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It has been predicted that current communication systems will reach a capacity limit in the near future due to
fundamental aspects imposed by nonlinearities in optical fibers. A possible solution to this problem is mode
division multiplexing (MDM), in which orthogonal spatial modes are used as information channels.1 In this talk
we will give an overview of our recent work on hybrid systems, based on spatial modes: (i) Propagation of spatial
modes in hybrid free space-optical fiber systems, (ii) generation and detection of spatial modes with two degrees
of freedom and (iii) implementation of hybrid classical-quantum communication system.

Figure 1. Hibrid Free space-Optical fibre link

(i) We will focus first on what is known as the last mile prob-
lem, the connection of free-space to optical fiber networks.
This is challenging for MDM systems because the eigen-
modes of free-space and fibers are in general not the same.
Here, as a proof-of-principle, we demonstrated a hybrid free-
space optical fibre data transmission scheme based on cus-
tomized optical fibres that support specific LG`

p modes2 (see
Fig. 1).

Figure 2. Hybrid azimuthal-radial spacial modes.

(ii) Recently it has been suggested that space divi-
sion multiplexing based on orbital angular momen-
tum (OAM) does not increase the bandwidth of op-
tical communication systems. Indeed, OAM modes
represents only a subset of spatial modes, while in
general all transverse spatial modes require two de-
grees of freedom for a full description. In the case of
Laguerre-Gaussian (LG`

p) modes, these are represented by an azimuthal (`) and a radial (p) index, the former
responsible for the OAM. Crucially, beams with the same mode index M2 = 2p+ |`|+1 propagates in an identical
manner, suggesting that we can use both degrees of freedom to efficiently increase the number of information
channels. In a proof-of-principle experiment, we implemented a laboratory free-space link using 35 LG`

p modes
and three wavelengths encoded on a single spatial light modulator to transmit several images with correlations
greater than 98%3 (see Fig. 2).

Figure 3. Hybrid quantum-Classical lik

(iii) One of the main problems of secure quantum communi-
cation systems is the entanglement decay due to perturbations
in the channel. Recently we demonstrated that quantum links
can be characterized using the non-separability of vector beams4

(see Fig.3). This ones pave the way for real-time quantum
error-corrections in both free-space and fibre systems. The next
step is the implementation of a hybrid quantum-classical sys-
tem in which one light source and common optics are used to
establish a communication link that is both fast and secure.
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