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Fig.1. (a) Aschematic diagram of silver nanodisk arrays in assymmetric medium

environment under x-polarized light incidence. (b) Oblique view of.a uhit cell of the proposed
array structure. P,,P,,h and d represent period in x and y,directions; height and diameter of
silver nanodisk arrays, respectively:
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Fig.2. (a) Scattering Cross Section for single silvermanoparticle with h =100 nm and d =160 nm.
The inset shows the electric field intensity and direction (in arrow) distribution corresponding to
the dipolar and the quadrupolar LSPR modes. The outline of the nanoparticle is represented by a
white box, and the sign "/+'rand™~»indicate positive and negative charges. (b) The transmission

spectra of DLPM and QPM of the silver nanodisks array under the X-polarized light. Inset:
zoom-in of/thé transmission dip for the QLPM. (c) The real part of the reciprocal polarizability
(1/ &) and the lattice sum ('S ) for the silver nanodisk arrays. The black and pink dashed lines
represent the (0,221) RAs and resonance wavelength, respectively.
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Fig.3. The electric field intensity distribution of QLPM for (a) (c) corresponding to resonance
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nm for different diameters (from 50 nm to 200 nm with a 5 nm step) under the normal incidence,
while P, = Py =500 nm is fixed. Transmission spectra of silver nanodisk arrays with (d) d =80
nm, (e) 100 nm, and (f) 120 nm for different lattice periods (from 350 nm to 550 nm with a 5 nm
step) under the normal incidence, when h = 100 nm is fixed. The pink dashed lines represent the

diffraction orders, and the color bar represents the transmission intensity.
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Diffraction-induced quadrupolar lattice plasmon modes of
high-quality factors for silver nanoparticle arrays
Xiong Leid ' Ding Hong-Wei? Li Guang-Yuan?
1) (School of Information Science and Engineering, Yunnan University, Kunming 650500, China)
2) (Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China)
Abstract
Periodic nanoparticle arrays with lower loss or high guality (Q) factor
resonances have driven advances in numerous applications. Such arrays
can support narrow resonance modes hy\ the. hybridization of
plasmonic-photonic modes, known as lattice ‘plasmon modes (LPMs).
LPMs arise from the diffraction-induced’/coupling between localized
surface plasmon resonances (LSPRs)»of nanoparticles in symmetric or
quasi-symmetric refractive index environment. To date, the great majority
of works have focused on ‘the.coupling of dipolar modes to in-plane the
orthogonal diffractionwaves in nanoparticle arrays, resulting in dipolar
lattice plasmon modes (DLPMs). However, there are few studies about
quadrupolar fattice plasmon modes (QLPMs) for parallel coupling in
symmetric environment, especially for high Q-factors QLPMs. In this
letter, we explore sharp QLPMs of the silver nanodisk arrays by
x-polarized light at normal incidence. In the first place, scattering
cross-section and near-field electric field distribution of single silver
nanodisk indicate the existence of dipolar and quadrupolar LSPRs, thus,
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the optical response of silver nanodisk arrays exhibits the peak-and-dip
profile of DLPMs and QLPMs at different wavelengths. Also, the
electromagnetic field distributions confirm that the parallel propagating
electric field introduces QLPM and results in electric field delocalization,
while DLPM is in another way in periodic silver nanodisk arrays.
Moreover, the position, linewidth and lineshape of the QLPM strongly
depend on the role of lattice period. We can enable these resonance.modes
to be selectively accessed and individually optimized. by tuning lattice
periods in the x- or y-direction. By changing the_lattice period in the
x-direction from 300 nm to 550 nm with a step of 50' nm, transmission
dips intensity increase gradually, and when periods in the two directions
are equal, the transmission dip exhibits a‘narrow-band QLPM resonance
with a linewidth of 0.4 nm, corresponding the quality factor as high as
Q=1815 under the x-polarized light. In particular, by varying periods in
the y-direction, the QLRM can also be manipulated ranging from an
asymmetric Fano-like lineshape peak to a dip. The acquisition of these
results may provide~a design strategy for high Q factor resonances in
nanolasers;sensing, and nonlinear optics.

Keywords: Finite difference time domain method, quadrupolar lattice plasmon modes,

quality factors, nanoparticles
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