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Disordered scattering media, such as a layer of white paint, force transmitted light to follow random trajectories. In practice, a
coherent input beam gives rise to a speckle pattern, resulting from the interference of the different paths. The properties of such a
system are usually studied through average quantities, using for instance the diffusion equation.
However, it is possible to characterize a system for a given realization of disorder. Regardless of the amount of disorder, a linear
optical system can be characterized by its transmission matrix. The Langevin Institute conducted the first experiments resulting in
the experimental measurement of the transmission matrix [1] of a disordered optical system. The acquisition is done using
wavefront shaping techniques, which have attracted a considerable interest for applications in complex media in the past years [2].
This matrix contains all the information about the transmission properties of the system at a given wavelength.
More information can be gathered by measuring the transmission matrix at different wavelengths in a chosen bandwidth. It is then
possible to construct the so-called Wigner Smith operator [3,4], that contains the spatial and spectral properties of light transport. In
particular, it gives information about the statistics of the time of flight of the photons inside the medium and the spectral correlation
of the field.

Two eigen-states of the Wigner-Smith operator in situation of weak (left) and strong disorder (right). Image from [3]

The intern will work with numerical simulations and experiments to characterize and study the Wigner-Smith operator
in random scattering media. This subject is of great interest, both for its fundamental aspects, the properties of the
Wigner-Smith operator having hardly been investigated in the context of scattering media, and for its applications, in
particular for optical imaging and telecommunications.
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