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The phase structure of gauge theory is one of the most fascinating subjects in particle physics. Because of
its strong coupling feature, perturbation is not effective in general. Thus, non—perturbative approach is
needed. In this thesis, we discuss the phase structure of SU(3) gauge theory through two different
non—perturbative approaches.

In part 1, we discuss the fate of U(1)A anomaly in massless Nf = 2 QCD at finite temperature system using
lattice simulation. U{1)A symmetry is a symmetry of massless QCD Lagrangian, however it is not reflected in
the particle spectra, because of quantum anomaly. Although anomaly is an explicit breaking, there is a
possibility, U(1}A may be restored above the critical temperature. Most of lattice studies reported negative
results, except for the simulation with the overlap fermion, which has exact chiral symmetry. In this thesis,
we show significant difference between the spectrum of domain—wall type Dirac operator and the overlap—Dirac
operator, which have been believed that almost same Dirac coperators. We also show a volume insensitive gap
in the overlap-Dirac spectrum. This may suggest U(1}A is restored above the critical temperature at quark
mass vanishing and thermodynamic limit.

In part 2, we discuss supersymmetric SU(3) gauge theory on 82 %51 in the context of the Hosotani mechanism
by using the supersymmetric localization technique. The Hosotani mechanism is a mechanism, which breaks gauge
symmetry by the Wilson line phase along compactified extra—dimension. The Wilson line phase is determined
by the effective potential, which is calculated from the vacuum bubble of fermion and boson. The Hosotani
mechanism does not occur in supersymmetric gauge theory in flat space— time because of cancelation between
fermion and boson loop contribution. We calculate the effective potential by using the supersymmetric
localization technique. Thanks to the curvature of $2, which couples to only scaler field, we obtain a nontrivial
effective potential. We take large R—charge limit in order to consider symmetry breaking. As a result, we
reproduce the effective potential as obtained by the perturbation and lattice simulation. This approach has

some difficulties, we comment on these issues.
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