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Understanding various aspects of quark-gluon and hadronic many-particle systems interacting via strong
interactions described by quantum chromodynamics (QCD) under multi-extreme conditions (e.g., high
temperature, high density, strong magnetic field, etc.) is one of the most fascinating subjects in modern
theoretical physics. Above all, unraveling the phase structure of quark-hadron many-body systems on the
temperature-chemical potential plane is the most recent topics of interest, which leads to the understanding and
development of the physics in the early universe and the neutron star. The RHIC/LHC-energy experiments and
the lattice-QCD simulations known as a Monte Carlo analysis are accessible to the high-temperature and
low-density regime. As for the high-density regime, however, some experiments to create the dense QCD
matter are now in preparation or under construction. Also, the finite-density lattice-QCD simulation is
infeasible because the fermion determinant is complex and hence its real part can be negative, which is called
the sign problem. Thus, the heavy ion collisions and the lattice calculations alone are insufficient to understand
the finite density QCD, so that an effective model approach based on QCD would be a useful tool to deal with
finite density systems. This leads to a gain of qualitative insights of intermediate-density regime. In this thesis,
we therefore concentrate on the finite density systems.

The focus of this thesis is to study of the quark-hadron phase transition at finite temperature and baryon
chemical potential with a Nambu-Jona-Lasinio (NJL)-type effective model. Here, we adopt an extended NJL
model with a reasonable saturation property as a model for nuclear matter and an extended NJL model with an
additional interaction as a model for quark matter, respectively. We apply the above models including the
scalar-vector eight-point interaction to both symmetric nuclear matter and free quark matter. As a result, the
chiral and quark-hadron phase boundaries are obtained at finite temperature and baryon chemical potential by
comparing the pressures of nuclear and quark matters, i.e., by using three equations of motion for the quark
phase with dynamical mass, the massless quark phase, and the nuclear phase. Also, a quarkyonic-like phase, in
which the chiral symmetry is restored but the elementary excitation modes are nucleonic, appears just before
deconfinement in this model. Furthermore, the scalar-vector coupling dependence of phase diagram is
summarized in this thesis.
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