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In this talk I will discuss two applications of nonlinear responses in uncovering topological nature of quantum

matter.

In the first part, I will focus on the shift current, a second order nonlinear optical response. The shift current shows a

divergent behavior inversely proportional to light frequency in a clean type-II Weyl semimetal. The effects of

temperature and doping are discussed, which introduce cut-off energy scales and result in peaks reminiscent of the

divergent behaviour. This effect originates from the singular Berry’s connection in the Weyl semimetal and the

Pauli-blocking mechanism, and can be used to distinguish type-I and type-II Weyl semimetals which exhibit

different Fermi surface topology.

In the second part, I will discuss the use of THz pump-probe response in 2d systems to detect fractional statistics of

anyons. In a pump-probe experiment, anyons excited by the pump pulse and probe pulse can braid with each other

constructively, resulting in a divergent piece which is proportional to t^{3/2} times the linear response, which will

dominate the response at intermediate time-scale. I will present numerical simulations in a perturbed toric-code

model based on exactly diagonalization and matrix-product states to explicitly demonstrate this phenomenon. At

different parameter regimes, the perturbed toric-code model exhibits different phases, whose nature can be captured

by their different behavior in the pump-probe response tensors.
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