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Propagation of coherent light through a scattering medium generates a speckle pattern, which is
detrimental for imaging applications. Since 2007, various wavefront shaping techniques have
emerged to control this very complex figure of interference. In particular, they can be used to focus
light behind scattering media [1]. Still, all of these approaches require some feedback signal from
the targeted focal point. Usually, the feedback is either measured with a detector placed behind the
scattering medium, or recovered from implanted guide stars. Both approaches are invasive and
thus not directly applicable when it comes to imaging at depth. To go beyond this major limitation,
wavefront shaping has recently been combined with techniques such as acoustics or nonlinear
optics [2]. However, focusing non-invasively on extended fluorescent objects with linear
excitation remain to date unresolved.
Here we report on a new method allowing focusing inside a scattering medium using an incoherent
linear optical signal as feedback, for instance fluorescence, in an epi detection geometry. Contrary
to [3], our technique does not rely on speckle correlations and is also efficient in the multiple
scattering regime. We use an optimization procedure to find the incident phase correction that
maximizes the spatial variance of the linear fluorescence speckle, retro-reflected by the medium.
The speckle pattern variance is the product of the contrast and the intensity of the speckle, meaning
it is maximal when all the excitation light is focused on a single fluorescent target, since fluorescent
signals emitted by multiple targets are summed incoherently. Experimentally, we demonstrate
diffraction-limited focusing of light scattered after propagation through multiple layers of parafilm
using the variance of the fluorescence speckle pattern as a feedback signal. This approach should
be adaptable to several microscopy techniques and linear optical signals.
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