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Despite decades of active research, punctuated by several contradictory experimental and theoretical claims, 
the mere existence of Anderson localization of light, a regime where light cannot propagate due to 
interference effects between randomly distributed scatterers, has not been demonstrated yet. Recent 
theoretical works suggest that the vectorial nature of light might actually prohibit localization [1].  

We here present a study on the scattering of 
light in two dimensions, a regime where both 
scalar or as a vectorial electromagnetic waves 
coexist (see Fig. 1). These two types of wave 
have completely decoupled scattering 
dynamics, each exhibiting its own properties. 
For example, the analysis of lifetimes shows 
that both types of waves exhibit subradiance, 
i.e., decay times much beyond that of a single 
atom. However, for the vectorial case, these 
lifetimes are actually limited by radiation 
trapping, a phenomenon that does not rely on 
interferences, whereas for scalar light, 
lifetimes can be orders of magnitude larger [2]. 

 Figure 1: Two-dimensional scattering scheme: The radiation 
of wave number k close to the atomic transition ka = ωa/c ≈ k, 
is confined in a plane. Two eigenvectors are shown: a localized 
s-polarized mode in the right and an extended p-polarized 
mode in the left. 

As for the spatial aspect, the scaling analysis (a paradigmatic tool to probe localization properties) reveals 
that only scalar waves do localize, supporting the theoretical claim in three dimensions that the extra terms 
present in vectorial light (near-field, anisotropy, coupled atomic sublevels) do prevent localization. 

Figure 2: Inverse lifetime 𝛾𝛾𝑛𝑛
(0) versus localization length 𝜉𝜉 of the 

modes for scalar light. rCM refers to the distance of the center 
of mass of the mode to the center of the cloud 

Interestingly, we also observe a lack of 
correlation between lifetimes and localization 
length. In other words, modes that are strongly 
localized in space may have not so long 
lifetimes, and modes not so localized may 
exhibit very long lifetimes (see Fig.2). 

This suggests that trapping in space (Anderson 
localization) and time (Dicke subradiance) may 
actually be two very different phenomena, 
scaling with different parameters [2]. This is 
corroborated by recent results reporting Dicke 
subradiance in dilute samples [3], whereas 
Anderson localization would require high 
densities anyhow. 
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