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Fig. S1. Extinction (red), absorption (green) and scattering (black) spectra of silver nanorod with
length 481 nm and diameter 20 nm, where inset shows magnified part of spectrum in energy range

of 1.3— 2.5 eV).
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Fig. S2. Strong coupling between visible non-radiative high-order surface plasmons and dielectric
layer excitation detected by EELS: (a) Electron energy loss spectrum of electron beam irradiating
the middle of dielectric layer (black dotted line), the middle of silver nanorod (red dotted line) and
the middle of silver nanorod dielectric layer core-shell structure (blue dotted line) (Due to the
shielding effect of dielectric layer, surface plasmon energy of order m = 4 is red-shifted, and plasmon
position after red-shift is shown by red solid line); spatial distributions of electron energy loss
probability for two splitting peaks with different energy values when the surface plasmon energy is

(b) zero detuned and (c) detuned from exciton energy of dielectric layer.
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Fig. S3. Anti-crossing dispersion relationship caused by strong coupling between radiative dipolar
and non-radiative higher-order plasmon in infrared and visible region and meta excitation of
dielectric layer: (a), (c) Electron energy loss spectra of silver nanorod-dielectric layer core-shell
structures with a length of 481 nm and different diameters, where dotted lines denote the energy
values of the upper and lower plexciton; (b), (d) dispersion relationship of plexciton in panel (a) and
panel (c), where horizontal dotted line refers to excitation energy of dielectric layer, and oblique

line represents energy of dipole(m = 1, 4)radiative plasmon of esilver nanorod.
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