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We have developed experimental equipment to investigate ultrafast optical responses of a
semiconductor under uniaxial stress. Here, we focused on Raman scattering techniques that are
sensitive to crystal lattice symmetry in order to directly observe the real-space distribution of
uniaxial strain. In particular, we have analyzed the polarization dependence of the Raman
spectra, sensitive to the lattice symmetry, and developed the apparatus for microscope Raman
measurements. We performed polarization-dependent microscope Raman scattering
measurements of Na2BaNi(POs)2, a material expected to exhibit a new electronic order called
ferroaxial order. We observed clear polarization dependence, which can clearly be interpreted
with first-principles calculations and group theory. It has also become possible to measure the
spatial dependence of strain when applying uniaxial pressure. In the future, the correspondence
between the ultrafast dynamics of electronic systems and the bandgap of semiconductors
modulated by uniaxial stress will be revealed by measurements of excitation and relaxation
processes of electronic systems in semiconductors.
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Fig. 1 Hydrostatic and uniaxial pressure.
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LiNbO; 415.5 nm, 624.0 cm™!
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Fig. 2 Spatial resolution of our microscope Raman scattering setup. (a) Typical Raman scattering spectrum
of a single crystal LiNbOs. The vertical line indicates the wavenumber exhibiting the strong Raman
intensity. (b) Real space mapping of the Raman intensity at 624 cm™ partly shown in panel a. (c) The
intensity along the X direction at Y = -100 mm (black dots). The derivative of the intensity (blue dots) and
fitted curve by a single gaussian (blue curve). (d) The same as (c) but Y = 100 mm. (e) Histogram of
FWHM from the gaussian fits made at a number of Y positions. (f) FWHM as a function of Y position.
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Fig. 3 Raman scattering spectra of Na;BaNi(PO4)> collected at room temperature in six
polarization geometries.
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Na,BaNi(PO4), 985.9 cm™!
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Fig. 4 (left) Real-space mapping of the Raman scattering intensity at 985.9 cm™ from
NayBaNi(POys),. (right) Real-space image of the sample corresponding to the left panel.
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