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It has been a long time belief that, with increasing the scattering strength, the transport of light 
through disordered media gradually slows down and, eventually, comes to a halt corresponding 
to a localized state. However, we present experimental evidence that different stages emerge 
in this evolution, which cannot be described by classical diffusion with conventional scaling 
arguments. We demonstrate that strong evanescent-field couplings hinder the localization of 
wave resonances and, therefore, impede the slowing down of diffusion. The emerging out-of-
equilibrium steady-state process resembles the diffusion of classical particles in spatially 
correlated random potentials and the thermalization of matter waves due to atomic collisions. 

The properties of EM fields evolve as the 
radiation penetrates deeper into a medium and 
encounters different stages of evolution even in 
its diffusive propagation. We will demonstrate 
that these “phase transitions” in the transport of 
light are direct consequences of competing 
mechanisms of interaction between light and 
complex media.  

In strongly multiply scattering media, waves can 
propagate along reciprocal multiple scattering 
paths, generating additional interferences seen as 
closed loops in their trajectories. This increased 
probability of returning to the starting point 
effectively slows down the normal diffusion and 
this constitutes the first phase transition in the 
diffusion of light: from normal to anomalous. On 

the other hand, the near-field coupling between constituents of complex media has the 
tendency to destroy these loops by leaking energy into new channels [1]. The longer the 
propagation paths the more such events occur and, as a result, the loops of energy flows are 
effectively destroyed and the diffusive propagation gradually returns to normal. This 
constitutes a second phase transition in the diffusion of light: from anomalous to normal [2]. 

Aside from experimental demonstrations, we will present a microscopic model that captures 
the relevant aspects of electromagnetic wave propagation and explains the competing 
mechanisms that prevent the three-dimensional wave localization. Our results permit exploring 
new aspects of the universal process of diffusion in external potentials.  
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Distinct regimes of light propagation are 
characterized by path-length distributions 
having specific power-law dependences. Phase 
transitions may occur between normal (α, γ) and 
anomalous (β) diffusions. 


