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Extreme Scattering Effect (ESE) is examined for light scattering by local irregularity of the multilayered structure deposited on glass prism. It has been shown that ESE occurs in the evanescent wave area and consists in a sharp changing of the Scattering Cross-Section up to two orders under variation of the incident angle by 1.5 degree. Distribution of the scattered intensity over the space has been displayed as well. 

Introduction

Continuous advances in an ability to fabricate and utilize metal-dielectric nanostructures and to model and measure their optical properties have brought plasmonics into the forefront of contemporary nanoscience and nanotechnology. Among a multitude of research directions within the plasmonics field, the understanding and application of the light scattering properties of local irregularities of metal films deposited upon dielectric substrate has proved to be one of the richest. The study of light transmission or reflection by local irregularities on metal-dielectric structures is especially interesting due to its potential practical applications in optical antennas, biosensoring, near-field scanning optical microscopy, solar cells and others. Progress in nanotechnologies makes possible the experimental investigation and exploitation of novel effects in the nanoscale region. As modern optical measurement techniques become more and more sophisticated there is a need in an adequate electromagnetic modeling tool that can faithfully describe the precise field distribution over the space. 
DISCRETE SOURCES METHOD 
A wide variety of computational methods is applicable for modeling interactions of light with local irregularities of multilayered structures. Discrete Sources Method (DSM) seems to be one of most flexible and low costs techniques for boundary valued scattering problems analysis. The advantage of DSM is that it is a semi-analytical surface based meshless method and it does not require any integration procedure. In the frame of DSM the scattered field everywhere outside local irregularity is constructed as a finite linear combination of the fields resulting from multipoles distributed inside the irregularity. The DSM solution satisfies Maxwell’s equations, required infinity conditions and transmission conditions enforced at the layered interfaces. The Green Tensor (GT) of a layered plane interface is incorporated to account for the complete interaction of the irregularity with the plane interfaces analytically. While most conditions of the boundary valued scattering problem are satisfied analytically the unknown amplitudes of discrete sources (DS) are determined from transmission conditions enforced at the irregularity’s surface only.
One of the most attractive features of the DSM implementation consists in a flexible choice of the DS fields which are used for the approximation of the solution. Besides, DSM enables to employ different numbers of DS for representation of the scattered and internal fields that gives an opportunity to examine obstacles with high refractive indices. Another advantage of DSM is that the DSM scheme enables to estimate errors of the approximate solution by tracking the real convergence of the solution [1].
Most advanced DSM schemes have been already realized to treat axial symmetric irregularities. In current case the DSM scheme is focused on an axial symmetry of the scattering problem geometry. Because the multipoles generating the fields are distributed over the axis of symmetry inside the irregularity the DSM solution including the GT accepts the form of finite Fourier series with respect to the azimuth angle. Light exciting the irregularity is resolved in Fourier series with respect to the azimuth angle. This procedure reduces the surface approximation to a set of 1D approximating problems enforced at the irregularity’s meridian. To fit the transmission conditions the Generalized Point-Matching Technique is employed. Distributing the matching points over the meridian leads to the reduction of the size of rectangular linear systems to be solved and yields reduction of the computation time and memory storage. The multipoles’ amplitudes are determined as pseudo-solutions of over-determined systems of linear equations. To ensure the full rank of the rectangular matrices regularization procedure is applied. We use Tikhonov’s regularization in least square sense with a complex shift of spectrum of the extended rectangular matrix, which assures a normal pseudo-solution [2]. The value of regularization parameter is adjusted to the errors of GT components computation.

The DSM numerical scheme allows considering of all incident angles and both polarization P and S at once. The DSM computer model controls convergence and stability of results by a posterior evaluation of the surface residual at the irregularity surface in least square norm. Besides, the corresponding far field pattern is represented as a finite linear combination of elementary functions allowing fast computer analysis of the intensity distribution and objective response or scattering cross-sections [3].
EXTREME SCATTERING EFFECT
The effect of the Extraordinary Optical Transmission (EOT) by Ebbesen et al. in 1998 through subwavelength holes array in noble metal screen is used for multiple practical applications in plasmonics. Lately we have reported the Extreme Transmission Effect [4] through a circular hole in a noble metal film deposited on a glass prism. The main differences of the EOT and the ETE are:

· The ETE appears in the evanescent wave area only;

· The Transmission Cross-Section (TCS) associated with the ETE under certain “optimal incident angle” beyond the critical one exceeds an order the TCS under normal excitation which is usually used in connection with the EOT;

· The ETE is extremely sensitive to the change of the incident angle and varies in value up to two orders under variation of the incident angle by just 1.5 degree;

· The ETE occurs both for a single hole and for several ones.

As it was found the ETE does not depend on the metal film’s thickness, hole’s diameter and its filling, but it is strongly influenced by the metal film material [4]. In the consecutive papers it was demonstrated that the ETE occurs not only for holes but for other types of the film irregularities as well [5-6]. Correlation between the ETE and Plasmon Resonance in film has been established [7]. Subsequent analysis of the scattered intensity distribution in the whole space and Reflection Cross-Section (RCS) enable to rename the ETE into Extreme Scattering Effect (ESE) [8].

In this presentation we will consider ESE both for a metal film irregularity and for particle deposited on noble metal film with spacer layer. The DSM application for this research requires considering of multiple incident angles for the external excitation for finer resolution of the behavior both of TCS and RCS. For example typical DSM code run provides 280 incidences for both P/S polarizations at once. Including integration procedures for the TCS and RCS it takes only 14sec. on i7 Lenovo notebook.
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