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localization of light: a power sensing tool
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Abstract: Localization of light induced by correlation in the scatterers’ positions is achieved in an
ordered photonic colloidal (TiO2@Silica) suspension. A strongly enhanced light-matter coupling is
observed as the concentration of TiO2@Silica is increased above threshold.

Introduction: Anderson localization of light in three—dimensions (3D) (true Anderson localization) shows prospects
for entirely new optical phenomena [1,2], which might lead to the generation of new-type photonics devices. The
tendency towards localization at correlated long-range hopping in higher dimensional systems, demonstrated
theoretically by Kravtsov and co-workers and called “correlation-induced localization”, has revealed the universality
of this phenomenon [3]. Historically, various pioneering experiments that studied the transmission of electromagnetic
waves through strongly scattering optical media have claimed the observation of Anderson localization of light [4-6].
However, these works were questioned firstly by opponents [7,8] and later refuted by their authors [9,10]. Inelastic
scattering processes (absorption or nonlinearity) lead to a decrease in the photon coherence length, hampering the
interference effects required for localization [11,12], making direct observation of localization difficult and elusive.
In fact, according to the theoretical prediction of Sajeev John [13] and our experimental results [14—17], an enhanced
absorption arises when the system approaches localization. The strategy used in these previous works was to increase
the scattering strength by increasing the scatterers’ concentration (randomly distributed scatterers) in order to reach
the Ioffe-Regel criterion for localization (k/T <1), where &=2n/A and /1 are the wave number and transport mean free
path, respectively. However, the increase of scatterer concentration (decreasing the scatterers separation) favors the
near field coupling, which can hamper localization of light [18]. Another alternative strategy to reach localization
should be achieved by introducing a correlation in the scatterers positions, that is, inducing certain order in the disorder
or, in other words, to introduce disorder in an ordered photonics structure (photonic crystal), which was suggested
early by Sajeev John [19]. Recently, Dal Negro and co-workers have predicted theoretically that aperiodic correlations
used for the engineering of photonic media (e.g. metallic nanostructures) are suitable photonic platforms for
localization of light, revealing strongly enhanced light-matter coupling compared to the traditional periodic and
homogeneous random media [20,21]. During the last five years, we have been studying the localization of light (3D)
in a colloidal system composed by core-shell TiO2@Silica nano particles (NPs) suspended in ethanol [14—-17,22-24].
In a previous work [17], we proposed that the correlation in the scatterers’ position due to the long-range interaction
(Coulomb) might favor significantly photon interference (localization), which would explain the anomalous transport
of light observed in our core—shell TiO>@Silica suspension in ethanol, even for 3<k/r<8. The correlation in the
scatterer’s positions induced by a long-range Coulomb interaction between scatterers (TiO2@Silica NPs) is due to the
electrostatic field (C—potential) provided by the silica shell [23,24]. According to the colloidal-classical theory of
Derjaguin-Laudau-Verwey-Overbeck (DLVO) [25,26], the pair-wise particle interaction arises from the interplay of
attractive van der Waals forces (Far) and repulsive Coulomb forces (Fiep, double layer force) screened by the Debye-
Hiickel ions” cloud. The modulo of both potentials increases when the separation between particles is decreased and/or
the Debye length (Apebye) and &-potential increases. In this research, we study the light-matter coupling by Raman
scattering in this colloidal system composed by TiO2@Silica (Rutile@Silica) NPs suspended in ethanol. The
hydrodynamic diameter (Duye=890 nm), proportional to Apebye, and the &-potential (-70 mV) of TiO2@Silica NPs
suspended in ethanol, which gives an estimative of the extension range of the Coulomb interaction, were determined
by dynamic light scattering (DLS) at very low [TiO2@Silica].

Results: A Micro-Raman XploRA Horiba with a CW 532 nm laser as an excitation source was used for Raman
scattering measurements. A detailed description of the experimental setup can be found in ref. [23]. The Raman
scattering signal of the TiO2@Silica NPs suspensions were collected for TiO: filling fractions (FFTio2) from 0.26%
up to 12.1%. Two strong peaks located at around 445 and 610 cm™ assigned to the E; and Aig modes of rutile are
observed (Figure la). The intensity of the Raman peaks (Figure 1b) increases quicker than linearly as FFTio2 is
increased above a specific value (FFonset), revealing an enhancement of the Raman signal per particle (Figure 1c). This
anomalous enhancement of light-matter coupling above FFonset can be explained by the localization phenomenon and,
interpreted as localized photons interacting several times with the same particles, molecules or atoms within the
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localized states [14], which is a consequence of the strong photon correlation [1,2]. This phenomenon was predicted

theoretically by Sajeev John [13] and demonstrated experimentally by us [14,16,17,24].
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Figure 1. a) Raman spectrum collected from the surface of the TiOx@Silica suspension (rutile peaks; Eg, A1q). b) Intensity of the
Raman peak (E,,; 445 cm™) as a function of FFrioz increases more quicker than the expected linear behavior (represented by red
line). c) Intensity of Raman peak normalized by FFrio2 shows an enhancement above FF=1.06% (represented by black arrow).

Conclusion

Strongly enhanced light-matter coupling is shown by means of the strong enhancement of the Raman signal per
particle, revealing a new optical phenomenon that opens up new possibilities for the designing and manufacture of
powerful sensing tools.
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