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Fig. 1. Schematic diagram of four-partite quantum resource

generation system.
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Fig. 2. Schematic diagram of four-partite quantum teleport-
ation network teleporting an unknown quantum state to
Claire, where AM is Amplitude modulator, PM is Phase
modulator, BS is Beam splitter, HD is Homodyne detector.
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Fig. 3. Dependences of the fidelity of quantum teleporta-
tion with four parties on gain factor g, the traces 1, 2 and
3 are the calculated fidelity when squeezing factor r is selec-
ted as 0.5, 0.8 and 1.5, respectively.
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Fig. 4. Dependences of the fidelity of quantum teleporta-
tion with different number of controllers on gain factor g,
trace 11is the calculated fidelity of quantum teleportation
with two controllers, trace 2is the calculated fidelity of
quantum teleportation with only one controller, trace 3 is

the classical limit of quantum teleportation.
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Fig. 5. Schematic diagram of four-partite quantum teleport-
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PM is Phase modulator, BS is Beam splitter, HD is Homo-
dyne detector.
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Abstract

Quantum teleportation is one of the most basic quantum protocols, which transfers an unknown quantum
state from one location to another through local operation and classical communication by using shared
quantum entanglement without physical transfer of the information carrier. And it has been widely used in
various quantum information protocols such as entanglement swapping, quantum repeaters, quantum gate
teleportation, quantum computation based on measurement, and quantum teleportation networks, which have
important application value in quantum computation and quantum information. Quantum teleportation is a
naturally bipartite process, in which an unknown quantum state can only be transmitted from one node to
another. With the further development of quantum information research, it is necessary to transfer quantum
states or quantum information among more and more nodes. Multipartite quantum protocols are expected to
form fundamental components for larger-scale quantum communication and computation. A bipartite quantum
teleportation should be extended to a multipartite protocol known as a quantum teleportation network. In this
paper, a multifunctional quantum teleportation network is proposed theoretically. We first propose a special
method of constructing four-partite quantum resources in continuous variables (CVs), and based on this,
construct two different types of CV quantum teleportation networks. One type of network contains just one
quantum teleportation process consisting of a sender, a receiver and two controllers. In this type of network, the
unknown quantum state can be recovered at any other node according to the requirement after the
measurement in the input node, which enriches the transfer direction and transfer mode of the unknown

quantum state. And meanwhile, the two controllers can control the transfer of a quantum state from the sender
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to the receiver by restricting the sender and receiver’s access to their information, which makes the quantum
teleportation network controllable. The other type of network has two quantum teleportation processes, each
containing only a sender, a receiver and no controllers, which increases the number of quantum states that can
be transmitted. Then we analyze the dependence of the fidelity of each quantum teleportation network on
different physical parameters, and compare the characteristics, advantages and disadvantages among different
types of quantum teleportation networks. The scheme for constructing a multifunctional quantum teleportation
network in this paper shows some advantages, such as the greater number of quantum nodes, diversity of types,
simple operation procedure. And all these advantages provide a broader application prospect for establishing
larger and more complex quantum information networks in the future and quicken the pace of the application of

quantum information.

Keywords: quantum teleportation network, controllability, multifunction, fidelity
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