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alloy models16,18,21,23 that artificially retain the high symmetry
of components, we find a new, sequential, one-by-one inversion
of the split L-valley components (by as much as 150 meV)
over a range of alloy compositions. A sequential transition
occurs between the insulating alloy and a metallic phase in
(PbSe)1�x(SnSe)x over a finite range of compositions (here,
12% o x o 30%). This is consistent with an optical
experiment33 that observes a composition range (13% o x o
24%) for the transition (however, a gap smaller than 50 meV
could not be detected). Perhaps in future, high-resolution
experiments e.g. low-temperature THz range optics and Angle-
Resolved Photoemission Spectroscopy (ARPES) could narrow
down the range.

(b) The removal of spin degeneracy by lifting inversion
symmetry in the alloy leads to a WSM phase (the separation
of Weyl points in momentum space can be larger than 0.05 Å�1)
in the sequential band inversion regime, even without the need
of an external magnetic field (Fig. 1d).

Both realizations (a) and (b) originate from the local sym-
metry breaking. The fact that both PbSe and SnSe in the cubic
phase have inversion-symmetry, yet a Weyl phase is predicted
in random alloy (PbSe)1�x(SnSe)x, is unprecedented, and
implies that the effect owes its existence to inversion symmetry
breaking induced by alloy disorder, not pre-existing in the
constituent compounds. A recent observation34
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One expects that in general a random substitutional alloy
will be inherently polymorphous, i.e., each of the A sites ‘see’ a
different potential (and so do each of the B sites). Whether this
causes a measurable breaking of valley degeneracy depends on
the delocalization vs. localization of the pertinent wavefunction,
which in turn reflects the physical disparity (size; electronic
properties) between the two alloyed elements A and B. We find
in (PbSe)1�x
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symmetry of constituent compounds. Such Weyl phase originates
from the local symmetry breaking induced by disorder, which
agrees with the magnetoresistance experiment and reveals the
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