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Abstract

The main properties of the light scattered by isolated particles or particle systems contain much
information about the scatterer: size, shape and optical properties. Although most of research analyzes
scattered intensity properties (spectrum, scattering patterns, etc), polarization parameters can be also
very interesting to obtain this information [1]. In particular, in a previous research [2], we showed that
the spectral evolution of the linear polarization degree measured at a scattering angle of 90° [P (90°)] is
sensitive to deviations from a pure dipolar behavior (size, anisotropy, multiple scattering). Concerning
isolated and isotropic particles, this means that if the size parameter, x=2zR/4, is much smaller than 1
and multipolar effects are absent, P, (90°) remains equal to 1. If particle size grows and/or multipolar
contributions become important, significant changes are detected in P_(90°). In a similar way, we stated
that this parameter can also identify magnetic response in light scattering by dipole-like particles [3].
Thus, P.(90° get negative values when the magnetic character of the particle dominates, while it
remains positive if the dominate behavior is electric.

Recently, it has been shown that nanoparticles (R~200nm), made of silicon or germanium, present both
electric- and magnetic-like resonant behaviors in the near-infrared range [4, 5]. Taking this into account,
the objective of this contribution is to analyze the polarimetric properties of scattered radiation by silicon
nanoparticles in the infrared (1-2 pm). Applying our knowledge developed in [3], we will analyze the
electric and magnetic response of this kind of nanoparticles and the influence of their size by means of
the spectral evolution of the linear polarization degree at right-angle scattering configuration (RASC).
This analysis will allow us to relate polarimetric and energetic properties of light scattering of this
realistic system.

In Figure 1 we show the spectral evolution of the considered polarimetric parameter [P.(90°)] for a

silicon nanoparticle with R=230 nm in the interval (1-2um). Size effects become non-negligible in the
considered range. For this reason, we have considered multipolar contributions. In particular, the first
four Mie terms (electric and magnetic, dipolar and quadrupolar ones) are plotted. As in [3], when the
electric dipolar character (a;) dominates, P, is clearly positive and tends to the ideal value of 1. As the
magnetic dipolar conduct (b;) becomes more important, P, tends to decrease and it is negative when
the magnetic dipolar resonance is excited. For shorter wavelengths, the size/wavelength ration induces
that quadrupolar terms are comparable to the dipolar ones and even a magnetic quadrupolar mode (b,)
is excited. This produces a complex behavior of P (90°) that will be explained.

In summary, in this research we have analyzed the spectral evolution of the linear polarization degree at
right angle scattering configuration, P (90°), of silicon particles (R~200nm) in the IR. We can conclude
that its measurement can be a complementary tool to the conventional analysis of either the scattering
or extinction spectra. P (90°) can reveal and distinguish electric and magnetic responses of the
scattering system. In addition, in this research we have considered multipolar contributions, in other to
study how they contribute to the polarimetric parameter.



Acknowledgments

This research has been supported by Spanish MICINN (Ministerio de Ciencia e Innovacion) under
project FIS2010-21984, Consolider NanoLight (CSD2007-00046), FIS2009-13430-C01-C02 and
FIS2007-60158, the EU NMP3-SL-2008-214107- Nanomagma, as well as by the Comunidad de Madrid
Microseres-CM (S2009/TIC-1476). Work by B.G-C. and R.G.-M were supported by the University of
Cantabria Postdoctoral Fellopwship and the MICINN "Juan de la Cierva” Fellowship, respectively.

References

[1] M.I. Mishchenko and L.D. Travis, pp. 159-175, F. Moreno and F. Gonzélez, Eds. (Springer-Verlag,
2000).

[2] B. Setién, P. Albella, J.M. Saiz, F. Gonzalez and F. Moreno, New J. Phys. 12 (2010), 103031.

[3] B. Garcia-Camara, F. Gonzélez and F. Moreno, Opt. Lett. 35 (2010), 4084-4086.

[4]R. GOmez-Medina, B. Garcia-Camara, |. Suédrez-Lacalle, F. Gonzéalez, F. Moreno, M. Nieto-
Vesperinas and J.J. Sadenz, J. Nanophoton. 5 (2011), 053512

[5] A. Garcia-Etxarri, R. Gomez-Medina, L.S. Froufe-Pérez, C.Lépez, L. Chantada, F. Scheffold, J.
Aizpurua, M. Nieto-Vesperinas and J.J. Saenz, Opt. Express 19 (2011), 4815-4826.

Figures
1.0 . [ . -
—P,(90% |
| /\‘\ = Qexi(aq)]
0.5 / | |- Qext(bq)
- 6
] Qext(a2)
- Qayt(bo) |
S 00- =5 O
S %
Q” i
-2
-0.54
] -0
_1.0 ¥ 1 v I ¥ 1 ¥ 1 ¥
1.0 1.2 1.4 1.6 1.8 2.0

A(nm)

Figure 1. Spectral evolution of P (90°) of a silicon particle (R = 230nm). The first four contributions of the
Mie expansion to the extinction efficiency are also shown.
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