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Pressure-driven superconductivity in topological insulators
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Topological insulators are quantum electronic matters with a bulk insulating gap accompanied by the topologically
protected gapless surface states or edge states. In analogy with topological insulators, topological superconductors
possess a bulk superconducting gap together with the gapless Majorana bound states (Andreev bound states). Beyond
the fundamental interests from view of condensed matter physics and materials science, the primary motivation for
studying topological materials would originate from the expectation as an ideal platform for detecting and manipulating
Majorana fermions. In the Doctor thesis, the author aims at precisely clarifying the structural behavior of tetradymite-
type (A2B3) topological insulators under pressure, and at investigating their physical properties under pressure, in
particular searching for novel quantum phases such as superconductivity.

In chapter 3, the author reports crystal structure of Ag-doped Bi>Ses in a pressure range of 0 — 30 GPa, showing
that two structural phase transitions occur at 8.8 and 24 GPa. In chapter 4, pressure dependence of electric transport
properties of Ag-doped Bi,Ses is reported at 0 — 26 GPa, and the emergence of superconductivity is confirmed at 11
GPa. From magnetic field (H) dependence of superconducting transition temperature (T.) at 11 and 20.5 GPa, the
reduced magnetic field (h*) - t (t = T/T.) plots are obtained, suggesting a possible p-wave pairing in superconductivity.
In chapter 5, the author reports pressure dependence of crystal structure of Bi,«SbyTe,Se (x = 0, 0.25, 0.5, and 1.0)
clarified on the basis of synchrotron X-ray diffraction (XRD) measurement at 0 — 30 GPa. Three and four phases are
found in Bi,Te,Se and Bi,«SbxTe,Se (x = 0.25, 0.5, and 1.0), respectively. Phase II’ (monoclinic structure (C2/c, No.
15)) is observed in Bi,..Sb,Te>Se at x # 0. In chapter 6, the author fully reports the electric transport properties of Bis.
SbyTesSe (x =0, 0.25, 0.5, and 1.0) up to 15 GPa. At ambient pressure, all samples show no superconductivity down to
2.0 K. However, the superconductivity emerges in phase I by applying pressure, and the value of superconducting
transition temperature, T., gradually increases with pressure. The h* - t plots are followed by p-wave polar model,
indicating a possible p-wave superconducting pairing, as in Ag-doped Bi,Ses. In chapter 7, the author reports crystal
structure and electric transport properties of BiSbTeSe, under pressure. Two structural phase transitions are found at 0
— 29 GPa. Superconductivity is observed in phase II, by applying pressure; Te amount in Bi.«SbxTes.ySey seems to be a
key for the phase (phase I or phase II) in which superconductivity emerges. Through this Doctor thesis, the author has
clarified the superconducting behavior of topological insulators under pressure, and discussed the topological nature in

superconductors. This is the first systematic study for the pressure-driven superconductivity in topological insulators.
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