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We developed a novel experimental approach and data analysis technique for the reconstruc-
tion of nonlinear optical susceptibility tensors with microscopic resolution. This method is in-
spired by the rotational-anisotropy second harmonic generation (RA-SHG) [1] that is widely
used for the readout of tensor elements of nonlinear susceptibilities of bulk materials. The stan-
dard RA-SHG mostly consists of measurements of the polarization-resolved nonlinear signal of
bulk crystals and is not applicable in optical microscopes due to weak control of polarization.
Our optical geometry combining a Bessel-Gaussian laser beam and a patented optical mod-
ule [2] to preserve the polarization state allows us to overcome these restrictions and realize
"static" RA-SHG analysis with microscopic precision and multiple polarization configurations
in the same experiment. For the reconstruction of second-order nonlinear optical susceptibil-
ity tensor, we developed a fitting procedure based on evolutional algorithms that demonstrate
high efficiency even for lowest-symmetry materials. This new approach is used to investigate
the symmetry of the ground state in rare earth nickelates RNiO3. It was predicted that this fam-
ily of compounds may exhibit multiferroicity [3] and we will show that the nonlinear optical
properties potentially provide experimental evidence for such behaviors.
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