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Summary:

Photons are bosonic quantum excitations of the electromagnetic field, and as such they have intrinsic nonlocal
property as characterized by the Knight criterion [1]. This property has further been explored by considering
the expectation value of the electromagnetic energy density operator [2,3] and is known to be valid in that case
for any state that is composed of a finite number of excitations [4]. Experimentally, there exist many sources
that produce on-demand single photons, but most of them achieve to produce states that are propagating either
in an optical fiber, or along a particular axis of propagation. Consequently, one expects these type of produced
photon states to be paraxial photons for which a formulation of the standard quantum optics theory has been
developed [5].

The main objective of this internship is to analyze the nonlocal property of single photons within the quantum
paraxial approximation as developed in [5] by considering the expectation value of the electromagnetic energy
density operator as it was done for the general case in [3,4]. These results will naturally lead us to analyzing
the transition from 3D to 1D models in quantum optics and in particular how one can construct the time-
frequency formalism [6] that is used in the development of quantum technologies.
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