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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 SrTiO3 and 

BaTiO3, 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. 

�������
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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 SrTiO3, where an insulating parent compound transforms into a 

semiconductor, metal, and even a superconductor at doping levels of 1018 to 1020 cm-3. 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, SrTiO3 films were grown homoepitaxially on a SrTiO3 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.  

 

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 

Figure 1: (a) X-ray diffraction patterns of a series of homoepitaxial SrTiO3 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.  
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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+xTi1-xO3 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 SrRuO3 behavior under various levels of strain are shown in Fig. 2.  

 

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 

Figure 2: The influence of epitaxial strain on the magnetization of SrRuO3. By changing the in-plane lattice parameter of the 

substrate, thin layers of SrRuO3 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%.  

Compressive 

Relaxed 

Tensile 
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spectra of La1-xSrxMnO3 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. 

 

 

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-xSrxMnO3 / La1-xSrxFeO3 

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-xSrxMnO3 film was covered with a thin La1-xSrxFeO3 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-xSrxMnO3 is combined with La1-xSrxFeO3, 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 La1-xSrxMnO3 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 

Figure 3: The left panel shows the valence band spectra of La1-xSrxMnO3 for various carrier doping levels x. Spectral feature A

corresponds to the eg levels of Mn, B corresponds to the t2g levels, and C is the O 2p peak. The electron density drops in the eg 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 t2g spectral

features are visible due to the resonant enhancement of the Mn emission. A cartoon of the measurement is shown on the right. 
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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 SrTiO3 film was covered with a ferroelectric layer of Pb(Zr,Ti)O3. The slightly underdoped 

Nb:SrTiO3 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:SrTiO3 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. 

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 SrTiO3 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 CaHfO3 or DyScO3. 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, 

Figure 4:  A Hall bar field-effect device (a), consisting of a superconducting Nb-doped SrTiO3 film and a ferroelectric Pb(Zr,Ti)O3 cap 

layer. The ferroelectric can be poled with a conducting AFM tip, inducing local shifts of the superconducting transition temperature (b).
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corresponding to a sheet carrier density of 5×1013 cm-2.  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 cm-3, which covers the 

region where an insulator-metal transition occurs in SrTiO3. 

This transition can indeed be seen in SrTiO3 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 (c).  The behavior of the device can be understood if we assume that the Fermi level of 

undoped SrTiO3 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 SrTiO3 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.  

 

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. 

Figure 5: The basic top-gate field-effect transistor structure (a) using SrTiO3 as the substrate and channel material, metallic LaTiO3

/ SrTiO3 films as source and drain electrodes, and CaHfO3 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). 
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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:�) 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; �) optical 

gain occurs at a much lower density and when the photoluminescence spectrum still shows clear exciton and 

biexciton peaks; and ) 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 

	
���������  
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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 10th , 2006 

c) 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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Yuriy BUNKOV 

Directeur de Recherches 
Centre de Recherches sur les Très Basses Tempèratures, 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 3He, 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 1st, 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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  w!��nÆÇz�ae�Yj5X�¹»¼õ�!n-¾ª]���ª!ì!ßÈz¶lc�m�mÜUvÉCo£v

a¬�()]©¤��ww�XY7abc !�æ�M���]0lc�p~�û²!l�¶�]°±v� 

vrw�xn�

�  !�deæ�MKíJè¶XYMÊçO�Oæ�M����à]0lY�¶�MGÕMçO�O¹514.5nm, 350mWº]

K_�¸abcÉ´®¯��½¾b��e4U�ÁÂabcl|3vMao-Bell type!FGËïM`�M
¶L¶]Ì0

b�� 

yrZz.{|�

}~��*+$  ice VII’ & ice VIII.�����MN��

ª VIII ì]:!Í[¹�@�!�¹õ�§�ezVÎvaYÕ� p� 2-3GPa £�s�íîo�wsÖÕ?îH

¶!ª VIIIaXPb6C!Xnv�!o��v¿À'oot}~clv[8]�ÏÐ!��zYw!ªX VIII’ ìaÑ¢~c

lv� 

j5XYª VIII ì�pl|3v.�ª X ìzíîv��!�z�lcYVÃz-¾nì�£v!�z)*]�¤

c°±]©¤��æ�M���a^_� X·¹APSº]0lcY80K�� 20GPa��Pevwaz�s !�½¾]

XO�� !û²Y z�ÒÜæ�MKíJè¶z�lc 10GPa� �TzA1g+�Tx,yEg lattice modeoÓÔbY� 14GPa

ç��Õ"q�nÖM`ofâvâ]kfb��[9]��w~pX XRD !û²a�ÑTbcl��}pzYª VII’ 

ìz�lc�gÍnÇëo_wvwa]�×bclv�[10] 

}~��ice VII’��h��OPQRSD$(LDA)U.��MN�

oz Hemley p[1]X�¹�ª Ih�píîb� HDA ] !��Peb�	cl�aª VII’ ìzíîvwa]Uk

b��aw��Y�b¹�]§¾zåïnopw!ª VII’ ì!e4]Ølcl�aÅ�nv!�zX)*o��~v� 

ª VII’ ì!��§�ezVÎ��v!�Y£vlXìíîo_�v!m���I�bY_�vava HDA ìzí

îv!�YÐ!ìn!�� 

V()�XY¹�] 135K zåïnopª VII’ ì�pe4]Oebcl��@! !�æ�MKíJè¶Çë]�

�bYª!ìÇë]ÜU���p~�û²�píîb�ìX LDA �£vwao��¤��}pzYw!ìíî%ÜX

íî!�@�Ð!��!o��v!�Xn�Yª VII’a LDA! mixtureo��Y�¶EÙ�z_wvwa�p§Þí

î like�£vwa]�bclv�[11] 

}~}����"��6.$.*+LMN@��

Eeõ� ¬«ZF:]ÄÅbc<p}��¾YËE9F!XÚ�}ÛYZ[û¾b�l��!Z!Ooûü]Ú

�bYÜ]�Ý��!ZXªanpÛzª�p�Bv�j5XYw! ¬«ZF:�!ª�gÍzYPez�s�ï

¶ðñKãDznv¿À'odla¬���b�� ¬«z�¤cYÖ¶J!ª!ÁÒè_òJ6CÞ!�£v@�ß

àY£vlX¯}~clva¬�p~v!�Yª Ih�p HDAzíîv�¾!e4�s��le4�_�v!�Xn

l�aÊáb�� 

V()�XYÄÅz�s:âz,æKÚ�v ¬«ZF:!�¶�£vÜë?å>�ZF:aY ~aX.Ø¢zËE

!ÄÅ8��X,æKëÚ�bz�lÜë@?>�ZF:�zÚ�}~v ~À~!ªz¶lcY:!Í[¹��� 1 GPa

@���Pevwaz�sY�X�ZF:�!ª!ìÇë]ÜU���p~�û²X�Ç)*E�YÜ!Wlz�s�

p~vû²od�Xn¤��Üë?å>�ZF:�!ª!�¾Y�¹�ûüë}}cPeb�ÄzF:�z��b�ªXY

ª Ih�p HDAó!íî!�¾agÍz�ï¶ðñKëvwao��¤�oYíîe4oª Ih�p HDAóíîva

�!e4!�6��£v� 0.5GPa �£¤�[12]�aw�oYÜë@?>�ZF:�zÚ�}~vª!�¾XY0.8GPa

ç�z�lcª VII’zíîvwao��¤�[13]� 
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� deõ!ªûü!#$èMX¹�]õÔvaªïzéêëv�aw�o Y��eõz�	v�ËE�!ª!#$è

MXYMEz�l¹�z�lc�Y°±$!Ä�KãO¶�X2éên1Â]äYv�vånpY#$èM!éêëX

½¾E¿Àn�Åæçm�p�£v� w�YÞ!��o()�]èûb�	c���éïY´� '!#$èMéêª

Xª!�¹ìabcÂÏv!��£v�ê!Yw!��X9!&��!���ÆÇ}~cl�oYÈ�Y�R�!��

��ë�an¤�� ~XYìíhz´� !!ªoÂÏv�î��£v� 

� V()W�XY´� !!ªo-¾ì�£vwa]�°z�b�6C¢ïð]�'3VW!°±�p���'3!°

±�pYÈ�Pnlç¨¶!E?&!`OäM�z�¤cÈ�!´� !!ªoU�vwao|�¤��w!û²XY

Ã=b�E?&o#$èM!éêë]°±$!Ä�KãO¶��ñ�}}vòóabc/0bclvwa]ôYv�!

�£v���Y�'3VW°±!ôõXYVË!ªo�R�¢Ä�KãO¶�´� !!ªzÇëvwa]��ö¤

cY÷øzX´� !!ªoÂÏbc�sY ~Xghuëa�!�½�Uk��vaö÷}~v�ôgh��h!§�Y

@GµO¨¶èY�3ù�z´� !!ªoÂÏvm��� 

� ìíhz¶lcßb�úTvaY�!�¤!ªX¹�oû�z�üvoY�!"�!ªX´� !ó!Çëzý

v»¼]8bclv�ìíh�X�!"�!ªo&Üz�s�¤óîÜbclvwao�þ}~c�sY�¶Yìíîj

�s¹�oÓbv¿À'o��nl!�Yìíh!�¤zÂÏvªo´� !�£v¿À'Xdl� 

 

 

$��.�� = 
 

(��\��   Tå '� 

 

� ��YK¸G"!OnpÛYGôgh!�z�ª]7��av�ª�!�o���ÂÏvwao�p�zn¤c�

�� !è4XY�á�huë���½z�¤c�p�z}~¶¶£vª�!!�Í'�£v�ª!&Ü 'X��}

�Á�a�Í� !ª�!] ¡e	v+Än&'�£sY�!"�!9��aFGHIJK]ô1bYª�!!ÌëY

"�6CY"��!82Y�¤CÚ!�Í'Y��4ó!4�¢T�nÅ]�¬v���²ÄE¿	nµæ<ONO�

£v�§
zY5h!ª�h Iapetus, Rhea� Triton, Pluto¹ìíhºnÅ6lo� 700km]´�vÕ�Á�Öª�!�

XY !"�zª!deìoÂÏ��v»¼o°âbc�sYGanymede, Calisto, Titan nÅ6lo 2500km z�v

��nª�!!��q�XYIce VII oÂÏve4z�bclv���YUranus¹�íhº� Neptune¹�íhºnÅK

¸G"z�ªgh�XÏl��!��z9!!ªXÂÏbnla¬�p~voYGôghzX�íh�s��}loCD

!�¥�Å!«·]Y¶ sub-Neptune-mass cool planetsoUk}~c�s [1, 2]Y w�X Ice VIIo7Än�Mè¶
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�&an¤clvaÊá}~v�ª!deì!&Ü 'XYPoirier (1982) [3]z��}~v��z !+Ä'o�«�p

�þ}~c�sY !ÉY$OçMK?Öï�ei(! Durham p!�¶O#o��an¤c©¢dT4õY7zí

[J?O#� �! Ice VI ��!çÕ$îOo�p�z}~�[4]�b�bY.&üÜvª�!"�!&ÜT4Xx�

c�l¹0.1MPa�õºa}~c�sY w�XÐ!&Ü56o7�v¿À'odlÕ½�Ö� 

� VU��XYÈ� Ice I��� Ice II�ìÞl�Uk}~�

�T4õ�7�vª!&Ü56[5-7]a !ª�!"�FG

HIJKó!p�[8-10]z¶lcY�dzç
ÔOv�É�

o£~¢Y md��p�z}~clnl Ice VII !çÕ$

îOz�bcYDeformation DIA (D-DIA)deÇÚÁÂa X

·VW�b�X�'3VW]tO¾|}��'ÇÚ°±z¶l

cY�dzò~�l� 
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,K�G`çOèXYZ�3oZ[û¾�Ú�vãOîÕìKèal�Ö�zY,K�3�23Õ0Kèal�Öo

"�}~�JæKçOè�G`çOèaYª!�Ú6C!]�z0Kèo�=b� filled ice 6C�!�G`çOèo£

v���!de°±z�¤cY}���n0Kè!,K�G`çOè!deìÇëo�p�z}~Ye4a0KèLG§

Â!,K�G`çOèìÇë!Ú�oot}~clv[1]�w!��Y<NM�G`çOè[2]aZ[�G`çOèXm

i¤�de-¾']�bYìKèò0Kè�!ì./0o-¾'zhibclvwaoÊ½}~v�j5!§Ù!()�

XY<NM�G`çOèz�bcXYæ�M��z�¤cY<NM�3odeõ�1µéêë]_wbYw~z�þ}~

�ì./0ode-¾']åïbclvwa]�b�[3]���Yfilled ice 6C�!Z[�G`çOèz�bcXYZ�

3!/vðçO�_OJaZ[�3!�zì./0o�¦clvwa]kfb�[4]�w~p!�3�ì./0!��Y

Z[û¾!.�ë!��nYZ�3o/vðçO�_OJÞ�!�9ë�,K�G`çOè!de-¾'zhiv+Ä

nÄ[a¬�p~v�âÏYw~p!ì./0X7z���¢´�z�¤c��p~clvoY�'3VWz�sZ[!

[Âoªi��p~~¢Yw~p!ÆÇX�s��znsY��Yqbl&'()oô{}~vaö÷}~v� 
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Theory and computation of hydrous minerals and melt under high pressure 
 

AB�CDE�(�   56  7T 
 
·34�!,V2��pfUvÆ§2�àð�XY;±µæ<ON]§r0lnlz���|pÛÍ5n&«�ë�

û¾z©0¢zý0¿Ànwa�pY z°±o��nxp»¼õ!&'()z�lcx�c80n´��£v�j5!

�¶O#�XYw!Æ§2� 3ãD�IÔçO�uM!´�]0lcCDE�&«Y�ZãG%ÜY���YnÅ!d

¹de&'z�v()]©¤clv� !û²Yw~��z7Ä�Mè¶&« SiO2, (Mg,Fe)SiO3, (Mg,Fe)O!ì1�

�9N' 'Yde�Z�& AlOOH, phase D z�	vdeZ[û¾ãDnÅz�bc�²o�p~clv�VU��Y

w~p!��p ¾� ()�de�'3f��z��v�!]°±v� 
 
 

"%�e�EFG.§�\7]^� T¨�.6.��©�
 

�;6��d�() � � �C �� 
 
� Z[�G`çOèX H2O a H2 !�3�ë¾&�£sYw!t¾}ze4]P�vwaz�s¾�}~v� ~X�

·!Z[]AÎ¿À�£sY��ë�¢zJ?OM�£v��Y"!�¸a�!�zò¾b�vZ[ÀÁ¶ÂO!��&

«abcYS!oö÷}~clv�}pzCDghf�!�±abcXYK¸Gô�!gh\�h]¶�v"�&#ab

c+Än&«�£v�b�bZ[�G`çOèXEezÂ�a8��z�¬bcb����Y !ßbl'«!�¬X£

�sÌÍ�lnl�Z[X H2O �3o¶�vy3!]�z0Kèabcss��~voYw!0Kè!��z�v(

)X z$~c�sY ~ode !��½¾}~�¡Xw~��zÂÏbn�¤�� 

j5Xde:�"�,K�G`çOè]¾�bnopY !��gÄzd�¬À NMR ]©�wao¿ÀnYqbl

°±qr]¶�¤c��[1-4]�³VY6CoXnv`!Z[�G`çOèY¶�s Type IIJæKçOèYfilled-ice IIY

filled-ice Ic !�ìz¶lcYw!qr]T0bcq�nû²]�vwao����¶�s´de NMR !��z�¤cY

(1)Mßà�(2)X�]��bnop(3)e4]Çë}}¶¶(4)¾·Y6C¬HY�3üÜ¬H]gÄz©�waz�Ab��

NMR KíJè¶XYë��ðè��XæSÄ�z�¤cÏÐ��v 3 ¶!��ÕH2O �!#$èMYH2�!YH20K

èÖ�p6�}~v�H2�!a H20KèX��g¦ë��ðè]Y¶oY.lzXnvæSÄ�z�¤cÏÐvwa

o����j5X 1 �e�p 4GPa ��!§�e4z�lcYH20Kè��!æSÄ���X%�&1]0lcY !

ý®¾�]½¾b��lÛ~!û²�Yy3��!Z[!�3��X 10-8cm2/s @��Y'�!dl:!nO!(�£sY

9!�z�	vý®abcXXEz8l(�£vwao�}~��w!��nZ[�3!8lý®XY !¾�\��\

�¬qr]¶�vÓ�+Ä�£vaa�zYªgh\�h!Ìë]¬�vÓ��qbl�)]i�v� 

V()XYR.J. Hemley, H.K. Mao, J. Shu (Geophysical Laboratory, Carnegie Institution of Washington)Y*`+,

+,-.Õ����&'()*Ö��� J.A. Ripmeester, I.L. Moudrakovski (Steacie Institution of Molecular 

Sciences, National Research Council of Canada)a!fg()�£v� 
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� 9ã�?ãOè�£v@Á�Gè�p¾�}~� FSM16 (Folded Sheets Mesoporous materials)XY½ 1!Ö×!Í
zªl� 3nm !È:oFú¢z1;bY<!=ã!6C]Ú�bclv� ¡abcY>�Çëz�s !È:"zZ
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�3oAB\?Bvwa�pYÜ>±YZ@�AB±YFAVÎ±!0B

zö÷}~clv±��£v�©�¤sX 1000m2/g ]��YÈ::sX
1cc/g z��v� !È:CyX�?@,æKagÍz[SiO4]��Òèo
ÁÒè_OJãzû¾bc�sYÈ:"�¤zX�æ¦O¶,Õ-Si-OHÖ
oÂÏv�ZC�e]l�bc FSMzZ]AB}}vaY½ 1!°·!
ÍnABD·o�p~v�P/P0=0.4Õï¦çGËO9Öç���XY�æ
¦O¶,a!Z[û¾z�sABbYP/P0=0.5 ç�znvaE£F(z�
sãazZ�3oABbYð¶!G}~va¬�p~clv�b�bYw!

ÍnÈ:"ó!Z�3AB56H�È:"ABZ!6C�FGHIJK!ß

ÈX m¬�}~clnl!oâã�£v�V()�XY�Û½ 1 �¹A
BD·! 2°7 zI¤c FSM zZ�3]AB}}Y�'3nN'®¯ÁÂ

ÕAGNESÖ]0lcÈ:"Z�3!ý®��]½¾b��½ 2 zABZ·
]¬JbYï¦çGËO9a ~�}!Z�3!üÜ] Jump Diffusion 
model ]ý0b¬Hb�û²]�bclv�3 !ï¦çGËOãD��!Z
!ý®��XÈ:�¤�pKLÕ�æ¦O¶,a!Z[û¾Ö]æ	YÖ¶

JZz.bc� 3°4.5 ¥$�n¤clv� ~�}!Z!ý®��Xãa
zx�bY)*Elwazð¶!G� Õ6,7Ö�XÖ¶J!Z!ý®��
z�l(znvwao|�¤��ï¦çGËO9!Z! FSM È:�¤z�
	v6CzP�YFSM Cy !�!!6C¬H�{Åb��Cy6Cz¶

lcXYw~��£�sBx}~clnl�!!YM¢6C$3 S(Q)!
First Sharp Diffraction PeakoYËE!�?@,æKa©bcdl Q�
 z�ðèbclvwa]�'3d®¯ÁÂÕKENS-HITÖ����'3
µ�VWÁÂÕJRR3M-HERMESÖ!°±�kfb���?@,æK]d
Á�ëb��¾agÍ!Nµ�£v��'3��\��®¯ÁÂÕKENS-
SWANÖz�sÈ:o Hexagonal 1;bclvwaz�vOæÒ��_o
�½}~voYPMèæKè�ÒåM�z�sÈ:"z H2O-D2O F:]A
B}}vwa�OæÒ��_oÓQvwa]�×b��H2O-D2O F:!
Á�oY1 g/cc@��£vnp¢YCy6C!Á�X 2.4 g/cc@�aks�
p~YS(Q)!�ðè·�pks�p~vÁ�a��§Rv�¾·¢n
�z¶lcXèc]+Sv²Äo£sY�mïzdÁ�ëbclvaXT�

nloY�?@CyÞ!�£vp*�UKõz£v��zËE!�?@,æKaXXnv6C�£vwaX��z¬�p

~v� 
� J-PARC�XYd´�©0d®¯ÁÂz�sY��� �pd�� ��§%z�½¿À�£sYCy6CYZ�36
CYÈ:�ì���§%z�½¿À�£v�a�zV°±!��n in-situ °±�XY�l��ì�!gÄ�½X8��
£va¬�clv�®¯�XYd´�©0d®¯ÁÂz¶lc�°±v� 
 
 

µ¶·¸"%¸��.6�7���¹�
 

¥V234(){U56� ·3
O�T0()w�   I9 JKL 
 
�'3®¯!È�V[nj!�¶zYWê[!Õ©ÖXY'®¯r¤so��lwaY ~åz ![Â]��zZ

�vwao��vjo%Ôp~v� z³¥!ÀÁ¶ÂO±�£vlX�!&«z�	vÈ�+Änê[!WZ[¹Hº2
3]����vâXYX ·VW�XÕ2��XnloÖ2�¢z��nâ�£sY�'3®¯!È�! Ø![a¶a
n¤clv�b�bnopYâ°zX\23a�'3!®¯�@z�¤c�¦vMN'®¯�²a��nMXY'®¯

ÕÖÒJ\�æ>M`ÖoY6C¬HÓ��n��]þ�_w��Yw~��\23]�·z�ÝûüYF:���M

ü«G&«!�'3®¯z�v6C¬HX�'3®¯!()���p'pE�]	p~c��� �bcY ~]©��

�XY��n^4aÊðoY+Z[¹DºÂ«}~�X�]0pvwaz_�}~c���b�b³¥YH 23]�·z
�ÝûüYF:���Mü«&«!6C¬HzXYf�¢z�`W¢z�Äa!MEzdl+Än()²O�o��ÂÏ

v� zYX·VWm	�X��n¬Ho���£v�Óâ/!¬�zE¿	n�Íb�«�q%]�ÝF:Yqbl
5À]8vMü«d�3�:ü±�Y bcZ[ÀÁ¶ÂOh0z�|vc� dYZ[A�&«nÅ!Z[G&«!

23ç¨¶!6C¬Hz�|v()�!�'3VWó!ö÷Xr°�£v�VU��XYÓú!Z[z�v��]ef

v��! J-PARC �'3VWÁÂËàz�	vXOÕZ[Gd®¯ÁÂ!��ÖYqbl¬ON¬H�!�� 
¹null-H(D)2O�ºY��ô!Z[G&«!()ãg�Z[Gz ëb�d®¯ÁÂ!ãgnÅz¶lcotv� 

½�  FSM16 ! TEM Ö×Y�¹ABD

·H�AB�@!hi½¹ï¦çGËOY

ð¶!GãDº�j�:X� 1g Ã�s!A
B·�k�;©C�eÕlSC�e P0Ö� 

½� �jÕ½ 1,2m7Ö!ý®��!(�
/°·XÖ¶JZ!ý®��!(� 
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6�7º»�^¼-½)�� Se-Te¸.���
 

S��á�   PQ R� 

�� ��   �n �oY+p   q 

 

� LçMa²¶¶XYûüìz�lcXfz 2 1[rã!6C]av6Ã!�£v�§´sjªÓ�!:!LçMX 105

@�!23�p6�}~vd�3�£so�¢n:!6Ã!�£v!z.bY:!²¶¶X�23@�!ñlr�3�6

�}~v:!]^�£v�
��6�}~v:!t¾GXY¹�Óbz�l6Ã!�p]^óíîbY !íî¹�XL
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Fig.1 The palm cubic anvil cell. 
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�bclvav¶·�£v�®¯�XYKäM�æKíî!@Gæ?²��RY����Ùv°±¬ONz¶lcR

�bY !Ãî]�vÈ�!Çóz¶lc��dz°±b�l� 
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��?Z���ÀåçM�?PO¶ZF:!,æKíî%Ü]r9�9½¾z�sÜU���?@0¶XA>'oMEz

´�YZ�3a�æ¦O¶,XMEz´lû¾]Ú�v�!a�¬}~0ï�£v�b�bYV½¾!û²YZXÈ:
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DR1 al�l[�æ¨¶b�>?KåçM¹PSºéê!,æKíî¹�aFGHGIJK]� æS½¾z�sÜU��

w!G�X DR1 !VíüÜo�½}~voY,æKíî¹��Ó�Xw!üÜod�3r!L�<MèüÜ¹α�@ºa
´�@Ò#¶bclv��YËE!>?KåçM! 65¥@�!æS´�]Y¤�α�@o�½}~v�w! DR1�æ¨

¶b�>?KåçM¹PS-DR1ºz.bcY�ÛYd9!éê]/�bY5!êÏz.v,æKíî¹�Y���α�
@!FGHIJK]� æSKíJè$KPäO�z�sÜU��ÞzY10nm@�!êÏ! PS-DR1!9a 300nm@

�!��zÏlêÏ!æ¨¶bclnl PS 9�p�v 2 9ê]/�bY !α�@!FGHIJK]gÍz½¾b��
w~z�sYæ¨¶b�9!O�p!��H¶]ssfwao¿À�£v�æ¨¶b�9]Þ��¤Y��X,�aæ

¨¶bclnl PS !Ö¶Jn9a!·¤zõ=b��¾aYæ¨¶b� PS !d9!éê�!FGHIJKa]©b

�� !û²YÞ��¤��X,�a!·¤!lÛ~!�¾�Yα�@!æSÄ�X1ïabcXÖ¶J!�¾ag¦�
£voY !æSÄ�!�mXO$O`zn¤clvwao|�¤��w~z.bcYæ¨¶b� PS !d9!éê�X

α�@!1ïæSÄ�!�õa !æSÄ��m!O$O`�M�o�w¤clv�Ã¥Xw~p!û²z¶lcot
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,æKíîXéêë]�|nl!�Y”?�n” 9ëal�v�9ë!�@�Y6CÀMè$äOo¹�}õaa�z

Ù�¢zOPbc3�!o ¡�£v�Adam-Gibbsz�¤cY�ÄÅ:!�!�3!6CæSz�	v¦Ü'a6CÀ

Mè$äO]�Ùe	vÚLo��}~��ÚSæ	=~p~clv�!!Y¦g~1Â� ¹CRRº]°mz�½b�

otXnl�6CæSo_wv��z²ÄnLG§oíîjz�e�z¶~cx�v!�]Y¹1ºUKG!�3Ü4�

�IÔçO�uMY¹2ºÜ¢6C$3!àðû²Y¹3ºw3!î³M#ý®!÷ïÄ��m!û²�p¬�b�l� 

 
 

OBG´Ff\7PF�F.ÝÞQßF/.(=¥G��

 
¨��á� � d� �ú 

 
�JèIÕ�MX��¢n×Ø«�3ïONO�£sY1 �3à½z�¤cYIÕ�M�3o´µ']Y¤�Oæ>M
üÜ¢z�JåMð�æ<MèÓ]îÜvwao�}~��îÜXK²Ò#ã�£sYK²Ò#�X�JåMï¦�O

!LG§z�b�Y1 V! ATP PZ�¬��¦vK²Ò#�¹È� 5 K²Ò#ºX���mvwao��¤��V()
�XY�3Ü4�àðz�¤c�JèIÕ�M!%Ü]��bY��3à½��}~��3ïONO! ¡]ÜUcOv�

IÕ�Ma�JåMð�æ<Mèa!�!�3�ì./0ÀÁ¶ÂOCÚz�JèIÕ�M�3ïONO!Ü/56]¬

��o£vwa]��§´YIÕ�M�3!îÜX ATP !PZ�¬oúûÉb¢p��¤c�p¹I?(ÕOFOº�
¦vwao��3à½��}~c�sYPZ�¬ÀÁ¶ÂOo§Ä¢z�3"�z��p~clv¿À'oÆÇ}~c�

��V()�XYIÕ�M�3"!Á�ì���aÁ�T���!��¹jÜT���º]ÜUY w�p��v�8�¹

��oJÀMåG�X��!¹��s�d�nvwa]���3"�!ÀÁ¶ÂO��56oIÕ�M!,æK¢'«

�p�¬}~�vwa]ÆÇv� 
 
 

�LÕ¯îf�FeFf¸.3HkxéIXLÕkO��Fí�
 

dZáf�� � ;î� � 
 
@>MNOGÕM¹d�3 ¬«�p¬Bb��.�aGÕMºXYd�3 ¬«zM ¢zþ�h}p~v����¢

zEï§n�m]v�w!@>MNOGÕM�mz¶lcY�Poisson-Boltzmann¹PBº´@iXYA�o 2 �Ó�X

8��nl��al�ûÇoØp�ôY}~c��� 

�  zY@>MNOGÕM!A�o���d�3 ¬«! jÁ�odl´ì�G�XYPB �{XÆ 1 �{abcp

h0��nlal�k¬o�f}~cY��o;�b�[1]�aw�oYw! 2Y3 �!�zn}~�§Ù!àðXYÓT

!f8× z�bcY��Bì�]ýrz�s��¢YPB ¢nss�lz�sàð5°±!û²]��~â��vwa

]�bclv[2]� w�V®¯�XY�õ!�lz��v�Ç]�fbYWeeks p!��v´ì�´@i[2]]1ï�

�{!õ�Ãfv� 

� �l�ÙnKY´ì� �1ï��{o�iv!�I 

� �l�Ùv]°�¢nì./0>²M�³¶abcÌ0U��I 

w~��´ì�!¾�pY®¯����c�b�©¤cln�¤�[1, 2, 3]��ÛY !j�p%�v�}pzY

°�>²M�³¶!��z��v��zYq�zì���Ç]6�bY�l�z��vwaz�Ab��VU��XY 

zÉ�!â�zÄ�]"lcR�v� 
 
[1] R. R. Netz, EPJE vol. 5, 557 (2001) 

[2] Y. G. Chen and J. D. Weeks, PNAS vol. 103, 7560 (2006); C. D. Santangelo, PRE vol. 73, 041512 (2006); Y. Burak,  

D. Andelman, and H. Orland, PRE vol. 70, 016102 (2004). 

[3] H. Frusawa, JPSJ vol. 73, 507 (2004). 
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lv�%ò!üÜ� !��nüÜ!§a¬�p~clvoYVÃzN'!ï¬¶�úT}~vG�Å�� Ising ï

¬¶�!ïM²@¶$�IÔçO�uMz�sÜUp~��ôX�aÍÅZp~clnl�V()z�lcj5X

Heizenberg ï¬¶zX´'z�s%ò!üÜ]ïM²@¶$�IÔçO�uMH��3Ü4��IÔçO�uM]0l
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P$G`�®G!çÕ$îO�j P$G`w3! �£ÜnÅ! �&!4�â/]&!! Navier-Stokes ´@i
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bouncing ball orbits .Rbc®SF�¸.BTû%\U�
 

ö���áYiÓ¦��á A� � ôõ� åY�3 ¶æ AYöä  � 
 
�Þ���I¶èMGz�	v$læS¹M��¢æSº!4�¢_¸]¬�v��ÄÅ:!nÅ!�w3Gzkp~v

ØÄ�!M��¢æS!Ü4�¢n¬y]�v��zYV()�X4�G�Ç!i��pYP�Þ��4�Gzkp~v

¨^¢æSYØÄ�ì�!()]Y�Þ��GóT0vwa]xyav� 
P�Þ���I¶èMGz�lcXY[ì��"!§òz�¤cØÄ�ì�o�Of}~vwao��()}~clv�

��oYFú¢nüÜz.Tv KAMèOæK��i-¾n�ö��¨nÅ![ì��6C!�ëzØÄ�¹�vwa
z�sYì���Y~÷Ä��mnÅ!½à·XØÄ�� �¨^¢Òvxl]�� w�Yw!��nØÄ�ì�!

Þ��Â']ÜUv��zYbouncing ball orbits¹
?ËO`G!�i�ö��¨ºoÂÏv�!c!w3Gz�	
v~÷Ä��m!ØÄ�� �!Òvxlz'xv�~÷Ä��mXY[ì��!£v� �pf���oÞz !�

 z~÷v��!Ä�!�m�£sY4�G!Ü¢'«]ÜUv��!·abc��()}~clv� 
V©�XY2!
?ËO`G¹ª!�! 2¶!c!w3ºz�	v~÷Ä��moØÄ�� �¨^�m P(T)ñT�òγan

sY¨^!��aw3�a!��Xγ =N+2 an¤clvwa]��}pzY~÷Ä��mX~÷� !ss´zÂ
bclvwa�otv�~÷� ]�}�vaY~÷Ä��mX¨^�m�p���mz�elcl�� 
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� j5X�ÄÅ:!ãD]E��¬vwaz�s,æK�î<@�§�]�¬

vwa]x�� !��z�3Ü4��IÔçO�uM]0lc 2��&!
!�ÄÅ:!ãD]àð5Ó�°â}}Y !Í5n ']ÜU��VU��XY

M¢n&�·abce4z¶lcY��Ü¢n&�·abc1ï¨�Ç[aÐæ
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ÛÜÝÞQßFCf�DàF�áâ_`ab#§�æH(V�æH�

 
(��� � ùV  úY�Þ� � 

 
:!ò,æKíî�X,æKíî¹�¹Tgºç��94�¢nXE'H�Y
23!8lüÜa$lüÜo�BvÜ¢XE'o�½}~clv���Ü

¢Y94�¢XE']½§¢zR�v¶·abcÞ�ÀÁ¶ÂOæM`K

ãO#¹FELº¶·o'x}~clv� 
FEL ¶·�Xd¹�X1moY�¹�X�96Canv��}Í!x
�]�¶Þ�ÀÁ¶ÂO]¬�v�,æKíîjXYGo§¶!¨GKM�

p�½Ä�"zØ	f}n�nvjabcR�}~v� 
Adam and Gibbs z�¤cÃ=}~�¦ÜæS� ¹Cooperatively 

Rearranging Region : CRRº@�zdc!Þ��]_ÚbYFEL�sÃ�~
vÄ�Â']Ä�ÂvÂM®O¶�OæMF>´@i¹TDGLº�a�¾
v�vaYæS�@XCRRz�s¿p~v����!���@anv� 
V()�X FEL!Ú]�¾bY���@] TDGL�ab� 1ÞêèGï
¬¶]¬Hv�w!û²Y8læSa$læSX ~À~¨GKM"!Ò

ÜY¨GKM�!î³M#üÜabcR�f!vâ]�� 

� ½Ù�¹�z�	v1ï¨�Ç[ 
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ÜUp~clvoYKäM�æKãD!ßÈ]�¤�()XPnl� 

V()�XYw!KäM�æKãD]ßÈzÜU��ww�X¨+ý«

h�abcYJÏKäM�zý«ì./0]ss=~��!]�����Y

È�i!��îss�m	!h�!�¾Y��!µæ<ON� �ÖM`

6Co1ÖM`anvwaoZp~clv��YV()�XÖM`6C

!-¾ë!��Þ�i!��îss��Ã=b�h�]¬���,�ãDXJÏKäM!ì.�!©��abci�p~

voYf�&1�]0lcw~]Èýëb,�ãD]����,�ãDz�lcY�Ã 3!��XµGÀ¶KE-¾'

!����îss�zÞU¢zÇÜ]_w���YKäM��X !ÇÜ]��b�ÇÜ6C]�¶oYì.�!!�

�zz�¢z�²bclv���YKäM6CX��!n-¾ãD]�ïYKäM�æK¢an¤clv�f�&1�z

�	vÈýëÇ�!�aàðÄ�!����¬�]©¤�� 

 

 

OPQRSD`�è&'�� Si.��ëKXaÐbÓMD_�b Si.¬®OPQR�6d.�c�
 

��(àðf�� � þõ ?[ 

 

�?PMXZafËn'«]��Y¶�Åïp�Eeõ!ûü�X�¤!6C�p�vFGËïM`�6C]asY�

ï¶ðñK�:!ãD�� !�¤!6C!ÁÒè_OJoåY}~clv���e4xPz�lsjoOPv��Y

:!!´oûü�sÁ�odl�w�b�wa�pYZ�ÆÇ}~clv>?�ï¶ð�§�o Si z�ý0��va!

|~v�j5X Si !>?�ï¶ð�§�]Æ§2��3Ü4�àðz�¤cÜU�clv�V®¯�Xe4Çëz��

�ï¶ðñK Si! LDA-HDA íîYH��ÄÅz��:! Si!6CÇëz¶lcotv[1,2]� 

ËE!�ï¶ðñK Si (LDA)�XY41[!ÁÒè_OJ6CoÚ�}~clv�j5!àð� LDA]E¹õ�Pe

b�aw�Y12GPa �ë�Á�!ãanxPo_wsYLDA aXd�Xnv'«]Y¶dÁ��ï¶ðñKì¹HDAº

zíîb�[1]�w!�ï¶ðñK6C!1[�X� 5 �YZ! HDA aMEz�l6C�£vwao|�¤��deû

üì�£vβ -tin6Ca��l6C�£sY6Ã!�p]^ëb�a!|~v� 

Eeõ!:! Si !�ÄÅz��Á�\6CÇë�ÜU��°±��ÄÅ��v¹�� X|p~clv��Yw~�

�zÁ��:!6C!¹�Çëz¶lc½§¢n�¬X�i}~cln�¤��b�bnopj5!àðz�¤cYÁ�

X 1200K �x�anvwao�p�znsYJ*¢n�¤!6C!V�o 1200K �õ�ã8zÌÝwao|�¤�[2]�

w!��n6CÇëXY1[�!XEn¹�Çë]��pwa�|�¤�� 

 

[1] T. Morishita, Phys. Rev. Lett. 93, 055503 (2004). 

[2] T. Morishita, Phys. Rev. Lett. 97, 165502 (2006). 
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� j5XY�ÄÅ:!�!G!$lüÜ! ¡]ss=~YÞ�ÀÁ¶ÂOæM`KãO#"]G!��jo��¢zü

Üv¶·]��b��w~XYG!$lüÜ]¨GKM�!�îabcY�KNO´@i��bY8lüÜ]¨GKM
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���no`�p×´ZSNMµJ«XÄÅ�23z�¤c,æKíîvoY,æKíîz��ô�T�¹9:·Çën

ÅºoMEz�}�Y���l¹�¯��_wv� !��YZSNMµJ«!,æKíî]��zZ�vwaX��a

}~c���w~��z¯�pXY�:·!X�]0l�r9�9·àz�vÀMN¶äOæS8�¹dH/dtº½¾]Dã

NMµJ«�£v��ª�¶OIM¹BSAºzý0vwa�YBSA ZF:z�	v§�!,æKíî�23 BSA z�

	v 155K �!,æKíî]�p�zbc���w~p!Zk]Eëv��YV()�XÍ5nZ��·zÜ�b�

BSA !,æKíî]ÜUYBo!û²a©vwa�YZSNMµJ«z�	v§�!,æKíî!Ä$]¬�b�� 

�xn´lSÜz�¤cì.>�]Ü�b�¬�ãON"z BSA 23µ�]å¶wa�YÍ5nZ��·! BSA X�
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[2] Y. Kousaka, S. Yano, J. Kishine, Y. Yoshida, K. Inoue, and J. Akimitsu, J. Magn. Magn. Mater¹&'�º.  
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We report in this paper an anomalous magnetic ordering process inthe charge ordered LuFe2O4. 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 TN 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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KÞ   +Õ0��Ö 

 

��¦M! BECY%ë#æèOYðæKèçO�uMGY�¶¬MGnÅ·3KäMG!()z�lc´%� ESRX

��n�"]²�bc��� w�w!��nG!´%� ESR ½¾]Ú�bY\}~���z¶lcÆÇb�l� 
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Oral 11/29/P07 
5ÁÂD,fÃ7�7¸ La8Cu7O19(�Q#fß�-�¸ Y2BaNiO5 

_`abD,f_�bõJK 
 

`ó *© 1Y�d ¦¨ 2Y	3 ü§ 2Y�C ù 2Yáä §� 3Y�| o@ 3¹1�(Y2�<�áY3�<�](º 

 

� Í5n�Þê·3KäMG!&«z�lcYKäMz�v��n9�Ão�½}~Y'x}~clv��a�¢YKä

M·3� S=1/2 ! 1 ÞêKäMr]Y¶ Sr2CuO3� 2 VôKäMõ3y3]�¶ Sr14Cu24O41�XY��nKäMz�

v9�Ãoot}~clv�b�bYõ3!ô�o�l�¾� So{��£v�¶¬MÂ³Ò#Gz�	vot¡X�aÍ

Ånl� !��Y5VôKäMõ3y3G La8Cu7O19a�¶¬MÂ³Ò#G Y2BaNiO5z�lcY9�Ã]½¾b�� 

�  !û²YLa8Cu7O19z�lcXYKäMz�v9�ÃX�½}~n�¤�� !��XYõ3!ô�!�²�s�õ

3y3�z��nì./0oÂÏv��a¬�p~v�§´YY2BaNiO5 z�lcXY��nKäMz�v9�Ão�

½}~��S=1/2!GagÍzYKäMr"!ý«ì./0z©¡bc9�Ãox�bclv¿À'o£v� 

 

 

Oral 11/29/P08 
D,fC²FK��(CPA)2CuBr4.*ÄÅ ESRü£ 

 

�ä qKLÕ2R�ÒôLÖ 

 

(CPA)2CuBr4X ladder ´µ!ì./0!´o rung ´µ�s�´lu�c! S=1/2 �´%'KäMæFOï¬¶ë¾

&a}~clv���YNMR½¾�pü)kLuttinger:!¹TLLº�úT}~v#$èM!æS�!U�¢Òvxl�%

ë½¾�p�¹�Â³Ò#]Y¶waoot}~clv�Óú!��zY¨ôæFOG! ¡]�§´Yj5!d�4

ESR ½¾�pX Cu-benzoate ! Breather ïO`z¿{b�Òvxl��½}~��®¯�XYw~��!()û²a

a�zY§ÞêG!%��_Â³Ò#a(CPA)2CuBr4��½}~� Xn ESR KíJè¶!Òvxlz¶lc©bn

opot]©�� 

 

 

Oral 11/29/P09 
D,fC²FK�� (CPA)2CuBr4.�1QÆÇ 

 

äR   �Õ2R�ÒôLÖ 

 

(CPA)2CuBr4X ladder ´µ!ì./0!´o rung ´µ�s�´lu�c! S=1/2 ´%'KäMæFOï¬¶ë¾&

a}~clv�ladder ´µ!ì./0o´l��zì./0!��}z©UcKäMÂ³Ò#!��}¹� 2 Kºo�}

�nsY%�&Pz�¤c%��_�·ãD!Òvxl]ÜUv!zýbclv�j5Xw~�� 0.4 K��!¹� �Y

� 8 T ��!�·%�� z�lcYü)kLuttinger :!¹TLLº�úT}~v#$èM!æS�!U�¢Òvxl]�

½b����YÈ�! ESR½¾�p Cukbenzoate! BreatherïO`z¿{b�Òvxl��½}~Y'x}~clv�

®¯�XYw~��!()û²aa�zYTLL � �s��¹�æS�oãazOPvÒvxlz¶lcY��!

Â³Ò#G�!�½û²a©bcTUvÊ¾�£v� 

 

 

Oral 11/29/P10 
]òLM) 4�L¤¥¦�ã§ 2Á«Ã7D,f¸_`abÈÉë\ 

 

þ2 ö+Õ<��Ö 

 

ý¿}~� 4 !ì./0]�¶ 2 Vrõ3KäMGz¶lcÆÇv�j5Xw~��zYw!Gz�lcYKäM

Þ��a@Gæ?²�Þ��]=~4�v´.Ç«o�si¶wa]�bclv[T. Hikihara, T. Momoi, and X. Hu, 

Phys. Rev. Lett. 90, 087204 (2003)]�³Vj5XYw!Gz�lcY��§¶!qbl´.Ç«o�si¶wa]Uk
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b�!�Y ~z¶lcotv���Y ~p¨¶!´.Ç«�pÃ�~vYÍ5néêµæ<ON�!´.'Y��

�Yï¬¶\µæ<ON��z�	v´.Ç«!6Cz¶lcTUv�}pzY !û²!ý0¡abcY4 KäMH�

ì./0]�¶ 2Vrõ3G!,�ãD%�ì½z¶lcÆÇv� 

 

 

Oral 11/29/P11 
ÊË6�7�¦�) TbMnO3.1Q��_Õ b�� 

 

«Þ ¯`YIV �§Y�Þ dÛYPQR STY`R ��h 1Y�þ ¡: 1Y,�  c 2Y�Q J¯ 3 

Õ23456Y1��&'(Y2Bell(Y3��áÖ 

 

� TbMnO3 X�¹�´� 'a�´%'ofÂv�¶åðý$GÒJ&«!§�£v�w~��!()z�vaY

TN=42K � SDW éê¹P?��O6Cº]�bYTc=28K �õ���KµGæ¶KäM6C]�wao�}~clv�

��Y´� 'X Tc�õ�U�v� 

� Êx�'3X%'!�!%�ïO<Mè!´µ]ßÈzÜUv!z80�£v� zYÈ�{UoÌÍ�lv`ÞêÊ

x�'3¬H�]0lvwaz�sYKµGæ¶KäM6Cz�vßÈnno]�vwaof!v�j5XY`ÞêÊ

x�'3¬H�]0lc TbMnO3!%�6C]ßÈzÜU�� !û²Y%�6Co Tc �õ�T5z SDW 6C¹:â

�X b �YGîM�¢º�pKµGæ¶6C¹:â¤X bc �YXY ¢ºzíîvwa¹c ��o¹�OPaa�zT5z

xPvºY��KµGæ¶6C!7�o¹�OPaa�z b��pVívwa�]�b�� 

 

 

Oral 11/29/P12 
 

¥³ÌîdðK�¸_`ab÷7D,f�z 
 

��Þ ¯+Õ34���Ö 

 

ÖHî>�%ë&GX·3�²!´�â~v&«]���8v�ûü6C!Á�¾���5!&'½¾]Ëbc

�p~�È�!�²]�Kz�a�Y³É¬�}~vU�°±¢Y�Ç¢��]�s���ÝG]°±vÙ1ºKäÁ

¶y3MV2O4!· 4·!ï¬¶agÍzY`�y3MVO2!E%'ìz.bc· 3·!ï¬¶]��bY��éê��

]��nop�¹éêìó!íî56]ècv�2ºæFOy3�zî����ì./0o.��vèç?Ky3

MxV2O5z�	væM�Ó 2 ·!��� 1 Þêý4r� 2 ·!Y��z�Ùy3 MVnO2n+1z�	v´%'¹n = 1ºY�

´%'ì¹n = 3º�!éêìz¶lc¬�v�3º·3KäM�²]�&«!�zXYûü6C� 3�ì./0zT

¦c 2 Þ d�9 Ç«�!5À]8v�!o£v� ~p!��p M1+xV3O8���§¾ûü� CuxV4O11!'«z

¶lc°±v� 

 

 

A1 
ÍÐWX+¥QGK�� BaCo2V2O8.�1k1� 

 

,� ùÞLÕ¢�x|LMNOÖ 

 

BaCo2V2O8X CO2+ o%']��·§Þê�´%'!�Yî%��X 5.4K�Ø�BéêvwaoZp~clvoY

%�]P�va%��_z�véê-2éêíî]��n|ï%ë:â��£v c �´µz%�]P�va 4T ç�

�%�íîo�¦voYw!íî%��Ó�%�éêoÓÔvwaoÈ�! 1.8K ��!©9½¾��}~��j5X

w!íî!56z�bcZk]�v��Y55 T!µ¶K%�]0l�´%�%ëa ESR½¾]©¤�!� !û²z¶

lcU�v�½¾û²Xéêk2éêíîo S=1/2XXZ�´%'r!·3ìíîa��bclvwa]�)b�� 
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A2 
Í 1 WX¤�1��eÎf<Q�]ì_`ab«%3Hk?Ï(j.ÐÑ 

 

cà   úÕ��áÖ 

 

� · 1 Þê�´%'!XY �lr�ì./0!�²z�sY�¹�Ø�Béê]�waoZp~clv�-Þpz�

sY�·¹�!r�ì./0Â'oYKäM!��}z�pnl�s��~�1[�]0l�r�1ï��{�Y¾·

¢z���úT}~vwao�(àðz�¤cUk}~�� 

 w�Yj5X�·¹�aXnv¹�� �£v�.î�z�lcYloopcluster ·3ïM²@¶$�]0l�¬H]

©¤�� !û²Y,�ãDz�	vÞU%ë!��}!r�ì./0Â'z¶lc��s��~�1[�]0l�r

1ï��{z�s¾·¢zúT}~vwaoUk}~��}pzY1ï��{Þ!!�®abc¨O²�!1ï��{

¹r�¨O²�{º]w!Gz.bcXOY_GK�!1ï��{agÍ!û²]��¹B#X 75Ñ�ªº�  

� ®¯�Xw!qbl¨O²�!�{]æMF�ÁK!£vKäMGzý0b�û²z¶lc�°±b�l� 

 

 

A3 
YWX�x�71��(CuBr)Sr2Nb3O10.1� 

ûV �ÝÕ���Ö 
 
�¹¾��!§¶�£vGÕMý«�TXYËE!9ì�T�XÚ�b�nl6C]Y¤�qbl%'!]¾�¢zá

sfwao��v�³VYL!�£v`9! Dion-Jacobson �9ãí$ðK@Gè RbSr2Nb3O10CuBr2 ]GÕMý
«vwaz�¤cY¨Þê�´y3]Y¶(CuBr)Sr2Nb3O10]q�z¾�bY !1%�Y%ëY©9YμSRY�'3
VW!½¾]©¤��}$%�õ!©9½¾�XY9.1K a 7.3K z�Þìíî]�XEokp~Y�¹�!ìíîX
%�ìíî�£vwao%ë�YμSR !û²�s�)}~v�}pz)*ElwazY´%�%ë½¾� 1/3 #æèO
��½}~��w~X¨Þê�´y3�´%'!za¤cÊöb�nl Xnâ/�£v� 
 
 

A4 
CuB2O4.*ÄÅ ESR 

 
äÞ 1�Õ2R�ÒôLMNOÖ 

 
CuB2O4 XY�¹��Þìíî]�&«�£sY�.�'ý«ì./0o !%'z+Än�"]²�bclv� 

TN = 21K��´%'íîY}pz T*=10K�E{¾@Gæ¶+,%'óaíîv��� T*�ë�X B//a!%ë�z
XEoâ~Y@Gæ¶=?èMy3ï¬¶z�vR�on}~clv�j5Xw!&«z�	v�Þìíîâ/!�¬a

@Gæ¶%'!z 8nâ/!Uk]x�b ESR ½¾]©¤clv�¹� 2K !+,%'ìz�lcYBzot}~c
lvE%'føaq�z� 180GHz !}$%�Â³Ò#]8v 2 ¶! ESR ïO`]�½b��w~p 2 ¶! ESR
ïO`XYûü�¢zXnv 2 ¶!M�AnïLGèz�	vE%'føa+,%'fø�£va¬�clv�®¯XY
¬H!û²�p~vý«ì./0!��}]ûü6Ca%�ì½a©bnopÆÇ]Ì�vÊ¾�£v� 
 
 

A5 
÷7D,f¸_`abÒ�-ºÒ�}N 

 
�3 *�Õ(���Ö 

 
·3KäMGz�lcb¢b¢ðæKèçO�uM!�²z�sYM{¾n2éêãDal� ºnãDoâ~v�w

~XËE!ì���]ÜUvaY����¢zOMb�¶ÇÜ4�!ÒÜo��¤�Úabcap�p~v��!�Ç¢

n¬��pì���aÜ¢nì���a!��okf}~voY}pz�K_!ÀÁ¶ÂOKíJè¶a!���kf}

v�b�o¤cÀÁ¶ÂOKíJè¶!Òxl]ÜUvwaz�sYì���!Òxl!Ê½o£v@�¿À�£v�z

a���¹(�ºz�v()[1k3]z�lcYÀÒîãD]0l��Dn´�z�s{¾kM{¾�î]ÜUYÇÜ4�H�
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ì�Ø!Òxlz¶lcYªiì���]àðb��![4]a consistent nû²]��� !§Ù!()�²z¶lc®
¯v� 
 
[1] Nomura and Murashima, J. Phys. Soc. Jpn. Suppl., Vol. 74, p. 42, 2005. 
[2] Murashima and Nomura, Phys. Rev. B, Vol. 73, p. 214431, 2006. 
[3] Murashima and Nomura, J. Phys. Cond. Matt., to be appeared. 
[4] Schollwock et al, Phys. Rev. B, Vol. 53, p. 3304, 1996.  
 
 

A6 
ÓAíOÌQCÌ¯QZ[_`abD,fß�-�A_ 

 
äÞ   YÕ�;6��Ö 

 
� �ãå�î¶æî@¶�Ã!X)*El%�np�z�Ã%ÜY6Cìíî�]�wa�p7zë�!���È�'

x](�clv�j5XKäM�üÜ··3� S = 1/2 ]8v%'�3@åÕM BBDTA+oY.��ÕM!¿�û

üë»¼z�¤cY¨·!Y2ô��z 3ôKäMæFOYrãY¨Þ�´y3al¤�%�ÁÒè_OJ6C]Ú�bY
�´%'íîY´%'ìíîYspin-Peierls íînÅ�Nn%�%Ü]�wa]kfbclv�w!&«�X�Þê%
�ÁÒè_OJ]8v·3KäMG]��v�!aö÷bclv� 
VU��X 3 ÞêÁÒè_OJ6C]Ú�bclnopY�%',�ãD]8v BBDTA+Üûü!6Ca%�¢'

«z¶lc°±vÊ¾�£v� 
 

 

A7 
1k6.D,fí!Fi_`ab<BGQ¯eCQIJ(ÔÕC-
�fÌ�F��.Æ� 

 

âä ��Õ23456Ö 

 

8|V!�´%'roû¾b�KäMæFOh��úT}~v%'!X���ÂÏb��!°±�Ç()o�}~c�

��³¥�XKäMæFO!,V¢'«XMEz®��¬}~clv�KäM z ��s! U(1).�'a�Ì.�']�

¶Â³Ò#!£vKäMæFO!§
¢ ¡! 1 ¶abc�z �´µz%�]&PbcÂ³Ò#]¶�a.�'!ß~

onlü)æÒ²�Mî³O:!ìoâ~v�al�waoZp~clv�j5XY3 VrKäMæFO!Þ"ný¿�

£vKäMåÔOO¹p! 2 Vr!�z��´%'û¾]P�c�ö�·»¼]�b�æFOº]�ÀÁ¶ÂO8��Ç

!´�z,elc¬Hb�� !û²YKäMåÔOOz�lcX¹KäMæFOGaX.Ø¢zº%��_ü)æÒ²�

Mî³O:!ì!�z¨Jè¶@Gæ¶éêo�~clvwao��¤��w!@Gæ¶éêXr�´µ!µ?²�.�

'!ß~]��� 

 

[1] M. S and T. Sakai, cond-mat/0611549 (accepted to PRB).  

[2] M. S, cond-mat/0612165.  

 

 

A8 
�x× S=2D,f«_`ab 1/21K�CGF 

 

	à  �Õ�#��Ö 

 

§Þê·3�´%'!�X´l·33pü!��z·3G 8!â/ob¢b¢Uâv�´%���YKäMÂ³Ò

#o�_}~Y%ëD·z1n� oâ~v%ë#æèO!��X�Þê·3KäMGz�	vo�¢n·33pü!

��!§¶�Y°±Y�Ç!
¤�p4¢z()on}~clv� 

� z�ïXY%��z�	v single-ion �X´']�¶ S=2XXZ ·3KäMr!,�ãD]ç¨¶KíJè$KPäO
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!´�]0lcÜUYì½]�¾b��lS%ë!6�!(]Y¶�¾!ì½XYgap ]Y¶ 2 ¶!ìYLarge-D ìY

magnetizedVBSìYa gapless! no-plateauì�p�si¶wao��¤��w!û²XYS=2KäMr� 1/2%ë#

æèOofâval�YOshikawa-Yamanaka-Affleck!#æèOfâ»¼a{¾v� 

 

 

A9 
Ýf�f�QªfG(ÐWX÷7D,f¸.&^A_ 

 

p; `�Õ�#��Ö 

 

·3ÀMNM�¶<MèX·3nonÅ!���'x}~clv·34� 8!'«�£v�È�Yw!'«]&'�

�Y z·3KäMG!()z��XOo©|~¶¶£v� 

� V()�XY·3no��nÅ�0lp~clv�ð¢M\¦G�MÀMè$äO�]Ã=bY !Òvxl�p�Þ

ê·3KäMG!,�ãDz¶lc!no]þ�fb�l�³VX§Þê XXZ KäMrz¶lcw!·]<Á.�ëz

�¤càðbYÞ�iì./0�X´'ÀÁ¶ÂOzÅ!ÍzÂv�]ÜU��®¯�X ~p!û²�p�p~v

noz¶lcÆÇv� 

 

 

A10 
�Q#f1��NDMAP.1Q©Ë. �Ö�� 

 

ý, *�Õ¢�x|LMNOÖ 

 

S =1 ·§Þê�G}M¨¶��´%'!!NDMAP¹ë�iÙNi(C5H14N2)2N3PF6º�XY�Òã¶GÕM(Ni2+, S =1ºo

�î`,]±bc c �´µzr]Ú�v��� Ni GÕMXÍ[z��~�+¤!]/sYw!+¤!!7�o c �

z.bc� 16ONl� 2 ¿!roûü�zÂÏv� !��Yw!¨¿!rz.bcgÄzûü�!7�aô�

%�]1©zvwaXf!nl�w!ûü6C]��b�)*El°±û²abcYc ��p� 16ON	c%�]�

	��'3®¯!°±o£v� ~z�vaY ~À~!rÎazXnv%��%�éêëvwaoot}~clv�

V()�XYûü�aô�%�!��o%�K_zÅ!��z��}~v�]ÜUv��zY%�K_!��Â'z¶

lc´�Ã��ÁÒè]0l� ESR�½¾b�!� !û²z¶lcotv� 

 

 

A11 
Í 1WX�eÎf<Q�1�� β -BBDTAÌGaBr4 

 

ªZ -þÕ�;6��Ö 

 

β-BBDTA\GaBr4 Xâ°&«!����´¢n S=1/2 KäM]Y¶85%'!�£sYab ¤"z 2 ¿! 1 Þêr

¹Chain I, Chain IIºoý.z1Âvûü6C]�¶�j5Xw!%'!!%�¢n'«]ÜUv��Y%ë�Y%ë�

��%��!©9!½¾]©¤��2K �Ó!%ë�Xr"zì./0 2J1=k197K¹Chain Iºo.� 1 Þê�´%'�G

}M¨¶�ra 2J2=8.7K¹ChainIIºo.� 1 Þê´%'�G}M¨¶�r!d?nSabcR���v�J1X 100K !

ÕOFO]Y¶!�Y¹� 10K �õ!�¹�X�´%'r!%'ó!hiX´%'rz©U2���v�Å�}l��

�´%'r¹Chain IIº�z.�ì./0 2zJ’=0.29K z�v´%'íîo¹� 0.4K z�lc�½}~��©9X· 1 Þ

ê Heisenberg ´%'!!�Çàða¾·¢n§R]�wao|�¤��ö¤cw!%'!X�G}M¨¶�ï¬¶

!�á¢nï¬¶&«�£val�v�w!ì!E?&�²z¶lc�otv��  
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A12 
CuB2O4.×WLMN(1QL¦ 

 
-Þ ¦üÕ2R�áÖ 

 
CuB2O4X�Þìíî]_w%'!�£v�}$%���¹�]õÔcl�aYTN =21K�E%'ì�p{¾ì�£
v�´%'ìzìíî]_w�}pzYT* 9.5K �KäMo c �´µz+,]�l�E{¾n??@¶ì?a¨�x
!ìíîo_wv�w~p!íîjX%�]�	vûü�!´µa !´}z�¤cÇëv���YT* �ëz�lcY
=?èMy3!ÂÏ��×}~clv� bcY��Yq�n,�ãD!ÂÏoot}~Y !ÆÉ!&�z¶lc��

oY�~clv�w!��nÍ5nìíîo�½}~clv CuB2O4!KäMFGHIJK!no]�v��zYj5X

CuB2O4 !dûüX�]0lc 11B-NMR °±]©¤clv�q�nnoabcYESR °±z�lc%�]� 4T @ c 
�´µz]&Pb�a�Y�� 5 6K �´� íîpb�Òxl]bclval�oton}~��w!ìíî]
NMR°±�p�½bY !û²z¶lcotv� 
 
 

A13 
ØÙ×ä�7.ÛÜ��kÚ÷7D,f¸.÷7Pf
¯Q�´!EF"f 

 
dX �oÕ�¢â�Ö 

 
KäMµGÀ¶KíîzXØl()!.�o£voY !�·â/]()b�¡XPnl�z�ïXYSSE ïM²@
¶$�z�®]P�vwaz�sY·3KäMo;o¢y3aû¾b�G]·3ïM²@¶$�ss��´�]{Ub��

w!´�]·§ÞêKäM\y3Gzý0bcY8|¹�ì½]/�vaa�zYy3ì���!8|LG§KãO?

M�¬H]©lYw!Go Blume-Capel ï¬¶¹Blume-Emery-Griffiths ï¬¶! ÐnÚº ag¦��ÖOL?²�
JæKz^vwao|�¤��È�XÜ¢�·��!¬H]Ì�clv!�Yàðo�z¾�¢otb�l�w!()

XÁ]×¹�¢âi��P�Y;� �ºY«R5¹�¢âi��ºYPäº�¹��&'(ºa!fg()�£v� 
 

 

A14 
S=1D,f²elF¸ Ba3Mn2O8.C�ÅÛ.�1k ESR 

 

�Tå �Õ0��3ð¢èLGÀMKLMNOÖ 

 

TlCuCl3 z��}~v%��%�éêëz�Ç'xo(�¤clv�w~p!G�X S=1/2 oFG�O]Ú�bcl

v�j5X S=1 !FG�OGz�	v%��%�éê!�½]Q¤c Mn FG�O&«]ÜU��Ba3Mn2O8X%']

�� Mn5+GÕM¹S=1º�!�´%'¢nì./0z�s S=1 !FG�O]Ú�vFG�OG�£v�ûü6C�p

Mn5+GÕMo c ¤"z`�y3]Ú�b�6C]�¶�,�ãDaK_ãD�zXÀÁ¶ÂOÂ³Ò#oÂÏbY%ë

½¾�p Egap=12.2K aks�p~clv�j5Xw~��zµ�X�!´%� ESR ]©nlY·�!%�Â'o

Â³Ò#oR~v%��s´%����§¾znvwa]klfbclv�b�bYµ�X�]0lclv!� g (!

�maAÎ·�]��z�Bvwao��nl�³VY%��1µX�]/�bAÎ·�!%��Â'!½¾]XO

�û²]otvÊ¾�£v� 

 

A15 
S=1/2 ÍÐWX¤�1�� Cu2Cl4ÌH8C4SO2.1��� 

 

äþ ×Õ0��Ö 

 

·§Þê�´%'! Cu2Cl4\H8C4SO2 XKäMÂ³Ò#]YïY%�]&Pvwaz�¤c%��_ìíî]��

7yÄ<5]0l�%ë½¾�Y´%� ESR ½¾nÅz�sYV&«!�Þê'�Yî³$�MK^OS9!ì./0

!hio�p�zn¤c��!�Y !û²]otv� 
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A16 
S=1/2 Í 1WX1��NaTiSi2O6.��äLMN 

 
�� �.Õ��&'(Ö 

 
S=1/2 1 Þê%'!z�lcYw~��z��!()oto£v���YCuGeO3z��}~vKäM\µGÀ¶Kí

îXY°±Y�Ça�z4¢z()}~��j5XYS=1/2 · 1 Þê%'! NaTiSi2O6z�lcY�� 210K �Y
y3ÇÚaa�zYKäM�M�çÒèznvìíî]Ukb��ÃuYw!ìíî�KäM\µGÀ¶Kíî�Xnl

�a¬�p~�oY()oÌÝz¶~Y§kYKäM\µGÀ¶Kíîz{clvoY��!Þ��o+Än�"]²�

bclval�wao|�¤c���w!ìíîXYS=1/2· 1Þê%'!z�lcY��!Þ��oÂÏv�¾!q
�nìíî�Xnl�a¬�clv��  
 
 
A17 

±y÷�R®1�«.1Q©Ë 
 

�2� ñÕ<��Ö 
 

A3Cu3(PO4)4 (A = Ca, Sr ) z��}~vy�&«XYÀv�6C_$!�Þêðý?%'!abc'x}~c�sY
�ÇLG`Y°±LG`´´�p°Íz()}~clv�,�ãDz�bcXY(S,s)=(1,1/2)ðý?%'ra!¿{o
�z�þ}~c�s[1]YK_ãD�����
&«!©XMEz)*El� zK_56z�bcXYÀv�¢6C
!#XoT]fbc�vwaoÊá}~v�j5XYKäM4�ÇY·3ïM²@¶$�]0lcY,�ãDz�	vK

äM1[YE?&�²Y}pzX%�¢nK_6CnÅ!ßÈ]¬Hv�V®¯�XY1ò1/2 ðý?%'ra!©
]Ëbcy�&« 8!'«]�p�zbc3�� 
 
[1] K. Takano, K. Kubo, H. Sakamoto, J. Phys.: Condens. Matter 8(1996) 6405  
 
 
A18 

K11H[(VO)3(SbW9O33)2]Ü27H2O(K12[(VO)3(BiW9O33)2]Ü29H2O.Ëhi# 
*1k,-.õö÷ 

 
�� ù�Õ�á�T0LæIÒJK(Ö 

 
j5!�¶O#�XÈ�YV4+¹S=1/2ºo`�Ú]6�bclvë¾& K11H[(VO)3(SbW9O33)2]\27H2O¹ë¾& 1º��
� K12[(VO)3(BiW9O33)2]\29H2O¹ë¾& 2º]¾�bYMagnetization Step Method (MST) ½¾z�sYë¾& 1!,
�ãDX¨¶!¨+��£sYë¾& 2 !,�ãDX§¶!¨+��6�}~clva¬�cl��b�b³V!9:
·½¾z�sYlÛ~!ë¾&�,�ãDX§¶!¨+��6�}~clvwa]ôYvû²]�����YKäM�

z Dzyaloshinskii- Moriya(DM) ì./0o.lclvwa�YV½¾�p�����w~p!û²z¶lcßb�ot
v� 
 
 
B1 

³uDàFQ�\71Ý.hi1Qü£ 
 

#t   �Õ��&'(Ö 
 
�¹�dKäM!,�ãD]avMn, Fe, Ni nÅ!�q�î]^	!�XY�3 1g!'«z_$bc%ëD·z�
K²?�K]��!o£sYd§�3%õ¹Single Molecule MagnetºaÑ¢~clv�j5!�¶O#�XYMn4 qY

Mn18 qYNi4 qnÅ!�~z�v&«�z.bcYx�¹¹�� !%ë½¾¹ý&1%�YM%ë½¾º]©l !'

«]�p�zbc���ûü"��3�!ì./0o���á¢n SMM abcÂÏv Mn4q	!YÃzd�3%õ

�!ì./0z�s�¹��´%'zÕOFOvMn4q	!nÅ!�¹z�	v%�%Üz¶lcotv� 
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B2 
%©Ë.\^ÕÖ.°Þ(LÕ$ 

 
�� ü§Õ����(Ö 

 

� [K_!�®��!îj!*�aì�ØÃ�o�blwa]Y<Áz¬	vh�¹�ÖO`h�[1]YS=1/2XYZ h�

[2]ºz¶lc�×b��<Áz¬	nlh�z�lcY§[üÜ·��!�®��!îj]��®�u��!��ab

cYüÜ·¯ð3z¾*�¨Jè¶>²M�³¶(ig)]çPbY·3G]MÀ¶IOèëv��[3]]°±v�g ]x

�waz�sY,�ãDaK_ãD�!ÀÁ¶ÂOÂ³Ò#oR~Y,�ÀÁ¶ÂOo§[ëvj gc ]��v�w

!j gcX§[üÜ·��"!îj!*�]i�v�8|Gz�lc gc]��Y2|Gzôõvwaz�sì�ØÃ�

]©¢����p~vwa]YÞ�iì./0!£v�G}M¨¶�rz¶lc�� 

 

[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 �þÕ���Ö 

 

��Y°±qr!Ìz�l§¶!�3!%']½¾��v��zn¤clv�Fe8(S=10)z�lc tunnelsplitting 

ok%�!õ�ÒÜvwao�½}~��w~XYKramers !�²z�v�!�XnlMÞ�n�²z�v�!�£

v�w!â/XY·3[ì¹Berry phaseº!XY�²�£va�¬}~clv�w~z.bYj5X.�'z,e�¬�

�pYw!â/o¨Þ!X´']Y¶d�3%õ!�¾zX§
¢z_wvwa]�b�!�otv���YÄ�z

Âvý&%�]&Pb��¾YFloquet¯ð3!98(¹Floquet energyºo�²bYFGHIJKo=l}~vâ/o

_wvwaoZp~clv�w!��z¶lc�Y98(!MÞ�n�²al��j�p!¬�]©n�� 

 

 

B4 
÷7D,f¸_`abG¬�Ì¯QIJ(Ýf�f�QªfGÝfG�,F 

 

1� ��Õ��áÖ 

 

��Y;o¢éêÇ����� ¡ç	p~ÛY·3'o+Ä�£v·3:!]è>$î@¶néêìabcÏÐv

XOo©|~clv�§´���·3no&�!���¾�}~�ÀMNM�¶<MèÀMè$äOo·3:!!�J¢

n ¡ç	z80�£vwao|�¤c���w!·XÖ¶JnG�!·�£vz���|pÛY�·oÂÏva�!

ÀÒîãD!82aªi��bc�sYÀÒîãD!82z.TbcMÞ�n(]av�V()�X S=1/2 ¨·!Kä

MrH� Haldane KäMG�£v S=1 XXZ KäMr!ÀMNM�¶<MèÀMè$äO]�(¢zàðbÍ5nì]

ÜU���� AKLT ï¬¶!,�ãD�£v VBS ãDz.bcý¿b�í�©;!´�]0lcÀMNM�¶<Mè

ÀMè$äOz¶lcÆÇb�� 
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B5 
1 GPa ®-.*+,�1kßà�D
d.W¿(D,fß�-�¸U./¦ 

 
	R �
Õ0�(),MLÖ 

 

%��� Bose-Einstein F�]�ÛvKäMÂ³Ò#G TlCuCl3YKCuCl3 z�lcX !e4�²z��Ç'xo

(�¤clv�j5Xw~��z 1GPa @���!e4õ�´%� ESR ½¾o¿Àn�K²�]{UbY�� 0.75 

GPa@���!e4¯�z�bcX 0.01 GPa@�!���¿Àn ESRÊÞ!e4�´�]�ib��g�K²

�]0lc KCuCl3!e4õ´%� ESR ] 0.73GPa ��!e4¯�Y16 T ��!%�¯��©¤�� !û²Y,�

§+��pK_`+�ó!ªi�î]�½bYe4z�¤cKäMÂ³Ò#oOPvwa]ªi¢z�½vwaz�

Ab�� z 0.73 GPaz�lcXYEeõ� 630 GHz@��£¤�Â³Ò#o 220 GHz@�z��OPbY��K_

`+�! Sz = k1 OæMåo,�ãDaý|v%�¹ò8Tº�Ó� BEC]�¦clvwa]�)vû²o�p~��®

¯�Xw~p!ßÈz¶lcotv� 

 

 

B6 
F®cfìáK�Mn2AS4(A = Si, Ge)_`absZâã@� 

 

�� ([Õ��&'(Ö 

 

q�%'&«Mn2AS4¹A = Si, Geº!KäMð$Ò#%�XYìò¾¹ðæKèçO�uMº!÷ûabcXEn¹�Ç

ë]�� !û²Yö!&«�Xkp~nl�+�·jo%�k¹�ì½zâ~v�w!ì½a%�.�']0l�Æ

Çz�sYG!q�n%'ò2K@�!]l¹�� ��½}~v�´%'òo�¬��v� 

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

 

 

B7 

S=1 ¯äªHeisenberg ¤�1��m-MPYNNÌBF4.1K�CGF 
 

«õ   Õ�;6��Ö 

 

85%'!m-MPYNN\BF4z�lcX 2¶! S=1/2æî@¶KäMo 20K�õ�´%'¢zû¾bYS=1FG�O

z�v 2 Þê@�<y3oÚ�}~v�FG�O�ì./0X� 3K ��´%'¢n��ðæKèçOèbc�sYî

%��X� 0.2K !KäMÂ³Ò#]Y¶M%',�ãDo�½}~v�w!·3¢n,�ãDz¶lcbpUv��Y

j5X Faraday �z�v%ë½¾aY%ë!Ê�(z£�vý&1%�!%��½¾]�wnlYw!%'!o 0.1K 

�ë�XlS%ë! 1/2Y3/4 z£�v%ë�#æèO]Y¶wa]�p�zb��w!#æèOX%��!,�ãD]

��b��!a¬�p~voY@�<y3!d[y3]¬���¾�XR���ÛY�s��nLG§!,Vy3]Y¶

,�ãD!ÂÏaÞ�iì./0nÅ!Ø�B!ì./0!hi]�)bclv� 

 

 

B8 
Clf^¼-oü�) TlCoCl3.1Q©Ë 

�� è.ÕÓ���áÖ 

 

8´ü»]Y¶·§Þê Ising �´%'! TlCoCl3 !�¹Y%�õ�!æ�M®¯½¾]©¤���´%'ì�X 

2J¹= 118.5 cmk1ºç�z%�Â']Y¶§�!æ�M\äOJo�½}~��w~p!äOJX�'3®¯���½}

~clvY·§Þê Ising r 8!%�K_¹domain wall pair excitations, DWPEsº]�½b��!�£sY�´%'

ì��¦�"�%�z�¤c·3ë}~� DWPEs ]�½bclv�!�£v�æ�M\KíJè¶!¬H�sYw!

&«!~1iYÆ¨1iý«ì./0]����ßÈXU�Äzßb�ÆÇv�ùYw!()X÷"e�Y�î�Y 

����ÕÓ���áÖ�U¦§Õ��V3?�&�ÖYPä?[ÕPQ��ÝÖa!fg()�£v� 
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B9 
ACuCl3.Clf^¼ 

 
¥õ� �1ÕÓ���áÖ 

 

·3KäMFG�OG&« ACuCl3¹A = Tl, Kº�X�´%'FG�Oo`Þê¢zû¾bclv�FG�O�!ì./

0z�¤cY�M�çÒè,�ãDaYK_è?#çÒèãDa!�zKäMÂ³Ò# �¹�= 5.5cmk1 for A = Tl, 22 cmk1 

for A=Kº]Y¶�j5XM%'E?& Mg ]`O#bYFG�O]àb�ÄaYFG�O]à}Ûz A GÕMÂ«b�

Ä!Y¨Þ!%�æ�M®¯!G½¢nÇë]�½b��%�æ�M®¯KíJè¶!iïÓovÀÁ¶ÂOoKäM

Â³Ò#ÀÁ¶ÂO!¨¥zìÃv�®¯�X%�æ�M®¯z�s��� TlCu1-xMgxCl3YTl1-yKyCuCl3 !YÀÁ¶

ÂOÂ³Ò#!`O#·Â'aY%�æ�M®¯KíJè¶!¹�Y%�Â'!ßÈ]otv� 

 

 

B10 
���\¯eCQ¬-å]ì.eÌf�×D»BGQ(væ b 

XXZìD,f«. L(sl2)Éç� 
 

����1Õ����(Ö�

�

´¿s�@Gæ¶>Ò®¹SCPºh�zâ~vGîM�¢KíJè¶[1]aY ~a¿«ní�©;]Y¶ XXZ �KäM

r¹Wî Bazhanov-Stroganov¹NBSºh�[2]º!ÀÁ¶ÂO�²��!.Tz¶lcotv[3]��Û NBS h�o£v

�����¶O#�� L(sl2)!.�']Y¶wa]��Þzw!.�'z�v�²��] ¡ç	v Drinfeld ��i

]àðbYw~o SCP��i[1]a�blwa]kv�w!â°X NBSh�!�²��a SCPh�!GîM�¢KíJ

è¶]i�v����a!.T]�)bclv�¹ftX��a!fg()º 

 

[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 
ÐWX¶�¸ Rb2Cu2Mo3O12.*+,1Kü£`��1Qeõ.1këK 

 

�à �aÕÓ���áÖ 

 

´%'!Æ§�iý«ì./0 (J1)a�´%'!Æ¨�iý«ì./0 (J2)oò¾b�§Þê·3KäMG

Rb2Cu2Mo3O12 z¶lcYw~��z�ûüX�!deõ�!1%�\%ë½¾aYDMRG a<Á.�ë!àðû²a

©�pYPez�s,�ãDoíîv�·(¹α=k0.258ºz�e�wa]�p�zb��³V!U��XY��e4

L¶]0l�deõ�! 18T ��!%ë½¾]©lYlS%�!%�Çëz¶lc%ëàð!û²a©vwaz�

sY,�ãDo�·(z�e�Nµz£vwa���Y%�õ�!©9½¾�p%�©9!%�Çë]ks�sY

DMRG àða©b�û²z¶lcU�vÊ¾�£v� zY%�©9!%�Çë!©z¶lcXYâÏ!½¾¹

�¯��X FkAF ra AFkF r!
´�°±û²]R���vwa�pY�s�¹��!½¾�dûü]0l�o()

o²Äa}~clv�w!()XYÓ���á!ô,YY��è.YZ2¡:Y����Y&±56!Ø9��Y�3(

!«3ô[Yìí��![\�KY��&'(!ÓYZ[a!fg()�£v� 

 



 70 

B12 
S=1/2D,f²elF¸ND4CuCl3.1Q»�^¼ 

 

�� ö Õ�á� �áÖ 

 

S=1/2 KäMFG�OG NH4CuCl3 X%ë�@z�lclS%ë! 1/4 a 3/4 z%ë#æèO]Y¶&«�£v�w

!%ë#æèOXYbk�´µz��ÒèL¶o 2 ¥znv6Cìíîz�¤cYFG�Oo 4 ¿!M�AnLGèa

nvwaz_$v�§´�Y�%��z�	v%�6CX�m¬�}~clnl���£v�³VXY23456�

©¤� ND4CuCl3!%�N'®¯!û²]otv�%�OæÒ�jX�·%��Ó!%��! TlCuCl3agÍz¹$¹

6C]��Òèab�a�!ºho{�Ylo��!j��½}~�oY ~p�ô! ¡¢n%�OæÒ�jXUk��

n�¤��®¯�X¬ON�pÊ½}~v%�6Cz¶lcÆÇv� 

 

 

B13 
Sè1/2 1WX¤�1�� KCuGaF6_`ab1k�Ëß�-�(1Q©Ë 

 
þà ��3Õ�á� �áÖ 

 

KCuGaF6Xd8ü� Cu2+a Ga3+oµG$J$��y3]Ú�bclv�Ga3+oM%'�£v��Y1iv Cu2+�

!ý«ì./0X§Þê¢n'«]8bclv�KCuGaF6 X !ûü6C�pYý4 g ²M=¶� Dzyaloshinsky-

Moriya ì./0!ÂÏo]}~v�w!��Yô�%�]P�vaw~z^ªný4%�o8�¢z�¦v�w!ý4

%�X1%�!½¾z�s°±¢z�½}~v���Yý4%�!ÂÏz�s%�!U��U�v%��_Â³Ò#o

©9½¾z�lc�½}~v�w!Ínâ/XYS=1/2 �G}M¨¶���´%'! Cu benzoate �75¿ë¾&

Yb4As3z�lc�«�pZp~clv�}pzj5XYw! KCuGaF6z¶lc´%� ESR ½¾]©lYESR KíJ

è¶!¹�Çë��4�!fø%�Â']ÜU�� bcYKCuGaF6 oM·ÚK_!��¢nh��£v·3 Sine-

Gordon(SG) h��¶�wao��Y %��_Â³Ò#o SG h�z�	vO?O�OK_z.Tvwa]klmb

����Y !"z�½}~�dÞ!O?O�OK_�Kä¦MK_z¶lc!¬Hû²z¶lc�TUv� 

 

 

B14 
ÐWXD,f¸ SrCo2V2O8.1Q�= 

 

v� ØÒÕ��&'(Ö 

 

��Y§Þê·3KäM%'!!uÌo'x]ù�c�sY)*El%'â/o· 1 ÞêKäMr!ë¾&zkp~

clv�È�Yj5X§ÞêKäMr!ûü6C]Y¶ SrCo2V2O8 ]k¶	��µ�LM#¶X9ì�T�YdûüX

ðæÒJK]0lcTÄ��_�b��%ë�Y%ë���©9½¾�p%�%Ü]ÜU��%ë�¬ON�p

SrCo2V2O8X Ising ^³Mè�´%'!Òvxl]�}~Y3K a 5K !ç�z 2 ¶!ìíî]�)}~clv�`Y%

ë¬ON�p�·%� 4T a 7T X ~À~ ck�z1©a^ªz�	v�¾Y%��_ìíîokp~v��¹%ë�a

©9¬ONz,el�%�ì½�p%��_ìíîXKäMð$Ò#�Xn�Y
�fz�´%'òE%'ìíî�£v

wao��¤��®¯�X SrCo2V2O8!,�ãDa%��_ìíîz¶lcßÈzotv� 

 

 

B15 
YWX1��(CuX)LaNb2O7¬X=Cl, Br�.NMRü£ 

 

pÚ q�Õ��&'(Ö 

 

GÕMý«�z�s¾�}~�(CuX)LaNb2O7¹X=Cl, BrºX Cu!1Âo�´y3z�l6C]av¨Þê%'!�£

v�,�ãDX X=Cl!a�XKäM§+�ãDYBr!a�X collinear orderanv� z(CuCl)LaNb2O7�kp~v
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KäMÂ³Ò#XY%ëD·�p��v�·%�¹10 Tºa�'3Y©9Y1%�YNQR ��pks�p~�Â³Ò#!

��}¹23-27Kºz��nÈlWlo£sY !%�K_z�bc)*oY�~clv�b�bnopw!&«z�bc

XY��nûü6Co m¾��Xn�YCu! d 3��ãD� exchange path�]�¾vwaoo��£v�j5

X%�1µX�]0l� NMR½¾]©lY�23qLGè! �&1Y"�%��]ks�¤��w~p!û²�pY

6C!�´y3�p!3oOYd 3!��ãDY¿Àn exchange path�z�bcÆÇv� 

 

 

B16 
SrCu2(BO3)2_`ab���*1kL 

 
«2 f§Õ��&'(Ö 

 

ðæKèçOèb� Shastry-Sutherlandy3¹ªý 2ÞêFG�OºKäMG SrCu2(BO3)2XYlS%ë! 1/8Y1/4Y

1/3 z�lcè?#çÒè!JÏë¹ûüëº]��%ë#æèO]�wa�Zp~clv�1/8 #æèOì!d%�p

¹� 28 ²Kæºa 1/4 #æèO!�%�p¹� 34 ²Kæº!��X%ëoÙ�¢zÇëbc�sYw!� �!KäM6

Co%�aa�zÅ!��zÇëv�X�Ç)*£v���£v�È�j5X 1/8 #æèOì�sd%�! 31 ²Kæ

��!%�z�lcì>[q! NMR °±]©lYè?#çÒè!´6Cow!��%�� ��\¤clvwa]k

fb��VU��XYNMR KíJè¶!¬Hû²z,e�YSrCu2(BO3)2 !¹�%�ì½�YKäM6Cz¶lcÆÇ

v��  

 

 

B17 
d��Q#f« IPA-CuCl3. gé. 3WX�)Kü£ 

 

×� ��Õã�3��áÖ 

 

È�XB�Éz�v½¾ÁÂ!U�z�sYx|��] 	¢Y�l°±aXÁÂ{U]v5W�YÜ5�béz

n¤clvaÐ¦cl�� ~�Xl¶���¶O²�OM_OJ!��n()b���~�}Í�S!YOçOJK

¶O¢n()]��pâ]ö÷bYVÒa�XYÈ�YESR ÁÂzh0��v 2 ���Õ<ON!{Uzss��¤

cl���m�6¢�oY$¹�! IPA-CuCl3! g (���m!½¾û²]°±bY !p�]R�b�la!¤

cl�� bc"!°±aó!ÁÂ{U!+Ä'����la!¤cl�� !��pYlÛ~x|��!��zY

}pzÌëb�&�!K²Oîo��~Yqbl()o��~vaVÒa�Xö÷bcl�� 

 

 

B18 
qWX÷7D,f¸.1k6NMRæHù 

 

� q§LÕ¢�áÖ 

 

Â³Ò#]Y¶ 1 Þê·3KäMG! ¡XY%���Â³Ò#o�¦��¾! NMR æS� 1/T1!¹��õz��

U®!Wzâ~vwao�þ}~c�!YÍ5nG�W!%�Â']ÜUv��!()o©|~c���b�bY1/T1

!¹�Â'X¹�!W�ô!$3z�â~v��Y°±û²]¬Hv��zX 1/T1 !%�\¹�Â'z�vß

blàðû²o²Äanv�V()�X 1 ��ü)\æÒ²�Mî³O&!z�	v 1/T1 !%�\¹�Â'!��

ÖOL¶nÒvxl]��Y¹�Â'oWU®!$3z!Oâ~v»¼nÅ]���û²]�¶¬OMGYS=1/2 K

äMæFOGnÅzý0bY°±a!.T]ÆÇv� 
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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. 
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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 Tc superconductor (BiSCO) will be discussed. 
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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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