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Topological materials have attracted attention in condensed matter physics because of various topological
properties. As a manifestation of the topological nontriviality, topological surface states appear in
the topological materials. To investigate the characteristic properties, we need to establish a way to
search for the topological materials systematically. Therefore, in this thesis, we study topological
phase transitions involving topological semimetals and gapless superconductors.

Firstly, we study band evolution of surface states when a topological phase transition happens from a
Weyl semimetal phase to a topological insulator phase. To see the band evolution, we focus on time—reversal
invariant systems without inversion symmetry, where both of the Weyl semimetal and the topological
insulator can be realized. By using an effective Hamiltonian and a lattice model, we reveal a relationship
between the Weyl semimetal and the topological insulator in view of the surface states.

Secondly, we clarify a general phase transition from a topological nodal line semimetal phase to spinless
Weyl semimetal phase. We classify topological nodal-lines according to their locations and shapes in the
three—dimensional Brillouin zone in order to elucidate the topological phase transition. From the
classification, we show that the phase transition under symmetry breaking varies depending on the type
of the nodal lines. Furthermore, we discuss how crystallographic symmetries affect the topological phase
transition in the topological nodal-line semimetal.

Finally, we 1investigate topological phase transitions 1in three-dimensional odd-parity or
noncentrosymmetric superconductors with mirror symmetry when the system breaks time—reversal symmetry
In the three—-dimensional superconductors with mirror symmetry, Weyl superconductor and topological
crystalline superconductor phases are realizable as well as a trivial superconductor phase. To clarify
a relationship among these superconducting phases, we construct a universal topological phase diagram
in the mirror-symmetric superconductors. As a result, it is shown that the Weyl superconductor phase
generally appears between the trivial and the topological crystalline superconductor phases. We also
demonstrate how a trajectory of the Weyl nodes determines topological invariants which characterize the
topological phases
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