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     Light scattering from inhomogeneties hinders energy delivery, communications, and imaging 

through scattering media. Suppressing or manipulating scattering is a challenge as it involves the 

simultaneous control of outgoing light in a vast number of channels (speckles). In this talk, I will 

describe such control with wavefront shaping, highlighting the role of long-range correlations 

between the multiply scattered photons. We show experimentally and theoretically that the 

correlations can facilitate a global control over the scattered light [1]. Long-range spectral and 

temporal correlations further enhance our ability to control white light and short pulses [2]. 

     By shaping the incident wavefront with a spatial light modulator (SLM), we simultaneously 

enhance or suppress the intensities of many speckles transmitted through a thick slab of zinc 

oxide microparticles (Fig. 1a). The control range is given by the extremal eigenvalues of matrix 

𝑡†𝑡, where 𝑡 is the transmission matrix through the medium. Given the large number of speckles, 

one expects a very limited control range; however, our experimental results show a much wider 

range (Fig. 1b). By accounting for the long-range correlations, we accurately describe this 

enhancement theoretically. In general, correlation effects emerge when the number of targeted 

speckles exceeds the dimensionless conductance 𝑔 of the medium. This concept also extends to 

the control of broadband light and of spatial-temporal control, where we find the correlations to 

cause the spectral degrees of freedom to scale as the square root of the bandwidth rather than the 

bandwidth itself. 

 
 

Figure 1. Left: schematic of the wavefront-shaping experiment, showing the resulting transmitted 

speckle patterns with suppressed or enhanced intensities. Right: control range when simultaneously 

targeting 40,000 speckles, given by the distribution of transmission eigenvalues. Black solid and blue 

dashed lines: phase-conjugation and eigenvalue predictions without long-range correlations. Red solid 

line: theory accounting for the correlations (no fitting). Green circles: experimental data. 
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