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Introduction

Manipulating light-matter interactions at the nanoscale has revolutionized many scientific fields. Whether it be in biology, with ever more sensitive diagnostics platforms [START_REF] Punj | A plasmonic 'antenna-in-box' platform for enhanced single-molecule analysis at micromolar concentrations[END_REF][START_REF] Winkler | Antenna-based fluorescence correlation spectroscopy to probe the nanoscale dynamics of biological membranes[END_REF], medicine with targeted therapies [START_REF] O'neal | Photothermal tumor ablation in mice using near infrared-absorbing nanoparticles[END_REF][START_REF] Fortina | Applications of nanoparticles to diagnostics and therapeutics in colorectal cancer[END_REF], chemistry with higher efficiency catalysis [START_REF] Grisel | Catalysis by gold nanoparticles[END_REF][START_REF] Sardar | Gold nanoparticles: past, present, and future[END_REF], or physical optics with ever more exotic manipulations of these interactions [START_REF] Taminiau | Optical antennas direct single-molecule emission[END_REF][START_REF] Juan | Plasmon nano-optical tweezers[END_REF][START_REF] Akinwande | Graphene and two-dimensional materials for silicon technology[END_REF][START_REF] Baumberg | Extreme nanophotonics from ultrathin metallic gaps[END_REF][START_REF] Yang | Sub-nanometre resolution in singlemolecule photoluminescence imaging[END_REF]. Nevertheless, most of the systems developed to date have aimed at manipulating the electric component of light, leaving aside its magnetic counterpart. Indeed, light-matter interactions are often considered driven by the electric optical field alone, ignoring the magnetic component of light. However, this magnetic component plays a key role in many optical processes, such as chiral lightmatter interactions [START_REF] Tang | Optical chirality and its interaction with matter[END_REF], ultrasensitive detection [START_REF] Xi | Magnetic Dipole Scattering from Metallic Nanowire for Ultrasensitive Deflection Sensing[END_REF], enhancement of Raman optical activity [START_REF] Wu | Strongly enhanced Raman optical activity in molecules by magnetic response of nanoparticles[END_REF], photon-avalanching [START_REF] Lee | Giant nonlinear optical responses from photon-avalanching nanoparticles[END_REF], or forbidden photochemistry [START_REF] Manjavacas | Magnetic light and forbidden photochemistry: the case of singlet oxygen[END_REF], which makes the manipulation of magnetic processes extremely important. Over the past few years, several studies demonstrated a manipulation of specific 'magnetic light'-matter interactions. For instance, luminescence mediated by magnetic transition dipoles was controlled and enhanced by manipulating the magnetic local density of states (LDOS) through metallic layers acting as mirrors [START_REF] Noginova | Effect of metallic surface on electric dipole and magnetic dipole emission transitions in Eu 3+ doped polymeric film[END_REF][START_REF] Karaveli | Spectral tuning by selective enhancement of electric and magnetic dipole emission[END_REF][START_REF] Taminiau | Quantifying the magnetic nature of light emission[END_REF][START_REF] Aigouy | Mapping and quantifying electric and magnetic dipole luminescence at the nanoscale[END_REF][START_REF] Hussain | Enhancing Eu 3+ magnetic dipole emission by resonant plasmonic nanostructures[END_REF][START_REF] Rabouw | Europium-Doped NaYF4 Nanocrystals as Probes for the Electric and Magnetic Local Density of Optical States throughout the Visible Spectral Range[END_REF] or with resonant dielectric [START_REF] Rolly | Promoting magnetic dipolar transition in trivalent lanthanide ions with lossless Mie resonances[END_REF][START_REF] Feng | All-dielectric hollow nanodisk for tailoring magnetic dipole emission[END_REF][START_REF] Baranov | Modifying magnetic dipole spontaneous emission with nanophotonic structures[END_REF][START_REF] Feng | Isotropic magnetic Purcell effect[END_REF][START_REF] Sanz-Paz | Enhancing magnetic light emission with all-dielectric optical nanoantennas[END_REF][START_REF] Vaskin | Manipulation of magnetic dipole emission from Eu3+ with Mie-resonant dielectric metasurfaces[END_REF][START_REF] Wiecha | Enhancement of electric and magnetic dipole transition of rare-earth-doped thin films tailored by high-index dielectric nanostructures[END_REF][START_REF] Cheng | Electromagnetic Resonance-Modulated Magnetic Emission in Europium-Doped Sub-Micrometer Zirconia Spheres[END_REF][START_REF] Sugimoto | Magnetic Purcell enhancement by magnetic quadrupole resonance of dielectric nanosphere antenna[END_REF][START_REF] Brûlé | Magnetic and electric Purcell factor control through geometry optimization of high index dielectric nanostructures[END_REF] and plasmonic [START_REF] Hein | Tailoring Magnetic Dipole Emission with Plasmonic Split-Ring Resonators[END_REF][START_REF] Mivelle | Strong Modification of Magnetic Dipole Emission through Diabolo Nanoantennas[END_REF][START_REF] Choi | Selective Plasmonic Enhancement of Electric-and Magnetic-Dipole Radiations of Er Ions[END_REF][START_REF] Ernandes | Exploring the magnetic and electric side of light through plasmonic nanocavities[END_REF] nanostructures. It was also demonstrated that a Bessel beam could selectively excite a magnetic dipole transition through the magnetic field of light [START_REF] Kasperczyk | Excitation of magnetic dipole transitions at optical frequencies[END_REF].

Here, we introduce a new platform made of a metallic nanomirror creating a standing wave pattern to manipulate the spatial distributions of the electric and magnetic fields and the associated LDOSes. With this platform, we demonstrate the selective excitation of electric (ED) or magnetic (MD) dipolar transitions and selectively collect the luminescence emitted by ED or MD transitions. This control allows us to image, in 3D, the electric and magnetic nodes and anti-nodes of the fields' interference pattern. It also allows us to specifically enhance the luminescence of the quantum emitter by magnetic excitation only and to manipulate the spontaneous emission of the particle by acting on the excitation fields only, thus demonstrating total control of the magnetic and electric light-matter interactions.

Results

For this purpose, a metallic nano-antenna is fabricated at the tip of an aluminum-coated tapered optical fiber (see Supplementary Materials 1) in a Scanning Near-Field Optical Microscope (SNOM) and acts as a nanomirror when excited from the far-field to create a standing wave (Fig. 1). This electromagnetic field is used to excite a Eu 3+ doped Y2O3 nanoparticle (see Supplementary Materials 1), whose position can be scanned at the nanoscale in 3D under the SNOM tip, allowing a dynamic control of the interactions. wave. The purple circle indicates the Eu 3+ -doped particle. The emission spectrum (for excitation at 𝜆 !"# &% =532 nm) of Eu 3+ ions in the Y2O3 matrix, with the magnetic and electric transitions of interest highlighted respectively in yellow and blue, is represented (see Supplementary Materials 1 for the emission spectrum when the particles are excited through the magnetic transition at 𝜆 !"# $% =527,5 nm). The partial band diagram of Eu 3+ ions shows the electric (𝜆 !"# &% ) and magnetic (𝜆 !"# $% ) transitions at the excitation and, respectively, at the emission (𝜆 !' &% , 𝜆 !' $% ).

Eu 3+ ions are known to exhibit pure electric and magnetic transitions in the visible spectrum, both in terms of excitation [START_REF] Kasperczyk | Excitation of magnetic dipole transitions at optical frequencies[END_REF] and emission [START_REF] Karaveli | Spectral tuning by selective enhancement of electric and magnetic dipole emission[END_REF] (partial band diagram in the inset of Fig. 1). The excitation of the ED (at 𝜆 !"# $% = 532 nm) and MD (at 𝜆 !"# &% = 527.5 nm) transitions is then performed by a white laser coupled to series of tunable filters, allowing the reduction of the laser spectrum to a bandwidth of only 2 nm. This bandwidth was chosen to minimize the crosstalk between electric and magnetic excitations according to the excitation spectrum of Eu 3+ ions (see Fig. S1 in the Supplementary Materials). The luminescence of the ED (at 𝜆 !' $% = 610 nm) and MD (at 𝜆 !' &% = 590 nm) transitions of the Eu 3+ ions is then collected by the same objective, filtered from the laser light, and measured by a spectrometer. The emission spectrum of europium ions is shown in Fig. 1. By tuning the position of the nanoparticle within the standing wave, we can thus selectively excite it with the E or H field and selectively collect the signal emitted by the ED and MD transitions. Therefore, we have access to the 3D distributions of the electromagnetic fields and of the local densities of optical states that act on the quantum emitters (i.e. Eu 3+ ).

Fig. 1 shows the theoretical spatial distributions (see Supplementary Materials 2) of the electric and magnetic fields generated by the standing wave beneath the metallic nano-mirror at the 𝜆 !"# $% and 𝜆 !"# &% wavelengths, respectively. We observe that the electric and magnetic nodes and anti-nodes do not overlap spatially. A maximum E field corresponds to a minimum H field and vice versa. Furthermore, inside the antinodes, the field intensities are increased by a factor of five compared to the incident wave. Finally, due to the different continuity conditions at the interfaces, we can see that the two components of light do not penetrate the doped nanoparticle in the same way, with a clear predominance of the magnetic field inside the latter. Interestingly, this means that the E and H excitations take place at slightly different positions within the nanoparticle, as detailed further in the following paragraphs. Note that the amplitudes of the maxima of the electric and magnetic fields are due to the contributions of the reflection on the mirror, the gap between the nanodisc and the aluminum on the surface of the tip, the presence of the substrate, and the increase of the field within the particle. In particular, the presence of the particle and the substrate influence the amplitude of the standing wave but not the position of its nodes and anti-nodes (see paragraph 2 of the Supplementary Materials for the field maps of these different conditions).

The luminescence intensity L of the europium-doped nanoparticle is proportional to the average excitation intensity within the nanoparticle according to the following equation: 𝐿 = 𝜎|𝐴| ( 𝜂𝑄, where 𝜎 is the absorption cross-section, A is the electric or magnetic excitation field, η is the collection efficiency, and Q the quantum yield. Fig. 2(a) provides the luminescence collected at 𝜆 !' $% when exciting the particle at 𝜆 !"# $% and 𝜆 !"# &% for different antenna-particle distances Z and normalized with respect to the luminescence intensities without the nanomirror. We observe that the signals do not overlap spatially: the maxima and minima for these two excitations are almost inversed, in excellent agreement with the theoretical results expected from the excitation of the particle by the E or H field of light (see paragraph 2 of the Supplementary Materials for different particle geometries). These measurements thus indicate that the evolution of L as a function of Z follows directly the evolution of the excitation probability and that Q and η have a negligible influence on the spatial distributions of the luminescence intensities. Importantly, since Q and η are independent of the nature of the excitation process (MD or ED) and only depend on Z, it is possible to divide the luminescence enhancement measured at 𝜆 !"# $% by the luminescence enhancement measured at 𝜆 !"# &% and recover directly the ratio between the intensity enhancements of the E and H fields, providing a quantitative agreement between measurements and theory (see Fig. S2 in Supplementary Materials 1). These results also indicate that there is no spectral crosstalk between the two excitation channels. Although, it should be noted that even if Q and η do not influence the spatial distributions of the E and H fields, the difference in contrast between the theoretical and experimental curves in Fig. 2a,b can be explained by the fact that the experimental results, i.e., the number of photons collected, depend of the quantum yield of the dipoles and the collection efficiency of our system. These quantities are not considered in the theoretical results of Fig. 2a,b, which represent only the contributions of the electric and magnetic fields within the particle. Moreover, the shape of the particles can also influence this contrast (paragraph 2 of the Supplementary Materials).

As a control experiment, the measurement is also performed using a 200 nm diameter nanoparticle filled with fluorescent molecules (Fig. 2(b), see Supplementary Materials 1). In this case, magnetic transitions are negligible compared to their electrical counterpart, and the absorption spectrum overlaps with both the 𝜆 !"# $% and 𝜆 !"# &% wavelengths (see Fig. S1 in Supplementary Materials 1). For fluorescent nanospheres, the curves are perfectly superimposed, and the signal follows a purely electric excitation. This measurement confirms that the luminescence collected in Fig. 2(a) for a 𝜆 !"# $% excitation represents the spatial distribution of the E field intensity in the standing wave and that the signal for a 𝜆 !"# &% excitation maps the magnetic field.

Furthermore, we observe that the fluorescence intensity is enhanced by a factor of 3 and 2.5 for, respectively, the excitation by the E and H fields compared to the signal collected without the antenna. This measurement provides the first demonstration of an enhanced luminescence signal from quantum emitters excited specifically by the magnetic component of light.

Moreover, using the SNOM nano-positioning capabilities, the luminescence of Eu 3+ ions collected for each particle position in the volume under the nanomirror provides a 3D spatial reconstruction of the E and H field intensities of the standing wave as shown in Fig. 2(c). Here, the E and H nodes and anti-nodes are observed as lobes of the standing wave because of the nanoscale size of the metallic mirror. This is the first 3D image providing, in parallel, the intensities of the electric and magnetic components of light. Finally, by tuning the excitation wavelength and studying separately the ED and MD emission intensities, we study how the metallic nano-mirror modifies the spontaneous emission rates for an electric or magnetic excitation. Since the emitted photons originate from the same excited state, we can infer the 𝛽 $% and 𝛽 &% branching ratios by considering any other transitions and non-radiative decay channels as losses [START_REF] Aigouy | Mapping and quantifying electric and magnetic dipole luminescence at the nanoscale[END_REF]:

𝛽 $% = ) !" ) !" *) #" = 1 -𝛽 &% , (1) 
where L ED and L MD are respectively the luminescence signal emitted by the electric and magnetic transitions.

It is then possible to determine the relative local densities of states experienced by the ED (at 𝜆 !' $% ) and MD (at 𝜆 !' &% ) transitions as [START_REF] Aigouy | Mapping and quantifying electric and magnetic dipole luminescence at the nanoscale[END_REF]:

𝜌 -$% = + !" + !" *+ #" = , $# !" , % !" - , $# !" /, % !" *, $# #" /, % #" = 1 -𝜌 -&% , (2) 
with 𝛽 /& and 𝛽 0 representing the branching ratios with and without nanomirror, respectively. Fig. 3 provides the radiative electric LDOS when exciting the particle using the E or H field, respectively, for different nanomirror-particle distances.

Interestingly, these two LDOSes, although measured at the same positions and thus in the same photonic environment, do not overlap spatially. The explanation can be found in the non-finite size of the Eu 3+ doped nanoparticle. Indeed, depending on the component of light that interacts with the particle, the position of the excited ions will not spatially overlap because of a different spatial distribution of the fields within the particle as shown in Fig. 3e-j (see paragraph 2 of the Supplementary Materials for different particle geometries). The emitting ions will therefore be at different positions corresponding to a different LDOS. Thus, by changing the nature of the exciting field, it is possible to turn on or off some ions and probe different spatial distributions of the LDOSes for electric and magnetic transition dipoles. These subtle variations are in good agreement with theoretical calculations when the LDOS, inferred from the photoluminescence measurements, is balanced by the distribution of the excitation fields within the particle (Fig. 3e-j). 

Conclusion

In conclusion, through a new platform, we demonstrated that by generating a standing wave with a nanomirror at the end of a SNOM tip, we could perfectly control the electric and magnetic interactions of light with quantum emitters, both in terms of the excitation probability and of the spontaneous decay channels. This manipulation allowed us to provide the first experimental 3D image of the electric and magnetic nodes and anti-nodes of a standing wave. Furthermore, we demonstrated an increase in the emission of a quantum emitter after specific excitation of its magnetic transition dipole, and we showed how, by this full control of the interactions, we could, in particular, manipulate the spontaneous emission of an emitter only by acting on the nature (magnetic or electric) its excitation. This research opens the way to many photonic applications involving a contribution from the optical magnetic field, such as chiral light-matter interactions [START_REF] Tang | Optical chirality and its interaction with matter[END_REF], photochemistry [START_REF] Manjavacas | Magnetic light and forbidden photochemistry: the case of singlet oxygen[END_REF], manipulation of magnetic processes [START_REF] Bossini | Magnetoplasmonics and femtosecond optomagnetism at the nanoscale[END_REF], and new schemes in quantum computing [START_REF] Serrano | Ultra-narrow optical linewidths in rare-earth molecular crystals[END_REF] or nonlinear processes [START_REF] Lee | Giant nonlinear optical responses from photon-avalanching nanoparticles[END_REF], among others.

Fig. 1 .

 1 Fig. 1. Principle of the experiment. A metallic nanomirror fabricated at the tip of a tapered fiber and placed on a SNOM (see Supplementary Materials 1) is brought near a Y2O3 nanoparticle (NP) doped with Eu 3+ ions. The excitation is performed by a spectrally tunable laser and the luminescence signal is collected using a spectrometer. Numerical simulations of the standing wave generated by the metallic nanomirror are displayed. The interferences of the magnetic intensity of the standing wave at 𝜆 !"# $% are on the left side, in red, and those of the electric intensity at 𝜆 !"# &% on the right side, in green. Both intensities are normalized by the amplitude of the incident field. The dotted lines are guides for the eye showing the spatial separation of the electric and magnetic anti-nodes in the standing

Fig. 2 .

 2 Fig. 2. Optical characterization of the standing wave. (a) Increase of the luminescence intensities emitted by the Eu 3+ -doped particle and collected by the spectrometer for excitation wavelengths at 𝜆 !"# &% (in green) and 𝜆 !"# $% (in red) and for different Z positions of

Fig. 3 .

 3 Fig. 3. LDOS change through field excitation. Principle of the experiment: The nanoparticle is excited by a) the magnetic field (at 𝜆 !"# $% = 527,5 nm) or b) the electric field (at 𝜆 !"# &% = 532 nm) for different mirror-particle distances. For each position, the number of photons emitted through the electric (at 𝜆 !' &% = 610 nm) and magnetic (at 𝜆 !' $% = 590 nm) channels are collected and used to calculate the relative Electric LDOS (ELDOS) via equations 1 and 2. (c) Experimental and (d) Theoretical relative electric LDOS as a function of the particle-nanomirror distance when the Eu 3+ ions are excited at the resonance wavelength of the magnetic dipole transition, in red, or the electric dipole transition, in green. In (c) the solid curves are polynomial fits serving as guides for the eye and the error bars correspond to the standard deviation; Z=0 is chosen as the top part of the doped particle. Theoretical distribution of (e-j) electric (at 𝜆 !"# &% ) and (f-h) magnetic (at 𝜆 !"# $% ) optical fields inside the nanoparticle, normalized by the incident wave and for different Z positions of the particle under the nanomirror (indicated on the left side). A mask is applied

Funding. Financial support from the Agence national de la Recherche (ANR-20-CE09-0031-01 and ANR-22-CE09-0027-04), from the Institut de Physique du CNRS (Tremplin@INP 2020) and the China Scholarship Council.

Data availability. The data underlying the results presented in this paper are not publicly available at this time but may be obtained from the authors upon reasonable request.

Supplemental document. See Supplementary Materials for supporting content and methods.