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Abstract: Time-reversal-invariant topological insulators support helical liquids at their edges,
providing a platform where topological phenomena and correlation effects interplay. In the first part
of this talk, I will discuss earlier proposals that utilize two parallel channels of these helical liquids to
induce topological superconductivity and topological zero modes, upon introducing local and
nonlocal pairings from an adjacent superconductor [1,2]. In the second part, I will discuss recent
analyses on the effects of electron-electron interactions and electron-phonon coupling on the
topological superconducting phase in double helical liquids in proximity to superconductors [3]. We
find that both interchannel interactions and electron-phonon coupling generally suppress nonlocal
pairing. Contrary to earlier perturbative analyses, our nonperturbative approach reveals that phonons
can induce transitions between topological and trivial phases, thereby suppressing topological
superconductivity and associated zero modes. Our findings suggest that electrically tunable
topological phase transitions can occur in proximitized double helical liquids by adjusting the
strengths of intrachannel and interchannel interactions. Importantly, given the ubiquitous presence of
electron-electron interactions and phonons, our results highlight practical challenges in achieving
topological zero modes in setup utilizing helical channels, including quantum spin Hall insulators,
higher-order topological insulators, and their fractional analogs recently identified in twisted bilayer
systems [4].
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