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Abstract

Quantum information is an emerging discipline formed at the intersection of traditional infor-
mation theory and quantum physics. The rapid development of experiments and theories in the past
two decades has enabled people to achieve very exciting progress in the field of quantum infor-
mation, taking a big step forward in the practicality of quantum communication and quantum com-
puting. This field has become one of the hottest areas of basic research. Quantum optical devices for
photons are one of the fundamental elements for realizing optical quantum information processing,
and there have been a lot of research on quantum optical devices based on a single degree of free-
dom of photons. With the rapid development of experimental technology, people have been able to
achieve hyper-parallel quantum information processing that can simultaneously handle multiple
degrees of freedom of photons. Compared with the processing of a single degree of freedom, hyper-
parallel quantum information processing has the advantages of higher capacity, lower loss rate, and
less consumption of quantum resources. However, the research on super-parallel quantum optical
devices for photons is still in its initial stage. In this study, a system in which the nitrogen-vacancy
center (NV) in diamond is coupled with a bilateral optical cavity is used to construct a hyper-parallel
quantum polarization transistor based on the spatial and polarization degrees of freedom of pho-
tons for the input-output relationship of photons. Compared with previous works, we use fewer
photon detection times, which can save some quantum resources.
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Figure 1. (a) Schematic diagram of input and output of NV cavity system to photons; (b) Energy
level structure of NV Center
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Figure 2. Schematic diagram of core structure of hyperparallel p-transistor
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