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Quantum communication is based on the generation and use of quantum states and resources for communication protocols. Photons are an optimal carrier of
information, given their resilience to decoherence and ease of creation and transportation. Hyperentanglement [1], a state with two parties entangled with
several degrees of freedom (DoFs), provides an excellent platform for these tasks, due to its high data capacity and error resilience.

Here, we propose a mechanism for increasing the transmission rate of quantum communication channels by using an hyperentangled state, based on
multiplexing different DoFs on a single photon, transmitting the photon, and demultiplexing the DoFs to different photons, using quantum teleportation
protocol. Following our scheme, one can generate two entangled photon pairs by sending a single photon. Our work lays the groundwork for novel quantum
communication protocols with higher transmission rate and refined control over scalable quantum technologies.

Hyperentanglement Quantum Teleportation

A single quantum particle can naturally possess multiple degrees of Quantum teleportation [2] provides a ‘disembodied’ way to transfer
freedom (DoFs) and thus it may represent several qubits. A state of two quantum states from one object to another at a distant location, assisted by
particles entangled by two or more DoFs is called a hyperentangled pre-shared entangled states and a classical communication channel.
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 Qur scheme can be implemented using different DoFs. For example, we
propose using the DoFs of spin angular momentum (SAM) and orbital
angular momentum (OAM). It has two parts: a multiplexing part, where
we teleport the SAM and the OAM of Photons P; and P,, respectively, to
Photon C, and a demultiplexing part- where we teleport again the DoFs

‘Transmitting two bits by broadcasting a single photon

* |n recent years, multipartite entanglement as a means to increase the channel
capacity has been proposed and demonstrated [4-6]. Hyperentanglement is an
excellent platform for various quantum communication protocols, as it allows

trom photon C. o encoding a greater amount of information in a single physical photon [7].
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Scheme for multiplexing, transmitting and demultiplexing hyperentanglement using quantum teleportation. The multiplexing
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