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This talk includes two topics. I will first discuss our research on a new property of Majorana edge states and its application in the
detection of such edge modes. In the second part, I will talk about a nonreciprocal transport phenomenon, termed the superconductor
diode effect, which has been attracting a lot of attention recently.

Majorana states obey non-Abelian statistics, which makes them a promising candidate for achieving topological quantum computation.
The past decade witnessed great progresses in the research on Majorana states. However, in the path to topological qubits, there exist
serious difficulties that are yet to be overcome, including the detection of such states. Current detection methods rely a lot on transport
measurements where Majorana fermions manifest themselves by inducing electron-pair tunneling, i.e., Andreev reflection. In this talk, I
will show that chiral Majorana fermions in topological superconductors can generate optical responses, resulting in a local optical
conductivity ¢,,(r) proportional to w? when the photon frequency w is small. The features of the g, distinguish chiral Majorana
fermions not only from trivial superconductors or insulators (where g, = 0), but also from normal electronic edge states such as those
in quantum Hall systems (where ¢, = e?/2h). We further discuss the optical responses of chiral Majorana modes in the Kitaev quantum
spin liquids, where the optical signal is a Raman scattering intensity proportional to «?, w beingng the Raman frequency shift.

The superconductor diode effect refers to a phenomenon in which a supercurrent becomes normal when its direction is reversed. It has
been reported in various systems in the past couple of years. Here, I will share our understanding of the physics behind this phenomenon
in a certain class of systems, i.e., superconductors with strong spin-orbit coupling and Zeeman splitting. We will first discuss a rather
general description of this phenomenon with the Ginzburg-Landau theory. And then, Rashba superconductors are taken as an example,
for which both the GL theory and numerical calculations based on the Bogoliubov-de Gennes mean field Hamiltonian are given, and the
parameter dependences of the nonreciprocal supercurrent are obtained.
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