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Recently, in condensed matter physics, Weyl semimetals, topological superconductors, and
parity-mixing superconductors, which have unique electronic structures owing to strong
spin-orbit coupling and/or noncentrosymmetric crystal structures have attracted tremendous
interest. It is predicted that these materials show unusual responses in transport measurements
under magnetic fields, which include extremely large and non-saturated magnetoresistance,
upper critical fields above and beyond Pauli limit, and so on. However, due to the lack of
candidate materials, experimental researches have been far behind the theoretical predictions.
In this study, in order to explore both Weyl semimetals and exotic superconductors (i.e.,
topological and parity-mixing ones), we focused on semimetals with superconductivity,
strong spin-orbit couplings, and noncentrosymmetric crystal structures. As a result, in this
study, we picked up two material systems: PbTaSe; and T4-MoTe,.

From first principles electronic-states calculations, we revealed that PbTaSe, was a
promising candidate as a topological and/or parity-mixing superconductor. For the first time,
single crystals of PbTaSe, were successfully grown by a modified flux method. In the
obtained crystals, it was found that, in spite of a non-magnetic compound, PbTaSe, showed
non-saturated and linear magnetoresistance at 5 K, which reached 400% at 7 T. In the
superconducting state (T, = 3.8 K), we discovered that the upper critical fields showed an
upward curvature and non-saturated behavior below 1.7 K, indicating possible exotic
superconductivity. On the other hand, we also succeeded in enhancing T, from 3.8 Kto 4.2 K
in PbTaSe, by Bi substitution for Pb.

Single crystals of Ty4-MoTe, were successfully grown by the modified flux method as
similar to PbTaSe,. In the obtained crystal, we discovered extremely large and non-saturated
magnetoresistance at 1.8 K, which reached 22000% at 7 T. Furthermore, from Hall
measurements, we revealed that extremely large magnetoresistance in T4-MoTe; was caused
by high carrier mobility strongly correlated with the sample quality and the carrier balance
between holes and electrons. As for superconductivity, we succeeded in enhancing T. in
Tyq-MoTe, (pristine: T, ~ 0.3 K) by S or Se doping, which dramatically increased onset T, ~
3.0 Kand 3.5 K, respectively, at the optimum doping.
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