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Abstract. Topological semimetals (TSMs), characterized by Weyl/Dirac nodes in the bulk and Fermi 

arcs on their surfaces, are new states of three-dimensional quantum matters. They represent the 

extension of the topological classification of matters from insulator to metal. The low energy 

excitation in Dirac/Weyl semimetals (WSM) behaves in the similar way as the massless Dirac/Weyl 

fermions described by Dirac/Weyl equation. The Weyl fermions have certain chirality and have not 

been discovered since Hermann Weyl proposed them nearly 88 years ago. The recent discovery of 

their quasiparticles in solids has inspired broad and intensive studies in the field of TSMs. Notably, the 

Lorentz invariance assumed in high-energy field theory is broken in solids, which leads to more 

unconventional quasiparticles beyond the traditional classification of Dirac-Weyl-Majorana fermions. 

This greatly enriches the quantum states of TSM family, including Node-Line semimetal, type-II 

WSM, multiple-degenerate nodal point semimetal, etc. The precise prediction of materials hosting 

these novel quantum states is highly needed for further studies, while it is also very challenge when 

facing countless materials. In this talk, I will introduce our theoretical predictions of them to show the 

physical pictures, experimental features and practical design. These successful stories have led to the 

first time realization of several TSM family members. Each of them and their relationship with each 

other are discussed and summarized. 


