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MIELELXD

Field-effect in oxides

Division of Nanoscale Science, Mikk LIPPMAA

1 Introduction

Transition metals offer a rich playground for a number of different areas of physics, from basic theory to applications.
Even well-studied compounds that have seemingly simple structure, like the well-known perovskites SrTiOs and
BaTiOs, still continue to baffle us, both in terms of a theoretical understanding and experimental control over the
structure and properties of these materials. A good example of the challenges presented by oxides in general is
provided by the family of superconducting cuprates. Despite being subjected to an unprecedented level of scrutiny
over the past 20 years, the mechanism of superconductivity still remains unexplained. One of the reasons for these
difficulties is the tight interplay between the electronic structure and minute changes in the crystal structure of
oxides. Due to the compositional complexity, the dominating electronic phase is often determined by the
microstructure of a sample, rather than the structural model that might be inferred from the chemical composition.
Changes in microstructure, such as the formation of nanoscale grains, can alter the lattice spacing, which can alter
metal-oxygen bond angles and defect formation, leading to band structure changes, and ultimately resulting in a
material switching to a different ground state, e.g. an insulator instead of a superconductor, or a ferroelectric instead
of a paraelectric, etc.

The work in this laboratory is directed at achieving a better control over oxides in the form of thin films. The
basic idea is that in oxide heterostructures it is possible to tune one certain characteristic of a crystal more or less
independently from others. We can, for example, change the lattice parameter by epitaxial strain, without changing
the chemical composition. We can also change the density of charge carriers by field effect without altering the
dopant concentration or the structure of a crystal. This approach will, hopefully, allow us to decouple the electronic

and structural aspects of oxides and thus lead to a better understanding of these fascinating materials.

2 Advantages of Thin films

The properties of oxides can be probed in many different types of samples. A common approach is to strive for
perfection in crystal quality and grow the best possible single crystals for detailed characterization. Single crystals,
however, limit us to compositions and structures that are in or at least close to a thermodynamic equilibrium.

A complementary approach is to acknowledge that perfect crystals of complex oxides cannot be grown anyway,
and to deposit thin films instead. Although the crystallinity of films is often lower than that of single crystals, films
do offer a number of additional degrees of freedom for controlling the material properties. The biggest advantage of
thin film growth is that the process is governed by the growth kinetics and it is therefore possible to impose an
artificial nonequilibrium structure on a sample. Simple examples are epitaxial heterostructures, but more complex
lattices can also be grown, e.g. nanostructure arrays, nanoscale composites, and even complete epitaxial device
structures. [1,2]

Another advantage of thin films is the high speed at which samples can be grown. Typical thickness of an oxide
film is measured in tens of nanometers and it is therefore perfectly feasible to grow several crystals in one day.
Integration of many different thin film samples on a single substrate can push this number much higher. [3] This can

be very useful, because it means that we can map the variation of material properties across sections of the phase space.



3 Crystal growth

Oxide thin films can be grown by many different techniques. For research purposes, physical vapor techniques like
molecular beam epitaxy (MBE), sputtering, and laser ablation are usually preferred. Among these techniques, laser
ablation, or laser-MBE, is used in our group because it is technically relatively simple yet extremely versatile in
terms of materials and structures that can be grown. We can routinely achieve sub-monolayer deposition rate
control and fabricate samples containing heterostructures, superlattices, nanodots or nanowires. The largest
challenge is to achieve repeatable and accurate control of crystal composition, defect density, and grain structure.

The usual process parameters that we have at our disposal for controlling crystal growth are the growth
temperature, growth rate, and chemical composition. Composition control can be done at two levels. On a rough
scale, we ensure correct stoichiometry in the film by preparing a deposition target with the desired chemical
composition. This will usually give us films that are within about a tenth of a percent of the desired composition and
therefore possess the crystal structure and electronic phase that we desire.

In many complex oxides, however, this accuracy is not sufficient because we study materials that are close to
electronic phase transitions, where the transport behavior is very sensitive to the density of carriers, or the average
valence state of cations. One such material is SrTiOs, where an insulating parent compound transforms into a
semiconductor, metal, and even a superconductor at doping levels of 1018 to 1020 cm. It is thus clear that a much
finer composition control is required than what is easily accessible by simple composition adjustment of deposition
targets.

One way of achieving such control is to utilize the slightly element-selective nature of the laser ablation process.
Specifically, by changing the fluence of the ablation laser, and thus the momentary heating of the evaporation target
surface, we can fine-tune the cation composition in the growing film. This process is illustrated in Fig. 1(a), which
shows a collection of x-ray diffraction patterns from a series of about 50 thin film samples grown at various ablation
laser fluence levels. In all cases, SrTiOs films were grown homoepitaxially on a SrTiOs substrate. The substrate
(200) diffraction peak is visible at an angle of 46.5°. It is obvious that the films, despite having the same nominal
composition as the substrate, have significantly different lattice parameters from the substrate. This indicates that

cation nonstoichiometry is present in the films, resulting in lattice parameters that deviate from the bulk value.
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Figure 1: (a) X-ray diffraction patterns of a series of homoepitaxial SrTiOs films, taken in the vicinity of the substrate (200) peak.
The splitting of film peaks from the substrate peak shows that the lattice of the films is larger than in the substrate. (b) The lattice
expansion is a strong function of the ablation laser fluence, and thus the cation stoichiometry. Blue lines are guides for the eye to

illustrate the general tendency.

The deviation of the lattice parameter in the film is plotted as a function of ablation fluence in Fig. 1(b). The plot
shows that below a critical fluence of about 0.3 J/cm2, the lattice quickly expands. Careful analysis of TEM images

has shown that this expansion is caused by the incorporation of extra Sr in the film, i.e. preferential evaporation of Sr



from the target at low fluence. At fluence values above 0.3 J/cm2, evaporation favors Ti, and the films thus have a
slight Ti excess. [4] This type of experiment can be used to answer the question of how the electronic properties of
the Sr1+¢Ti1.03 vary as a function of x for small deviations from the ideal stoichiometry.

Stoichiometry deviations obviously result in lattice parameter changes. The associated vacancies or other
defects can also function as donors for carriers. In systems that are sensitive to small changes in carrier
concentration, this means that composition variations always change both the band filling and the band width. In
thin films, it is possible to decouple these two effects. By using epitaxial strain, we can alter the lattice parameter
without changing the carrier density. In heterostructures, we can introduce carriers by charge transfer or by field

effect, without changing the lattice parameter.

3.1 Strain control

The crystal lattices of many oxides can be viewed as stacks of two or more different types of atomic layers. Thin film
growth offers a way of extending such layering by growing crystals one atomic layer at a time and thus opens a way to
explore the properties of very thin heteroepitaxial layers that can behave quite differently from bulk materials. The
electronic structure of interfacial layers can be influenced by a number of factors, many of which we have
experimental control over. These factors include large compressive or tensile strains of several percent, which would
be unreachable in bulk single crystals. Strain is imposed on thin layers due to a lattice constant mismatch between
materials that are combined. The level of strain can thus be tuned by suitable materials selection or by tuning the
compositions of interface layers. [5,6] Tuning strain in thin films has been shown to affect the type of magnetic
ordering that is observed in manganites, change the critical temperature of high-temperature superconductors, turn
paraelectric titanates into ferroelectrics, and generally affect the easy axis of magnetization and magnetic ordering

temperatures in various oxides. Examples for SrRuOs behavior under various levels of strain are shown in Fig. 2.
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Figure 2: The influence of epitaxial strain on the magnetization of SrRuOs. By changing the in-plane lattice parameter of the
substrate, thin layers of SrRuQOs can be grown under compressive strain (green), relaxed state (brown) or under tensile strain
(violet). The easy axis of magnetization can be seen to rotate into the film plane under tensile strain but orient parallel to the
surface normal under compressive strain. Tensile strain also increases the magnetic ordering temperature by about 10%.

3.2 Charge transfer

Another important effect at interfaces is charge transfer between atomic layers. Redistribution of charge across an
interface is a common feature in oxide heterostructures which contain elements that can assume more than one
valence state. Charge redistribution can be directly observed by valence-band photoemission in, e.g. manganite thin

films that are combined in heterostructures with Ti or Fe oxides. Variations of the valence band photoemission



spectra of La1..Sr:-MnOs films are shown in Fig. 3 [7,8] The surface layers of thin films can, obviously, be probed
directly by photoemission spectroscopy. The advantage here, compared to bulk crystals, is that reasonably

well-ordered surfaces can be prepared in situ, even for cubic materials that cannot be easily cleaved.
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Figure 3: The left panel shows the valence band spectra of Lai..Sr-MnQOs for various carrier doping levels x. Spectral feature A
corresponds to the eg levels of Mn, B corresponds to the tog levels, and C is the O 2p peak. The electron density drops in the eg4 levels
as the hole doping x increases. In a Mn/Fe heterostructure, the redistribution of charge can be monitored in the Mn oxide layer by
measuring resonant 2p-3d Mn valence band spectra for various thicknesses of the Fe oxide capping layer. Only the eg and ¢24 spectral
features are visible due to the resonant enhancement of the Mn emission. A cartoon of the measurement is shown on the right.

Measuring the electronic states of buried interfaces layers by photoemission is more difficult, but still possible
when resonant excitation is used. By tuning the x-ray source to the 2p-3d resonance of an element in the buried
layer, the emission intensity from that layer can be greatly enhanced, allowing valence band spectra to be measured
for layers that are covered by a thin cap layer of up to a few unit cell thickness. For the La1.xSrsMnOs/ La1..Sr:FeO3
system, we are therefore interested in the resonant energy of Mn, which is at around 644 eV[9] and of Fe, which is at
around 710 eV.[10] The advantage of resonant spectroscopy is illustrated in Fig.3, where the valence band spectra of
a Mn/Fe heterostructure are shown. A thick La1.xSr«MnOs film was covered with a thin Lai..SrxFeOs layer and the
transfer of charge between Mn and Fe was studied. Measurements of samples with a variable cover layer thickness
showed that when La1.xSr-MnOs3 is combined with Lai.SrxFeOs, electrons are transferred from the Mn to Fe within a
distance of approximately three unit cells closest to the interface. Effectively, this means that the hole concentration x
is significantly increased close to the interface on the Mn side. Indeed, the change is large enough to destroy the
ferromagnetic phase of Lai+SrxMnQOs within a few unit cells of the interface, which would be bad news if the Mn oxide
were used in a tunnel junction, for example.

While charge transfer at interfaces can be an advantage, in applications it is usually an undesirable effect,
because it means that interface layers behave differently from what one might expect based on bulk material
characterization data. Charge transfer effects often result in thin interfacial layers that are simply called dead
layers and accepted as inevitable, particularly in applications like tunnel junctions. Recent work on measuring the
valence band structure of thin surface and interface layer has opened a new path to correcting such unintended
changes in electronic structure by compensating for charge transfer in each atomic layer by intentionally grading the

chemical composition for each atomic layer in a heterostructure.

3.3 Field effect
The carrier density in an oxide can be modulated by chemical doping and by transfer of charge over short distances at
heterointerfaces. A third method that can be used to modulate the doping level is field effect. Field-effect

transistors are arguably the most successful electronic devices ever invented and form the basis for all modern



electronics. In oxides, field effect doping of materials offers a way to probe the electronic phase transitions without
creating disorder and lattice parameter changes that inevitably accompanies chemical doping. Field-effect doping
also allows material properties to be modulated repeatedly in a single structure, unlike other doping methods, where
the dopant concentration is fixed during synthesis.

The basic tool of field-effect doping is a field-effect transistor (FET). A number of different device geometries
can be used, but essentially the device has two electrodes, the source and the drain, that feed current into a channel.
The conductivity of the channel is modulated by applying an electric field. The electric field can be applied by
covering the channel with a ferroelectric film, as shown in Fig. 4 (a), or by constructing a parallel-plate capacitor and
applying a bias voltage to the gate electrode, as shown in Fig. 5 (a). The advantage of using a ferroelectric material
as the gate electrode is the ease with which very high electric fields can be obtained, without having to handle the
problem of leak currents and breakdown phenomena that always affect dielectric gate insulator designs. The
capacitor-type device illustrated in Fig. 5 (a) has the advantage that the gate bias can be changed continuously,
unlike the ferroelectric, which can only be poled to a fixed polarization level of either sign.

The effectiveness of using a ferroelectric film to induce charge at an interface can be seen in Fig. 4 (b).[11] In
this case, a Nb-doped SrTiOs film was covered with a ferroelectric layer of Pb(Zr,Ti)Os. The slightly underdoped
Nb:SrTiOs film had a superconducting transition temperature of about 250 mK. The ferroelectric cover layer was
polarized with either a positive or a negative bias of a conducting AFM tip, thereby inducing a charge at the top
surface of the superconducting film. The P+ polarity corresponds to a reduction of electron density in the
superconductor, while P- corresponds to an increase of carrier density. As a result, the superconducting transition
temperature of the Nb:SrTiOs film could be shifted by about 50 mK. If the sample temperature is held at 250 mK, it
is possible to switch the film between normal and superconducting states.

An interesting potential application of this technique is the ability to draw superconducting shapes in the film
with an AFM tip. The inset in Fig. 4 (b) shows a line of different polarity drawn on the sample surface. If the polarity
is selected so that the red line corresponds to normal state, the structure could function as a Josephson junction.
Drawing more complex shapes, like nanoscale dot or wire arrays would also be possible. The AFM can be used to

erase and rewrite different patterns in the same sample.
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Figure 4: A Hall bar field-effect device (a), consisting of a superconducting Nb-doped SrTiOs film and a ferroelectric Pb(Zr,Ti)Os cap
layer. The ferroelectric can be poled with a conducting AFM tip, inducing local shifts of the superconducting transition temperature (b).

A more traditional top-gate field effect transistor (FET) can be used to continuously vary the carrier density in
the channel layer. Our current work is focused on using intrinsic SrTiOs substrates as the channel of the FET.
Source and drain electrodes are patterned in the substrate surface and an epitaxial or amorphous gate insulator is
deposited. The usual choice for the insulator layer in our devices is either CaHfOs or DyScOs. Both materials are

wide-gap insulators with low leak currents. A gate field of up to about 8 MV/cm can be applied to the gate electrode,



corresponding to a sheet carrier density of 51013 cm2. Assuming a channel layer thickness of 10 nm, the carrier
density induced by field effect in the active region of the transistor can be in the range of 1019 cm3, which covers the
region where an insulator-metal transition occurs in SrTiOs.

This transition can indeed be seen in SrTiOs devices, as shown in Fig. 5 (b). The crossover from an insulating
into metallic state occurs at a critical gate bias of 1.3 V. All the gate bias curves cross at a single point at this bias.
The transition from insulating to metallic state is even more obvious in a temperature dependence plot of the channel
current, shown in Fig. 5 (¢). The behavior of the device can be understood if we assume that the Fermi level of
undoped SrTiOs is close enough to the conduction band bottom for carriers to be thermally excited to the conduction
band. Due to the low density of in-gap states, even a fairly small field-induced sheet carrier density can push the
chemical potential in SrTiOs higher, until it reaches the band edge and the devices switches to a metallic state.
While the temperature dependence of channel conductivity has a thermally-activated shape in the insulating state
and a negative slope in the metallic state, the critical bias value is determined only by the distance of the Fermi level

from the band bottom and is thus independent of temperature.
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Figure 5: The basic top-gate field-effect transistor structure (a) using SrTiOs as the substrate and channel material, metallic LaTiOs
/ SrTiOs films as source and drain electrodes, and CaHfOs as the gate insulator. The insulator consists of a thin epitaxial layer and
an amorphous cover layer. An insulator — metal transition occurs at a gate bias of 1.3 V (b). The temperature dependence of
channel current at various gate bias levels clearly shows the transition to metallic state when the gate bias exceeds 1.3 V (c).

4 Conclusion

Thin films, combined with fairly simple device fabrication tools, offer an interesting way to probe phase transitions in
complex oxides. The active region that is probed by transport measurements in strained heterostructures or
field-effect devices is usually very thin, on the order of a few nanometers. The next challenge for us is to integrate
oxide nanostructures into these devices and attempt to probe the properties of oxides in structurally and

electronically confined geometries.

Figure 6: Our research group in front of the ISSP building in October 2006.
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WE AR B EZ U T

Cun-Zheng NING
Visiting Professor from June 20 to September 20, 2006
Home institution: NASA Ames Research Center

As was originally planned, the themes of my research activities are around many-body physics of semiconductor

nanostructures. My activities are summarized as follows:

1) Collaboration on the Mott transition in one-dimensional system

The Mott transition in an optically excited semiconductor has been one of the most important issues of many-body
physics of semiconductors, especially for one-dimensional systems. It was a very opportune time and place to
conduct research on this topic. Akiyama san’s group has the cleanest quantum wire samples in the world with the
best spectroscopic data obtained recently. They have for the first time measured both photoluminescence and
absorption spectra simultaneously under the same conditions. Such clean spectroscopic data allow some of the very
central issues of the Mott transition be analyzed in detail. I have spent a lot of time trying to understand the full
implication of their recent data to the Mott transition. I had almost daily discussions with Akiyama san on this issue

and on the understanding of their data. Together we have concluded the following on the Mott transition:

a) The optical gain observed in their system is due to biexciton to exciton transition. This is the first observation
of biexciton gain in a 1D system. This conclusion is based on the following features of the spectral data: i ) the
gain bandwidth is very narrow, corresponding to a dephasing time of more than 5 picosecond which is longer
than the typical dephasing time in a plasma, excluding degenerate plasma as a source of gain; ii) optical
gain occurs at a much lower density and when the photoluminescence spectrum still shows clear exciton and
biexciton peaks; and iii) the gain occurs when the biexciton peak overtakes exciton peak in the PL as total
pair density increases. The observation and understanding of such biexcitonic gain are significant in several
ways: It shows for the first time that optical gain can occur in a 1D system before the Mott transition and it

will allow much lower threshold quantum wire lasers be made than is achieved hitherto.

b) The Mott transition occurs through several stages of coexistence between excitons, biexcitons, and free
electron-hole plasma. We have identified four stages from free exciton gas, through biexcitons, to free plasma.
These research results provide a more complete picture for the Mott transition and shed light on the nature of
the Mott transitions in 1D system. We have plans of conducting more experimental investigations to fully

establish a complete picture of the Mott transition.

The results of our collaboration are contained in a manuscript entitled “Biexciton gain and the Mott transition in
GaAs quantum wires”, authored by Hayamizu, Yoshita, Ning, Takahashi, Akiyama, Pfeiffer, and West and just
submitted to Phys. Rev. Lett.

2) Investigation of the possibility of two-photon laser based on semiconductors

Together with Akiyama san we analyzed different possibilities of a semiconductor two-photon laser. We analyzed
both intersubband transitions in semiconductor quantum wells and biexcitons in CuCl system. The very long
phase coherence time of biexciton waves in CuCl provides a very appealing alternative to our original idea of using
intersubband transitions. In addition, the large biexciton binding energy (of ~20 meV in CuCl) allows enhanced
degenerate two-photon process, while keeping the competing one-photon exciton process sufficiently detuned far off-

resonance. But we realized that the published results by Gonokami’s group on this system are not likely to lead to a



continuous-wave optical gain because of the pre-dominating absorption process. We also had discussions with Prof.
Gonokami of Applied Physics Department, University of Tokyo. Our discussion led to a possibility of arranging
samples and pumping beam configurations such that two-photon emission process is kept unchanged, while two-
photon absorption process is inhibited or significantly weakened. Such scenario is likely to lead to a CW two-photon
gain in CuCl. Currently we are still analyzing this scenario in more detail. Possible collaboration with Prof.

Gonokami on this issue will be pursued.

3) Bandgap renormalization in 1D system

One of the well-known phenomena in semiconductor optics is the bandgap renormalization due to Coulomb
interaction. So far theories and experiments have shown strikingly conflicting results: While experiments by
Akiyama san’s groups and others have shown almost no bandgap shrinkage up to a very high density, while all the
theories so far have predicted continuous bandgap shrinkage starting from a very low density. This issue is also
closely related to the Mott transition. After my extensive study of the existing literature in the field and extensive
discussions with Akiyama san, we realized that the reason for such conflicting pictures between theories and
experiments is because all the theories have used the total electron-hole pair density for the calculation of bandgap
renormalization. We believe that such a use of the total density is not justified, since at very low density, majority of
the total density is in the form of exciton gas or in the co-existence phase of excitons and biexcitons. They do not
contribute to bandgap renormalization in the way as assumed in the current theories. This idea is the key in a
possible resolution of this contradiction. Dr. Huai of Osaka University has conducted preliminary estimate based on
our assumption and the results have show a much more consistent bandgap renormalization with experimental

measurements. The work is still continuing on this issue in collaboration with Prof. Ogawa’s group.

4) Interactions with other groups in Japan

In addition to my activities at ISSP described above, I also used this opportunity to interact with other groups in
Japan. We had extensive interaction with Prof. Ogawa’s group at Osaka University. Prof. Akiyama and I visited
Osaka group and Dr. Ping Huai (Postdoc of the Osaka group on a joint Akiyama-Ogawa project) visited Akiyama san
and me twice during my stay. Currently we are still continuing our collaboration on semiconductor quantum wire
lasers. We have also visited Prof. Gonokami’s group of the Applied Physics Department, University of Tokyo and had

extensive discussions with him on the two-photon laser as mentioned above.

5) Talks and conferences

During my stay, I also participated in two international conferences on behalf of ISSP and gave following talks:

b) Plenary talk entitled “Semiconductor Nanowires for Nanophotonics: Progress in Theory and Experiment”,

Conference on Optical Properties of Condensed Matter, Xiamen, China, August 4th-August 10t | 2006

¢) Invited talk entitled “Compound semiconductor nanowires as nanolasers” at International Symposium on

Compound Semiconductors, Vancouver, Canada, August 13-August 17, 2006
In addition, I gave following talks at Akiyama group seminar

d) Selected issues of many-body effects in semiconductors, August 26, 2006

e) Semiconductor nanowire nanophotonics, September, 2006

Acknowledgement: First of all, I would like to thank the ISSP Director and his staff for arranging a very fruitful
visit. I would like to thank in particular my host, Professor Akiyama for his readiness to discuss physics all the time
and anytime. He has made my visit a very successful collaboration. I would also like to thank Kameda san of the
ISSP-ILO for being very thoughtful and helpful with every thing from small to big. She is great! I also thank Bessho
san and Kubo san for all the business related helps. They all together made my stay a very memorable one. I

enjoyed it very much. I hope to maintain my relationship with all of them and with ISSP.
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Directeur de Recherches
Centre de Recherches sur les Trés Basses Températures, CNRS
Grenoble, France

My participation in ISSP fundamental physics investigations started a few years ago, when Kubota laboratory
decided to use the NMR method of Homogeneous Precession Domain (HPD) for studies of superfluid 3He in Aerogel
under rotation. Why are these investigations so important, so that a physicist like me from the other side of the
globe comes repeatedly to Kashiwa and leaves his own investigations for a time? The answer is simple: because ISSP
has a unique installation, the nuclear demagnetization refrigerator on a fast rotating platform. Now we have three
such platforms, in Helsinky, Manchester and Kashiwa. The rotation of superfluid 3He is very fundamental problem
of macroscopic quantum physics. The coherent quantum state can not rotate at all. The same effect appears in
superconductors, where role of rotation is played by magnetic field. The vacuum of our universe is also in a
coherent quantum state. The rotation indeed can be performed with creation of topological defects (vortices, cosmic

strings as well as other types of defects)

In Helsinki, where I have been taking part in investigations during last 25 years, starting from montage of the
first rotating platform, we found and investigated, surely under rotation, about 15 different types of vortices in
superfluid 3He, including vortex sheets and spin-mass vortex. Many of these vortices have been predicted, but for the
cosmic strings in the Universe. And this is the main beauty of fundamental physics. One can study the properties of
one system in full analogy with another which looks completely different. Manchester group studied the rotation of
3He in a slab geometry and found... the additional mechanism of vortex dissipation, which was explained by Volovik
as an analogy of hypothetical mechanism of particles creation in the Universe. Particularly it is interesting that this
mechanism can explain the fact that in our part of the Universe we can see only matter but not antimatter. It

remains hypothesis for the Universe, but it is now reality for superfluid 3He!

ISSP platform can rotate at least a few times faster than others. It is really an extreme condition for superfluid
3He. We can study here the vortex types and the phase diagrams, which no one else has observed before. Furthter
more, we can even put, inside *He, Aerogel, a network of impurities, and see the effects of rotation. These studies

have been performed in ISSP during last a few years.

My particular interest is the influence of mass rotation on another coherent quantum state, HPD. This is the
magnetic coherent state, which manifests itself as the condensation of spin waves in a single quantum state. We
have found it in 3He-B in 1984 in Kapitza institute, Moscow. The full collection of quantum phenomena, usual for
superfluidity and superconductivity, was demonstrated, including Josephson effect on Spin Supercurrent. HPD has
been used in Helsinki to investigate the transient processes at the acceleration of rotation, as well as the spin-mass
vortex and its dynamics. Now in Kashiwa we suppose to use HPD for studying the transient processes at

acceleration 3He in aerogel.

My three months visit to Kashiwa was organized to make these investigations. But, as usual in physics, the nice
surprise can suddenly appear. In addition to the planned study, we have found a new magnetic coherent quantum
state, now in A phase of 3He. This state was predicted by Volovik and me in 1993. Manchester group tried to observe
it in a slab geometry, but unsuccessful. In our ISSP experiment we have used pressurized aerogel, which oriented
the order parameter in a single direction, preferable for the observation of the new coherent state. This our discovery
is very fundamental for physics of magnetic coherent states, as well as a new and fast developing field of applied

physics.
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Carlos WEXLER
Associate Professor of Physics

University of Missouri

My stay at the ISSP during the months of September to November of 2006 was hosted by Prof. M. Kohmoto. For
about ten years I have been doing research in areas closely related to the quantum Hall effect (QHE), and have
known of Prof. Kohmoto’s extensive research in problems related to electron transport in incommensurate and
quasiperiodic systems for about the same amount of time. In particular, Prof. Kohmoto’s research has been key in
understanding the effects of the crystalline structure in the QHE in connection to the elegant Hofstadter’s problem
and beautiful “Hofstadter’s butterfly.” In late 2005 I contacted Prof. Kohmoto and prepared an application for the
visiting professorship for the 2006-2007 period and the application was accepted in early 2006. Upon my arrival in
September 15t, we had a period of intense scientific discussions and many members of Kohmoto's group (Dr.
Masatoshi Sato, Dr. Takahiro Aoyama, and Mr. Daijiro Tobe) gave short presentations of their research for my
enlightenment. After that we focused on the problem of electronic spin transport. Given our common backgrounds in
the QHE and the Hofstadter problem, we decided to consider the effects of spin-orbit coupling in the transport of
electrons in systems with competing periods. Our efforts have uncovered a possible spin-induced delocalization in
these systems and the results obtained so far were presented in an ISSP seminar last week (Spin-orbit induced
delocalization in quasiperiodic systems). We have also submitted an abstract to the American Physical Society’s
March 2007 meeting (Spinorbit coupling in quasiperiodic systems, C. Wexler, D. Tobe, and M. Kohmoto) and we are
working on a manuscript to be submitted to the Physical Review B. Overall, I gained significant experience in an
area I had not previously worked directly, and have made new scientific contacts with whom I expect to keep

collaborating in the future.

On a more personal level, I would like to thank the hospitality of all people here in the ISSP, but in particular of
Ms. Akiko Kameda and Ms. Mihoko Kubo of the ILO, who worked hard to make our stay very pleasant. The
accommodations (apartment) provided for myself and my family (my wife and 5 year old son) were excellent. Ms.
Kameda also helped locate an Englishspeaking kindergarten/pre-school (almost) nearby (in Kita-Kashiwa) which
proved very good for my son. We all had a wonderful experience in Japan; in fact, my son says he wants to come to

live here!

I do have one negative comment to make, whose solution seems very easy, so I will provide it as well. The problem
is that, while there is excellent science being done at the ISSP, it is not easy for a visitor to get a real sense of the
research here because of difficulty in establishing contacts between the foreign visitors and local researchers.
Conversely, I believe that the fraction of ISSP researchers who become aware of the visitors’ research is also
minimal due to the same lack of contact. I, for once, was not asked to give a single seminar based on my research
background which I find very surprising and counterproductive (why not use the opportunity given by the presence
of numerous visitors to get a broader vision of what is being done elsewhere?). Although some of the lack of
interaction may be attributed to language issues, this is not a sufficient reason and a solution should be sought. In

most institutions I visited, visitors are asked to give a seminar early-on after their arrival. This helps “break the
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ice,” and facilitates further contacts. I believe that this should be instituted as an “unofficial policy” of the foreign
visitors program: visitors should give a seminar upon arrival and the seminar should have plenty of time for
informal discussions afterwards. Of course, “locals” should also give plenty of seminars for the benefit of the
“visitors,” but this is done to a certain degree already, and it may be logistically difficult to implement on a wider

scale given the large number of ISSP researchers.

As for my impressions of the science done at the ISSP: it seems quite excellent, indeed. The research done here is
on par with the best institutions in the world. Being a theorist, I cannot say much about the laboratories, but the
parts that affect me (computer support, networking, libraries, access to information and office space) are truly
excellent. Secretarial staff was very competent and the students and postdocs I was fortunate to interact with were

all very bright and selfmotivated.

Overall, I was very happily impressed with the ISSP and Japan in general. I had an excellent visit from the
science point of view, and my family and I truly enjoyed the unique experience that a visit to Japan is. I would like

to thank the ISSP for its hospitality, organization, and the generous financial support provided.
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Theory and computation of hydrous minerals and melt under high pressure
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We report in this paper an anomalous magnetic ordering process inthe charge ordered LuFezOs. The neutron
scattering experiments wereperformed on TAS-1 and TAS-2 instruments installed at JAEA-JRR-3. Thefollowing
results are obtained: 1) Despite the triangular configuration a strong 2-D antiferromagneticcorrelation with
ferrimagnetic component in the double layer in thehexagonal plane develops to a 3-D order along the c-axis at
Tn=242K. 2)

At around 177K there is another characteristic temperature Tf, where newtype of broad magnetic peaks start to
grow and at the same time the magneticpeaks already developed below Tx also acquire finite line width,
includingthe peaks due to the ferrimagnetic component. A strong hysteresis isobserved at Tf. 3) Field dependence of
Tf was investigated. Upon applying the fieldperpendicular to the layer plane, Tf decreases and vanishes above
3T.The existence of the anomalous magnetic ground state will be demonstratedand the possible relation to the

orbital degree of freedom will bediscussed.
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7o bR ESH (Chain 1D R < FRAVER 220’=0.29K (2 X 2 MEEMEREB 2R 0.4K IR W CRII S i, beBEHE 1 %
ot Heisenberg SRMEIROHGRFHE & ERMN 2 K2 RTZ EnbhoTz, #o T ORMEEII NS BT ET L
DB RETAVWE THD LWVWR D, TOMDRMIRIZONTHERET D,
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Al12
CuB:204 DZ XM & lik<AHX

LW (R T

CuBoO4 IZBR KA 242 Z TR CTH 2, Balh TRELZ FiIF < &, Ty =21K THEBIMEMAE SESHTH
2B IR A 24, & 51T, T* 9.5K TAE VN ¢ Wi AICIBIES: £V AREA A~ ILFE~E ZFEA
DI Z 5, TS OB IIRSS 20T AR Fm & T O S Ik > TEkT 5, £72. TF EEIIRNT,
VY R TOFELHERIN TN D, T LT, TE, Hir- R RRREOFEESHE S, Z0E%OWHEIZ OV TR
BFRENTWD, 2O XD ekkx B MNEH STV D CuB0s DAY U H A7 2D ES D202, Fxld
CuB204 O HRE R E VT IB-NMR FEBEZ{T-> T\ 5, Filo2EHE LT, ESR ERICBW TG AR 4T £ ¢
HFEICEEMLI-E &, BXZ 5 6K THMFHEBEEEL LEEZENZ LTV VI HENSNL, ZOHERE
NMR EBR BRI, EOFERICONTHET 5,

Al3
HNRBETOHHEZSORTAECROBRTE T VO I al—2ay

il EdL ORBRIR)

AU, )V AEBIIIR VI OER R H 55, EOMRRR ML LBl d 72, iz bix, SSE €770
NEIECHREMAD Z LICk Y| BFAC R HIMBS 7 LfEa LeRe/RFELT A n TR H O HiEERRE L,
ZOHEERE - RITTAE Y - BT RICEH LT, ARIBEMREZERT 5 & & bic, SFHEEBAKOFERY A X2 —1
VTN ATV, ZO% D Blume-Capel €5 /L (Blume-Emery-Griffiths €5 /VORERIRH) LRIC2= =31 F ¢
7T ABT D Lol BDlIBINER TSRO 2D TN D 0T, HENHICAE ZIFHE Lo, ZOWrE
WA CRITMISL R EZE ¥, WIFER) . SFHE (KRIKATNL RS « IIEEE A CGRREND) & O TH 5,

Al4
S=1 AE Y ¥ A X —% BasMn20s OELELE O ESR

KR B (BERS T 74+ P A= R Z—)

TICuCls (23 SN DB PR BRFALIC KR EEERNE LT > TS, TNHDRTIE S=1/2 BNEA ~—%JEHK L T
%o FxlL S=1 O A ~—RITBIT DHPBELIEF OB ZI > T Mn 44 ~—WE %<7, BasMn2Os ITHsM:%
195 MnS*A 4> (S=1) M OB AR AEIERIC LY S=1 OF A ~—2BKT LA ~—RTH D, fEmEEn»s
Mnb* A A UM ¢ ENIZ =AM T2 LI E b0, RERRE L BIEREMICII = R X —F v » THREE L, BiL
HIEDND Bgap=12.2K £ AL 6N TWD, FxidInE TICHRRAB OIS ESR 217720, MR OBSRFIEN
X v TRENDES L VRS TIRE BRI EERWHLTWS, LML, BIEREZHANTHNEDT g fHO
o3 AT & BRIUERIG 2 BARRIZ 0BT 2 Z L 3T e, ARl B B ERE & MR U WRIARE O RS F R AT ME I E & 3 A
TR ERETDTETH D,

Al5
S=1/2 Ht—RICEHEPEA Cuz2Cls « HsCaSO2 DWEMENITE

R 2t (M)
HE—ROC R CuaCly » HsCaSO2 IZAE U Xy v T EF S, WAZEINT 2 2 LIk - TG FEMEE E =T,

FIRAHRE A AW TR ERIESe, 38k ESR HIER STk 0. AWE ORGSR, Yy e v XAXF—FROMHE/EM
DEEDRHALEMNI > TE-DOT, TOREAMET D,
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Al6
S=1/2 ¥t 1 KocugtE# NaTiSi206 DPiay s iz iz

S 1B GRARERT)

S=1/2 1 KILWMERIZINT, TRETIZEZL OFERERH D, ITHF, CuGeOs ITREFINDAL L - /31 =)L AR
Bid, FEBR. BB L LIRS, Foaid, S=1/2 # 1 oThEMA NaTiSiz06 (2B W T, B& % 210K T,
TERL LB, AU T by NIRDMEEBBERAL Lz, Y0, ZOMEBEBL AL « 3 =)L AEERE TlEZ2n
MEBZ DN, HEBETIZ O, — ., AL - SA D AREEBIZEITO B A, BIEO 3 E S EE R E A R
LTWDENI T ERDNoTER, ZOMERIE, S=1/2 # 1 IRGTHEMEIRIZI W T, fuE O HBERGFET H5HE6 O
RS TRV EEZ TN D,

A17
81 3 Bk T = U e O g ik

R M GERED

AsCus(POs)s (A = Ca, Sr) IZRESNDIEEWE L, BMAHEEROBRKITY = VMR L L TER S TEY,
e A B FEBRY A PRI P OEANIESNTND, FERRRIZE L T, (8,9=(1,1/2)7 = U BtEdH & DT
TIZHM S TRV (1], BHEIREE £ TE D W E O lEIIIEF (T HIRTR . FRIBhEEAEICB L it BT rrkEis
DEEPEEZHL TS D2 ERTREIND, Fxld, AR, BT T rnikez 0T, EEREICKST 52
BRI, ARRIR, S DT R G e L OFEM T 5, AT, 1-1/2 7 = VM & o
il L I E R A OTEE 2 5 LT <,

[1] K. Takano, K. Kubo, H. Sakamoto, J. Phys.: Condens. Matter 8(1996) 6405

A18
Ki11H[(VO)3(SbW9033)2] *27H20 & Ki2[(VO)3(BiWsO33)2] * 29H20 DL,
mlgs F TORA R

NE L GRERIEH® T X v 7 2481

Fex DT N—TTlrdmik, V4 (S=1/2) B =AML L T 216E% KitH[(VO)3(SbWeOss)2] « 27TH0 LA 1) I &
W Ki2[(VO)3(BiWgOs3)2] + 29H20 (A 2) 2 A% L. Magnetization Step Method (MST) HIEIZ LV, {LEW 1 DKk
JERFEIZ oD “HEIEHTH Y, LAY 2 OREEREIZ 2O “EETHER SN TVD EEZ TV, L LA RO
BHEIZLY . WINOEY S EEREIZ—20 “HETHR SN TWDS Z LA T 2R LG, £/, AEUM
|Z Dzyaloshinskii- Moriya(DM) #HE/ERHBZEINTWA Z &b, RENGHENDTZ, THDDOFRERIZOWTREEL < #HiE
T 5,

B1
F ) A —)VBGy 1A O R S

e B GRRERT)

KIR TR AL DIEREZL & 5 Mn, Fe, Ni 72 EOLEBERSEISAETIX, 51 1 EOMHEEICER L TR e
AT VL RAERTHONH Y . BE—4FW4 (Single Molecule Magnet) & FEIZN T 5, Fix D7 —7Tid, Mna 4,
Mnis £%. Nig B72 E DO ZIBIZIE D WEREC R L C, KRR S OBYERE GEFimmss, BB bilE) 21702 otk
BEHLMILTERE, RN TOYTHOMEMERNT < BHENZR SMM & LTHET D Mngs 5K, #IZHY TBA
MO EAEAIC £ 0 KB CROEREMEIC A — 4 —F 2% Mna 85K 7 £ OKIRICE T AR EFEIZ OV THET 5,
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B2
SRINE D 7y BBEHR D% N EHBI R

hAS dh— CRORZEZENT)

I DSy HBIER D F M OIEE L AR R WD E LN & &2 B ISR 2808 (N3 — FREURI[1], S=1/2XYZ f5R
2D IZOWTHERR L 7o, B (AR T W EBRZ W T HREB &R O 0 BBROFEREDREFEIOOFEL L
T, EHEEEICEERANT PVRT Uy x i a L, B REETLI— MET S FERBIEZMNT 2. g 2
T2 Lk, BERE L RERER O XL X —F v v TREN, BES RV —0ERET DM ge 2RDD, Z
DE ge ITEFEBHRZEFMNOFEROER %525, ARRIZBWT ge 23R, HERRIIMET 5 Z &I X MR
AHBHREE LIS GOND Z L&, WESEHAEIEMNOH 5/ A B~ 78I OWTRT,

[1]1 Y. Nakamura and N. Hatano, in preparation.
[2] K. Okunishi, Y. Akutsu, N. Akutsu and T. Yamamoto, Phys. Rev. B 64(2001) 104432.
[3] Y. Nakamura and N. Hatano, Physica B 378-380 (2006) 292, J. Phys. Soc.Jpn. 75 (2006) 114001.

B3
Distribution of non-trivial gapless points in single molecule magnets and
dynamical driven systems

R ki GRORER)

AR, RN ORI N2 DT DA RETE 5 X 917> T b, Fe8(S=10)I28\ T tunnelsplitting
DRSO T CIRENT 5 Z LBl SN, 2, Kramers OFFRIZE 5 DO TIXARWIEEALRKERIZL A2 LD TH
%, ZOBHRIT, &TAfH (Berry phase) DFWEIRTH L BRI NTWD, UK L, Frx I IRHHEICIES < BLE
MH, ZOBSERN IROB G EFFOHES TRAOGE T RINCE 5 2 LR Lo THET 5, £z, R
12T D AT 2 FIIN L 7= 354, Floquet A D A1E (Floquet energy) MEIR L. &4 F I 7 ZA0MHl S 5B S0
BZDZERMBNATNVD, ZOMEICOWTH, BEAEMOIBERARHHEE WO BLENDDBLEEITR D,

B4
BTAEVRCBID RO HNVRIFEL LYV TIVA Py bOE—

& GRKT)

WA, FHFRF A C O <R b T, BTN EETH LI EFREE MR U RRFMEE L TENT 5
RAPTOIL TS, —F CHEFEHEREOSH TERSN-T X TV Ay b2y ha E—RERIEO KR
RS TICERTH D Z ERbn-oT& Tz, ZORIINVIRZTORTHIZHLI DD LT, ERANETHEED
Ty VREOAEMEEHEBFRLTEY, =y VIREEOARIIHE L CIEARREE & 5, RIFETIE S=1/2 —&&kA
V$E ) (N Haldane AR TdH D S=1 XXZ AV VEHOT U Z U A Ay by b a B — 2B EE L 22 %
=, £72 AKLT EFVOLEEIREETH S VBS IREBISH L THAE LBk 140 SiEE2 AW T 2 o 7V A v b
Ty kR E—IZOWTER L,
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B5
1GPa X TORIE FERHE SR AT LADHBELEAE Y F v v TRADILH

U S (= R ZE R )

15359 T Bose-Einstein E#fii 4 A9 2 A ¥+ v 7% TICuCls, KCuCls (ZHBWTILZFDENZRICH KREEH 2
H£FE-TWVD, HAIFZINETIC 1GPa BIEE CTOES N Chliiss ESR MENAlEER AT A%BR L, £72 0.75
GPa L & COEN#PHIZEI L TIX 0.01 GPa R ORSEE CTHUE rlBE72 ESR B OJE I E S EE ML LTz, R AT
L% FWT KCuCls OJF /1 Fiféds ESR % 0.73GPa £ TOE/#PH, 16 T £ COMIGHPIA CTIT o7z, ZTORE, KK
—FHIE SR S EEA~OESEERAERI L, FEfEs TAE Y X v v RT3 2 L A EEICBIT 2 = L 10K
L7z, 2 0.73 GPa lZBW\WTiL, ®IETT630 GHz FRE Th -7 ¥ v v 7% 220 GHz FREICE Tl L, E 7k
ZHED Sz=-1 77 U T REERRE L XD AR (—8T) UL ETBEC #4£ U T\ 5 Z LA RRT A RN G LN, #
HTIEZH S OFERIZ OV THRET 2,

B6
U E 2 RIEGEY Mn2ASs(A = Si, Ge)lZ BT 5 L HIH R BIR

K it CROWPERT)

HrEr s E MnaASs (A = Si, Ge) DAL 7 vy THEGIT, MBE (77 A FL—3 a3 2) Dlgiks & U TREREEL
fbzrmd, ZORE, WERWE TIERLNRWLEEER AL RERMKIZEN D, Z O & BRI 2 U 725#%
R R RO AT e — 2K B EE OBy R SIS CBLR S 41 2 5RIRIENE — SRR T E D,

K. Ohgushi, and Y. Ueda, Phys. Rev. Lett. 95, 217202 (2005).

B7
S=1 71 d X Heisenberg X iiEM:A m-MPYNN - BF, Qb 75 k—

BTF K (@hERH)

A m-MPYNN + BF4IZBWTIE 2950 S=1/2 7P BV A 78 20K LA T THBEMERNICRES L, S=1 4 A ~—
I2&2 2 W TAKT B END, XA ~—MHEERIZN SK TRMBEMENZRT-D 77 A ML —MLTEY, &
W T3 02K DAYV X ¥ v 72 R odBE R EREN B S D, ZORETIAREKREIZ OV TLLRS 20,
213 Faraday JEIC X DBALINE & BALOBIE H 72 5 X FHER OB FRE 28 2720, 2 OBERS 0.1K
TR LD 12, 3/4 IZHT=HMLTT T h—%F o2 L Z#H LN L, 2077 h—3isF OREEREL
ML DEEZ LB, A AETFOBEMNET2E 2 A TITHHTE P, L R&E LT XOEAK T2
FEFRREDTFAE & YOE B EAE A 72 EOREBEOHEFEROF S 2R LT 5,

B8
I UHELTEM L 7= TICoCls DR i
B mEE (EEKRHET)

BT bR & FF ol — kot Ising KUEBLMER TICoCls OIKIR, B T TO T~ U BELNE Z1T - 72, KIRBEMEM TIX
2J (= 118.5 em ) [T ICHESGRFE 2 RSO T~ - =7 Bl STz, T o0 — 27 13T BEL T H M S
N5, #B—t Ising $HRA OBZJIEE (domain wall pair excitations, DWPEs) Z#8lll L7z b0 TH 0 | Kohkart
FCE TN L > TRFAEIS7z DWPEs 28IL TV 20 THD, T~ « A7 M OfEIT LY, 2o
WIEOTEMEE, B S BEAER AR D7, PR RFICELERT D, M. ZOHFRITTEANTLR. KR,
RS (EFKRILL) VEE— CRRLTERWE) | IRt (FEXEE) LofRFRETH 5,
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B9
ACuCls ® T ¥ Vil

HFE 5 (BRERET)

BTAE U A ~—%WE ACuCls (A = T1, K) TIESRBEN: S A~ — B ZRITTIITHE A L TWb, ¥ A ~—ROFHEE
RlIZkoT, v 7Ly MERREE, B Y 7Ly MREELE ORIZAE ¥ v v 7 A(A=5.5cm™ for A =TI, 22 cm™
for A=K) 5>, o IFIEMMHERNY Mg % F—7 L, FA~—%BELTIRKE, FA~v—%BEITICA A A EHBR L
FroD, ZIROWR T~ ELD RN RZEEZBI LTz, BT~ WE AN PSS ERD TR NVF =R A
Xy y T RXNAX—O AFITHY T 5, i CIIRR T < CHELC L0 k72 TICuiaMg:Cls, Tli,K,CuCls ®, =%/
XF—Fr v 7O N—TEBEFEL | BRT < UHELASY MVOIRE, BGRAEYEOFEM A2 RET 5,

B10
BUED A IR IO D U THARY BIVERRET 5
XXZ B A E V3D Lslo) xRtk

PaEF SRS CROREREND

HBEFES B A T Y (SCPYBRICERND A Vv THIARY MV[1) L. Fh & a7 iEE 75 % #> XXZ BA v v
$H (323 Bazhanov-Stroganov (NBS) #51[2]) & = 3 L ¥ —HEiRZE ] OS2 DWW CT#ET 53], £7° NBS #ENH 5

oy 22 T— 7R3 L(sk) DRFMEALFFOZ & AR, IRIC Z OXRIFRYEIC & 2#iiR 22 M 4 FH#ft1F 5 Drinfeld £IH

FHE L, 2N SCPZEA[EHE LW L& /D, ZOHFFET NBS R OHERZER & SCP RO A Vv JHA~Ly
MVE 5 2 58575 & OxGETRE LTV D, (HOEARK & oL EHF7E)

[1] Baxter, J. Stat. Phys. 57 (1989) 1.
[2] Bazhanov and Stroganov, J. Stat. Phys. 59 (1990) 799.
[3] Nishino and Deguchi, Phys. Lett. A356 (2006) 366.

B11
—RICH G R Rb2CusMosO12 D& FREALIE B K O LA DS 2L

ey AR (LRRELT)

TRBEME O 5 — T BE 2 HAAR BRI (J0) & SOBRBENE 0 B T BE A HARE BLAEH (J2) S BE A L:~&m;%1t/+
Rb2CuaMo3O12 122V T, TN E TIZEHEEREIOBTE T COMEER « BLIE L. DMRG & B b DGR3
el B MIEIC & 0 BEREEN A T 2 B AU (0=-0.258) ([ZiT-3< Z L B IC Lz, 4 HD3EE T \mﬂfﬁ
TAEAWERIETFTO 18T £ CTOMALMIEZITVY, SAFEIE ORGSOV TRIALRE O R L il 425 Z L &
0. EERESEMEIGESHEMICH D Z L, £z, BT CTORBBEEY LK BOMILELE AFED Y .
DMRG #tH &l LIz RICOWTHRET D TETH D, R, BRHEOBIGELO-EIZ OV T, BUEDOHIER
JERGBHTIZ F-AF ${L AF-F $H{OilifF CEBRBEREZHRPATE D2 L0 D, i@ﬁﬁ“f@ﬂm%ﬁﬁm%%mtzﬁﬁ
DML INTWD, ZOMEE. ERRKETORAE, BITREE, SEIEH, BEREE, DMEEORSER. o1
ORTEEM, HEREOFEHRAK, KOO EREN E LR TH D,
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B12
S=1/2 AE ¥ 1 I —% ND+CuCls D5 ik sl

NP e CRTRBEELT)

S=1/2 A Z A <v—% NH4CuCls IFRALIBRRIZIB TR D 1/4 & 3/4 1IZBLT T h—% oW ETH D, =
OBALT 7 b —iF, b-lic2 =y MR 2 fFI2R DEEHERIC L > T, # A4 ~—03 4 FEOIESM A1 b &
mHZLICRINT D, —F T, EHEPICRIT AMREEITESMA I T RVnIETH 5, AENE, BT SET
1T 7= ND4CuCls ORESBEMRELOFE R A2 WG T 5, MR T T v 7 ITBER S L Lo O TICuCls & R (EiR
WiEra=y b Lz Z0)h B, 1 BHHOSTBH SN, 2N 5 LSNORMMN R T 7 v 7 RId R T&
o lz, EHTIET — 20D TRl SN D BEMEEIC OV Tl 2.

B13
S=1/2 1 Xyc M KCuGaFs I B S MSHEF v v 7 LKk

ARy BLUET GRTRBEEET)

KCuGaFs lZHANG T Cutk Ga¥ /XA a7 a7 HIK 2T L T\ D, Gad BNIERMETH D78, BT 5 Cufi]
DRBFAEAENT—IRTCI 2 E 2 A L T 5, KCuGaFs (3% Offatli&EN b, 228 g 7 V1= Dzyaloshinsky-
Moriya fHEAEHDFENRFSND, DT, RS EZNA D & ZIUCTRE LSRN EINEC D, 2O
WG IH R OTEIT L EBRAICBIII SN D, FTo, MG OHFEIC L VBEGORE TRET DG HEX v v 70
HBARIEICBWTHBBlI SN D, Z OB, S=1/2 A B~V 7 BRTREER Cu benzoate o7 HEALAW
YbsAsz IZBWTLHEINLH LN TS, S HIZEHkA 1L, 2@ KCuGaFs IZ oW CiEféds ESR HIEA17V ), ESR A7
MV OTRBEZALS B AL D ISR AT &~ T, & LT, KCuGaFs 3IERERIEL DOIRE M2 TH % 7 Sine-
Gordon(SG) AR THIK Z LT, WHHEX ¥ v 7»N SG FANZK T A7 ) —V—piitickhsd b Z 2 RniZ L
7eo Elo, FOMIBRISNIZEROT V) —F =LA E ) VI OW TOMHTHE RIC DN T HIR~ 5,

B14
—RILAE % SrCo2V20s DR ZEE)

fir KR CRRYVERT)

T, —RICE T A URMEROEBRIER 20OV TER Y . BIRIROREBR RS 1 oo A B #HobamIcih o
TW5, Filf, Brld—RTAE U EHOMBELE 2> SrCoeVeOs & RO 72, MRV v 7 /VIEEFISOG T, BEikdmi
7T w7 AN TIRMIECHES Lz, BEE, Bbls XL ORAME» OBREHZ T2, BLERT—2 06
SrCo2V20s 13 Ising & ¥ o FOEEMEDIED HEW /RS, 3K & 5K OFFITIZ 2 DO 2 /RIS TnD, X, B
(BT — 2 D BEERES AT & TT 132N il EAT & |IEICNT DA, BGHEMEEA R ON 5, KRR L
AT — 2 | Z S W R ) B REEF AR A B 7 u v Tt < . M I K mme: — FiMAiEg o h 5
T WD o7, #HE T SrCo2Va0s D ILEINEE & WG FH ML I OV CEEMIClE T 5,

B15
ZRICHETEAR (CuX)LaNb207 (X=Cl, Br) ® NMR #l&E
B e GRKIER)

A A AR XV Ak & 7z (CuX)LaNbeO7 (X=Cl, Br)iZ Cu DELEN E G-IV EEE & 5 ZIRTREPEIR TH
Do FEECREEBIZX=Cl D & TR —HIEREE, Br ® & X collinear order & 722, ##1Z(CuCl)LaNb20O7 TR.HM S
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AV Ry v FUE, WG U E DS (10 T) & dE7-, B HEE, NQR Er b REL bicX vy v 70
RKEZ(232TK IZRERBOEVRH Y, TOMKNEIZE L THEEAR/ZN TS, LMALAERL ZOMEIZE LT
I, EfERREMENRITENTIEZR L, Cu® d ETHERIES exchange path A WRET 5 Z L BERTH D, Fx
VR EC AR 2 AV 72 NMR JIE 2170, R A S OBSAE., NESES%2 AL 72, ZRHOREND,
W& D IEFE T HOPNRA, d BT OHLEIREE, FEE72 exchange path 28 L T 7 5.

B16
SrCu2(B03):2 IZBIT B H L Wisligit

IR — CGRRIENT)

7 7 A k L— b L7z Shastry-Sutherland #&7 (%2 2 IRIE X A ~—) A E L % SrCue(BOs)2 1L, fafimiito 1/8, 1/4,
13 IZRBWT MY 7Ly bR 2O B> 7 h—%/RT 2 L THMLINTWD, U8 7T h—FD @G
(F1 28 7 A7) L 14 77 F—OIKRG (K 34 7 2 F) O TIIB b SR L TRY . ZOHEKTOAE
WERBSE L EBIZED X I T DI REEGRD LB TH D, FliFcid /8 77 F—M LIV ElEED 31 7 27
FTORBICHNTARYHEZDO NMR EBREITFV., R P Ly FOBRER - O PRBEER TLE-TWA I 22 R
H U7z, AFEETIE. NMR A7 VOGBS & | SrCus(BOs): DIREMEHAN, A B U HEICHOWTE
T %,

B17
HENIVT U TPA-CuCls O g filid 3 Rt il 8L

Hrf s (BEWRSRELT)

HRTIEBEE I K D MELEE ORI LV | MIREREEZ BRI, HVWERFITEERE LT 2HS . DI MEIC
BRoTVHEELTWET, TNTIENDETHLNAN—T 4= T—TOXIRMFELNMEENETEA, FE 71 —27 2R
N—HRe e b - T A L, KHEEIL, &, ESR EEICHIATE S 2 il 2= A —Z OBFRIZEY 2o
TWET, FEERHLTTA, |IRTO IPA-CuClz © g EZEMSAOREFBRELMIT L, TOERLZHH LIZVWE B
TVWET, FLTMOERF~DEEBEOEEME BRIV ERS>TWET, 20T D, WFIBREREED X 512,
ST LTEHE O AT —U N EEN, FTLWIFENEEND EARBEERIIHFLTOET,

B18
1 Xoce T A E 2RO NMR &ZH#H

B R (R

Xy v FEFO 1 RLBEFAC RO, BEETTXy v 2B U540 NMR EME 1T OEEE FICHES
RWOFHND Z L R S TSR, Bix 7R THROBBRIAMEZ D 20 OMEMThh TE -, Ll 1T
DIRERIFEITIRE OBUSA DR FIZ b BN D72, EBREERZMTT 57201203 UT1 OB - RERTFIECET 55¢
LWVEMER RN LE L 2 D, ARFZETIE 1 BOEK - v T 4 v Y% —FfkicBsT 5 UT) OB - IREEREED 2=
NP VR LN E RO, BEEREENERBORFICORBIND &7 L 2157, fRE VT —2 R, S=1/2 X
VoA =R EICHEMA L, EBRE OIS EERT D,
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PIPEF ST IR 55 &
BT T8 TERE T ] DR

HEF: 2006 12 A7H(K)~12 A8 H (%)
215 REXFYEHARFTRERRE

RERRFHE ok Bk (B B

2006 4 6 HICUROMEZER L LT, WIERELSBHN R 2#MEEZIE 2 2 =7 « NREICFERT 2551
BIOIERIIESERE L, 12 H 78 BICBESETCWERE W2, 2 Tk, REOIEMERLENSFZEDOUIRIC L -
THIEREEN K E S BT 2%, BIBOYMEIZEE DR LTV IBREEA S L, ¥ Rk 284 572
DOB MM 72 Iz,

a7 sid, (D REFRIAFERT OS] - FERBICBET 2 NER, M ORE R, (2) HTERFIEO 7= O E 722
B&EY. (8) BFrAEZMEHEOTM - IEL T E ODARZR RN Nl o MR BESOHE, (4) FOMmoR
L ICKENS, ZNHICONWTOMNMINERZ B L TIFESHE L L, LIS FEREEOEEZ T AN
< &5 BEWT S,

FF WRKMEMERFTOFEN L, ZvE TOYMENOSL L BHEOBRESRMIZOWTOFERH D . ZDOREMRIZ oW
TiE, E5 - HIROBENBFO 7 NV —TOFM, & HITIXEBENLRR AT ~oUER mbi, MIBITEIL, 22 54
TIIERFJH AT IMEICH VY . HBIECIENMEIC L o TEDbs =2 b RN 2R E Lz, 20X 9 ki,
HEF DN — RO BT E LTRIB S ENTIER LW L AR LTWD, PET-Hisk oo 4 EFH OB 2 38
L7-BEHEKIT, R0l ©h 5 J-PARC ~HIkT 5 L L HICERFICEE 2B &, FHETOTOETERT K
DILREITHI ZEHWIBAT, 0, TREFFORERLIFRIZOWN TR B RIE, HER O E R se S8 % ik
RN, ZOTDICEIRT & RS AT L,
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HIR : 2006 4 10 H 30 H(H) Fi& 3 kg~4 Ik
S - MTEREOTASEE 6 B K E(A632)
#fl : Prof. P. H. M. van Loosdrecht
(University of Groningen, The Netherlands)

#H : Low dimensionality in transition metal oxides.
D=

The transition metal oxides display an impressive variety in their physical properties, originating from the inter-
play between crystal field and hund's rule couplings in combination with the interactions with and between the
charge, lattice, spin, and orbital degrees of freedom. Famous examples are the cuprate high temperature supercon-
ductors and mixed valence compounds like magnetite and many vanadates. Charge ordering phenomena, low di-
mensional quantum magnetism, and superconductivity are but a few of the intriguing phenomena observed in the
transition metal oxides. This presentation will highlight some specific examples, focusing on the charge ordering and

non-linear charge transport in beta-sodiumvanadate, and the unusual spin-Peierls route in the titaniumoxyhalides.

HEF : 2006 4F 11 H 2 HOR)  F#& 4 Kg~5 Ii§
Sl - OPEDEE AR 6 B KR E(A632)
#fl : Prof. Martin Wolf
(Freie Universitiat Berlin Institut fiir Experimental physik)

#H : Femtosecond time-resolved photoemission studies of electron dynamics and coherent phonons in solids
e

Many properties of solids (e. g. the electrical conductivity) are governed by elementary excitations and relaxation
due to electron-electron or electron-phonon scattering. The dynamics of these processes occur on a femtosecond (fs)
time scale and can be probed directly by time-resolved photoemission spectroscopy. In our experiments the time evo-
lution of the electron distribution function following optical excitation (50 fs, 1.5 eV) is monitored by 6 eV fs laser

pulses. This provides access to both occupied and unoccupied states around the Fermi level [1].
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This talk addresses recent studies of electron and coherent phonon dynamics in several materials exhibiting dif-
ferent aspects of electronic correlation. For the ferromagnetic Gd(0001) surface the ultrafast drop of the spin polari-
zation observed by magneto-optics is attributed electron-magnon scattering [2].

In the Mott insulator TaS2 electronic excitation induces an ultrafast insulator to metal transition and subse-
quently pronounced oscillations of the spectral function due to a coherent phonon mode [3].

Finally, first results of electron cooling in a high Tec superconductor (BiSCO) will be discussed.

HIRE : 2006 4 12 H 20 HOK) Fi% 2 kg~3 Ik
S - PEDEE AR 6 B KGEkFEE(A632)
iiffi : Prof. Federico Rosei
(INRS-EMT, Univ. du Quebec, ISSP)
EH : Ge/SinTOLFFF 2 vV ) HEDIL AR v EV F Eett
H°E:

In heteroepitaxy, the strain energy caused by the lattice mismatch competes with kinetic processes to form nanos-
tructured films [1,2].

Ge on Si is a model system with 4.2% lattice mismatch that follows the Stranski-Krastanov growth mode:after
wetting the surface up to a critical thickness of 3-5 monolayers, it is not favorable to grow layer by layer and a
roughening transition to 3D islands is observed. In this system Ge/Si intermixing has been shown to be significant, as
it alters the composition and overall properties of the as grown Quantum Dots (QDs) [3].

Here I describe Ge-Si intermixing from individual islands measured in situ using X-Ray Photoemission Electron
Microscopy [4,5].

Using Ge/Si as a test system, we have developed a technique which allows to map the chemical concentration of
individual Ge(Si) nanostructures with a lateral resolution of 25 nm [6].

Finally, I will describe Scanning Tunnelling Microscopy and Low Energy Electron Microscopy results related to the

positioning and stability of Ge/Si nanostructures [7,8].
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