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Ferroelastic materials exhibit a spontaneous ferroic order parameter analogous to ferroelectrics and ferromagnets, though here the order parameter is strain rather than polarisation or magnetisation. In ferroelectrics, coupling between polarisation and strain is ubiquitous, and ferroelasticity can also couple strongly to magnetism, yet the role of subtly different symmetries within the same crystal structure is often overlooked despite their strong impact on local physical properties. In LaAlO₃, four crystallographic ferroelastic domains arise from 90° in-plane rotations of the scattering planes, surface tilts, and optical or strain axes, with atomically sharp twin walls forming between them that define mirror planes for multiple physical properties and create pristine boundaries where, for example, optical axes meet orthogonally.

Control of ferroelastic domains and twin walls is therefore of significant interest. Strain, whether epitaxial or externally applied, provides a powerful means of probing ferroic behaviour, motivating the study of nominally simple, uncoupled ferroelastics to disentangle more complex, coupled responses. Here, uniaxial mechanical strain is applied along different crystallographic directions of LaAlO₃ to investigate ferroelastic domain switching and domain wall motion using atomic force microscopy, scattering-type near-field optical microscopy, X-ray diffraction, and Raman spectroscopy, revealing ferroelastic twin walls as controllable, naturally occurring nanophotonic elements, alongside the stabilisation of a likely orthorhombic phase, and strain-induced lifting of degeneracy in the asymmetric Eg Raman modes consistent with density functional perturbation theory.
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Fig. 1: a Dielectric permittivity tensor deconstructed into two orthogonal components b Four emergent domains due to rhombohedral distortion of pseudocubic LaAlO3 along the set of {111} planes.  c schematic showing tiling of domains and an atomic force microscopy (AFM) error signal image d of the domains on a (001) oriented sample.
