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A dyadic Tamm-Dancoff method by using a matrix-valued generator
coordinate
( Tamm-Dancoff )

(1) Published 20 October 2004

The traditional Tamm-Dancoff (TD) method is one of the standard procedures for
solving the Schrddinger equation of fermion many-body systems. However, it meets a
serious difficulty when an instability occurs in the symmetry-adapted ground state
of the independent particle approximation (IPA) and when the stable IPA ground state
becomes of broken symmetry. If one uses the stable but broken symmetry IPA ground
state as the starting approximation, TD wave functions also become of broken symmetry.
On the contrary, if we start from a symmetry-adapted but unstable wave function, the
convergence of the TD expansion becomes bad. Thus, the requirements of symmetry and
rapid convergence are not in general compatible in the conventional TD expansion of
the systems with strong collective correlations.

To eliminate such a dilemma, we introduced a new TD method by using a matrix-valued
generator coordinate. We started with a symmetry projected U(n) wave function, which
was constructed by basing on the Thouless s theorem, and developed a dyadic TD
equation by using the non-Euclidean properties of the coset variables. The coset
variables are defined on the non-commutative U(n) group, which belong to the Grassmann
manifold. We adopted the first order approximation of the TD expansion and finally
reached new equations to get a self-consistent optimal solution. We discussed the
features of our new method like; Why do we expect to work our new method well than
traditional one. We also discussed the relation with the killer condition, which was
described from generalized Brillouin theorem, and some relations with the soliton
theory. For clear explanation of basic idea, the discussions has been made in the
general form as much as possible.
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Formation mechanism and phase relation of calcium silicate hydrates under
hydrothermal conditions

(1) Journal of the Society of Inorganic Materials, Japan, 2005, in press

Calcium silicate hydrates play an essential role in the hydration process of cements and
cement-based materials. Their compositions vary a wide range of calcium/silicon (Ca/Si) ratio
between 0.44-3.0. Syntheses of calcium silicate hydrates have been carried out by different
hydrothermal techniques. Most of the current researches in this area are focused on the
elucidation of the structural relationship and formation mechanism of the calcium silicate
hydrates. However, the formation conditions and mechanisms of various calcium silicate
hydrates have not been clearly understood due to many analogous metastable phases formed
during reaction processes.

In this study, CaCO,, amorphous silica powder and crystalline silica (fine quartz powder
under 325mesh) were used as raw materials. Two hydrothermal processes were used for
hydrothermal reactions. The room temperature mixing method initiate the reactions from room
temperature and the high temperature mixing method initiate the reactions at a desired high
temperature.

The hydration of 3-Ca,Si0, synthesized by solid state reaction was first carried out under
hydrothermal conditions at temperature from 50°C up to 400°C by the two processes. 8 kinds
of crystalline hydration products of calcium silicate hydrates were formed at the initial
stage of the hydration from B-Ca,Si0,. It was found that o-C,SH was directly formed from
[3-Ca,Si0, at low temperatures below 220=C. The products obtained at above 240<=C were
different in dependence on the hydrothermal processes, due to the different decomposition
route of \y-Ca,Si0, hydrate, the initial product from [3-Ca,Si0,.

The effect of two hydrothermal processes on formation of calcium silicate hydrates were
investigated at 250<=C from three precursors with Ca/Si molar ratio of 2.0. y-Ca,S10, hydrate

was formed as an initial phase from all starting materials by high temperature mixing method
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and from B-Ca,Si0, by the room temperature mixing method. After the reactions for 1d, it was
first confirmed that jaffeite (Ca/Si=3.0) and kilchoanite (Ca/Si=1.5) were formed through
CeSs From y-Ca,Si0, hydrate by high temperature mixing method. The formation conditions and
formation mechanisms of calcium silicate hydrates were discussed in detail.

In the Ca0-Si0,-H,0 system, the stability and phase relation of three types of dicalcium
silicate hydrates (x-C,SH, hillebrandite and dellaite) under hydrothermal conditions were
first investigated. Hydrothermal treatments of a-C,SH indicated that Ca-rich jaffeite and
reinhardbraunsite (Ca/Si=2.5) were formed as intermediate phases before complete
transformation to dellaite at 350°C for 1 day. The phase transformation from o-CSH to
hillebrandite was not observed. On the other hand, hillebrandite directly transformed to
dellaite but the transformation needed high temperature (400°C). The formation region of

dellaite from different precursors was determined.
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Braids and fixed point indices of homeomorphisms on the torus

(1) Hokkaido Mathematical Journal, Vol.32, No.l,pp. 59-74, 2003. 2

Let X be a compact connected polyhedronand 7 : X — X acontinuous map. A fixed point
of f isasolution of the equation x = f(x) . Wewill denote by Fix(7) the set of all fixed
points of /. Fixed point theory studies the nature of the fixed point set Fix(7) in relation
to the space X and the map 7, such as existence, the number of fixed points * Fix(f), and
the behavior under homotopy i.e., how Fix(/) changes when f changes continuously, etc.

The best known fixed point theorem in topology is the Lefschetz fixed point theorem. However,
the Lefschetz fixed point theorem can tell the existence of fixed points only. In contrast,
Nielsen theory gives a lower bound for the number of fixed points. The generalized Lefschetz
number L(7) isatopological invariant which is one of the most important tools in the Nielsen
fixed point theory. In the case of the disk, L(/) has been calculated concretely. In
contrast, in the case of a closed surface, a theoretical scheme of L(/) has been given,
though a concrete calculation of L(7) has not been done yet.

let A:72>72 bea homeomorphism on the 2-dimensional torus & isotopic to the
identitymap . Inthis thesis I considered its fixed point set. | assumed that two fixed points
of /7 had been found. Then, I classified all the other fixed points into Nielsen classes and
found some relations among fixed point indices of /# by applying the theory of the generalized
Lefschetz number. It is known that he abelianization of the generalized Lefschetz number
L(f) becomes a polynomial. I showed that a reduced form of the polynomial is symmetric under

a certain condition.
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Numerical study for descriptions of pi and sigma mesons by
Nambu-Jona-Lasinio Model with the use of resonating mean field theory

(1) Nuclear Physics A 688, p.882-p.904, 2001

The Resonating mean (Res-mean) field theory is able to treat large quantum fluctuations and
strong correlation effects in a rigorous manner because take iInto account quantum- and
dynamical- tunneling indescribable by the RPA and mode-mode coupling theories. Of course, it
can also deal with small quantum fluctuations, which is describable by the usual random phase
approximation (RPA). Thus, it has a possibility to reveal surprisingly dramatic aspects of the
physics of fermion systems with large quantum fluctuations.

Meanwhile, using the Nambu-Jona-Lasinio (NJL) model, a dynamical chiral-symmetry breaking,
light-mesons spectra and properties of the mesons have been investigated on the basis of the
conventional Hartree-Fock (HF) and time-dependent HF (TDHF) approaches. Recently, in order to
show the superiority of the Res-mean field theory over the usual mean field theory, Nishiyama
and Providencia have applied it to the naive NJL model without isospin. They investigated that
a state with large guantum fluctuations is approximated by superposition of two Dirac seas,
namely non-orthogonal Slater determinant with different correlation structures. In this paper,
they succeed to describe mass spectrum of pion and associated properties.

As an advance on that investigation, we have been applied the Res-mean-field theory to the
naive NJL model with only one single flavor but without isospin to describe more accurately
phenomena of the pion and the sigma meson. The attempt has been succeeded in explaining the

pion and sigma meson masses, however the value of the order parameter for quark condensate and
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the pion decay constant are too small compared with experiment value. We guess that the Res-mean
Tield approximation including no isospin causes such a serious problem. By an extension of the
NJL model to include two flavor degrees of freedom and isospin, values for the order parameter
for quark condensate and the pion decay constant are expected to be improved. As a result of
numerical study, the order parameter and the pion decay constant produce good results, and the

sigma meson mass spectrum reaches experimental value.

RPA
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(1) Mol. Cryst. Liqg. Cryst.,144,191-198 (1987)
(2) Organic Process Research & Development, 8, 389-395 (2004)
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