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In this thesis, we study the S-duality for the four dimensional N = 2, SU(2) superconformal
field theories coupled to the (A4;,Dy) type Argyres-Douglas theories. These superconformal theories
cannot be engineered by compactifying the 6d N = (2,0) superconformal field theory of type A; on
Riemann surface. We propose that the Nekrasov formula for the Argyres-Douglas theories by extending
the generalized AGT correspondence to the case of U(2) gauge group, which is induced by defining the
irregular state of the direct sum of Virasoro algebra and Heisenberg algebra. This formula is regarded as
the contribution from the (A4, Dy) theory to the instanton part of the Nekrasov partition function. As we
apply this Nekrasov formula to these four-dimensional superconformal field theories, we evaluate the
Nekrasov partition function of these theories and find that the prepotential is related to that of the SU(2)
superconformal QCD by the non-trivial replacement of the UV gauge coupling. From the relation of the
prepotentials, we read off the action of the S-duality group on the UV gauge coupling of these theories
via that of the SU(2) superconformal QCD.



