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Abstract This paper is focused on an introduction to the mechanism of nonlinearity enhancement by field
confinement and magnification effects of surface plasmon polariton (SPP). By coupling the incident electromagnetic
field with the coherent motion of free-electron plasma in the metal, SPP is excited near the metal surface, providing
field confinement in nanoscale, which results in the enhancement of electrical field and nonlinearity magnitude. The
light intensity required for nonlinear process is dramatically reduced and the occurrence of weak light nonlinear
process in nanoscale is possible. Starting from the situation of metallic nanoparticle system, the basic principle of
enhancement of electric field and nonlinearity by surface plasmon resonance is introduced. A theory for the evaluation
of third-order optical susceptibility of nonlinear nano-composites is presented, which is further used to analyze the
nonlinear property of an asymmetric split ring metamaterial. Finally, the surface plasmon resonance is used to
enhance the magnitude of nonlinear optical activity effect. The nonlinearity enhancement by surface plasmon is
proved to pave a way for the development of weak light nonlinearity in nanoscale.
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Fig. 2 ASR nonlinear metamaterial. (a) SEM image of

the metamaterial and the detail of a single meta-
molecule; (b) linear absorption, transmission, and
reflection spectra of the metamaterial showing a
plasmonic resonance at 890 nm. Light is polarized
in the y direction. (c¢) the planar gold film
experimentally measured two-photon absorption
coefficient B (green data dots) and its eyeguiding
line ( green solid line). The experimentally
measured and theoretically evaluated nonlinearity
enhancement factor L. are shown in blue and red,
respectively. The inset shows a numerically
simulated map of the electric field magnitude inside

a meta-molecule at a wavelength of 890 nm
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(¢) Mirror-symmetric of (b), showing optical activity equal in amplitude but opposite in sign
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Fig. 6 Optical activity dispersion property in terms of (a) circular birefringence (polarization rotation) and

(b) circular dichroism Cellipticity angle) at low (blue) and high (red) light intensity levels, respectively
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Fig. 7 Power-dependent changes of the metamaterial’s (a) circular birefringence and (b) circular dichroism

for the resonance wavelength of 942 nm
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