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Fig. 1. Hybrid quantum circuits with NV centers spin ensembles coupled to superconducting coplanar resonators.
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Fig. 2. Energy level structure of NV center.
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Abstract

Quantum entanglement is a kernel of quantum computation and quantum communication. We introduce a theo-
retical scheme to achieve the entanglement between two separated quantum nodes in a hybrid system. The proposed
hybrid system based on diamond nitrogen-vacancy (NV) center spin ensemble is coherently coupled to a superconduct-
ing quantum circuit consisting of two quantum nodes and a quantum channel. Each node in our setup is composed
of an NV center spin ensemble magnetically coupled to a superconducting coplanar resonator. The NV center spin
ensemble composed of N identical and non-interacting NV spins, is placed in the magnetic field antinode of the su-
perconducting coplanar resonator where the coupling is maximized. An array of superconducting quantum interference
devices (SQUIDs) is inserted in the central conductor of resonator to make its frequency tunable with the magnetic flux
threading through the SQUID loops. This flux is generated by passing current through an on-chip wire, so that the
resonator can be brought in resonance with the NV center spins without changing their Zeeman splitting. Quantum
qubits encoded into two separate nodes are connected by a vacuum superconducting coplanar resonator that is used
as a quantum channel. This setup can potentially take the best elements of each individual system: NV center spin
ensemble with longer coherence time capable of preparing, storing and releasing photonic quantum information, and the
superconducting quantum circuits are easy to manipulate externally and can perform quantum logic gates to control
quantum information rapidly. In order to realize the entanglement between two separated quantum nodes, firstly, we
make a canonical transformation and obtain the Hamiltonian of the system that is reduced to two NV center spin en-
sembles resonantly coupled to a single mode of the superconducting coplanar resonator. Then we put forward the hybrid
NV center spin-photon qubit encoding. In this hybrid encoding, the NV center spin and photon degrees of freedom
enter on an equal footing into the definition of the qubit, in which case, quantum channel will switch on when three
superconducting coplanar resonators are in resonance with each other, and all the manipulations can perform simply by
tuning the frequencies of the superconducting coplanar resonators. Under the precise control of the evolution time, high
fidelity entanglement between two separated quantum nodes is achieved. We show that this proposal can provide high
fidelity quantum entanglement under realistic conditions, both in the resonant and the dispersive interaction cases. This
hybrid quantum system will exhibit long coherence time and possess features like easy fabrication, integratability, and
potential scalability. Furthermore, the quantum node composed of an NV center spin ensemble magnetically coupled to
a superconducting coplanar resonator can be respectively integrated, which has practical applications in the realization

of quantum information transmission and quantum entanglement among multiple quantum nodes.

Keywords: diamond NV centers, superconducting quantum circuits, quantum nodes, quantum entan-

glement

PACS: 03.67.Lx, 42.50.Ex, 42.50.Dv DOI: 10.7498/aps.67.20172634

1 Corresponding author. E-mail: lixueqinvt@sina.com

070302-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172634

	1引    言
	2系统模型及哈密顿量
	Fig 1
	Fig 2


	3量子节点之间的纠缠
	3.1 系统哈密顿量的正则变换
	3.2 混合量子比特编码
	3.3 量子节点之间纠缠态的制备

	4系统耗散与纠缠保真度
	Fig 3
	Fig 4


	5结    论
	References
	Abstract

