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 Section 1: Numerical methods
The tight focusing of azimuthally polarized (AP) and radially polarized (RP) beams can be evaluated by the vectorial dif-
fraction theory1,2. Then the calculated electromagnetic field components associated with the tightly focused AP and RP
at an off-focused plane are used as excitation sources for the finite-difference time-domain method to evaluate the op-
tical scattering between the structured light and nanoparticle, where the nanoparticle is located at the focal plane of the
AP or RP beam. A nonuniform grid with the smallest grid size of 1 nm as well as the perfectly matched layer boundary
conditions are adopted in the numerical simulation.

By  using  the  Cartesian  electromagnetic  multipole  decomposition  method3,  we  can  decompose  the  contributions  of
the induced electromagnetic multipole moments to total scattering of the nanoparticle. For convenience, we repeat here
the expressions of multipole moments calculated by utilizing the induced currents J(r) in the unit cell of the metasur-
face and the decomposition of radiation power. The induced Cartesian multipole moments can be calculated by: 
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μ0 ωHere,  is the permeability of vacuum,  is the angular frequency, c is the speed of light and r specifies the location
where the induced current J is evaluated and α, β = x, y, z. The radiation power of each multipole can be calculated by: 
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 Section 2: Fabrication of silicon nanodisks
The Si nanodisk shown in Fig. 5(b) and 5c is fabricated on a glass substrate with a height h = 160 nm and a radius r =
150 nm. First of all, polystyrene spheres (PS) are spin-coated on to a Si film deposited on the glass. The size of the PS is
reduced by the RIE process using oxygen gas. And then such PS spheres serve as the mask for the subsequent fluorine-
based  inductively  coupled  plasma  reactive  ion  etching  (ICP-RIE)  using  CHF3 gas.  Finally,  the  PS  mask  was  removed
with sonication in acetone. The sizes of the resulting silicon disks can be precisely tuned by changing the size of the PS
mask with accurate control of the etching time. The Si nanodisks generated by this method are initially in amorphous
phase (a-Si). A femtosecond laser (690–1100 nm, Chameleon, Coherent) with a suitable power level (100 μW) is used to
anneal the as prepared Si nanodisk for 10 second. The amorphous Si nanodisk can be transformed into crystalline phase
that can improve the scattering properties of the Si nanodisks4. 
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 Section 3: Dark-field scattering spectroscopy
A home-built spectroscopy setup is used to measure the dark-field scattering of a single Si nanodisk under the excita-
tion of tightly focused AP and RP beams. A femtosecond laser (690–1100 nm, Chameleon, Coherent) with a ultra-low
power (3 μW) is shaped by the Fourier spatial filter before it enters liquid crystal polarization converter (ARCoptix) that
is used to convert the Gaussian beam to AP and RP beams. Such power level is optimized to ensure no modification of
the physical properties of Si nanodisk under excitation. The generated AP and RP beams are shown in Fig. S1. Then, the
generated AP and RP beams are focused by a microscope objective lens whose numerical aperture is 1.4. Index match-
ing oil is used to eliminate reflection from the substrate. The sample is mounted on a three-dimensional stage. Then the
back scattering signal is collected by the same objective lens and directed by a beam splitter.  The dark-field scattering
images and back scattering spectra of the sample are recorded by a CCD camera and a spectrometer (Andor).
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Fig. S1 | Experimentally generated (a) AP and (b) RP beams and the beam profiles (c–f) after passing different linear polarizer outlined in the in-

sets. The black arrows indicate the orientations of the polarizer. These beam profiles are focused by a lens (f = 25 cm) and then inspected using

a camera.
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