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Résumé / summary
Wave propagation in complex media has drawn a considerable attention in many domains of physics, ranging from
optics or acoustics to solid-state physics, seismology or medical imaging. Conventional focusing and imaging
techniques based on the Born approximation generally fail in strongly scattering media due to the multiple scattering
events undergone by the incident wave-front. For instance, optical coherence tomography, which is based on lowcoherence interferometry, can image biological tissues only over a depth of 1 or 2 mm below the surface, because the
single scattering contribution is too weak to be detected at greater depths.
To address the problem of imaging strongly scattering media, we propose an alternative approach inspired by
previous works in seismology and ultrasound. Past experiments have demonstrated that the cross correlation of the
recordings of diffuse wave fields at two spatially separated points gives the time-domain Green’s function between the
two points, i.e., the wave field that would be observed at one point if a source were placed at the other. This approach
turned out to be particularly powerful in seismology: by cross-correlating the ambient seismic noise recorded on
various seismic stations, one can build highly resolved tomographic images of the earth crust [N.M. Shapiro et al.,
Science 307, 1615, 2005].
The aim of this master internship would be to transpose this elegant approach to optics. The basic idea is to measure
the white light ambient noise within a scattering medium at different locations by means of several optical fibers. The
cross-correlation between the recorded fields is then performed by low-coherence interferometry and yields the timeresolved green’s functions between each recording point. The last step consists in building an image of the medium
from the ensemble of Green’s functions measured between each recording point.
Compared to current imaging techniques in optics, our approach has the great advantage of being totally passive
since we take advantage of the ambient optical noise for measuring the Green’s functions. Unlike optical coherence
tomography, our recording points are located within the medium, which allows in-depth imaging of the scattering
medium.
The aim of this internship will be first to set-up the corresponding experiment. To that aim, we will take advantage
of the Langevin institute expertise in low-coherence interferometry. The preliminary experiments will consist in
studying simple scattering samples made of few scatterers to make the analysis simpler, before moving towards more
complex media. The student should show great experimental skills in optics but also an in-depth knowledge of wave
physics in general due to the multidisciplinary aspect of the project. It would be really appreciated that the student
pursues this research project with a phD thesis. The latter one would be directed by Pr. Mathias Fink and Pr. Claude
Boccara, supervised by Alexandre Aubry and Geoffroy Lerosey and its funding will be discussed during the internship.
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