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Abstract: Polarized nonlinear microscopy, 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 [1]. So far however, polarized signals have been averaged over the spatial size 
of the diffraction-limited spot, missing the possibility to exploit their spatial specificity. In this work, we revisit the data analysis of polarized 
nonlinear microscopy and exploit polarized responses pixel by pixel, with a pixel size of typically 50nm, well below the diffraction limit size 
(~200nm). Even though the resulting SHG image is the result of the convolution between a diffraction limit spot and the nanostructure 
optical response, the additional information gained by the polarization-induced modulation of this signal provides a higher level of 
sensitivity that is directly related to the local optical response of the investigated system. 

Motivation 
Nonlinear Response in Nanoparticles 

Institut Fresnel has developed an expertise in advanced polarization resolved 

nonlinear microscopy for structural imaging in molecular systems and tissues [2-4], 

recently applied to single nano-particles made of metallic branched structures [6]. 

These nano-objects, which are ideal candidates for efficient nonlinear emission, will 

be used as starting models for coherent optical probes in biological media (cells, 

tissue slices or in vivo). The nonlinear nature of their emission will make them stable 

and tunable nano-sources, able to report their localization with high accuracy in 3D, 

potentially sensing local environment changes, and actively inducing perturbations 

such as controlled temperature increase at the nano-scale. In this work, we develop 

a polarization resolved nonlinear imaging set-up to probe the sensitivity of these 

nano-particles to incident polarization, and use it to identify them in a novel way. 

The nanostructures are small in size as compared to the excitation point spread 

function (PSF) but they respond differently in SHG to varying incident polarizations. 

A fine spatial image sampling, performed in conjunction with a post-processing drift 

correction of the images, provides local modulations of the nonlinear signals that 

are treated as Fourier series of the incident varying polarizations. 

Conclusion 
Polarized nonlinear imaging (NLO) of nano-particles (metallic and BTO) exhibit strong SHG emissions. 

The signal from the metallic nano-stars arises from the field enhancement by plasmons at the surface of 

the nano-structure, while the nonlinear emission from the BTO crystals is present within the crystalline 

bulk and interface. The polarized field quantities (𝐼2, 𝐼4, 𝐼6) show features that are below the diffraction 

limit. This analysis, performed at a 50nm pixel scale, reveals the structure of metallic nanostars and the 

substructure of BTO nanospheres. 
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Setup 

The setup employs a Ti:Sa laser at 830 nm for Second Harmonic Generation (SHG) 

and a pumped OPO source at 830 nm and 1087 nm for Four Wave Mixing (FWM) 

excitation. The incident beam’s polarisation is rotated by half-lambda plate and 

focused by high NA objective onto the sample. The focus spot is scanned over the 

sample by a Galvo Mirror system. The resultant SHG or FWM emission is filtered 

through dichroic mirrors (DM) and detected by photomultiplier tubes (PMT). 

SHG emission 

of nanoparticles 

Particle size dependence in Nano-BaTiO3 

Modelling BTO 

 

 

 

 

The BTO nano spheres are modelled after [7], but simplified, using a composite structure 

of an inner tetragonal lattice core, a centrosymmetric lattice shell. and a thin interface 

surface with a SHG response normal to the surface. We vary the size of the crystal, the 

relative efficiency of core vs interface, the PSF and the orientation angle out-of-plane of 

the crystal. The core-shell structure reveals features that wouldn’t be present in a 

homogenous crystal like KTP. 
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𝐴0 𝐼2 𝐼2, 𝜑2 

Shown here are measured polarized field quantities up to 2nd order, with a resolution of 

~50 nm per pixel, of spherical BaTiO3 nano crystals with varying diameter: 500 nm and 

300 nm. This method uncovers the core and surface structure of BTO nano spheres. 
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Method 
Polarized NLO Imaging 

Decomposition in Fourier Series: 
 

𝐼 = 𝑎0 + 𝑎2 cos 2𝛼 + 𝑎4 cos 4𝛼 + 𝑎6 cos 6𝛼 
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Amplitude and orientation of the 𝑛-th order 
symmetry of the polarized response: 
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SHG emission of KTP nano crystal 

Metallic Nano Stars 

FDTD Calculations of the electric field 

show that the enhancement depends on 

the angle between the structure and  

polarization of the incident  field. 

𝐴0 𝐼2 𝐼2, 𝜑2 

We have used gold nanoparticles with shapes resembling two dimensional spherical 

harmonics of orders of symmetry 2, 3, 4 and 5 [5]. The sub-diffraction scale structure of 

nanoparticles is revealed by polarization resolved nonlinear microscopy [6]. 
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Gold nano stars 

PSF 100, shell 500, core 375, 90 deg (on plane) 

PSF 100, shell 500, core 375, 90 deg (on plane) 


