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Intrinsic local symmetry breaking in nominally cubic paraelectric BaTiO3
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supercells and useable in calculating electronic and magnetic
properties of paraphases.

The present approach to the microscopic understanding of
paraphases allows us to learn a great deal about symmetry
breaking. For example, upon projecting the displacement field
on the irreducible representation, we find the hidden polar
FE-like mode �4

– with given 4 × 4 × 4 supercell, forbidden
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TABLE I. Properties of cubic BaTiO3 with polymorphous nature from 20 runs. The net dipole is defined as the absolute value of the sum
of displaced Ti vectors with respect to the mass center of the octahedron. Internal energy lowering of cubic BaTiO3 is the enthalpy difference



ZHAO, MALYI, BILLINGE, AND ZUNGER PHYSICAL REVIEW B 105, 224108 (2022)

energy alone before temperature sets in, presenting two off-
center peaks. The distribution of Ti displacements at 800 K
mimics the polymorphous distribution seen in the super-
cell before the temperature sets in, having dmax =∼0.10 Å.
The two-peak distribution gradually transforms to a flat and
structureless distribution as temperatures increase above the
predicted Curie temperature, with a decrease of dmax from
∼0.10 at 800 K to ∼0.04 at 1200 K in the same time window
(20 ps) and cell size (64 f.u./cell). The decrease of dmax
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