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The main aim of our  research group is to  develop and analyze holography, which connects gravity in a d+1 dimensional curved space to a strongly-coupled d-dimensional gauge theory living on the boundary of this space. We  started this research  by studying the already-established holography connecting string theory (including gravity) on anti de Sitter space to the four-dimensional (4D) maximally supersymmetric gauge theory. This holography in the large N limit is described by an integrable two-dimensional quantum field theory, which provided a solid basis of our research. In this year: 

1. we summarized our knowledge about two-dimensional integrable systems in a book,

2. we used techniques developed in two dimensional integrable models  to analyze the short distance potentials among baryons in strongly coupled gauge theories (QCD), 

3. we used the large N expansion of two dimensional O(N) sigma models to support Symanzik's theory of lattice artifacts,

4. we proposed a novel approach  to quantize higher spin fields, which necessarily appear in string theory. 

1.  Introduction to the Statistical Physics of Integrable Many-body Systems 

Including topics not traditionally covered in literature, such as (1+1)-dimensional QFT and classical 2D Coulomb gases, this book considers a wide range of models and demonstrates a number of situations to which they can be applied. Beginning with a treatise of non-relativistic 1D continuum Fermi and Bose quantum gases of identical spinless particles, the book describes the quantum inverse scattering method and the analysis of the related Yang-Baxter equation and integrable quantum Heisenberg models. It also discusses systems within condensed matter physics, the complete solution of the sine-Gordon model and modern trends in the thermodynamic Bethe ansatz. Each chapter concludes with problems and solutions to help consolidate the reader's understanding of the theory and its applications. Basic knowledge of quantum mechanics and equilibrium statistical physics is assumed, making this book suitable for graduate students and researchers in statistical physics, quantum mechanics and mathematical and theoretical physics.

2.  Short distance repulsion among baryons

Following analogous investigations in two-dimensional integrable field theory models, such as in the Ising  and Sine-Gordon models, we review recent investigations on the short distance behaviors of potentials among baryons formulated through the Nambu-Bethe-Salpeter (NBS) wave function. We analyze the short distance behavior of the NBS wave functions and the corresponding potentials by combining the operator product expansion and a renormalization group analysis in the perturbation theory of QCD. We find repulsion at short distances, essential for the stability of nuclei against collapse, whose origin has not yet been well understood.

3.  Symanzik effective actions in the large N limit

Symanzik effective actions are conjectured to describe lattice artifacts, but all the original field theory proofs were perturbative. We considered non-linear O(N) sigma model in two dimensions in the leading order of the 1/N-expansion. The class of actions considered included also ones which do not have the usual classical limit and thus are not treatable in the framework of ordinary perturbation theory. The effective actions obtained are shown to reproduce previously computed lattice artifacts of the step scaling functions defined in finite volume, giving further confidence in Symanzik's theory of lattice artifacts.

4.  Projection operator approach to the quantization of higher spin fields

We proposed a general method to construct free quantum fields for massive particles of arbitrary definite spin in a canonical Hamiltonian framework. The main idea of the method is as follows: a multi-component Klein-Gordon field that satisfies canonical (anti)commutation relations and serves as an auxiliary higher spin field is introduced, and the physical higher spin field is obtained by acting on the auxiliary field by a suitable differential operator. The proposed construction allows the calculation of the (anti)commutation relations, the Green functions and the Feynman propagators of the higher spin fields in a straightforward way.

