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The ability to understand nature at its most profound
level is a basic human desire. Science is founded on an
accumulation of tremendous efforts driven by that aspira-
tion. The objective of our laboratory is to participate in
the endeavor to better understand nature by adding our
contributions to theoretical physics. The present seems to
be a particularly exciting time for this as many develop-
ments appear to be about to converge and allow formation
of the ultimate theory of everything.

We organize our research activities into three segments:
the pursuit of the microscopic fundamental laws of physics,
the study of many-body systems, and the science and tech-
nology of computation. These three aspects have an insep-
arable interrelation and are investigated in an integrated
manner throughout the research conducted within this lab-
oratory.

1. Understanding the fundamental law of nature
through string theory

(1) Non-perturbative effect in matrix models

It has been shown that the non-perturbative effect of
matrix models, which define non-critical strings for ¢ < 1,
can be obtained in a universal way. This fact strongly sug-
gests that the formulation by matrix models is a more fun-
damental one than that of continuum formulation, which
possesses an ambiguity for the non-perturbative contribu-
tion.

(2) Supersymmetric large-N reduced model with mul-
tiple matter

It has been showed that the Dijkgraaf-Vafa theory can
be regarded as large-N reduction in the case of N = 1
supersymmetric U(N) gauge theories, with single adjoint
matter. We generalize this to gauge theories with gauge
groups being the products of some unitary groups cou-
pled to bifundamental or fundamental matter. We show
that some large-N reduced models of these theories are su-
permatrix models, whose free energy is equivalent to the
prepotentials of the original gauge theories.

(3) Quantum theory of membranes and its dynamical
aspects
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The superstring in a flat space-time has the critical di-
mension equal to 10. On the other hand, the strongly
coupled strings are known to be described by the mem-
branes living in 11 dimension, by observing the dynamical
aspects for which classical approximation is exact. The
quantization of membranes is one of concrete attitude to
realize the complete formulation of the string theory with
net interactions. From such a standpoint, we proposed the
quantum theory of membrane based on perturbative two-
dimensional matrix field theory. In order to investigate its
dynamical aspect, we checked that it reproduces the de-
sired critical dimension at the lowest order of pertubation.

(4) Noncommutative superspace and matrix model

Recently active search has been done in noncommu-
tative space. Especially we study noncommutativity in
the string theory because we can obtain noncommutative
structure when we deal with strings in some background
fields. “Noncommutative superspace” is the special su-
perspace which has non-anticommuting grassmannian co-
ordinates. We expected ‘noncommutative superspace” as
an extension of usual noncommutative space. In fact, we
can also obtain a non-anticommutative structure when we
deal with strings in special backgrounds. If the IIB matrix
model contains the string theory, noncommutative super-
space must appear as a solution of the IIB matrix model.
Here, noncommutative superspace as a solution of the IIB
matrix model is actually obtained.

(5) Deformed canonical commutation relation

A quantum field theory based on deformed canonical
commutation relations is investigated.

(6) Non-BPS branes and Tachyon condensation

We studied the correspondences between the non-BPS
D-brane systems and the classical solutions for supergrav-
ity. We show that the deformed boundary states which
represent Dp-brane/anti Dp-brane with a width and a
graduation are the microscopic counterpart of the three-
parameter solution known in supergravity.

2. Quantum field theory and physics of many
body systems

(1) Aspects of matter in extreme conditions-Search for
color superconductivity-

The neutrino interaction rates such as emmisivity and
opacity in color superconducting quark matter, which has
been expected to occur at high baryon density and low
temperature, is studied. We also tried to understand the
finite temperature phase transition using the Ginzburg-
Landau model. As a result, a new pattern of the phase
structure at the weak coupling limit is found. The ex-
tension to the strong coupling regime would be the most
important issue to be explored.

(2) Phenomenological particle physics and cosmology

The following subjects are studied:

(i) A model of SUSY stabilization was proposed in a
5D SUSY RS model with a hypermultiplet.

(ii) An exact stable non-BPS multi wall solution was
found.

(iii) The possibility to reproduce the mixing angles was
shown in some intersecting D-brane model.

(iv) 1-loop quantum corrections to the graviscalar mass
in 5D Kaluza-Klein theory was shown to be finite.

(v) A simple SUSY composite model of color supercon-
ductivity was proposed.

(3) Cosmological constant and the size of an extra di-
mension

Recently, it has been derived by Nekrasov a formula
of instanton corrections to the prepotential of the N =

BRI 724 4

2 Seiberg-Witten theory in a complete and closed form.
However, in deriving the formula he just considered the
concept of random partitions for which physical meaning
has been so far rather unclear.

In this year we have re-derived the Nekrasov partition
function from 2dYM in an appropriate large N limit. Fur-
thermore, we succeed in revealing an underling physical
picture via an argument of D-brane configuration. In there
2dYM emerges as a theory of D-strings, in a sense a la
Gross-Taylor, wrapped on the 2-cycle on Calabi-Yau space
with D5-branes on which N = 2 Seiberg-Witten theory is
realized. We also argued the 2d U(N) Yang-Mills theory
and we re-examined it as a string theory in the case of
finite N, which is required to explore nonperturbative as-
pects in view of the string theory. We find a characteristic
feature in nonperturbative physics, namely terms of order
the exponent of -1/N, which is responsible for the existence
of D-branein string theory.

(4) Logarithmic Confromal Field Theory

The following topics are investigated: Free field repre-
sentation for LCFT with boundary; The relation between
Minimal String theory and LCFT; The relation between
statistical models and LCFT.

(5) Noncommutative geometry and the application to
cosmology

Noncommutative geometry appears as the low energy
description of the string theory, a candidate of the uni-
fied theory. We studied the causality and the locality of
field theories in noncommutative space. The modification
of the causal region has been shown to be generic and in-
dependent of the details of theories. Recently, cosmology
is becoming a good arena for testing ideas in unified the-
ory. We studied ekpyrotic scenario, a cosmological scenario
motivated by string theory, from a locality point of view.
It turned out that non-local effects are necessary in this
scenario to match with the observation. Possible effects
of noncommutativity of the space-time in this scenario are
under current investigation.

(6) Chern Simons Yang Mills Model

We have studied the Chern Simons Yang Mills Model.
Non-commutative gauge theories on fuzzy spheres were ob-
tained in such models. Fuzzy spheres look like dbrane con-
figuration. s coincident fuzzy spheres generates the U(xk)
gauge group.In this direction, we are continuing efforts to
address some of the related issues.

3. High precision calculation of field theory and
computational science

(1) High precision calculation of QED

We have started calculating the contribution to lep-
ton anomalous magnetic moments from the tenth-order
QED perturbation theory. First, we examined the dia-
grams which include vacuum polarization loops and com-
pared our results with estimates obtained by means of
renormalization group technique. They are in good agree-
ment. Second, we calculated the diagrams which exchange
five photons between the muon line and the electron loop.
This diagram used to be the largest source for the uncer-
tainty, but it is now known with good precision. From
these calculations we have concluded that we can finish
the tenth-order calculation within a reasonable time.

(2) Higher order calculation of the matrix model

We examined the IIB matrix model by the improved
mean-field approximation, to reveal the dynamical aspect
of the theory, especially the emergence of our four dimen-
sional space-time out of the original ten dimensional for-
mulation. In the present study, we evaluated higher order
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contribution of the series expansion and obtained signals
that indicate formation of the ‘plateau’, solutions to the
consistency condition of the mean-field. We also extended
the class of configuration to confirm that the four dimen-
sional one is actually favoured in the original theory. Pre-
cise analysis is currently in progress.
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