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Fig. 1. Schematic diagram of double Laguerre-Gaussian (L-G) rotational-cavity. The two L-G cavity modes are coupled with a ro-

tating cavity mirror in the middle via the optical rotation interaction. Two strong pump fields (weak probe fields) with amplitudes

ec and g (eL and eR) are incident on the system from both sides to drive the L-G cavity modes c¢1 and ¢;, and the two L-G cav-

ity modes are linearly coupled with an optical fiber. The equilibrium position of the rotational mirror is ¢, and the angular dis-

placement is indicated by angle ¢ under the action of the torsion.
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Nonreciprocal transmission of vortex beam in double
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Abstract

By constructing an optorotational system composed of two linearly coupled Laguerre-Gaussian rotational
cavities, we realize the nonreciprocal transmission of the vortex beam with the orbital angular momentum. Two
vortex beam cavity modes driven by strong fields are coupled with a rotational mirror via the torsion, and two
cavity modes interact with each other via the optical fiber. A weak probe field is incident from one side of the
system for examining the optical response along one propagating direction. With the Hamiltonian of the system
and the Heisenberg-Langevin equation, we can obtain the transmission of the output light field from the input-
output theory. The result shows that the optical nonreciprocity of the vortex beam arises from the quantum
interference between the optorotational interaction and the linear coupling interaction between two vortex beam
modes, and the phase difference can be used to adjust the optical nonreciprocity. The phase difference can
determine not only the occurrence of the nonreciprocity but also the direction of nonreciprocity. Moreover, the
ratio of the topological charges carried by the two vortex beam fields has an influence on the transmission.
Under an appropriate topological charge ratio, the unidirectional transmission of the vortex beam can be
realized in such a system. It is found that whether the topological charge ratio is positive or negative, i.e.
whether the vortex beam is left-hand beam or right-hand beam, does not affect the transmission; the influence
of the topological charge on the transmission amplitude actually comes from the topological charge number
carried by the vortex beam, due to the fact that the coupling strength between the rotating mirror mode and
the cavity mode depends on the topological charge number. In addition, we also obtain the condition that the
system damping rates should meet for realizing the perfect nonreciprocal propagation of the vortex beam.
Finally, we can achieve the nonreciprocal group velocity of the slow light. The direction of the nonreciprocal
slow light can be controlled via phase modulation. Our work provides a possible application in manipulating the
vortex beam propagation. Furthermore, we extend the nonreciprocity of ordinary beams in the optomechanical
system to the nonreciprocity of the vortex beam in the optorotational system. The results are expected to be
applied to fabricating the ideal optical isolators for the vortex beam carrying the orbital angular momentum in

optical communication.

Keywords: vortex beam, Laguerre-Gaussian rotational cavity, nonreciprocal propagation, topological charge

PACS: 07.10.Cm, 42.50.Nn, 42.50.Wk, 42.50.Gy DOI: 10.7498 /aps.71.20220191

* Project supported by the National Natural Science Foundation of China (Grant No. 11704064), the Science Foundation of
the Education Department of Jilin Province during the 14th Five-Year Plan Period, China (Grant No. JJKH20211279KJ),
and the Fundamental Research Fund for the Central Universities, China (Grant No. 2412019FZ045).

1 Corresponding author. E-mail: zhangy345@nenu.edu.cn

150701-9


http://doi.org/10.7498/aps.71.20220191
http://doi.org/10.7498/aps.71.20220191
mailto:zhangy345@nenu.edu.cn
mailto:zhangy345@nenu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 理论模型与主要公式
	3 涡旋光束传输非互易性
	4 非互易慢光效应
	5 实验可行性分析
	6 结　论
	参考文献

