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Abstract The mechanism of Fano resonance spectrum dip resulting from the system of symmetric metallic multi-
nanoparticles-thin film belonging to C3, and C,, is deduced in detail using group theory. Based on previous research
achievements, it is verified that there are only four E modes meet with the same irreducible representation in the
system of C,, symmetric multi-particles-thin film, when the linearly polarized light electric field inputs along the
multi-particles plane. There are only three local surface plasmon electric dipole moment resonance symmetry modes
in the multi-particles plane, and among them, the periphery ring-multiparticles own two, the central particle own
one. These results are completely the same with electric dipole moment distribution of D,, symmetry multiparticles
system. The direction of the electric dipolar moments of the rest one is perpendicular to the multi-particles plane
although it satisfies the requirement of the same symmetry. In addition, C,, and D,, point groups hold the same
spectrum linetype, however, there is some redshift or blueshift of spectrum dip (peak) if the thin film base exists.
This work can provide some references for designing the optical properties and its extended applications about the
system of metallic multi-nanoparticles-thin film.
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Fig. 1 Metallic multi-nanoparticles-thin film system
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Fig. 2 Schematic of LSPP electric dipole moment resonance symmetric modes for C;, and C,, multi-particles.
(a) Built from radial vector r; (b) built from angular vector t; (c) only one mode belonging to center particle;

(d) built by LSPP electric dipole moments along with = direction
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Fig. 3 (a) Simulated transmitted spectrum of four and five particles system without substrate;

extinction spectrum of (a) four and (b) five particles system with substrate
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Fig. 4 Electric field intensity distributions with different exciting wavelengths about model of four particles.

(a) 650 nm, without substrate; (b) 850 nm, without substrate; (c) 650 nm, with substrate; (d) 850 nm, with substrate
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Fig. 5 Electric field intensity distributions with different exciting wavelengths about model of five particles.
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