TANUS

National University
of Singapore

Department of Materials Science and Engineering Seminar
Series 2026

Magnetic field dependence of current-phase relation in
topological insulator-based Josephson junctions

Andrei Kudriashov

Date and time: Tuesday, 18 August 2026 10:00 am
Venue: Level 9 meeting room, NUS S9 Wet Science Building

Abstract

Josephson junctions (JJs) based on topological insulators (Tls) are predicted to support Majorana zero
modes (MZMs) bound to Josephson vortices. MZMs are expected to behave as non-Abelian anyons,
making topological JJs a promising platform for fault-tolerant topological quantum computing. While
several experiments have reported signatures consistent with MZMs in Tl-based lJs, alternative
explanations based on non-topological mechanisms often cannot be conclusively ruled out. As a result,
the unambiguous identification of MZMs in these systems remains an open problem.

In this work, we propose direct measurements of the current-phase relation (CPR) in the presence of
an external magnetic field as a complementary approach to distinguish between trivial and topological
contributions in Tl-based JJs. We perform a detailed investigation of the CPR’s magnetic field
dependence in Bi,Ses and Biy0sSno.02SbosTe,S-based JJs, and find that the measured behaviour is not
consistent with the fusion of MZMs. Instead, it can be explained by a combination of trivial effects,
such as high kinetic inductance of a thin NbSe,, spatially non-uniform critical current density, and
charge traps in the Tl bulk.

We conclude that reliable identification of MZMs requires their strong isolation from other conductive
channels, such as bulk states or non-proximitized surface states. When such isolation is achieved, CPR
measurements can be used to detect parity-dependent supercurrent and establish the MZM’s non-
Abelian nature.
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