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Abstract 

The concept of topological quantum matter was introduced to condensed matter physics over 
thirty years ago, while its study has been greatly revived since the discovery of time-reversal 
invariant topological insulators in the recent decade. The search for novel topological quantum 
states has been actively involved in the research of both condensed matter and ultracold atom 
systems. In this talk, I will present the main research activity of our group in predicting, 
realizing, and engineering topological quantum physics based on ultracold atoms (first part) 
and solid state materials (second part). For ultracold atoms, I will focus on our progresses of 
exploring topological quantum physics by realizing spin-orbit (SO) couplings in optical lattices, 
with the 2D SO interactions being reported last year. In particular, I will introduce why the 
realization of high-dimensional SO couplings for ultracold atoms is interesting, and show how it 
was proposed and achieved in the experiments. The novel equilibrium and non-equilibrium 
quantum physics with novel topology will be discussed for the SO coupled quantum gases. For 
the solid state systems, I will present our recent prediction of realizing non-Abelian Majorana 
modes in topologically nontrivial and also trivial superconductors. Several fundamental 
theorems will be shown, and may provide useful guidance in search for non-Abelian Majorana 
modes in broader range of superconducting systems. The future interesting issues will also be 
discussed. 
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