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Study on Strong and Weak Coupling for Surface Plasmon Resonance
in Both Frequency and Time Domain

SONG Hanfa, HU Xiaoyong'

State Key Laboratory for Artificial Microstructure and Mesoscopic Physics, School of Physics, Peking
University, Beijing 100871; 1 Corresponding author, E-mail: xiaoyonghu@pku.edu.cn

Abstract A study is proposed creatively on the strong and weak coupling properties of plasmon coupling systems
in both frequency domain and time domain. Theoretically, calculations on the eigen-frequencies, decay rates and
the evolutions of bright and dark mode with respect to the strength of coupling under a certain system are
performed. Numerically, in the frequency domain calculations on the features of hybridized modes and scattering
spectrum and also the splitting phenomenon of bright and dark modes are performed. In the time domain, the
periodicity of the beat pattern from the hybridized modes with a difference in frequency is utilized to determine the
precise eigen-frequencies of the hybridized modes. From the time domain calculations, the precise eigen-
frequencies are close but do not absolutely correspond to the two peaks of the scattering spectrum. By sweeping the
coupling distance and measuring the mode evolution, the area where the exceptional point exists is found and
specified by fitting to the frequency domain response. In the weak coupling domain, time domain calculations show
as expected that both the bright mode and dark mode decay with their individual decay rates.
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Fig. 1

Variation of the real (a) and imaginary (b) part of eigen-value according to coupling strength,

and evolution of bright (c) and dark (d) mode against coupling strength
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Fig. 2 Strength of dipolar and quadrupolar mode under plane wave excitation with polarization parallel
to the long axis of nanorod and their charge distribution at resonance frequency
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Fig.4 Time evolution of electric field for a time
monitor close to dipole mode
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Schematics of plasmon coupling system
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Fig. 5 Intensity of dipole (a) and quadrupole (b) mode against coupling distance
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