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Abstract: In this paper, a method for vortex beam OAM detection using crosshair diffraction is proposed.
The OAM-related main bright spot in the far-field distribution contains most of the energy of the incident

beam (50%~84%) and there is no secondary bright spot that interferes with the detection. In contrast, the en-

We#m B H#8:2024-11-19; 1817 B #3:2024-12-24
EETE: TPV 2RI (No. 2021135);
Supported by Jiangsu Key Disciplines of the Fourteenth Five-Year Plan (No. 2021135)


https://doi.org/10.37188/CO.2024-0209
https://doi.org/10.37188/CO.2024-0209
https://doi.org/10.37188/CO.2024-0209
https://cstr.cn/32171.14.CO.2024-0209
https://cstr.cn/32171.14.CO.2024-0209
https://cstr.cn/32171.14.CO.2024-0209

804 RED2E (RgEs)

#18 %

ergy proportion of the main bright spot in the conventional small-hole diffraction method is extremely low,

particularly in the far-field main bright spot above the 7th-order topological charge, which contains less than

1% of the energy of the incident beam. Furthermore, as the topological charge level increases, the secondary

bright spot becomes more intrusive. Consequently, crosshair measurements are particularly applicable to the

detection of weak vortex beams, which has potentially important implications for the development of long-

range free-space optical communications.
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Fig. 1 Far-field distribution of Gaussian vortex beams dif-

fracted by different line structures. (a) Horizontal
line; (b) vertical line; (c) crosshair; (d)-(f) the far-
field diffraction results corresponding to (a)-(c); (g)-
(i) the correspond phase distributions of (d)-(f)
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Fig. 2 Far-field diffraction results of the crosshair detec-

tion method
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Fig.3 Far-field diffraction results of three line structure

and star patterned structure
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Fig. 4 (a) Schematic diagram of the crosshair position offset and (b) it's far-field diffraction results
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Fig. 5 Far-field diffraction results for changing the direc-

tion of the crosshair offset
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Fig. 6 Far-field diffraction distributions of a 10th-order to-
pological charge vortex beam passing through dif-
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Tab.1 Far-field primary spot energy of Gaussian vor-

tex beams through different apertures

Topological . Rectangular Triangular
charge Cross line aperture aperture
1 50.65% 89.84% 78.05%
2 63.67% 50.27% 44.63%
3 68.63% 21.58% 23.12%
4 74.07% 9.32% 10.84%
5 77.11% 3.81% 5.34%
6 79.37% 1.46% 2.67%
7 81.13% 0.48% 1.25%
8 82.60% 0.16% 0.57%
9 83.77% 0.05% 0.24%
10 84.49% 0.01% 0.10%
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