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A centenary after the explanation of Brownian motion by Einstein, thermal
diffusion is still an active area of research. Many efforts are concentrated to-
ward characterizing diffusion in heterogeneous media. In this context, Fickian
diffusion is not sufficient to characterize particle motion which often displays
anomalous diffusion characterized by a mean squared displacement scales as a
power of time X2(t) = 2Dtα. Living cells are perfect examples of heterogeneous
media due to their complex architecture, but also to the diversity in size, shape,
conformation, and biological function of its components.

Single-particle tracking (SPT) allows to follow individual molecules in the
cell. It yields useful information to understand the dynamics that molecules
undergo while fulfilling their biological functions. The analysis of SPT it is quite
challenging due the underlying heterogenous media and the short lifetime of
fluorescent probes. Numerous experiments report populations of the anomalous
diffusion parameters and , but often it not clear whether this is a true effect of
the media or a mere artefact due to error in estimating the parameters.

After a long introduction, I will present how to reconstruct the true dis-
tribution of physical parameters from experimental SPT data by theoretically
characterising the distribution of error in parameter estimation [1]. The result is
a super-resolved distribution of the physical parameters beyond technical lim-
itations due to trajectory length. This is a crucial achievement for correctly
interpreting the dynamics and identifying changes in the physical parameters,
particularly when following system perturbations (e.g., drug treatments in cel-
lular biology). The methodology will be applied to the diffusion of G protein
coupled receptor diffusion and the problem of localization error will be discussed.
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