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Abstract

In the presence of both electric and magnetic properties, the scattering characteristics of a small object
present markedly differences with respect to pure electric or magnetic responses. Even in the simplest
case of small or of dipolar scatterers, remarkable scattering effects of magnetodielectric particles were
theoretically established by Kerker et al. [1] concerning suppression or minimization of either forward or
backward scattering. Intriguing applications in scattering cancellation and cloaking together with the
unusual properties of the optical forces on magnetodielectric particles [2] have renewed interest in the
field. The striking characteristics of the scattering diagram of small (Rayleigh) magnetodielectric
particles [1, 3] were obtained assuming arbitrary values of electric permittivity and magnetic
permeability. Nevertheless, no concrete example of such particles that might present those interesting
properties in the visible or infrared regions had been proposed.

Here, we show [4] that submicron dielectric spheres present dipolar magnetic and electric responses
(see Fig. 1), characterized by their respective first-order Mie coefficient, in the near infrared, in such a
way that either of them can be selected by choosing the illumination wavelength. Moreover, we will see
that Si or Ge spheres constitute such a previously quested real example of dipolar particle with either
electric and/or magnetic response, of consequences both for their emitted intensity [5, 6] and behavior
under electromagnetic forces [2, 5, 7]. Specifically the exact scattering diagram, computed from the full
Mie expansion, of submicron Si and Ge particles in the infrared will be shown to be consistent with the
expected result for dipolar electric and magnetic scattering (see Fig. 2). Finally, we will show that the
force is a simple combination of conservative and non-conservative steady forces that can rectify the
flow of magnetodielectric particles. In a vortex lattice the electric-magnetic dipolar interaction can spin
the particles either in or out of the whirls sites leading to trapping or diffusion (see Fig. 3).
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Figure 2. Scattering diagrams for the

240nm Ge nanoparticle (&p =16 and pp =1) at
A=2193 and A=1823 nm, (first and second GK
conditions, respectively). Both polarizations, with
the incident electric field parallel (P polarization)
or normal (S polarization) to the scattering plane
are considered. Notice that while the
backward intensity drops to zero at the first
GK condition wavelength, at the second
condition, although the most of the intensity
goes backward, the scattering diagram
presents a very small peak in the forward
direction. (Adapted from Ref. [6]).
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Figure 1. Scattering cross section map of a non-
absorbing Mie sphere as a function of the refractive
index m and the y parameter, y = mka. Green areas
correspond to parameter ranges where the magnetic
dipole contribution dominates the total scattering
cross section, while red areas represent regions
where the electric dipole contribution is dominating.

The remaining blue saturated areas are dominated

6,00E-014 30Tt \\30\
// «
i ,
4,00E-014 300/ ) 50
7 ] )
2,00E-014 / s \
270{ 390
2,00E-014 \ /
, %
a00s01a] 240N /120
&/ /
AN
6,008-0141 210150 A=2193 nm

—a— P pohriz

—e— S polriz
1,20E-013- R

8,00E-014+4

4,00E-014+

4,00E-014

8,00E-014+

1,20E-0131

Figure 3. Nonconservative forces on a Si sphere of radius a=230nm placed at the intersection region of

two standing waves for a wavelength A=1725nm slightly above (red-shifted) the magnetic dipolar

resonance. Arrows in (a) and (b) point along the total force lines. (a) Contour maps of the modulus of

the normalized total force. (b) Contour maps of the normalized electric field intensity. The symbols

sketch the force fields at several positions: O corresponds to saddle points and A corresponds to

unstable equilibrium (zero-force) positions, respectively. (Adapted from Ref.[7]).
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