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Fig. 1. Simulated result in Fraunhofer diffraction by
topological charge | = 41: (a) Phase mask; (b) simu-
lated diagram in Fourier transform.
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Fig. 2. Simulated diagram of phase mask with out-

ring topological chargel; and inner-ring topological

chargels: (a) 1 = 41, lo = 33; (b) 1 = 41, I2 = 30;

(c) l1 =41, lo = 36.
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Fig. 3. Intensity distributions of simulated diagram of compound vortex beam in theory phase mask with

out-ring topological charge l1 = 41 and inner-ring l2 which is different in Figs. (a)—(p).
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4 BERROCHRIRIARBATH BR800, (a)—(d) FARRCHEBAR _EA FIRISN R M 11 R AR 12 15 00
Fig. 4. Intensity distribution in Fraunhofer diffraction by compound vortex beam in theory phase mask with different
out-ring topological charge /1 and inner-ring l2 in Figs. (a)—(d).
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(f = 500 mm) tfte, FHLAEN M L S0 E R4 Fig. 5. Schematic diagram of detection of vortex bear
fui #% A JGAF (charge-coupled device, CCD) K& 4 topological charge experiment.
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K6 CCD kil B LRIFAH LB AN AR EMGT 1y = 41, (a)—(p) A F IR (115 0
Fig. 6. Examined image in CCD: phase mask with out-ring topological charge [ = 41 and inner-ring l2

which is different in Figs. (a)—(p).
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Fig. 7. Intensity distribution in the focal plane: (a) Phase

mask with out-ring topological charge l1 = 41 and inner-ring
lo = 31; (b) I3 = 51,1y = 41.
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Abstract

Generation and application of the vortex beams are part of the hot topics in the optical field. In connection with the
limited detection range of topological charge, we introduce a novel monocyclic multistage intensity distribution, which
is generated by the coaxial superposition of two vortex beams with different topological charge numbers which have
the same radius of ring in the focal plane of fraunhofer diffraction. This novel intensity distribution which is achieved
by computer generated hologram is a new application of sidelobe-modulated optical vortices. The detection range of
topological charge is expanded to 128 by two detection constants consisting of segments and radius in the monocyclic
multistage intensity distribution method. We study the generation and distribution characteristics of monocyclic mul-
tistage intensity distribution in the focal plane of fraunhofer diffraction theoretically and experimentally to generate
the qualified monocyclic multistage intensity distribution using a spatial light modulator. Excellent agreement between
theoretical and experimental results is observed. The study indicates that two orbital angular momenta of vortex beams
can be accurately determined by the segments and radius determined in the monocyclic multistage intensity distribution
method. The method is immune to harassments from alignment and phase matching between the beams and optical
elements, and has a large detection range, which is enlarged one order of magnitude compared with the previous way of
detecting topological charges with sidelobe-modulated optical vortices. Our method provides a more large detection range
of topological charge, which enables the vortex beams as the information carriers to carry more data in communication.

Therefore, this method possesses research potential and applicability in future free-space optical communication.
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nication technology
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