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Abstract

A concentration profile of GdBBaCuQ (Gd-211) fine particles embedded in

an oxygen-controlled melt-grown (NekEuo 33G0h.33)BaCuO7_,,

(NEG-123) material is studied. The secondary phase had a nominal content
of 30 mol% and was refined by the addition of 0.5 mol% Pt and 1 mol%
Ce(,.. The main concern of this paper is devoted to the variation of the
magnetic properties and Gd-211 phase distribution in a bulk NEG-123 pellet
of 1.8 cm in diameter and 1 cm in height.(B) dependences deduced from
magnetic hysteresis curves measured by SQUID were analysed with respect
to the appearance of the central and second peaks. A successful fit of all the
curves by an analytical function composed of two additive contributions
representing the central and second peaks is reported. The separation of
these two contributions revealed that the shape of the high-field part of the
magnetization curves is mostly governed by the pinning mechanism(s)
responsible for the second peak and no ‘background’ from another source of
pinning is involved.

1. Introduction

The peak- or fishtail effect in RE-123 materials is of
a paramount importance for bulk high. superconductor
(HTSC) applications. The character of pinning sites producing
a peak effect has been identified as a random point-like
pinning disorder [1,2]. What kind of the pinning defect
prevails in the particular superconducting system and what
is the underlying vortex dynamics, are still matters of vivid
discussions. Oxygen deficiency is often declared as a principal
source of this kind of pinning in RE-123 materials [1, 3, 4].
Some studies show a primary role of RE—Ba substitution in REigure 1. Schematic view of the samples displacement in the

123 materials with RE= Sm, Nd, Eu, or Gd [5, 6], the effect original pellet of a melt-textured NEG-123 material.

of this substitution being ascribed either to core pinning [7, 8]

or to magnetic scattering [9]. In addition, fine secondarymder same conditions, they differ only statistically in the
phase particles have been also shown to enhance the seefisdibution of the secondary-phase particles and in fluctuation
peak [10, 11]. To be able to identify individual contributionsef the matrix properties. We try to explore the fact that these
rich experimental material needs to be collected. Inthe pres@fb kinds of potential pinning defects are of significantly
work we report on the study of a series of samples taken frafiiferent sizes and to correlate their effect to different parts

different places of one NEG-123 pellet doped with 30 mol%f the magnetization hysteresis loop and associated critical
of fine Gd-211 particles. As all the samples were preparedrrents.
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Figure 2. SEM images of the samples LL (upper row) and RR (lower row). The morphologies of samples L and R are very similar.

2. Experimental details 3. Results and discussion

We studied oxygen-controlled-melt-growth processed NEéil' Local variation of 123-matrix properties

123 samples with 30 mol% of Gd-211 particles refined bx|| 12 samples investigated showed practically the same

the addition of 0.5 mol% Pt and 1 mol% CgOThe exact concentration and average size of the Gd-211 particles (see
technological treatment is described in [12]. A slice 1.5 mifigure 2). The average size of the particles was belqun,

thick was cut from the pellets 18 mm in diameter and 10 mthe smallest particles being of about Qun in diameter.

in height, 3.5 mm from the seed (see figure 1). From thEhis proved that the technological process is able to produce
slice, four vertical bars were cut, denoted L, LL, RR, an8amples with a homogeneous distribution of fine secondary-
R, as indicated in the figure. From each bar, three sampR¥iase particles embedded in the RE-123 matrix. As has
were finally prepared, cut from the top, middle, and bottoficently been shown, secondary-phase particles are effective
of each bar. All 12 samples were annealed together iniip€nhancing remanent critical currents [11, 12] (size of the

1 bar @ atmosphere at 60C to 300°C for 240 h. After central peak in the magnetic hysteresis loop (MHL)). The

polishing the samples, magnetic hysteresis curves at 77hRmogeneous distribution of fine secondary-phase particles

were measured by a commercial 7 T QuantumDesign SQUIiIB,our samples also _reflected in only weakly varying height

. . . . of the central peak in the 12 samples. In all the samples,
with the field aligned along the-axes. Critical current HLs were measured up to 7 T and the critical currents
densities were calculated from magnetic hysteresis CUNVes . lated for the central peak maximum reached, &t 77 K
using the extended Bean model for a thin prism magnetizgg, o5 around 70 kA cn? + 10%. The irreversit,)ility fieI'd
along the normal to the plane. The sample morphology,q nically around 6 T and, also, varied only litle. The
was investigated by scanning electron microscopy (SEMacondary peak was present in all the samples and lay at
with the aim to check variation in the Gd-211 particlegie|ds of 1.7-1.8 T, but its height strongly varied from sample
distribution within the pellet. The quality of the samplegg sample. Figures 3(a)-3(d) show tigB) curves of the
was checked by measuring the dc susceptibility as a functigamples L, R, LL, and RR, respectively. In the bars L
of temperature, both in the zero-field-cooled and field-coolethd R theJ.(B) dependence exhibited the best developed
regimes. second peaks for the top samples, in the middle samples the
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Figure 3. J.(B) curves measured by a SQUID magnetometer at 77 K for the (a) L, (b) R, (c) LL, and (d) RR samples. The three curves in
each figure correspond to the top (T), middle (M), and bottom (B) sample of the given bar as denoted in the figures. The full curves are fits
by means of equation (4).

second peaks were intermediate and in the bottom sampdéfect (FE) [13]. The way how the secondary phase particles
the second peaks were strongly masked by the central peak contribute to the second peak might be stacking faults in
(figures 3(a) and 3(b)). In the LL and RR bars the middithe 123-matrix that have been recently shown to appear in the
samples exhibited pronounced second peaks, the top samplewity of secondary-phase particles and are sufficiently small
had intermediate second peaks, and the weakest second paakst as point-like pinning centres [14].
were again observed in the bottom samples (see figures 3(c) Due to the equally good oxygenation of all the samples, as
and 3(d)). The reason for the reduction of the second peddéicumented by the same high values oxygen deficiency is
in the bottom samples can be probably associated with heagnsidered to be of less importance for the observed variation
sample contamination by Zglroming from the rods of the in the 123-matrix properties. Both the Ba content fluctuation
material used to support the NEG pellet during the meltirend the substitution of Ba by Nd, Eu, and Gd atoms suggests
process. As the melting temperature of Gd-211 particlesiiself as an alternative source of the point-like pinning.
higher than that of the NEG-123 matrix, the second-phase We also stress that the highest peaks in the R, RR, LL, and
particles stood nearly unaffected by the reaction with ZrOL positions were usually found in the top or middle samples,
The contamination was proved by the temperature dependebaeno clear tendency was found to be able to conclude on the
of the dc susceptibility. While in the top and middle samplesle of the growth rate during the melt texture process.
the superconducting transition started at around 93.6 K and The present experiments provide further evidence that
was only 1-1.5 Kwide, the curves of the contaminated samplgg fishtail (second) peak is strongly sensitive to the local
were identical to other ones up to 80% of the superconductifigctuation of the 123-matrix properties [13]. According
transition, but then exhibited a long tail extending up to 85.5 Ko Lorentz microscopy studies [15], some evidently strong
Although these samples were evidently bad, they presentegianing centres in high-T materials cannot be identified
good comparative material for considerations on the operatiwith crystallographic defects in the 123-matrix even by high-
pinning in the studied material. Moreover, in one of thes@solution electron microscopy (HREM). The problem is
samples (RB) the central peak was so high that even wittcamplicated by the lack of a detailed understanding of the
poorly developed second peak the overall performance wastex-pin interaction mechanism.
comparable and at low fields even better than that of the RT
and RM samples. As mentioned above, the distribution of t :
Gd-211 particles in the LLB sample was similar to that in th%ez' Fit of Jo(B) curves
other samples. Recently, the model of general thermally activated creep
Because of the Zrpcontamination of the pellet bottomhas been widely discussed [16-19]; this model elucidated
the secondary peak was suppressed in the bottom samplestttrelationship between the static and dynamic approaches
all other features of thé.(B) curves were similar to those ofto the fishtail problem. On the basis of an analysis of
the other samples. The fact that the rather strong variationexfperimental data in terms of this model, the pinning potential
J.(B) ataround the second peak position was notin correlationa Tm-123 single crystal and, later, also in other RE-123
with changes in the morphology of the secondary phase leaiisgle crystals was identified as logarithmic. The commonly
us to the conclusion that the role of the Gd-211 particles abserved scalings of thé.(B) curves with temperature and
the formation of the second peak is indirect and only variatiaiectric field were shown to be associated with power-law
of the NEG-123 matrix properties on the microscopic scafeeld dependences of the characteristic paramefgrB) o
is the principal source of pinning responsible for the fishtaB™ and Up(B) o B~" in the expression for the pinning
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Ty LLM at 77 K. The broken curves are separate contributions of
0-2'. Model- combined2MJ individual terms in equation (4), the full curve is their sum.
Chir2 = 3.5E-6 The value ofyx? shown in the figure implies the excellent fit
'g M, 022 quality.
o ‘,("A 3-236 fg-gg& In figures 3(a)—3(d) the full curves nearly coinciding with
S 04l 0?2997 003 the experimental points represent the fits of the data by means
E B 1.6220 +0.009¢ of equation (4). In all cases the fit was nearly perfect.
= We also fitted experimental data of two samples measured
in a wide temperature range, namely sample LLM, with a
e very well developed second peak, and sample LLB, with the
0-00 T 5 5 4 = ' 6W7 second peak rather depressed. The fits are presented as the
B (T) full curves in figures 5 (sample LLM) and 6 (sample LLB).
In all cases the fits were so good that it was difficult to
Figure 4. Fit of the experimental.(B) curve measured in distinguish them from the fitted experimental data; this applied

sample LLM at 77 K by means of equation (4). The broken curves, e whole investigated temperature range, 65-88 K. The fits

are the separate contributions of the two terms in the equation, the . .

full curve is their sum. We note the? value, indicating excellent ~ €nabled us to decompose the experimental curves into two

quality of the fit. additive contributions and study their temperature and field
dependences separately. This procedure showed thatin a major

energyU(T, B, E, J) = Uo(T, B, E)In(J/Jo), with m and part of the temperature fange,.the tofg{B) curve, in the

n positive. This model resulted in [16, 17] flelds_ ab_oveBp is @ maximum in p_ract|ce (_1ue only to the
contribution from the second term in equation (4). In other

J.(B) o« B" exp(cB"). (1) words, the first term (central peak) contribution to the total

magnetic moment usually decays so rapidly that alb®yeét
The dependence (1) exhibits a maximumpBat= Bp. becomes negl|g|b|e

From the conditionfor an extremeBt= B, dJ./dB|s—5, = The rather large (about um or slightly smaller)
0, the constant can be calculated; = —(m/n)B,", which  secondary-phase particles have been found to affect the central
helps to transform relation (1) into [18] peak [11,12]. Their presence has been also sometimes
_Jpm _n associated with an increase in the second peak [11, 12], but this
Je(B) = Jpbp expl(L = b,)m/n] ) effect was regarded as an increase of background on which the

with J, = J.(B,) andb, = B/B,. second peak sits [24, 25]. The present analysis brings evidence
In [18] we showed that in Dy-123 single crystal the centrdhat the ‘background” is limited to rather low fields, mostly
peak exhibits a different temperature scaling to the secoR@low the maximum of the second peak. The potential effect
peak. This indicates that the underlying pinning mechanisfk these particles most probably enters indirectly via some
are different. It was also shown that the field dependenceipfluced point-like defects such as stacking faults, stresses
the central peak after the separation of the second peak is?@4 tensions in the RE-123 matrix, etc that then contribute to

exponentia”y decaying function’ the pinning mechanism responsible for the second peak. We
believe that the relevant mechanism is core pinning. On the
J.(B) o exp(—wB). (3) other hand, the pinning mechanism associated with secondary-

o ] ) phase particles seems to selectively contribute to the central

A similar behaviour has been also observed in othggay only, being restricted to rather low fields. This might
RE-123 samples. ~ Assuming that in the studied mel, gyrface pinning [26]. With increasing density of flux
textured samples the central peaks have similar characters,igs this type of pinning loses its efficiency. As the central
combined the two contributions, (1) and (3), and obtained peak was shown to reflect the geometry of the sample [27]
and was identified with demagnetizing effects [27-29] or
self-fields [16, 17], it is necessary to clarify how pinning on
whereJ,; andJ,, denote the heights of the central and secorgcondary-phase particles enhances the central peak.
peaks, respectively. In melt-textured materials with the addition of secondary-

A special feature of relation (4) in the fits of experimentadhase particles, the central peak decreases with increasing
data of different RE-123 single crystals was that the parametemperature more slowly than the second peak. This behaviour
m could be set equal to one [16, 18, 20]. In the present woik opposite to that usually observed in single crystals with
we also used this simplification. Thus, keepimg= 1, we had a well developed second peaks. The explanation might be
four free parametersy, n, J,2, andB,. J,1 was established just the specific type of pinning on secondary-phase particles.
from the experimental curves. With increasing temperature the irreversibility field decreases

We note that the exponentially decaying functionaind the field range is thus reduced to the range where the
dependence of the first term in (4) was found empirically iaffectiveness of pinning on secondary-phase patrticles is higher.
different samples, for example Dy-123 single crystals [18], Yrherefore, the central peak becomes larger in comparison with
123 single crystal [21], La-systems [22], etc. In [23] such the second peak and extends to higher fields with respégf,to
field dependence was theoretically justified. even reaching;,.. Nevertheless, at least a weak contribution

An example of a typical fitting procedure by means obf the second peak survives up to highest temperatures, thus
equation (4) is the fitin figure 4 of the data measured on sampjiging an explanation for the rather peculiar shape of the MHL

Je(B) = Jy1 €Xp(—wb,) + J,2b" expl(L — b)m/n]  (4)
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at temperatures close . The increasing role of secondary-
phase particles at high temperatures implies an enhancement
of the specific volume pinning force of these particles with
respect to point-like defects. This can be attributed to either
a higher elementary pinning force density or a larger pinning
volume. We believe that the latter case, which supports the
idea of the surface pinning on secondary-phase particles, is
more probable.

The excellent fit of the experimental data might be
attributed to the relatively high number of free parameters
involved; but for sample LLM with a well developed second
peak (see figure 5), the position and height of the second peak
on the experimental curve almost coincide with those of the
separate theoretical curve (equation (2)). In this case we can
fix B, andJ., at their experimental values and only two free
parameters are left without any significant deterioration of the
fit quality. In general, however, (e.g. sample LLB) we need
all four free parameters. These four parameters allow us to fit
the experimental curves of a large variety of shapes obtained
at different temperatures.

At low temperatures the peak effect usually runs out of
the accessible field range. In such a case only the low-field
3 4 one part of the peak is available. Once we had determined
the fit parameters from the low-field part, we could predict the

) ) course ofJ.(B) even beyond the experimentally accessible
Figure 5. The upper parts of the MHL curves after correction for field d estimate th | £ ltis int ting t
the paramagnetic contribution due to Nd, Eu and Gd ions and the ield range and estimate the value&f,. Itis interesting to

associated critical current densities measured in sample LLM by note that the/.(B) dependence in vicinity oB;,, is in most
means of SQUID magnetometry at temperatures (a) 65-77 K andof the experimental range governed only by the second term

(b) 80-88 K. The full curves are fits by equation (4), the broken in (4). The extrapolate®;,, value is therefore given not only

curves indicate separate contributions of the central and second by the fitting parameters themselves, but also by a precision
peaks. We note the existence of a significant second peak even at '

88 K (see the inset of (b)) where the tofal B) curve does not criterion or resolgtlon connected_wn_tg estlmatlor_l.
explicitly show its presence. The separation of the two pinning mechanisms revealed

that the high-field slope of the second peak is governed mainly
by pinning on a point-like disorder. This behaviour was
observed in all temperatures below 86 K. Independent support
for this conclusion follows from the pinning force density
scaling as discussed below.

Temperature dependences of the fitting parameters of
samples LLM and LLB are shown in figures 7(a)-7(c).
The exponential decay rates and n of both samples are
nearly constant in the temperature range 6577 K (figure 7(a)).
This result was confirmed both by SQUID and vibrating
sample magnetometry (VSM) measurements. Note that the
temperature independence of the parametsran indication
that the experimental.(B) curves scale with temperature in
fields around and abov&,. However, the temperature range
around 70 K is frequently used to check scaling properties
of newly developed materials. The present study shows that
the scaling property observed in a narrow temperature window
cannot be automatically generalized to a broader temperature
range. At temperatures close®p w in both samples shows
a fast drop. The parametemore or less increases from 77 K
to 85 K and then drops.

0 Figure 7(b) shows a stronger temperature dependence
0 1 2 3 4 of the second peak in comparison to the central peak. For
B (T sample LLM the second-peak and central-peak curves cross at
around 70 K, irrespective of the experimental method (SQUID
Figure 6. The same as in figure 5 but for the sample LLB and  and\/SM), and above 70 K the central peak becomes dominant.

exhibiting a less pronounced second peak. Also, in this sample thg.: . :
second peak significantly participates to the total magnetic mome§Irnllarly tow andn, also the magnitudes of the central and

up to very high temperatures (see the inset of (b)). second peaks of the MHI) 1 (T) and M ,>(T), rapidly drop
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experimental data in figures 5 and 6. The fits indicated by full
Figure 7. Temperature dependences of (a) the fitting parameters curves were made by the function= x2 exp[(1 — x")2/n], which
andn, (b) the magnitudes of the central and second pedlksand ~ only takes the second term in equation (4) into account.
M,,, respectively, and (c) the second peak positigyp,and
irreversibility field B;,.. Both the data inferred from SQUID (full

symbols) and VSM experiments (open symbols) are included. means that with decreasing thermal activation the effectiveness

of point-like pinning defects increases with respect to the

above 85 K. In sample LLB the curves do not cross in ﬂ%lnnlng eﬁ'c'ef‘c.y of secon.dary-phase particles. Sample LLB
eveloped a similar behaviour.

measured temperature range, but the tendency is same as N A hother consequence of this effect is that at very low

sample LLM. From this tendency it follows that the curve -
. emperatures the second peak in the melt-textured samples has
would cross at about 50 K and only below this temperaturé T i
. a‘tendency to mask the central peak, the situation opposite to
would the second peak dominate.

. . that in single crystals. In some samples [30] such a situation
Figure 7(c) shows a nearly linear temperature dependenc .
o akes place even at 77 K, which can lead to doubts as to whether
of the second peak positio, for both samples. At low : .
k . the central peak is present in such samples at all. Of course
temperatures, a remarkable increase ofBhe/ B, ratio was . . L .
AR : . itis present, but it is fully covered by the second peak, which
observed, primarily due to an exceptional increaseBgf.

o ) fan be verified at higher temperatures.
Similar and even stronger increases were also observed’in
measurements of these samples by VSM at fields up t15 T ] o )
The fits of theJ.(B) curves measured on sample LLB3-3- Fit of the pinning force density

indicate that even in the case when the second peakpigre 7(a) showing the temperature dependencenof
significantly masked by a relatively strong central peak, thgqicates that the scaling of thie( B) curves is, in the samples
J(B) curve can be interpreted as a sum of two independelf,gied, limited to the temperature range 65-77 K. In figure 8
contributions in equation (4). The fit enabled us to separafg, show the scaling of the pinning force densities deduced
the two contributions and to study the evolution of the weakym the measured data of samples LLM and LLBas B J..
second peak as a function of temperature. ____ TheF(B)dependence was normalized with respect to the peak
__ From our analysis it follows that there is no principalgordinates §,,. F(B,)). It is evident that the scaling of
difference in the magnetic behaviour of these two samples (28g) extends over a significantly broader temperature range
well as of the other 10 samples with mt.ermedl.ate propertl%n that of/.(B). As J.(B) and F(B) data representations
and that the second peak always participates in the formatigil, g be theoretically equivalent, we attribute the different
of the MHL shape up to temperatures closeTio There phepayiours of these two quantities to the different position of
is, however, a significant difference of all these melt-texturgfs peak.F(B), as a product off, and B, exhibits the peak
samples and RE-123 single crystatsiow temperaturesior  4; significantly higher fields than the correspondingB).
example insample LLM, the second peak became stronger thafgently, the vortex—matter dynamics abaggis much more
the central peak below 70 K. The increase of the r#fig/ J,2_ niform than that observed around or below the peak ).
could be observed up to 50 K (VSM experiments).  Thigpe syppression of the central peak and the greater distance

5 These experiments were performed in the Institute for Material Researff@M the area of the low-field pinning mechanism activity may
Tohoku University in Sendai, Japan. also play a significantrole here. As aresultthe scaling@)
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. . . . . . ; 4. Conclusions

In the NEG-123 system under study the Gd-211 particles were
regularly distributed within the whole pellet. Though thg,

B;,» and B, were found to be similar in all the samples, the
second peak height notably varied from sample to sample.
This feature implies a strong effect of local microscopic
fluctuations in the 123 matrix properties that cannot be directly
related to the secondary-phase particles. These particles
. might indirectly induce the matrix properties variation (e.g.
- stacking faults), which would explain the positive effect
of the secondary-phase particles refinement on the second
peak [11, 12].

Figure 9. The comparison of the MHLs measured quasistatically by ~ All data, with both well developed and suppressed second
SQUID and dynamically by VSM on the samples and at the same peaks, could be easily interpreted as a sum of two independent
temperature, 77 K. Both curves were corrected for the paramagnefigctions of B: a rapidly exponentially decaying low-field
signal arising from the ND, Eu, and Gd ions. The difference inthe o o 5 high-field exponentially decaying function following
irreversibility field is striking. Also, the VSMV/ (B) curves could ; . . X
be easily modelled by the function (4). from use of the phenomenologically established logarithmic
pinning potential modified by a linear increase [19]. This

) o ) ) ) type of fit was fully successful in the entire temperature range,
with the applied field normalized to a higher peak field valug,om 50 to 88 K. This procedure enabled us to observe the

Bj,, existsin abroader temperature range. This result seems£iicipation of the separated contributions on the formation of
be quite general, as a good scaling@iB) has been observedhe MHL ina broad temperature range and to estinBaieaven
inmany other samples. Surprisingly, evenin sample LLB Witht |ow temperatures where the irreversibility field was out of the
a poorly developed second peak theB) scaling was good experimental field range. This analysis showed that only the
and the temperature range of this scaling did not differ mugdint-like pinning disorder is responsible for the shape of the
from that of sample LLM. total magnetization curve at high fields. Only at temperatures
The deviation of the fitting functiony = x2exp[(1 — close to7, does the second peak become weak enough so that
x™)2/n] used for the fit in figure 8 from the experimental datalso the central peak participates in the formation of the MHL
onthe low-field slope of th€'(B) dependences is caused by théigh-field tail. The high thermal activation atthese temperature
central peak contribution, which does not scale in the manraiminates most of the small point-like defects from the pinning
of the second peak. Although the central peak is, infiB) process and increases the importance of the larger pinning
representation, strongly suppressed it manifests itself in tigigntres. At the same time the field range is limited so that
way. This conclusion also follows from the fact that in théhe specific character of pinning attributed to SPP (we believe
LLB sample the ‘non-scaling behaviour’ was stronger than ihis surface pinning) can take place. This all is consistent with
sample LLM. The reason is simple: in sample LLB the centrine experimental evidence of the effect of SPP on the central

peak dominated the second peak, while in sample LLM tHgak [11,12].
opposite is true. The extended temperature range of the scaling observed

in the F(B) dependence with respect to that H{B) gave
_ evidence of much more uniform flux dynamics at fields above
3.4. Field sweep effect B, than below or around it.

h | d db in field Although the role of the second peak decreases with
The samples LLM and LLB were measured by VSM in fieldg, .o 5 singgemperature, it is present, at least in the weak form,

of up to 14 T (see earlier footnote). This enabled us to exteng to temperatures close .. On the other hand, with
the temperature range up to 40 K, so that we could still see €. reasingemperature, the second peak becomes dominant
second peak maximum within the experimental field ranggng can eventually completely mask the central peak; but
The field sweep rate was 8.3 mT’s A comparison of eyen in the case that the central peak is fully masked by the
the quasistatic SQUID measurements and the dynamic V3Mge second peak, the pinning mechanism standing behind
measurements is shown in figure 9. Although the magnefice central peak still contributes to the shape of the total
moment did not differ much, there was an enormous differenggagnetization curve.
in B;,,, and, consequently, also B),. The difference inB;,, The VSM measurements showed a strong effect of the field
amounted negyI3 T at 77 K! This manifests the huge effectsweep rate, especially a,., which points to difficulties in
of the field sweep and points to the necessity to present aynparing data obtained by different experimental methods
magnetic characterization with a definition of the experimentahd implies the necessity to standardize the conditions for
conditions. magnetic characterization of new materials.

Both the lack of scaling and the rapid growth Bf., at
low temperatures imply a rapid change in the pinning energyciknowledgments

Moment (emu)

distribution.
We note that also the VSM data could be easily modelled Jirsa greatly appreciates the JSPS fellowship covering his
by the function (4). working stay at lwate University, Morioka, Japan, and the
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