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Polarized Nonlinear Nanoscopy reveals 

Nanoscale Architecture of Nanostructures
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Polarized nonlinear nanoscopy (PNN), relying on second harmonic generation (SHG) responses in particular, is known to be highly sensitive
to the shape and size of metal and ferroelectric nanoparticles, with the unique ability to reveal shape defects even though the investigated
nanostructure size is below the diffraction limit. In this work, we revisit the data analysis of polarized nonlinear microscopy and exploit
polarized responses pixel by pixel below the diffraction limit (~40 nm per pixel). The additional information gained by the polarization-
induced modulation provides a higher level of sensitivity that is directly related to the local optical response of the investigated system.
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We have used gold nanoparticles with shapes resembling two dimensional
spherical harmonics of orders of symmetry 2, 3, 4 and 5. The sub-diffraction scale
structure of nanoparticles is revealed by polarization resolved nonlinear
nanoscopy.

Our method uncovers the core and
surface structure of BaTiO3
nanospheres of varying sizes. The
structure is modelled as an inner
tetragonal lattice core, a
centrosymmetric lattice shell, and a
thin interface surface with a SHG
response normal to the surface.
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Amplitude and orientation of the nth order 
symmetry of the polarized response:

Even though it is a
powerful tool, PNN
limitations include, first,
the loss of information in
the SHG emission signal,
due to the scanning being
in-plane only, and second,
the excitation polarization
is the same in every part
of the focus. We are
addressing these by
changing the scanning
polarization from in-plane
to a spatially structured
one in 3D polarization. We
thus create a new pattern
in the BFP, in order to
customize the PSF in a
more optimized way, to
excite spatially extended
structures.

We use a SLM to create a personalized
BFP that allows us to create arbitrary
orientations of the polarization in the
focus, along any direction Ω(θ,ψ,ϕ). A
second SLM allows us to control the
phase of the overall excitation beam,
so that we can correct for aberrations
created by any optical element in our
path.

In order to monitor these changes, we
have designed a polarimeter that can
indicate per pixel the polarization state
at the cross-section of any collimated
beam.

Using a different arrangement, we manipulate the phase/amplitude with two SLMs in order to create a PSF
with arbitrary intensity and polarization. This will increase the coupling between the beam and the
nanostructures so we can obtain maximum SHG emission signal. We simulate the trajectory back-and-forth
between the BFP and the PSF. This is needed to calculate the shape of the input field necessary to obtain
the desired PSF pattern.
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Simulation of a 4-spot PSF with 

different polarizations
Measurement of a 4-spot PSF using 

170 nm beads fluorescence


