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Theory and modeling of diffusion in heterogeneous media,
with applications to single-particle tracking in living cells

The transport of macromolecules and organellesdéndiving cells is a complicate
phenomenon with various regimes (sub-diffusive eswgiffusive, intermittent, transitory...
whose physical origins remain poorly understoode Ttrew experimental techniques
single-particle tracking based on optical tweeberge been recently applied in microbiolg
in order to study cellular transport, as well asitural and functional properties of livin
cells. Since these techniques typically acquire f@mdom trajectories (generated by unkng
stochastic process), the problem of the best statisnalysis of acquired data and their m
reliable biophysical interpretation becomes fundatale In fact, one faces a very gene
guestion: How can one characterize a stochastmegrofrom its single random trajectory?

The internship focuses on theoretical and numergtady of random trajectories
spatio-temporal heterogeneous media. The first estagnsists in generating randd
trajectories from recently developed models of togteneous diffusion (with time-depende
or space-dependent diffusion coefficients). Theagdtories mimic experimentally acquir
data from single-particle tracking experimentstHa second stage, these trajectories wil
analyzed by various statistical methods aiming @éniifying spatial and tempor
heterogeneities and at distinguishing differentimag of intracellular transport. Th
systematic study should help to identify the mdgtient inference techniques, which c

then be applied to experimentally acquired trajgeesoof tracers in living cells. The ultimate
goal of this research is a better understandirgglhdilar transport and its biophysical origing

The candidate is expected to have a solid backgraustatistical/theoretical physics and
mathematical statistics, be skilled in numericahdations (e.g., in Matlab), and motivat
for interdisciplinary research. The internship qastentially be continued as a PhD the
under the condition of finding a PhD scholarship ¢rder to be able to apply for such
scholarship at Ecole Polytechnique, the candidateld have excellent notes).
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