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Simulation of the optical nonlinear response in hybrid plasmonic nanostuctures 
 
Context : 
 Nonlinear nanophotonics is a great opportunity for opening new and promising paths towards 
a wide range of practical applications in sensors, quantum computers or cryptography. The 
main challenge lies in the intrinsic weakness of the nonlinear response, which has triggered 
considerable efforts over the last past years. For instance, single particle sensitivity in the 
optical second harmonic generation (SHG), which was inconceivable 10 years ago, has been 
demonstrated only recently in purely plasmonic systems. Combining the enhancement of 
plasmon resonances, associated with large field enhancements, and the nonlinear 
efficiency of non-centrosymmetric nanocrystals appears therefore highly desirable. A 
direct outcome will be to demonstrate new strategies for efficient SHG nanosources but also 
original nonlinear properties driven by the plasmon-assisted strong coupling regime. 
 
Objectives and means available :  
The objective of this internship is to explore from a theoretical point of view the coupling 
between a nano-sized nonlinear crystal and a plasmonic (gold or aluminum) nano-antenna. 
For this proposal, we will include in the numerical simulations developed by G. Bachelier, the 
response of a nonlinear crystal as a source of second harmonic generation, a nonlinear process 
where two photons are converted in a single one. The candidate will investigate theoretically 
how the nanoscale localization and enhancement of the electric field by plasmonic resonances 
can drastically modify the second harmonic generation by a nonlinear nanocrystal. Double 
resonance conditions, sub-radiant/super-radiant mode interplay and symmetry breaking 
induced by the plasmon phase are among the targeted effects. 
This project will be part of a wider research program, lead by G. Bachelier, that has been 
recently granted by the ANR. Hence, all necessary means will be available. The simulations 
already allow describing a real setup with a high level of details: strong focusing by a 
microscope objective, substrate effect on the beam propagation, accounting for any particle 
shape using a CAD software, etc. They have been deployed recently on a new computing 
cluster at the NEEL Institute, providing ideal conditions for a M2 internship. 
 
This internship will be followed by a PhD thesis: the main objective will be to switch to 
spontaneous parametric down conversion (SPDC), the “inverse” process of SHG. The 
developed theoretical tool for hybrid plasmonic nanostructures will be a world-wide 
specificity, opening virgin research horizons for quantum cryptography at the nanoscale…  
 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 
Condensed Matter Physics:  YES    Macroscopic Physics and complexity: NO 
Quantum Physics:  YES    Theoretical Physics: YES 
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