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            Abstract
Topological electronic materials such as bismuth selenide, tantalum arsenide and sodium bismuthide show unconventional linear response in the bulk, as well as anomalous gapless states at their boundaries. They are of both fundamental and applied interest, with the potential for use in high-performance electronics and quantum computing. But their detection has so far been hindered by the difficulty of calculating topological invariant properties (or topological nodes), which requires both experience with materials and expertise with advanced theoretical tools. Here we introduce an effective, efficient and fully automated algorithm that diagnoses the nontrivial band topology in a large fraction of nonmagnetic materials. Our algorithm is based on recently developed exhaustive mappings between the symmetry representations of occupied bands and topological invariants. We sweep through a total of 39,519 materials available in a crystal database, and find that as many as 8,056 of them are topologically nontrivial. All results are available and searchable in a database with an interactive user interface.
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                    Fig. 1: Flow chart for our automatic diagnostic algorithm.


Fig. 2: Definition of valence bands and conduction bands.


Fig. 3: The five candidates for the five classes of topological material.
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Extended data figures and tables

Extended Data Fig. 1 Nodal-ring configuration in BaC20 (nsoc setting).
This material is in space group \({\rm{Pm}}\bar{{\rm{3n}}}\). a, The three equivalent nodal rings in the \({{\boldsymbol{k}}}_{i}=0\left(i=x,y,z\right)\) planes, protected by the mirror symmetries on these planes. b, The six equivalent nodal rings in the \({{\boldsymbol{k}}}_{i}\pm {{\boldsymbol{k}}}_{j}=0\left(i,j=x,y,z,\hspace{2.77626pt}i\ne j\right)\) planes, protected by the glide symmetries on these planes.


Extended Data Fig. 2 Topological invariants and surface states of Zr(TiH2)2.
a, Brillouin zone for Zr(TiH2)2, in which the yellow plane is \({m}_{1\bar{1}0}\). b, Wilson loop for Zr(TiH2)2 in the \({m}_{1\bar{1}0}\) plane. c, One-dimensional helical modes in a cubic Zr(TiH2)2 sample. d, Two-dimensional surface states on each surface of a cubic Zr(TiH2)2 sample.


Extended Data Table 1 Possible invariants for space group 227Full size table





Supplementary information
Supplementary Tables
This file contains five tables. These are the lists of all topological materials theoretically discovered in this work. The materials are sorted into the five classes of â€œhigh-symmetry-point semimetalsâ€�, â€œhigh-symmetry-line semimetalsâ€�, â€œgeneric-momenta semimetalsâ€�, â€œtopological insulatorsâ€� and â€œtopological crystalline insulatorsâ€� in Tables I, II, III, IV and V, respectively.
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