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In this dissertation we study quantum field theories with extended supersymmetry in four
and three dimensions. In d=4 we study N =2 supersymmetric theories using projective
superspace formalism extensively. We discover the full non-Abelian action for super
Yang-Mills (SYM) theory in projective superspace by studying its relation to harmonic
VXSHUVSDFHXQGHUDVXLWDEOH:LFNURWDWLRQRIWKHODWWHU¶VLQWHUQDOWZR-dimensional sphere.
We also show that a Chern-6LPRQVDFWLRQIRU6<0LQµIXOO¶N =2 superspace can be written
down that reproduces both the harmonic and projective SYM actions. The projective
formalism allows simplifications in computing Feynman supergraphs because the N =2
rules imply simpler D -algebra than the N =1 case. Also, integrals over its one-dimensional
internal space are simpler to handle than the two-dimensional counterparts in the harmonic
case. Furthermore, these calculations are simplified drastically in background field
formalism and to construct it in projective formalism, we have to choose different
representations for quantum and background fields. This also means that the standard
power counting arguments are applicable and finiteness beyond 1-loop for N =2 SYM
becomes manifest. We then study the hyperkähler moduli space of N =2 SYM compactified
on a circle. Recently, it was shown that the Darboux coordinates on the moduli space are
an efficient description of the hyperkähler metric and we give a simple construction of the
integral equation describing these coordinates using projective superspace. We apply this
result to study the moduli space of d=5 N =1 SYM compactified on a torus and we obtain
results in agreement with the literature. Lastly, in d=3 we study the free energy of N =3
Chern-Simons theories associated with affine AD E quivers and conjecture a general
expression for free energy of D n quivers. Through the AdS/CFT correspondence, this leads
to a prediction for the volume of certain class of tri-Sasaki Einstein manifolds. As a
consistency check of our expression, we add massive fundamental flavour fields and verify
that the free energy decreases in accordance with F-theorem once they are integrated out.
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