Simulation of optical near fields generated by a sub-wavelength slit array in a gold film and its electric quadrupole interaction with matter
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An optical near field gathers much notice for applications in optical detection beyond the diffraction limit of light. Owing to spatial localization of the field, the optical near field has a characteristic wave vector. For example, the wave number of the optical near field accompanied with a small aperture such as a probe of a scanning near field optical microscope has a distribution, the width of which corresponds to the inverse of the aperture diameter [1]. Since electric quadrupole interaction between a light field and matter depends explicitly on the wave vector or the field gradient, it is expected that the efficiency of an electric quadrupole transition is enhanced in optical near fields. The enhancement of the electric quadrupole 1s exciton transition in Cu2O has been discussed for the optical near field at a small aperture [2]. This kind of enhancement has been really observed by attenuated total reflection spectroscopy for the (s-d) electric quadrupole transition of cesium atoms [3]. 

In this work we examine high efficient methods to detect an electric quadrupole transition with utilizing the field gradient of optical near fields. We simulate light propagation through a gold thin film with a periodically structured 50 nm width slit array using a FDTD (Finite Difference Time Domain) method. In the case where the polarization of the incident light is perpendicular to the slit, the light propagation in the slit and the optical near field generation at the slit exit are efficient and the efficiency is almost independent of the film thickness owing to the presence of a guided mode in the slit. Slit period dependences of the light transmission and the optical near field generation are examined. The enhancement of the oscillator strength of the 1s exciton transition in Cu2O with the light field in the volume of 50 nm thick above the gold film from that with the plane light wave in the crystal is evaluated to be about 8 at the slit period of 100 nm. 
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