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internship title: Quantum Optics in complex media
Scattering of light in heterogeneous media, for instance the
skin or a glass of milk, is usually considered an inevitable
perturbation or even a nuisance. Through repeated scattering
and interferences, this phenomenon seemingly destroys both
the spatial and the phase information of any laser
illumination. At the spatial level, it gives rise to the wellknown “speckle” interference patterns. From an operative
point of view, scattering greatly limits the possibility to
Figure   1   :   Speckle   Figure   before   (left)  
image or manipulate an object with light through or in a scattering and   after   (right)   wavefront   shaping,  
medium.
showing  the  ability  to  control  light  and  
Multiple scattering is a highly complex but nonetheless deterministic deliver  it  through  a  complex  medium.  
process: it is therefore reversible, in the absence of absorption.
Speckle is coherent, and can be coherently controlled. By « shaping » or « adapting » the incident light, it is
in principle possible to control the propagation
and overcome the scattering process. This domain is the main
3
focus of our team « imaging in complex media » at Laboratoire Kastlera
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Brossel, supported by a 5 year ERC grant.
In this project, we aim at showing that complex media can be an
Figure  1  :  Fock  state  control  through   interesting platfom for multimode
a   scattering   medium   (a)   quantum   quantum information processing. We
interference   between   two   arbitrary   have already shown how a Fock state
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In the long run (a PhD thesis) we will explore how such random medium
Fig. 3. Experimental results of single-photon entangled state
can
be
a
viable
alternative
to
conventional
waveguide-based linear quantum information, be it for quantum
generation and characterisation. (a) Single-photon interference fringes
observed
by
combining
the
two
output
PMSMFs
computing or quantum random walks experiments for instance.
on a fibered beam splitter (visibility V = 0.78 ± 0.04). (b)
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diagonal elements are: P00 = 1 − 8.4 × 10−5 , P01 = (4.1 ±
0.7) × 10−5 , P10 = (4.3 ± 0.7) × 10−5 , P11 = 1/(1.1 × 1010 ).
The oﬀ-diagonal
|d| = (3.3 ± 0.6) × 10−5 . From
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these data, a lower bound for the concurrence is calculated:
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C = (4.6 ± 1.2) × 10 > 0.

signals on a fiber beam splitter. To record interference
fringes, represented on Fig. 3a, a set of SLM phase pat-
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