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Summary

In this thesis we have investigated the propagation of optical noise through multiple
scattering media.The general idea is depicted in fig. (E-I). Multiple scattering
systems are characterized by a strong light-matter interaction that manifests itself
by the many scattering events that light undergoes in the medium. The scattering
strength of the system is determined by the mean free path `, defined as the mean
distance between consecutive scattering events. Given a fixed system size, the
shorter the mean free path the more strongly scattering the medium is. Milk and
clouds are examples of multiple scattering systems. We can not easily see an object
embedded in these media, and that means that the mean free path is in these cases
very small compared to the size of the systems.

Drawing inspiration from the study of noise in disordered electronic systems,
we exploited the inherent noise characteristics of laser systems to extract valuable
information from multiple scattering media, such as the mean free path and the
modalities of light transport.

Noise is not regarded as something that spoils the measured signals and needs to
be discarded and minimized. On the contrary, noise is employed as an investigation
tool. In order to use noise as a probe it is necessary to characterize the noise sources,
in our case laser systems. Lasers have two main types of noise whose signature is
the different scaling as function of intensity. High frequency noise scales linearly
with the intensity, and is termed quantum noise, while low frequency noise scales
quadratically with the intensity and is termed excess (or classical) noise.

As a first step, in chapter 2, we measure the total reflection of quantum and
classical optical noise from a collection of samples and show that reflection of quan-
tum and classical noise follow different theories. Furthermore, the mean free path
can be recovered from the noise measurements and the obtained values are in agree-
ment with the ones extracted from intensity measurements. Moreover, we find a
linear scaling of the fluctuations as function of the incoming noise allowing thus for
a unified representation of classical and quantum noise. The results presented in
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Figure E-I: Incoming optical signal with noise propagates through a multiple scattering
system (the scatterers are depicted by grey circles). The goal of the research presented
in this thesis is to study the transport of light fluctuations through strongly scattering
media. The scattering strength of the system is determined by the mean free path `. The
shorter the mean free path the more strongly scattering the medium is.

chapter 2 are not sensitive to the direction of the beam exiting the sample as the
collected signal is averaged, by means of an integrating sphere, over all directions.

In chapter 3, we extend our investigations of optical noise by making use of
coherent backscattering. Coherent backscattering is classically used to study the
transport of light through random media and demonstrates that interference ef-
fects survive the ensemble averaging process. The measured intensity signal in the
backscattering direction, plotted as intensity as function of the backscattering an-
gle, acquires the shape of a cone, termed the backscattering cone. In chapter 3,
we show that coherent backscattering can be used to investigate the transport of
optical noise through disordered media. By using an electronic spectrum analyser
we investigate the noise content of the signal and show that quantum noise and
excess noise exhibit a coherent backscattering effect. Moreover, we theoretically
show that the excess noise backscattering cone gives access to the second moment
of the intensity probability distribution. In turn, from the second moment it is
possible to extract information about the conductance g that conveys information
about to what extent light propagates along independent scattering paths. The
importance of the parameter g in the study of mesoscopic systems resides in the
fact that the value acquired by this parameter signals the approach to the Anderson
localization transition. In the Anderson localization regime light stays confined in
the medium because strong light scattering causes a breakdown of light diffusion
due to interference.

Finally, in chapter 4, we extend our work on the parameter g. The conductance
g depends on the mean free path and the sample size as well as on the cross section
of the beam impinging on the sample. While the mean free path and the sample
size are fixed once the sample is chosen, we can still play with the beam size to vary
g. In order to achieve that we built a setup that allows to change g by displacing the
optics that focusses the light onto the sample. Our setup allows also to record the
speckle patterns produced by the transmitted light. Speckle patterns produced by
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independent scattering paths generate a Rayleigh intensity probability distribution.
From the speckle patterns we were able to extract the probability distribution of the
transmitted intensity. Furthermore, we discuss how interference effects, quantified
by the values assumed by g, give rise to deviations from the Rayleigh distribution.
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