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The purpose of this thesis is to study quantum periods in four—-dimensional N=2 supersymmetric gauge

theories with hypermultiplets defined in the Nekrasov-Shatashvili (NS) limit of the Omega background.

We first review the Seiberg—Witten theory. In N=2 supersymmetric gauge theories, their dynamics in the
Coulomb moduli space is described by the Seiberg-Witten (SW) curve. The periods of the SW curve enable
us to analyze the low—energy effective theory, including non—perturbative effects, at both weak and strong
coupling. In the weak coupling region, one can investigate the non—perturbative instanton effects through
the prepotential. At strong coupling, one obtains the periods around singularities in the Coulomb moduli
space, where BPS particles become massless. The dual prepotentials around the massless monopole/dyon point
are also determined from the SW curve and its periods. At a superconformal point, where mutually non—local
BPS particles become massless, the curve degenerate and the theory becomes an interacting N=2
superconformal field theory, called the Argyres—Douglas (AD) theory. The AD theory has fractional scaling
dimensional operators and no microscopic Lagrangian. The BPS spectrum of the AD theory is determined from

the degenerated SW curve.

We next study the quantization of Seiberg-Witten curve for N=2 supersymmetric quantum chromodynamics
(SQCD). The SW curve is quantized with help of the canonical quantization of the symplectic structure
derived by the SW differential. The Planck constant corresponds to the deformation parameter of the NS
limit of the Omega background. The quantum correction to the SW periods, obtained from the WKB solution,
is given from the SW periods by acting some differential operator. In the weak coupling region, the quantum
periods agree with those obtained from the NS limit of the Nekrasov partition function, where the gauge
theory is defined in the Omega background. We compute the quantum SW periods around the massless monopole
point and the superconformal point up to the fourth order in the parameter of the Omega background. We
then find the general formulas for the second and fourth order corrections to the SW periods in the SU(N)

SQCD and related Argyres—Douglas theory.
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