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Abstract

The optical properties and dephasing time of coupled plasmon nanostructures have received
great attention in basic and applied research. In this paper, FDTD simulation is used to study the
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influence of plasmon mode coupling on the dephasing time of gold dolmen structure. The results
show that the dephasing time of the two modes of dolmen structure depends on the change of
structure size, and the energy splitting of the mode can be adjusted by adjusting the structural
parameters (changing the coupling strength) to affect the energy splitting of the mode, and the
dephasing time of the two hybrid modes in a structure can be regulated at the same time. The qua-
si-normal (QNM) model was used to obtain the dephasing time of plasmon bonding mode and an-
tibonding mode at the hot spot of the gold dolmen structure at 4.5 fs and 5.6 fs, respectively. Fur-
ther studies show that when the length of the L1 gradually increases, the dephasing time of the
bonding mode increases gradually (from 4.5 fs to 7 fs). However, the dephasing time of the anti-
bonding mode shows an opposite trend, gradually decreasing from 5.6 fs to 3.9 fs. When the gap g
decreases (the coupling strength increases), the dephasing time in bonding mode increases grad-
ually (from 4.3 fs to 5.3 fs), and the dephasing time in antibonding mode decreases gradually
(from 5.7 fs to 5.1 fs). This work has deepened the understanding of the dephasing time effects of
plasmon mode coupling.
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Figure 1. Schematic diagram of the dolmen
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Figure 2. Scattering spectra of nanorod (black curve) and dolmen structure (red curve) (b) Near-field spectra of nanorod (black curve)
and dolmen structure (red curve) (c) Absorption spectrum (black curve) and scattering spectra (red curve) of dolmen structure
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Figure 3. (a) electric field distribution and (b) charge distribution at the two near-field peak of the dolmen structure
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Figure 4. The fitting curve of the QNM model of the near-field spectrum of the dolmen struc-
ture and the dephasing time of the bonding mode and the antibonding mode
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Figure 5. The (a) near-field spectrum (b) scattering spectrum of the dolmen structure is changed when the dimer parameter
remains unchanged, and the L1 length of the single rod is changed
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Figure 6. When (a) L1 = 210 nm (b) L1 = 180 nm (c) L1 = 150 nm, the QNM model was used to fit the near-field spectral
curve and the dephasing time obtained (d) when the length of L1 was changed
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Figure 7. (a) near-field spectra (b) scattering spectra at different gaps
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Figure 8. QNM fitting near-field spectral curves and the obtained dephasing times of bonding and antibonding modes when
the gap is (a) 40 nm, (b) 30 nm, (c) 20 nm, and (d) 10 nm
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