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Abstract-Dielectric nanostructures composed of high-refractive index materials show very intense 
magnetic resonances that make them ideal candidates to interact with magnetic emitters. When two 
of these dielectric nanoantennas are located in close proximity, the electric and magnetic modes can 
interact generating the ability to control the properties of light scattering as well as to discriminate 
the polarization and nature of the emission from a single emitter. We analyze here the optical 
response of two Si spheres forming a dielectric gap-nanoantenna.   

 
Dielectric spheres composed of high-refractive index materials show fundamental magnetic resonances at 

lower energies than their electric counterparts [1,2]. These magnetic resonances can be used to enhance the 
radiative decay of magnetic emitters as demonstrated recently [3]. When two of these dielectric spheres are 
coupled together at close proximity, the electric and magnetic resonances get coupled producing new spectral 
features that require some interpretation. A sample of the optical response of such a coupled system is shown in 
Fig. 1(a), where the resonances of a Si dimer are displayed as a function of separation distance. As the particles 
get closer together, new spectral features emerge giving rise to blue- and red-shifted coupled resonances.  

 

 
Figure 1: (a) Extinction coefficient of a Si dimer as a function of separation distance. The polarization and 

incidence of the incoming planewave are displayed in the inset. (b) Near-field distribution of the electric and 
magnetic fields in a Si dimer separated 4nm at resonance λ=1100nm. The polarization is shown in the inset.  
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These hybridized resonances can be explained as due to the coupling of the dipolar electric and magnetic 
resonances induced at each particle. The electric dipoles are excited via the generation of magnetic dipoles at the 
other particle. A self-consistent solution of all the dipoles explains the complex structure of the far-field. 

The structure of the electric and magnetic near-fields at resonance can be observed in Fig. 1(b) with clear 
localization of the electric field at the Si dimer gap, and of the magnetic field inside the dielectric particles. 

Another interesting aspect of these antennas is the enhancement and control of electromagnetic radiation 
from single emitters. We study the decay rates of single magnetic emitters located at the gap of the dimer for 
parallel and perpendicular position with respect to the dimer axis. The Si dimer shows the ability to enhance 
dramatically the emission of a single magnetic emitter located at the gap when it is positioned parallel to the axis 
of symmetry, whereas other complementary modes are more efficient for perpendicular positioning of the 
emitter. This allows selective excitation of magnetic modes based on the relative orientation of the emitter, thus 
opening the path to obtain polarization-selected fluorescence from magnetic emitters, a novel aspect in 
nanophotonics.        
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