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Worldsheet and Spacetime Properties of Dp-Dp’ System with B Field and Noncommutative Geometry
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String Junctions in B Field Background

It has been recently shown that F-theory on K3 with background B fields (NSNS and RR 2-forms)
is dual to the CHL string in 8 dimensions. In this paper, we reexamine this duality in terms of string
junctions in type IIB string theory. It is in particular stressed that certain 7-brane configurations produce
Sp gauge groups in a novel way.
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Open membranes in a constant C-field background and noncommutative boundary strings

We investigate the dynamics of open membrane boundaries in a constant C-field background. We
follow the analysis for open strings in a B-field background, and take some approximations. We find that
open membrane boundaries do show noncommutativity in this case by explicit calculations. Membrane
boundaries are one dimensional strings, so we face a new type of noncommutativity, that is, noncommu-
tative strings.
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On the Equivalence between Noncommutative and Ordinary Gauge Theories
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Constraints on effective Lagrangian of D-branes from non-commutative gauge theory
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Non-linear electrodynamics in curved background
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Noncommutative Monopole from Nonlinear Monopole

We solve the non-linear monopole equation of the Born-Infeld theory to all orders in the NS 2-form
and give physical implications of the result. The solution is constructed by extending the earlier idea
of rotating the brane configuration of the Dirac monopole in the target space. After establishing the
non-linear monopole, we explore the non-commutative monopole by the Seiberg-Witten map.
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Noncommutative Monopole at the Second Order in theta

We study the noncommutative U(2) monopole solution at the second order in the noncommutativity



parameter . We solve the BPS equation in noncommutative super Yang-Mills theory to O(#?), trans-
form the solution to the commutative description by the Seiberg-Witten (SW) map, and evaluate the
eigenvalues of the scalar field. We find that, by tuning the free parameters in the SW map, we can make
the scalar eigenvalues precisely reproduce the configuration of a tilted D-string suspended between two
parallel D3-branes. This gives an example of how the ambiguities inevitable in the higher order SW map
are fixed by physical requirements.
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Noncommutative Gauge Theories from Deformation Quantization
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Instantons, Monopoles and the Flux Quantization in the Faddeev-Niemi Decomposition

We study how instantons arise in the low energy effective theory of the SU(2) Yang-Mills theory in
the context of the non-linear sigma model recently proposed by Faddeev and Niemi. We find a simple
relation between the instanton number v and the charge m of the monopole that appears in the effective
theory. It is given by v = m®/(27), where ® is the quantized flux associated with a U(1) gauge field
penetrating the loop formed by the singularity of the monopole.
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Nonnormalizable Zero Modes on BPS Junctions
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U(1) Symmetry Breaking in the Quantum Hall System

We study a paired state in the quantum Hall system in the mean field theory using the von Neumann
lattice formalism. In experiments, highly anisotropic states are observed in the half-filled third and
higher Landau levels. In the half-filled second Landau level the fractional quantum Hall effect (FQHE)
and transition to the highly anisotropic state are observed. Theoretically the anisotropic states are
regarded as stripe states or unidirectional charge density states which are plausible in the Hartree-Fock
approximation. On the other hand, the FQHE state at the half-filled second Landau level is regarded
as a paired state like a superconducting state. However the microscopic mechanism of the pairing is not
understood yet. How is the paired state formed by the Coulomb interaction effect? Naively it seems that
there is no possibility of formation of the paired state by the repulsive force in the mean field theory.

In the present work, we analyze the gap equation for the Coulomb interaction which is screened in the
Landau level space and find a possibility of transition from the stripe state to a paired state by varying

the screening length.
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Difference equations for correlation functions of Belavin’s Z,,-symmetric model with boundary reflection

Belavin’s Z,-symmetric elliptic model with boundary reflection is considered on the basis of the
boundary CTM bootstrap. We find non-diagonal K-matrices for n > 2 that satisfy the reflection
equation (boundary Yang-Baxter equation). We derive difference equations of the quantum Knizhnik-
Zamolodchikov type for correlations of the boundary model. The boundary spontaneous polarization is



obtained by solving the simplest difference equations. The resulting quantity is the square of the spon-
taneous polarization for the bulk Z,,-symmetric model, up to a phase factor.
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Perturbative or Path-Integral Approach versus Operator-Formalism Approach
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Euler number of Instanton moduli space and Seiberg-Witten invariants
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Six dimensional gauge theories and integrable systems
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A simple proof of nonrenormalization for the Chern-Simons coupling and Seiberg’s trick

We give a simple proof of nonrenormalization of the Chern-Simons coupling with the aid of Seiberg’s
trick. Our proof reveals that small gauge invariance is enough to ensure one-loop finiteness of the Chern-
Simons coupling.
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Central Charge of Topological Sigma Model with Calabi-Yau Target Spaces
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Auxiliary Field Formulation of Supersymmetric Nonlinear Sigma Models

Supersymmetric nonlinear sigma models are obtained from linear sigma models by imposing super-
symmetric constraints. If we introduce auxiliary chiral and vector superfields, these constraints can be
expressed by D-terms and F-terms depending on the target manifolds. Auxiliary vector superfields ap-
pear as gauge fields without kinetic terms. If there are no D-term constraints, the target manifolds are
always non-compact manifolds. When all the degrees of freedom in these non-compact directions are
eliminated by gauge symmetries, the target manifold becomes compact. All supersymmetric nonlinear
sigma models, whose target manifolds are the hermitian symmetric spaces, are successfully formulated
as gauge theories. Moreover, we justify the elimination of auxilialy fields by using their equations of
motion in the path integral formalism, and show that the arbitrariness of the Kéhler potential in the
gauge invariant effective lagrangians disappears.

ooooooooo
Three-dimensional nonlinear sigma models with extended supersymmetry
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Novel Phase Structure of Twisted O(N) ¢* model on MP~1 x S*

We study the O(N) ¢* model compactified on MP~1 ® S1, which allows to impose twisted boundary
conditions for the S'-direction.The O(NN) symmetry can be broken to H explicitly by the boundary
conditions and further broken to I spontaneously by vacuum expectation values of the fields.The sym-
metries H and I are completely classified and the model turns out to have unexpectedly a rich phase
structure.The unbroken symmetry I is shown to depend on not only the boundary conditions but also
the radius of S', and the symmetry breaking patterns are found to be unconventional. The spontaneous
breakdown of the translational invariance is also discussed.
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Dressing field method and Screeing Potential in QCD
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Renormalizable Abelian-projected effective gauge theory derived from Quantum Chromodynamics

We show that an effective Abelian gauge theory can be obtained as a renormalizable theory from QCD
in the maximal Abelian gauge. The derivation improves the previous version which was obtained by one
of the authors and was called the Abelian-projected effective gauge theory. This result supports a view
that we can construct an effective Abelian gauge theory from QCD without losing characteristic features
of the original non-Abelian gauge theory. In fact, it is shown that the effective coupling constant in
the resulting renormalizable theory has the renormalization-scale dependence governed by the (G-function
which is exactly the same as the original Yang-Mills theory (irrespective of the choice of gauge fixing
parameters of the maximal Abelian gauge and the parameters used for identifying the dual variables).
By choosing the renormalized parameters appropriately, we can switch the theory into the electric or
magnetic theory.
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c-function from AdS/CFT correspondence
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We show that symmetries are preserved exactly along the (Wilsonian) renormalization group flow,
though the IR cutoff deforms concrete forms of the transformations. For a gauge theory the cutoff
dependent Ward-Takahashi identity is written as the quantum master equation (QME) in the antifield
formalism. We show that the RG flow of the average action is generated by canonical transformations
in the space of fields and antifields. A perturbative calculation of the average action is given to confirm
that the QME is satisfied up to one-loop level. The QME considered for the chiral symmetry provides
us with the continuum analog of the Ginsparg-Wilson relation and the Luescher’s symmetry.
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Renormalization using Domain Wall Regularization

We formulate the renormalization procedure using the domain wall regularization which is based on
the heat-kernel method. The Weyl anomalies for the 2D QED and 4D QED are correctly reproduced.
It is found that the “chiral solution” produces (1/ 2)d/ 2 x correct vales, where d is the space dimension.
The renormalization procedure is newly formulated, where both fermions and bosons (gauge fields) are
treated on the equal footing. The background field method is quite naturally introduced. As for the
treatment about the loop-momentum integrals, an interesting contrast between the fermion-determinant
part and others is revealed. As explicit examples, the mass and wave function renormalization of 4D QED
are obtained at 1-loop. We confirm the multiplicative normalization (not additive one), which shows the
advantage of no fine-tuning.
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Many-Brane Extension of the Randall-Sundrum Solution
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Supergravity Tensor Calculus in 5D from 6D
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Dilatonic Brane World
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Three-Dimensional Extremal Black Holes and the Maldacena Duality

We discuss the microscopic states of the extremal BTZ black holes in the perspective of the Maldacena
duality. Degeneracy of the primary states corresponding to the extremal BTZ black holes in the boundary
two-dimensional N=(4,4) SCFT is obtained by utilizing the elliptic genus and the unitary representation
theory of N=4 superconformal algebra. The degeneracy is consistent with the Bekenstein-Hawking en-

tropy.
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Quantum string field theories of type 2 and heterotic type
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Numerical Analysis of the Double Scaling Limit in the IIB Matrix Model

The IIB matrix model, which is conjectured to be a non-perturbative definition of the type IIB super-
string theory, is studied using a numerical method. The large N scaling behavior of the model is shown
performing a Monte Carlo simulation. The leading order of the Wilson loop operator is measured in the
weak coupling region and the string tension is estimated. ;From the numerical results, the prescription
of the double scaling limit is obtained.
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Orientifold-plane,non-BPS D-brane and Wilson line in type I theory
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