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Conventional imaging techniques do not allow retrieving images deep inside biological media because of diffusion.
The trajectories of the photons are deviated as they encounter inhomogeneities. Acousto-optic imaging uses ultrasound,
which are 1000 times less scattered by biological tissues, to “guide” light deep inside the medium. An ultrasound focus
spot is generated, it shifts the frequency of the photons that went through this specific area. It is then possible to select
the “tagged” photons and scan the focus spot to obtain an optical image deep inside the medium. The Langevin
Institute plays a major role in the developpement of acousto-optic imaging techniques [1]. A limitation is the resolution
that is fixed by the ultrasound focus spot, which is much bigger that typical optical resolutions.

In parallel, the development of spatial light modulators — devices that allow controlling the amplitude and/or the phase
of the light over millions of pixels — created the emergence of new techniques called “wavefront shaping”. They
opened the possibility to control light propagation through or inside scattering media [2]. In particular, we conducted at
the Langevin Institute the first experiments resulting in the measurement of the transmission matrix [3] of a disordered
optical system thanks to wavefront shaping. The transmission matrix of a linear medium completely characterizes its
transmission properties between an input and an output plane.

Recently, techniques were developed to use wavefront shaping with acousto-optic imaging to improve the resolution
below the ultrasound resolution [4]. The goal of this internship is to combine the acousto-optic techniques with the
measurement of the transmission matrix. The “acousto-optical” matrix characterizes the transmission properties of only
the photons that were “tagged” by the ultrasounds. The knowledge of this matrix would allow controlling the optical
field deep inside an inhomogeneous medium on a scale comparable to the optical wavelength and would give valuable
information about the optical properties of the media in the region of the ultrasound focus spot.

Taking advantage of the expertise of the Langevin Institute in the manipulation of light in complex media, the intern
will use wavefront shaping and acousto-optics techniques to measure and study the acousto-optical transmission
matrix. He will in particular study imaging applications and the properties of this matrix.
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