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            Abstract
Fermionsâ€”elementary particles such as electronsâ€”are classified as Dirac, Majorana or Weyl. Majorana and Weyl fermions had not been observed experimentally until the recent discovery of condensed matter systems such as topological superconductors and semimetals, in which they arise as low-energy excitations1,2,3,4,5,6. Here we propose the existence of a previously overlooked type of Weyl fermion that emerges at the boundary between electron and hole pockets in a new phase of matter. This particle was missed by Weyl7 because it breaks the stringent Lorentz symmetry in high-energy physics. Lorentz invariance, however, is not present in condensed matter physics, and by generalizing the Dirac equation, we find the new type of Weyl fermion. In particular, whereas Weyl semimetalsâ€”materials hosting Weyl fermionsâ€”were previously thought to have standard Weyl points with a point-like Fermi surface (which we refer to as type-I), we discover a type-II Weyl point, which is still a protected crossing, but appears at the contact of electron and hole pockets in type-II Weyl semimetals. We predict that WTe2 is an example of a topological semimetal hosting the new particle as a low-energy excitation around such a type-II Weyl point. The existence of type-II Weyl points in WTe2 means that many of its physical properties are very different to those of standard Weyl semimetals with point-like Fermi surfaces.
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                    Figure 1: Possible types of Weyl semimetals.[image: ]


Figure 2: Band structure of WTe2.[image: ]


Figure 3: Fermi surface at kzâ€‰=â€‰0.[image: ]


Figure 4: Topological surface states.[image: ]
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A fourth fermion predicted
Topological insulators and semimetals, condensed matter systems with topologically protected electronic states, may host types of fermions (in the form of low-energy excitations) that have so far remained elusive in high-energy particle physics experiments. Three different kinds of fermions are known from such topological systems â€” Dirac, Majorana and Weyl fermions. Alexey Soluyanov et al. now propose a previously overlooked type of fermion, type-II Weyl fermions, to be found in a topological system that they call a type-II Weyl semimetal. This material has an open Fermi surface, resulting in a range of physical properties very different from those of standard Weyl points with point-like Fermi surfaces. The authors predict that tungsten ditelluride (WTe2) is one such type II Weyl semimetal.
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