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Abstract: Control of interference enables new methods of focusing and imaging through 
scattering media. We explore basic physical processes that enable such methods and ultimately 
limit their range. Exciting opportunities for applications exist, especially in tissue. 
OCIS codes: (290.7050) Turbid media, (030.6140) Speckle 

 

Random scattering of light by micro-and nanoscale structures is an impediment to optical imaging and focusing in 
turbid materials such as intact biological tissues and through media such as fog and snow. The manipulation of the 
coherence properties of laser speckle has led to a new class of methods based on shaping of the incident wavefront 
[1]. By shaping the incident wavefront, light can be focused tightly through a turbid medium [2] or inside it on a 
guide star such as a fluorescent or nonlinear nanoparticle. Phase conjugation methods can be used to focus light on a 
moving object, or motion can provide a basis for imaging [3], and  ultrasound can facilitate a focus [4,5]. While 
incoherent light can be used in these imaging methods [6], this approach relies on coherence being preserved in the 
medium  
 
For phase coherent methods to be able to function, it is important that any coherent operation is performed within 
the correlation time of the medium, i.e., the time in which all correlations in the transmitted light are lost [7]. This 
correlation time typically decreases with the thickness of the medium. Hence, to image or focus deeply inside a 
scattering medium one needs fast detection and generation of complex light fields. In present implementations the 
time scale is limited mostly by electronic and software processing, even for the fastest implementations [8]. Given 
several years of development, phase conjugation equipment that couples quantum-limited detectors may push the 
speed of phase conjugation to the physical limit. In that limit, the range inside a medium to which phase conjugation 
and related methods will work is mostly determined by the necessary integration time to count signal photons, and in 
some cases even by the round trip time of the light. 
 
Here we present a general framework for assessing the depth to which coherent optical methods may be useful and 
compare them to other methods of imaging in turbid media. We find that excellent opportunities for phase coherent 
imaging may be found in tissue optics, while the advantage over other methods in terms of range is more limited in 
dilute media such as fog and clouds, mostly due to the large size of such media relative to the wavelength and the 
motion speed of the scatterers. 
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