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Spatial Quantum Correlations Induced by Multiple Scattering
of Light
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It is experimentally demonstrated how quantum noise of light is transported through a multiple scattering
random medium. We predict the existence of novel spatial quantum correlations that are induced by mul-
tiple scattering.

©2006 Optical Society of America
OCIS codes: (290.4210), (270.2500), (270.5290)

Coherent transport of light in a disordered random medium has attracted enormous attention both from a fundamental and
application point of view. Coherent wave scattering has the potential of enhancing communication capacities, is ubiquitous
in acoustical and biomedical imaging, and is the basis for fundamental findings such as intensity correlations, enhanced
backscattering, and Anderson localization of light. Recently, theoretical work has considered quantum optics in multiple
scattering media and novel fundamental phenomena have been predicted when examining quantum fluctuations instead of

merely the intensity of the light [1].

o

oo

s

. . -
(Noise transmission)
i

10

%0 5 1o 15 0
Sample thickness L [um]

5 10 15 20

Figure 1. Inverse total transmission of shot noise (left) and technical noise (right) as a function of the thickness of the random medium. The experimental
data are well explained by theory (curves).

Here we present the first experimental study of the propagation of quantum noise through a multiple scattering medium

composed of elastic scatterers[2]. Two different types of quantum noise measurements have been carried out: total trans-
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mission and short-range frequency correlations. When comparing shot noise (quantum) to technical noise (classical) we
observed markedly different behavior, c.f. Fig. 1. The experimental results are found to be in excellent agreement with a
quantum model for multiple scattering of light, which allows extracting both static (transport mean free path) and dynamic

(diffusion constant) scattering properties of the medium.

When the multiple scattering sample is excited with different quantum states of light (Fock state or thermal state), we pre-
dict that novel spatial quantum correlations can be induced by multiple scattering [3,4]. These photon number correlations
show that the quantum character of light can be preserved even after many scattering events and after ensemble averaging
over different configurations of disorder. The spatial quantum correlation manifests itself in the quantum fluctuations of the

total reflection or total transmission through the sample, cf. Fig. 2.
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Figure 2. Variance of the quantum fluctuations of the total reflection (upper plot) and total transmission (lower plot) for a coherent state, thermal state and
Fock state as a function of the mean free path relative to the sample thickness. Deviations from the linear behavior, which is found for a coherent state, are
due to induced spatial quantum correlations.
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