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Engineered Near-and Far-Field Optical Response of Dielectric Nanostructures using Focused Cylindrical Vector Beams

Near-and far-field optical properties of silicon nanostructures under linear polarization (Gaussian beam), and azimuthally or radially focused cylindrical vector beams are investigated by finite-difference time-domain method (FDTD) in Meep open-source software. A python toolkit allowing FDTD simulations in Meep for using those excitation sources is provided. In addition to the preferential excitation of specific electric or magnetic resonance modes as function of the excitation beam polarization, it is shown in the case of spheroids that shape anisotropy affects the resonance wavelength and the dipole orientation of the magnetic or electric dipole mode. For radial or linear polarization, the electric dipole resonance is split by an anapole mode depending on the spheroid symmetry axis with respect to the electric field orientation. Finally, the optical properties in both far-field (scattering pattern) and near-field (electric and magnetic field hot spots) can be tuned by changing the excitation polarization at a fixed wavelength and selecting properly the spheroid shape and dimensions. These numerical simulations can be extended to more complex shapes, or fabrication-friendly nanostructures such as nanocylinders with circular or elliptic sections.

I. INTRODUCTION

A plane wave can interact strongly with high refractive index dielectric particles of subwavelength dimension supporting optical resonances [START_REF] Cao | Tuning the Color of Silicon Nanostructures[END_REF][START_REF] Kuznetsov | Optically resonant dielectric nanostructures[END_REF] . Because both electric and magnetic multipolar modes of comparable strengths can be excited in such nanostructures, several degrees of freedom can then be used to engineer the optical response of the nanoantenna [START_REF] Kuznetsov | Optically resonant dielectric nanostructures[END_REF][START_REF] Staude | Tailoring Directional Scattering through Magnetic and Electric Resonances in Subwavelength Silicon Nanodisks[END_REF][START_REF] Liu | Multipole and multimode engineering in Mie resonance-based metastructures[END_REF] , as well as its near-field coupling to quantum emitters [START_REF] Krasnok | Spectroscopy and Biosensing with Optically Resonant Dielectric Nanostructures[END_REF][START_REF] Bidault | Dielectric nanoantennas to manipulate solid-state light emission[END_REF][START_REF] Poumirol | Unveiling the Optical Emission Channels of Monolayer Semiconductors Coupled to Silicon Nanoantennas[END_REF] . Many works have been dedicated to improving the directivity of enhanced light scattering by studying the overlap between electric and magnetic multipole modes [START_REF] Fu | Directional visible light scattering by silicon nanoparticles[END_REF][START_REF] Wiecha | Strongly Directional Scattering from Dielectric Nanowires[END_REF] , or creating a Huygens source out of dielectric nanoparticles [START_REF] Bag | Transverse kerker scattering for angstrom localization of nanoparticles[END_REF] .

The optical behavior is usually controlled by modifying the material [START_REF] Baranov | All-dielectric nanophotonics: the quest for better materials and fabrication techniques[END_REF] , size [START_REF] Cao | Tuning the Color of Silicon Nanostructures[END_REF][START_REF] Fu | Directional visible light scattering by silicon nanoparticles[END_REF] , shape [START_REF] Wiecha | Strongly Directional Scattering from Dielectric Nanowires[END_REF][START_REF] Reena | Tunable unidirectional scattering of ellipsoidal single nanoparticle[END_REF] , and coupling [START_REF] Yan | Magnetically induced forward scattering at visible wavelengths in silicon nanosphere oligomers[END_REF][START_REF] Shibanuma | Experimental Demonstration of Tunable Directional Scattering of Visible Light from All-Dielectric Asymmetric Dimers[END_REF] of the nanoparticles, but alternative approaches involving focused cylindrical vector beams (CVB), such as higher-order Laguerre-Gaussian singular beams [START_REF] Youngworth | Focusing of high numerical aperture cylindrical-vector beams[END_REF][START_REF]Cylindrical vector beams: from mathematical concepts to cations[END_REF] , are being considered. Contrary to a linearly polarized excitation (plane wave or focused Gaussian beam), an azimuthally or radially polarized beam was used to selectively excite either magnetic or electric multipolar modes, leading to the modification of the scattering spectrum and radiation pattern of a given individual nanoantenna [START_REF] Banzer | On the experimental investigation of the electric and magnetic response of a single nanostructure[END_REF][START_REF] Woźniak | Selective switching of individual multipole resonances in single dielectric nanoparticles: Selective switching of individual multipole resonances in single dielectric nanoparticles[END_REF][START_REF] Manna | Selective excitation and enhancement of multipolar resonances in dielectric nanospheres using cylindrical vector beams[END_REF][START_REF] Parker | Excitation of Nonradiating Anapoles in Dielectric Nanospheres[END_REF] .

Recent studies deal with various dielectric or plasmonic nanostructures, from single nano-objects [START_REF] Bautista | Second-Harmonic Generation Imaging of Metal Nano-Objects with Cylindrical Vector Beams[END_REF][START_REF] Manna | Selective Induction of Optical Magnetism[END_REF] to an assembly of a few nanoparticles [START_REF] Yanai | Near-and Far-Field Properties of Plasmonic Oligomers under Radially and Azimuthally Polarized Light Excitation[END_REF][START_REF] Reich | Selection Rules for Structured Light in Nanooligomers and Other Nanosystems[END_REF][START_REF] Kroychuk | Enhanced Nonlinear Light Generation in Oligomers of Silicon Nanoparticles under Vector Beam Illumination[END_REF] . In this paper, we present electrodynamical simulations applied to silicon nanospheres and nanospheroids (Si NS) to investigate the effect of shape anisotropy and the kind of CVB excitation on the behavior of the electric and magnetic dipole modes, as well as the anapole. We thus show that, by selecting the Si NS and CVB, it is possible to engineer the far-field properties, such as modifying the radiation pattern and scattering directivity or switching from a strongly radiating to a nonradiating mode at a fixed wavelength, as well as the near-field properties such as controlling, separating spatially, and enhancing electric and magnetic hotspots.

The numerical simulations used for this present study were performed with the finite-difference time-domain (FDTD) method, using the open-source Meep software package [START_REF] Oskooi | Meep: A flexible free-software package for electromagnetic simulations by the FDTD method[END_REF] . We remind hereafter a brief description of two methods for generating radially and azimuthally polarized doughnut excitation in Meep (i) from Laguerre-Gaussian (LG) modes in the paraxial approximation, and (ii) from the calculation of a beam focused by a high-numerical-aperture (NA) aplanatic lens. We discuss their field of applications and provide for both methods python script packages available in our Github repository [START_REF] Agez | Focused cylindrical vector beam[END_REF] , allowing a straightforward implementation in Meep. Note that commercial software has already been used to perform FDTD simulations with CVB excitation [START_REF] Manna | Selective Induction of Optical Magnetism[END_REF][START_REF] Das | Dark modes and field enhancements in dielectric dimers illuminated by cylindrical vector beams[END_REF] but, to the best of our knowledge, no open-source library was available for a direct utilization. We also point out that a purely analytical approach (generalized Lorenz-Mie theory) has been used in the case of high symmetry nanoparticles [START_REF] Parker | Excitation of Nonradiating Anapoles in Dielectric Nanospheres[END_REF][START_REF] Orlov | Analytical expansion of highly focused vector beams into vector spherical harmonics and its application to Mie scattering[END_REF][START_REF] Zambrana-Puyalto | The role of the angular momentum of light in Mie scattering. Excitation of dielectric spheres with Laguerre-Gaussian modes[END_REF][START_REF] Luk ′ Yanchuk | Optimum Forward Light Scattering by Spherical and Spheroidal Dielectric Nanoparticles with High Refractive Index[END_REF] . In this paper, the numerical approach was chosen in the perspective of investigating any kind of nanostructures, even of complex shape, that can be obtained through top-down fabrication techniques [START_REF] Kuznetsov | Optically resonant dielectric nanostructures[END_REF][START_REF] Wiecha | Evolutionary multi-objective optimization of colour pixels based on dielectric nanoantennas[END_REF][START_REF] Patoux | Challenges in nanofabrication for efficient optical metasurfaces[END_REF] .

II. FOCUSED CYLINDRICAL VECTOR BEAMS EXCITING A DIELECTRIC NANOPARTICLE

A. Focused cylindrical vector beam sources in Meep/FDTD

The cylindrical vector beams considered in the present study are characterized by both an azimuthally or radially distributed polarization and an intensity distribution having cylindrical symmetry. They can be seen as linear combination of a right-handed and a left-handed circularly polarized vortex beam with opposite orbital angular momentum l = ±1 34 . Higher-order modes like Laguerre-Gaussian (LG) modes can be used to define analytical expressions in the paraxial regime and then be implemented in FDTD script to define the complex amplitude of the electric and/or magnetic source in a transverse plane before or after the waist position. From this initial condition, the beam propagation is calculated by solving the time-dependent Maxwell's equations. However, for many applications, it is interesting to tightly focus a CVB in order to generate a strong longitudinal electric or magnetic field component and to spatially separate the electric and magnetic energy density [START_REF] Kasperczyk | Excitation of Magnetic Dipole Transitions at Optical Frequencies[END_REF] . When the beam divergence angle becomes too large, the fields computed using LG modes deviate from the expected behavior at the focus point and a more general (nonparaxial) approach has to be considered. For this purpose, several methods have been proposed based on n-order corrected expression of the field components [START_REF] Cerjan | Orbital angular momentum of Laguerre-Gaussian beams beyond the paraxial approximation[END_REF][START_REF] Yan | Description of a radially polarized Laguerre-Gauss beam beyond the paraxial approximation[END_REF][START_REF] Barnett | Orbital angular momentum and nonparaxial light beams[END_REF] or using the scalar-complex-source model [START_REF] Orlov | Complex source beam: A tool to describe highly focused vector beams analytically[END_REF] . In practice, tightly focused beams are obtained using high numerical aperture (NA) optical devices. Thus, we chose to implement a theoretical approach based-on the angular spectrum representation of an optical field focused by an aplanatic lens, proposed by Novotny and Hecht [START_REF] Novotny | Principles of Nano-Optics[END_REF] . This model takes into account the filling factor that describes how much the incoming beam is expanded relative to the size of the lens. Using this expression as initial condition in FDTD is time consuming due to numerous numerical integrations compared to the LG paraxial model, but is very effective for extremely tightly focused beams (i.e. NA > 0.9).

Several CVB examples for NA ranging from 0.3 to 1.3 and generated by the two methods can be found in our Github repository [START_REF] Agez | Focused cylindrical vector beam[END_REF] . All simulations in the following are performed taking NA = 0.9 while keeping n = 1 for the nanoparticle environment refractive index. Finally, note that the expressions of the magnetic H and electric E fields for the radially and the azimuthally polarized cases are related as follows:

E Azi = Z H Rad (1) E Rad = Z H Azi ( 2 
)
where Z = µ/ε is the wave impedance, µ and ε are the magnetic permeability and the electric permittivity of the medium, respectively. Since in our numerical method the wave impedance is normalized to 1, the magnetic and the electric amplitudes can be directly compared in all the results presented hereafter.

B. Silicon nanosphere excited by focused cylindrical vector beams

Despite their simple shape and high symmetry, highrefractive index nanospheres such as Si NS exhibit more or less complex resonance spectra as function of size (radius R) when excited by a nonpolarized plane wave. The lowest order resonance, occurring at a wavelength in the material λ /n Si commensurate with the sphere perimeter 2π R, corresponds to a magnetic dipole (MD) resulting from a curl-like electric displacement field (See Fig. 1). With increasing size, higher order modes may appear starting with the electric dipole (ED), then the magnetic quadrupole (MQ), etc. Several authors [START_REF] Woźniak | Selective switching of individual multipole resonances in single dielectric nanoparticles: Selective switching of individual multipole resonances in single dielectric nanoparticles[END_REF][START_REF] Manna | Selective excitation and enhancement of multipolar resonances in dielectric nanospheres using cylindrical vector beams[END_REF][START_REF] Das | Dark modes and field enhancements in dielectric dimers illuminated by cylindrical vector beams[END_REF] have reported that using focused beams with different polarization states yields to very different resonance spectra. A linearly polarized Gaussian beam gives a spectrum that is similar to that of a linearly polarized plane wave (assuming a spot size at waist larger than the particle diameter) [START_REF] Zambrana-Puyalto | Excitation of single multipolar modes with engineered cylindrically symmetric fields[END_REF] . The scattering spectrum of a Si NS illuminated by an azimuthally (resp. radially) polarized focused CVB, on the the other hand, is very different as only the magnetic (resp. electric) multipolar modes are excited (See the scattering spectra in the center panel of Fig. 1). By changing the beam shape and polarization, which is fairly simple experimentally, it is thus possible to switch on and off different optical resonances of the nanosphere [START_REF] Woźniak | Selective switching of individual multipole resonances in single dielectric nanoparticles: Selective switching of individual multipole resonances in single dielectric nanoparticles[END_REF] .

In addition, it must be emphasized that the magnetic (resp. electric) multipolar modes excited by the azimuthally (resp. radially) polarized focused CVB are not the same as the corresponding modes observed under linearly polarized Gaussian beam excitation (lin-GB). This is obvious for instance by comparing the MD resonance in the case of azimuthally polarized focused CVB (azi-CVB) and lin-GB excitations. The electric displacement current lies in different planes (Fig. 1(d,j)), and the resulting magnetic dipole and magnetic vector field have a different orientation (Fig. 1(e,k)). Under lin-GB excitation, the displacement current lies in the xz-plane (Fig. 1(j)) and the magnetic dipole is oriented along the y-axis, perpendicularly to both the propagation direction and polarization of the incident wave (Fig. 1(k)). On the other hand, under azi-CVB illumination, the displacement current lies in the xyplane, and the magnetic dipole is parallel to the z-axis due to the strong magnetic field longitudinal component at the beam waist (Fig. 1(e-f)) [START_REF] Novotny | Principles of Nano-Optics[END_REF] . The same analysis can be made for the ED resonance. With lin-GB, the electric dipole is roughly aligned with the incident polarization along the x-axis (Fig. 1(h)). For the radially polarized CVB (rad-CVB), it is found along the z-axis due to the strong electric field longitudinal component at the beam waist (Fig. 1(a-c)) [START_REF] Novotny | Principles of Nano-Optics[END_REF] . The dipole orientation as function of the excitation beam is also illustrated in Fig. 1(c,f,g,l), where the torus-like far-field scattering patterns correspond to electric or magnetic dipoles parallel to the z-axis (azi-and rad-CVB, Fig. 1(c,f)), or along the x-axis (LG-beam, Fig. 1(g,l)). It is also interesting to note that, due to a full cylindrical symmetry around the optical axis z, the MD (resp. ED) radiation pattern for the azi-CVB (resp. rad-CVB) is closer to a perfect dipole than the one obtained by lin-GB. All these points have to be taken into account when interpreting experimental and theoretical results. Hence, although the same resonance modes are found at the same wavelength in the case of highly symmetric structures such as the sphere, scattering patterns cannot be extrapolated from the lin-GB case to the other configurations. This will be also the case for the near-field maps as shown latter. C. Silicon nanospheroid excited by focused cylindrical vector beams: influence of shape anisotropy

The shape influence is investigated by considering oblate and prolate nanospheroids. Starting from a sphere, a deformation is applied along one of the axis (referred to as the sym-metry axis) at constant volume. The spheroid shape (oblate or prolate) is defined by the aspect ratio r, equal to the symmetry axis half-length divided by the sphere radius R. r > 1 (resp. r < 1) corresponds to a prolate (resp. oblate) spheroid. An example of deformation along the z-axis is given in Fig. 2(a-c). 

Magnetic dipole resonance behavior as function of excitation

In the case of the example of Fig. 2(a-c), a wavelength shift is expected for the magnetic dipole resonance when changing the excitation from lin-GB to azi-CVB, except in the case of the sphere r = 1. For the azi-CVB excitation, the expected behavior is a redshift (resp. blueshift) of the MD resonance wavelength in the case of the oblate (resp. prolate) spheroid compared to the sphere case. Indeed, as seen in Fig. 2 (lower orange frame) the disk radius enclosing the doughnut shape of the electric displacement current in the xy-plane is larger (resp. smaller) than the disk ra-dius in the sphere. At the same time, the wavelength of the MD mode excited by the x-axis-polarized lin-GB follows a shift in the opposite sense: blueshift in the oblate case, due to the smaller dimension in the xz-plane, and redshift in the prolate case, due to the larger dimension in the same plane (see Fig. 2, upper blue frame). The scattering spectra showing the MD mode wavelength shift as function of the aspect ratio r for each polarization are given in Fig. 2(e-f), as well as the crossover of the curves giving the MD resonance position (Fig. 2(d)).

In summary, in the case of spheroids, switching between lin-GB and azi-CVB leads simultaneously to a change of the magnetic dipole orientation, hence the far-field scattering pat- tern, and to a shift in the opposite way of the MD resonance wavelength as function of the aspect ratio r.

Considering the deformation applied along the y-axis, the discussion is very similar to the case described above, except that the MD resonance wavelength shift between the lin-GB and the azi-CVB is reversed (See Supplemental Material, Fig. S1). Finally, for a deformation at constant volume along the x-axis, the MD resonance wavelength for the two excitation beams follows the same shift with r as the electric displacement current describes the same elliptic trajectory (See Supplemental Material, Fig. S1), but still in different planes (xz-plane for lin-GB and xy-plane for azi-CVB) leading to different far-field scattering patterns.

Electric dipole resonance behavior as function of excitation

Intuitively, a similar behavior could be expected for the ED resonance when changing the excitation from lin-GB to rad-CVB. Taking the case previously described of a deformation along the z-axis (Fig. 2(a)-(c)), the ED resonance of the oblate spheroid should be at shorter wavelength for the rad-CVB illumination (dipole along the short z-axis) than for the lin-GB (dipole along the long x-axis). In the prolate spheroid case, an opposite behavior could be expected, with a redshift of the ED resonance wavelength for the rad-CVB illumination (dipole along the long z-axis) compared to the lin-GB.

Such scenario is however not true, as illustrated in Fig. 3(a)-(b), where no significant ED mode wavelength shift is evi-denced. while a more complex behavior occurs in the lin-GB case (Fig. 2(e)). In that case, and more generally when the incident light polarization is perpendicular to the spheroid symmetry axis (Fig. 4), the ED mode is split in two peaks separate by a dip corresponding to an anapole, as discussed latter.

As for the MD mode previously described, the electric vector field and the scattering pattern at ED resonance have different orientations depending on the excitation polarization Fig. 3(a)-(b). Furthermore, the scattering pattern is distorted in the case of the lin-GB (Fig. 3(c)-(d)), due to the transverse character of the polarization and the propagation direction, as well as the fact that other modes such as the MQ are simultaneously excited. Contrary, the scattering pattern in the rad-CVB case corresponds rather well to a perfect electric dipole oriented along the z-axis (Fig. 3(f)-(g)).

The zero scattering point at the wavelength just below the ED peak (480-490 nm) (marked (e) and (h) in the scattering spectra in Fig. 3(a)-(b)) corresponds to an anapole, a nonradiating mode resulting from the destructive interference of electric and toroidal dipole modes (See also the far-field radiationless behavior in Fig. 3(e)-(h)). This toroidal dipole is a consequence of the circulating magnetic flux along a closed loop [START_REF] Parker | Excitation of Nonradiating Anapoles in Dielectric Nanospheres[END_REF][START_REF] Miroshnichenko | Nonradiating anapole modes in dielectric nanoparticles[END_REF][START_REF] Wei | Excitation of the radiationless anapole mode[END_REF][START_REF] Yang | Nonradiating anapole states in nanophotonics: from fundamentals to applications[END_REF] . In highly anisotropic nanostructures, such as the spheroids considered here, the loop discontinues reducing the system to a transverse magnetic quadrupole formed by two anti-parallel magnetic moments, as reported by Miroshnichenko et al. [START_REF] Miroshnichenko | Nonradiating anapole modes in dielectric nanoparticles[END_REF] . This does not prevent the formation of an anapole. Examples showing either the closed loop or the transverse MQ as function of the deformation ratio are given in Supplemental Material. In any case, the phase difference between the toroidal dipole (or the transverse magnetic quadrupole) and the electric dipole drives the far-field behavior (See also Appendix A, Fig. 7). The toroidal dipole and the electric dipole of the ED mode are out-of-phase in the anapole case. They are in phase in the case of the ED mode.

Compared to the previous case, when the symmetry axis is perpendicular to the excitation polarization (Fig. 4(a)-(b)), the ED mode behavior is totally different and is split, giving a dip between two peaks, hereafter referred to as ED ⊥ and ED ∥ . The antiresonance mode between ED ⊥ and ED ∥ can be attributed to an anapole, in agreement with the near-zero scattering cross-section in the spectra and the nonradiating patterns in Fig. 4(d)-(g). The far-field behavior of ED ⊥ and ED ∥ resonances is also striking, as they exhibit highly directional scattering patterns along a specific axis, very different from the isotropic scattering pattern of an oscillating dipole (Fig. 4(c),(e),(f),(h)). The scattered intensity is along the symmetry axis in the case of ED ∥ , and perpendicular to the symmetry axis in the case of ED ⊥ . The ED ⊥ and ED ∥ peak wavelengths exhibit a crossover as function of the deformation ratio r (the peaks are merged in the sphere case, see Fig. 4(a)-(b)). Thus, for an x-symmetry axis nanospheroid excited by rad-CVB, the ED ∥ , whose scattered intensity is mainly directed along the x-axis in the case of a deformation ratio r = 0.8, becomes a ED ⊥ whose scattered intensity is mainly directed along the y-axis in the case of a deformation ratio r = 1.2 (Fig. 4(c),(f)), and reciproqually (Fig. 4(e),(h)). Contrary to the anapole, both the resonance and the highly directional scattering pattern at the wavelength corresponding to ED ⊥ and ED ∥ resonances are due to the constructive interference of the electric dipole mode and either the transverse MQ or the toroidal dipole mode. The resonance at shorter (resp. longer) wavelength corresponds to the electric field vortices positioned symmetrically to the z-axis-oriented electric dipole in the smaller (resp. larger) section of the spheroid. The behavior will be similar in the other cases where the same behavior of ED mode split by the anapole is encountered, including the Gaussian beam linearly polarized along the x-axis illuminating spheroids with either the yor z-symmetry axis (See for instance Fig. 4a). The difference with the rad-CVB is that the scattering will not be totally cancelled at the anapole wavelength between ED ⊥ and ED ∥ due to the presence of the MQ mode in the same wavelength range, which is excited simultaneously with the other modes. This can be seen in Fig. 4, where the scattering intensity drops to zero between ED ⊥ and ED ∥ in the rad-CVB case (Fig. 4(b)), but lies slightly above zero in the lin-GB case (Fig. 4(a)).

III. CYLINDERS WITH CIRCULAR OR ELLIPTIC SECTIONS

For applications, a top-down approach involving electron lithography and reactive ion etching is commonly used to produce Si NS from Silicon on Insulator or similar substrates [START_REF] Baranov | All-dielectric nanophotonics: the quest for better materials and fabrication techniques[END_REF][START_REF] Wiecha | Evolutionary multi-objective optimization of colour pixels based on dielectric nanoantennas[END_REF] . Such approach is however not very suited to obtain spheroidal NS, but instead wires with cubic or rectangular section or cylinders with circular or elliptic section. To compare with spheres and spheroids, we take the example of cylinders with circular and elliptic sections, respectively. Starting from a nanocylinder of height H and a circular section of radius R=H, a deformation at constant volume is applied along either the cylinder axis (z-axis) or along a diameter (defined as either the xor y-axis). The general behavior for the cylinders is very similar to the one of the spheres and spheroids of similar dimensions, with only a slight shift of the resonances wavelengths. The observed shift is usually a redshift due to a larger volume of the cylinder compared to the spheroid (the sphere or the spheroid is circumvented in the corresponding cylinder with the circular or elliptic section, as shown in Fig. 5). The scattering intensity spectra for various nanocylinders and excitations are given in Supplemental Material (Fig. S3).

The chosen example of Fig. 5 corresponds to a cylinder with a deformation ratio r = 1.2 along the x-axis illuminated by a radially polarized beam. The elliptic section dimensions are thus R.r (long axis), and R/ √ r (short axis), the height being H/ √ r. This configuration can be compared to the sphere of radius R = 165 nm and the prolate spheroid shown in Fig. 4(c)-(e). The electric and magnetic vector fields are very similar (including the phase change between the electric dipole and the transverse magnetic quadrupole or the toroidal dipole, when looking at ED ⊥ , ED ∥ , and the anapole), as well as the patterns of the far field scattered intensity.

IV. ENGINEERING NEAR AND FAR FIELD OPTICAL RESPONSE OF SILICON NANOSPHEROIDS USING CYLINDRICAL FOCUSED BEAMS

As shown in the previous sections, it is possible to tune the optical response of a Si sphere or spheroid by changing the polarization of the incident light. This includes triggering either electric or magnetic modes using rad-CVB or azi-CVB excitation. In addition, it is possible by choosing properly the spheroid dimensions, to tune the intensity and the directivity of the scattered light at a given wavelength. To illustrate, we consider a spheroid with a deformation ratio r = 1.15 along the x-axis illuminated by a 516 nm wavelength radiation. Fig. 3 and Fig. 6 reveal that this wavelength corresponds to the ED resonance in the lin-GB case, to the MQ mode in the azi-CVB case, and to an anapole in the rad-CVB case. The first one is strongly radiating in the far-field while the others are considered dark or nonradiating. The spheroid should thus be invisible under CVB excitation at the 516 nm wavelength, and not under lin-GB. Another interest is to modify the electric and magnetic nearfield intensity distribution, which is an important parameter controlling the excitation of quantum emitters positioned in the vicinity of the nanoantenna [START_REF] Bidault | Dielectric nanoantennas to manipulate solid-state light emission[END_REF][START_REF] Poumirol | Unveiling the Optical Emission Channels of Monolayer Semiconductors Coupled to Silicon Nanoantennas[END_REF][START_REF] Albella | Low-Loss Electric and Magnetic Field-Enhanced Spectroscopy with Subwavelength Silicon Dimers[END_REF] .

The example of Fig. 6 shows that the maximum intensity of the electric near field has roughly the same value, but is located at different spatial positions around the spheroid. As a consequence, optimizing the nanoantenna -emitter couple needs to spatially position precisely the emitting dipoles in the nanostructure near field, as well as their orientation. Taking the example of Transition Metal Dichalcogenide (TMD) monolayer wrapped around Si nanostructures [START_REF] Poumirol | Unveiling the Optical Emission Channels of Monolayer Semiconductors Coupled to Silicon Nanoantennas[END_REF][START_REF] Sortino | Dielectric Nanoantennas for Strain Engineering in Atomically Thin Two-Dimensional Semiconductors[END_REF] , the near field hot-spot leading to an increased number of excitons would be located at different positions according to the excitation polarization. Thus, in the case of the lin-GB, more excitons would be generated in the TMD monolayer on each side of the spheroid along the x-axis, while they would be created on each side of the spheroid along the y-axis in the rad-CVB case. In addition to this process at the excitation wavelength, the nanostructure shape could be calculated in order to make a resonance mode wavelength coincide with the exciton emission one. Furthermore, since the emitting dipoles are preferentially generated at different positions around the nanoantenna, the photoluminescence (PL) intensity pattern is expected to be very different depending on the excitation beam polarization. Note also that the PL emission directivity could be further modified by the orientation of the emitting dipoles as, depending on the kind of TMD, the emitting dipole can be parallel (neutral exciton), or perpendicular (dark exciton in specific materials such as WSe 2 ) to the TMD layer [START_REF] Poumirol | Unveiling the Optical Emission Channels of Monolayer Semiconductors Coupled to Silicon Nanoantennas[END_REF] .

The spatial separation of electric and magnetic near field is important for controlling emitters that support both electric and magnetic dipolar transitions, such as rare-earth ions [START_REF] Bidault | Dielectric nanoantennas to manipulate solid-state light emission[END_REF][START_REF] Chacon | Measuring the Magnetic Dipole Transition of Single Nanorods by Spectroscopy and Fourier Microscopy[END_REF] . Selective excitation of the magnetic dipole transition can be obtained thanks to resonant azi-CVB excitation [START_REF] Kasperczyk | Excitation of Magnetic Dipole Transitions at Optical Frequencies[END_REF] . By combining azi-CVB excitation and locally enhanced value of the magnetic near-field, this effect could be further improved. In Fig. 6, the maps of the electric and magnetic energy density at 5 nm outside the surface of the spheroid show the electric and magnetic hot spots that can be manipulated by changing the excitation beam polarization at the same wavelength. In addition, the position and the nature (electric or magnetic) of the emitting dipole exciting a resonance mode (for instance the magnetic dipole resonance, at longer wavelength than the excitation tuned to ED or MQ resonance, see Fig. 1) would lead to specific emission patterns [START_REF] Bidault | Dielectric nanoantennas to manipulate solid-state light emission[END_REF][START_REF] Sugimoto | Magnetic purcell enhancement by magnetic quadrupole resonance of dielectric nanosphere antenna[END_REF] . The electromagnetic local density of states (LDOS) is an important parameter for enhanced emission rate, which could be investigated simulta-neously for either enhanced magnetic or electric Purcell effect. Optimizing several parameters at both the excitation and emission wavelengths, the nature of the emitting dipole and its orientation with respect to the antenna, will require an evolutionary algorithm coupled to the optical simulation tools [START_REF] Wiecha | Evolutionary multi-objective optimization of colour pixels based on dielectric nanoantennas[END_REF] .

V. CONCLUSION

To summarize, we provide a Python toolkit that describes the various CVB sources and allows FDTD simulations under CVB excitation to be performed using the Meep open-source software. We demonstrate that, by properly selecting the shape of a silicon nanospheroid and the polarization of the incident cylindrical vector beam, the optical response of the nanoantenna can be adjusted, either in the near-field or in the far-field. An example of selective excitation at a fixed wavelength of an electric dipole, magnetic quadrupole, or anapole mode as a function of CVB polarization is described (linear, azimuthal, radial). At last, as spheres and spheroids are certainly not the best fabrication-friendly candidates for large scale reproducible production of nanostructures, we show that the trends in nanospheroids also found in nanostructures obtained by techniques on beam lithography, such as nanocylinders with circular or elliptic section. Fig. 7 shows the coupling of an electric dipole and a transverse magnetic quadrupole as function of the phase difference between the electric and magnetic fields radiated by the electric and magnetic dipoles, respectively. The -π/2 phase difference corresponds to the anapole mode and the +π/2 phase difference corresponds to an ED-like resonance mode, illustrating the nonradiating behavior of the anapole and the high directivity of the ED ⊥ and ED ∥ scattered intensity.

The example in Fig. 7 is analogous to the ED ∥ peak at 480 nm shown in Fig. 4(e). Aligning the magnetic dipoles along the x-axis also rotates the scattering pattern by 90 • to give a system analogous to the ED ⊥ peak at 497 nm in Fig. 4(c).

Supplemental Material:

The online version provides Supplemental Material at [URL will be inserted by publisher].

Fig. S1 summarizes all configurations such as presented in Fig. 3 and Fig. 4, i.e. the evolution of the scattering intensity as function of the aspect ratio r for a deformation along the three different symmetry axis and for each polarization (linear, azimuthal and radial). It evidences the cases where the ED mode is split in two peaks separated by an anapole,when the excitation polarization is perpendicular to the spheroid symmetry axis.

Fig. S2 gives more insight of the nanospheroid deformed along the x-symmetry axis excited by rad-CVB given in Fig. 4(b)-(h). In particular, the magnetic vector fields are shown. Depending on the deformation ratio, the magnetic vector field loop or the tranverse magnetic quadrupole can be seen.

Fig. S3 shows additional scattering spectra of nanocylinders of circular or elliptic section with various deformation ratio r and excitation polarization. This illustrates the same trend developed in the case of nanospheroids, but for nanostructures easier to produce by top-down fabrication techniques.

Figure 1 .

 1 Figure 1. Center panel: Scattering spectra of a 165 nm diameter Si nanosphere as function of excitation polarization. The ED (rad-CVB) and MD (azi-CVB) modes are normalized with respect to the corresponding modes of the lin-GB case. Electric ((a), (d), (h), (j)) and magnetic ((b), (e), (i), (k)) vector fields for the different resonance modes and excitation polarizations (ED with rad-CVB (green panel), MD with azi-CVB (orange panel), ED and MD with Gaussian beam (blue lower panels)); (c), (f), (g), and (l) show the far-field scattering patterns characteristic of a dipole resonance, with different dipole orientations given by the yellow arrows in (a), (e), (h) and (k). The incident light propagates from the bottom to the top; the incident beam polarization is represented in the xy-plane using red arrows.
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Figure 2 .

 2 Figure 2. Si nanospheroids from (a) oblate (compressed along z-symmetry axis) to (c) prolate (elongated along z-symmetry axis). The sphere has a diameter of 165 nm. Vector fields and far-field scattering patterns of the MD mode with Gaussian beam (upper blue panel) or azi-CVB (lower orange panel) excitation. The incident light propagates from the bottom to top; the beam polarization is represented in the xy-plane using red arrows. (e) (resp. (f)) shows the scattering spectra as function of the deformation ratio r under lin-GB (resp. azi-CVB) excitation. The spectra are translated for better clarity, and the dashed horizontal line gives the zero scattering for the extreme r values. (d) shows the opposite shift of the MD resonance wavelength as function of r and excitation polarization.

Figure 3 .

 3 Figure 3. Scattering spectra as function of the aspect ratio r for polarization parallel to the symmetry axis: (a) lin-GB and x-symmetry axis, and (b) rad-CVB and z-symmetry axis. When indicated, the dashed horizontal line gives the zero scattering. ((c)-(h)) Far-field scattering patterns and vector field maps giving to the comparison of the ED resonance and the anapole excited by either lin-GB or rad-CVB for r=1.2 and for r=0.8. The far-field patterns are normalized to the maximum value within a given kind of excitation. The intensity and vector field maps are normalized independently. Green arrows indicate the deformation axis.

Figure 4 .

 4 Figure 4. Scattering spectra as function of the aspect ratio r for a polarization perpendicular to the symmetry axis: (a) lin-GB and z-symmetry axis, and (b) rad-CVB and x-symmetry axis. When indicated, the dashed horizontal line gives the zero scattering. ((c)-(h)) Far-field scattering patterns and vector field maps corresponding to ED ⊥ , ED ∥ , and the anapole excited by rad-CVB for r=1.2 and for r=0.8. The far-field patterns are normalized to the maximum value. The intensity and vector field maps are normalized independently. Green arrows indicate the deformation axis.

Figure 5 .

 5 Figure 5. ED mode split in ED ⊥ and ED ∥ peaks separated by the anapole mode in the case of a Si nanocylinder (r = 1.2 with respect to the x-axis), illuminated by a rad-CVB propagating from bottom to top along the z-axis. The vector field maps show either the toroidal dipole or the transverse quadrupole mode canceling totally (anapole at 560 nm) or partially (ED ⊥ at 529 nm, ED ∥ at 593 nm) the electric dipole parallel to the z-axis. The far-field patterns are normalized showing the quasi-uniaxial strong scattering of ED ⊥ and ED ∥ , and the nonradiating behavior of the anapole (zero scattering intensity).

Figure 6 .

 6 Figure 6. Different near-fields maps obtained by switching the polarization (azi-CVB, rad-CVB and x-axis-polarized lin-GB) of a 516 nm wavelength excitation. The Si nanostructure is a prolate spheroid with a deformation ratio of r=1.15 along the x-symmetry axis. The colored maps in the left and right columns show the electric and magnetic near-field, respectively, at 5 nm outside the spheroid surface. Images with black background depict the 3D distribution of electric and magnetic energy density inside the spheroid for each kind of excitation. They are characteristic of a MQ mode (upper row), an anapole (middle row), and a ED mode (lower row) (See also the scattering spectra in Fig.3(b-c)). Each color bar is normalized by the local maximum energy density. For clarity, the values corresponding to the hatched part in the scale bar are not plotted.
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Figure 7 .

 7 Figure 7. Scheme showing the electric dipole and the two magnetic dipoles forming the transverse magnetic quadrupole, and far field scattering patterns of the coupled ED and transverse MQ as function of phase difference ∆Φ E/H between E and H.
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