. Therefore, in a
cyclotron resonance experiment performed with an energy of the electromagnetic
radiation much smaller than the energy gap, one expects to observe the signal of the 4f
hole state. In contrast, in YbsAss there are indications of a p-d overlap. Therefore, it
becomes difficult to distinguish the contributions of valence p holes, conduction d
electrons and 4f holes in the microwave absorption. To check the magnitude of the mass
of the 4f holes in Yb4(Aso6Po.4)s, we have performed cyclotron resonance measurements
using two different systems. At first, we used a pulsed field system with Gunn oscillators
and an IR laser for a first quick determination of the resonances. In a second time, in
a superconducting magnet, we have measured carefully the lineshape of the absorption
and phase using a vector analyzer. At 95 GHz we observed two cyclotron resonances with
cyclotron masses of 0.60 and 0.87 me. at 4.2K. The origin of two different absorption is
thought to be connected with the anisotropic character of the 4f states. The lineshape of
the phase indicates hole - like carriers, in agreement with our expectations. Furthermore,
similar absorptions were observed at higher frequencies. Combining all the observed
resonances, we found that in this material the cyclotron mass is field dependent and is
consistent with the theory of f-d hybridized states in an Anderson lattice. This confirms
that we have indeed observed the cyclotron resonance of the 4f hole states in
Yba(Aso6Po.4)s. However, the cyclotron mass is not enhanced in this material. Fitting the
field dependence of the cyclotron mass, we find that the reason for these low cyclotron
masses is the hybridization with band states with a mass as low as 0.2 me, and the low

4f occupancy due to intermediate valence. We notice that the occurrence of such a field
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dependence of the cyclotron mass is directly connected with the strong Coulomb
correlation energy of the 4f states. Therefore, the Kohn theorem is not valid for this
material.

[1] A. Ochiai, H. Aoki, T. Suzuki, R. Helfrich and F. Steglich, Phys. B 230-232 (1997)
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Orbital Polarization in Manganese Oxides
Naoto Nagaosa

Department of Applied Physics, University of Tokyo,

We study role of the orbital degrees of freedom in perovskite manganites, which is
well - known by the colossal magnetoresistance (CMR). The double degeneracy of the
eg orbitals is treated by the isospin. Its polarization is essential for the variety of phases
and their physical properties. Especially the orbital is aligned as dsz-y2 in the metallic
layered antiferromagnetic state, which explains the quasi two-dimensional transport
and no canting of spins observed experimentally. The effects of the large orbital
fluctuation in the ferromagnetic state are also investigated.

This work has been done in collaboration with R.Maezono and S.Ishihara.
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Orbital ordering in perovskite-type 3d transition - metal oxides studied by unrestricted

Hartree - Fock calculation

T. Mizokawa and A. Fujimori

Department of Physics, University of Tokyo

In order to study the interplay between orbital ordering and magnetic structure in
perovskite- type 3d transition-metal oxides,we have performed unrestricted
Hartree - Fock (HF) calculations using a multi-band d-p model for the perovskite - type
lattice.

In RTiOs(d"), it is expected that the Jahn-Teller (JT) distortion and the spin - orbit
interaction are competing. The present calculations have shown that, while the JT
splitting energy is larger than the spin-orbit interaction in YTiOs, the latter is more
important than the former in LaTiOs. In the cubic perovskite, an electron in a tz orbital
with certain symmetry can only be transferred to that with the same symmetry at the
neighboring site. However, in YTiOs, the large GdFeOs-type distortion breaks this
symmetry restriction and causes the orbital arrangement in which the four
transition - metal sites of the unit cell are occupied by ayz+Bxy, azx+Bxy, ayz-[xy,
and azx- Bxy [see Fig.1(a)].

The HF calculations for RMnOs(d*)have shown that, while the system would be a
ferromagnetic (FM) state without the JT distortion,RMnOs is the A-type
antiferromagnetic (AFM) state in the presence of the JT distortion. In the FM state, the
four transition - metal sites are occupied by z*-y*, 3x*-r*, 3y*-r*, and z*-x* as shown
in Fig.1(b). On the other hand, the A-type AFM state is accompanied by the

z°-y*/z*-x* -type orbital ordering even without the JT distortion as shown in Fig.1(c).

(@) ROy M (b) RMnO; M (€) RMnOy  Adtype AFM

m,nw
/¢

Fig. 1: Orbital ordering for the FM d' system (a), that for the FM d' system (b) and that

for the A -type AM d' system (c).
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[1] M. Oshikawa, M. Yamanaka and I. Affleck: Phys. Rev. Lett. 78 (1997) 1984.
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# M Dr. Martin Hundhausen
(Frl@) (Inst. fir Techniéche Physik, Universitidt Erlangen - Niirnberg)
H H Dispersion of phonon lines in the Raman spectrum of Graphite: Evidence for
resonance in k- space.

R B

The first order Raman spectrum of micro - crystalline Graphite shows a well known
double peak structure: The so called G-peak at 1580cm-!, due to the zone-center optical
phonon and a second lower lying peak at around 1350cm -1, the so called D-peak (disorder
allowed peak). I address the anomalous behavior of the D-peak: It shows a strong dis-
persion of frequency with excitation laser energy (about 50cm-!/eV), and we find a fre-
quency shift between Stokes and Anti- Stokes line. We explain that anomalies with Res-
onance Raman scattering and suggest that those vibrational modes are enhanced in their
scattering intensity, if they have the same k-vector as the electronic 7—7 * states involved

in the absorption of the laser light.

H B 1998FE2 A12H (K) FHR4K~5kK
B B YRR QM BEEERE
# fi  Dr. Jean- Michel Mignot
(Frl®) (Lab. Leon Brillouin, Saclay)
& H Neutron-diffraction study of quadrupolar order in TmTe: evidence for a field-
induced magnetic superstructure

2 g

There is currently an upsurge of interest for magnetic phenomena in localized electron
systems involving an interplay between spin and orbital degrees of freedom, as well as
a coupling to the lattice. Such situations are exemplified by the orbital order in man-
ganese perovskites and other related transition-metal compounds, by the Jahn - Teller ef-
fect in rare - earth insulators such as zircons or spinels, as well as by quadrupolar inter-
actions in a small class of intermetallic f-electron compounds (TmZn, TmGa;z CeBg,

etc.). One important common feature of these systems is the possible occurence of a
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phase transition below which the electric quadrupole moments associated with the 3d or
4f electron wave - functions become long-range ordered. Recently, an intriguing phase
transition has been reported to take place in TmTe at Tq=1.8K (Matsumura et al.), and
it was ascribed to the onset of a staggered “antiferroquadrupolar” (AFQ) structure. This
new ordered state has been characterized by neutron diffraction experiments. In an ap-
plied magnetic field, the underlying ordered structure of the Tm quadrupole moments is
disclosed by the appearance of an antiferromagnetic component of the magnetic dipole
moments. This induced structure is described by the same wave-vector, k=(1/2,1/2,1/2)
for both field directions investigated, H| (111) and HI|(001), and the staggered component
m , . is oriented along a twofold cubic axis perpendicular to the field. However, the mag-
nitude of m, strongly depends on the field direction, being much stronger (about 1.5

u ) for H|[(111). These results will be discussed in terms of the symmetry properties of

possible quadrupolar ordered states of Tm in a compound with cubic symmetry.
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# B  Prof. Gerrit E.W. Bauer

(Fhlg@) (NTT Basic Research Laboratories/TU Delft)

M H Electron transport through metallic magnetic structures
2 "

The theory of transport through metal structures is reviewed with emphasis on the gi-
ant magnetoresistance (GMR) effect in magnetic multilayers. Ballistic transport is dis-
cussed for single heterointerfaces as well as super -lattices, taking the complex band
structure of transition metals into account from first principles. The ballistic (magneto)
conductance caused by magnetic domain walls is also discussed. The ballistic results are
shown to be relevant for experiments in the diffusive regime. Finally, some peculiarities

of the Coulomb blockade in magnetic tunneling structures are pointed out.
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% fi Prof. Jacques M. Hammann
(Frl@) (Service de Physique de I'Etat Condense CEA, Saclay)
M H Is There Evidence for Quantum Dynamics in Small Magnetic Particles at Low
Temperatures ?

2 B

The existence of quantum tunneling in the low temperature dynamics of magnetic
nanoparticles is still a controversial issue. Usual relaxation measurements sometimes
show an almost temperature independent relaxation rate at low temperatures. This is of -
ten considered evidence for a quantum tunneling regime, but may as well be due to an in-
creasing number of magnetic entities with energy barriers of the appropriate height, We
have made experiments using a special temperature cycling procedure in which thermal

processes are almost brought to equilibrium whereas quantum processes are much less
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affected. We define a quantity which is the ratio of the relaxation rates before and after
the temperature cycle. This quantity is very sensitive to the actual nature of the dynamics
and is almost independent of the barrier distribution. I will report on measurements from
three different systems (maghemite, cobalt ferrite and ferritin particles). I will discuss
the results which show clear departures from a classical thermally activated scenario but

cannot be clearly attributed to quantum effects.
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# B  Alex Babkin
(Frf@) (Helsinki University of Technology)
e Surface Physics with Helium Crystals
2 B

The boundary between liquid and solid phases in helium provide a unique modelling
system to investigate interfacial physics in a situation where the intrinsic parameters of
the interface are not masked by the transport processes in the bulk phases. Owing to the
quantum nature of helium crystals, the interface can relax very quickly which has en-
abled systematic studies of both its equilibrium and kinetic properties Here we present
a summary of our high -resolution interferometric experiments performed on helium
crystal facets at mK temperature range. We show that the striking shortcomings in the
theoretical understanding appear when both static and dynamic properties of facets are
investigated. We present an evidence of a new surface state on ‘He crystal interfaces that
is deduced from the fine details of the interfacial profile next to an almost horizontal ¢ -
facet. We have investigated growth of facets in good quality helium crystals with disloca-
tion densities 0-20 cm-2 along the ¢ - axis, where two novel growth mechanisms have been
revealed. It is also shown that the standard description of spiral growth mechanism has
to be significantly modified for large driving forces when the kinetic energy of a moving
step and the localization effects become essential. Finally, basic features of spiral growth
of ¢ - facets of “He have been probed by adding a tiny amount of 3He atoms (0.1-100 ppm)
to the liquid phase. In these measurements the intrinsic structural properties of an ele-
mentary step can be directly deduced from its interactions with a dilute fermi gas of 3He

atoms. The obtained results are used to verify the week coupling concept.
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# H Bleching, Spectral Shape Modification and Bistability of CdS Photocurrent due
to He - Ne Laser Pumping
% &

The influence of He - Ne laser pumping on the photocurrent of a CaS single crystal is
studied in the range 450- 700 nm at 300 K. It was observed that the photocurrent was ex-
tremely dependent on laser irradiation. A rather modest pump intensity of 64 mWem-2
quenches the potocurrent by more than three orders of magnitude. The pumping also in-
duces a spectral shape modification, i.e., a reduction of the gap photoconductivity at 500
nm below the photocurrent due to trap levels 540 nm. Furthermore, it is demonstrated
that the quenching phenomenon leads to photocurrent bistability during a power sweep
of the He-Ne laser. The effects observed are discussed in terms of two-photon ab-

sorption.
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