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Abstract Because of its intrinsic topological charges (TCs), a vortex beam offers a Hilbert space with a higher dimension
when it 1s utilized as a carrier of space optical communication. As a result, optical communication based on vortex beams
enjoys significantly improved channel capacity and security. At the channel receiver in optical communication, TCs need
to be identified accurately and rapidly to decode the transmitted information. In this paper, the dimension of polarization
state is introduced into the process of TC identification, and the influence of polarization state on TC identification is
studied from the perspectives of numerical simulation and experimental verification. Interference images of a signal beam
and a reference beam with different polarization states in a Mach-Zehnder interferometer are analyzed. The results show
that the Gaussian beam (reference beam) with the circular polarization state is the most favorable choice for identifying the
TCs of the vortex beam (signal beam) with the same polarization state, and these signal beam and reference beam also
appear to be least sensitive to the angle of the interference optical path during TC identification. The theoretical simulation
is in good agreement with the experimental data, which indicates that the proposed polarization interference-based TC
identification scheme provides a reference for future high-speed and high-capacity optical communication based on vortex
beams over distances in the order of magnitude of several kilometers.
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L1: lens with f=-50 mm; L2: lens with /=200 mm; HM1, HM2: half mirror;
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Fig. 1 Experimental setup.

(a) Interference device for non-polarized Gaussian beam and circularly polarized vortex beam;

(b) interference device for linearly polarized Gaussian beam and linearly polarized vortex beam; (c) interference device for linearly

polarized Gaussian beam and circularly polarized vortex beam; (d) interference device for circularly polarized Gaussian beam and

circularly polarized vortex beam
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Fig. 2 Intensity distribution of vortex beam with /= 4. (a) Simulation result; (b) experimental result
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Fig. 3 Interference patterns of non-polarized Gaussian beam and circularly polarized vortex beam with included angle of 0°.

(a)(b) Simulated interference patterns; (c)(d) measured interference patterns
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included angle of 0°. (a) Simulated interference pattern; (b) measured interference pattern
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(a)(b) Simulated interference patterns; (c)(d) measured interference patterns
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included angle not equal to 0°. (a) Included angle of 0.02°; (b) included angle of —0.02%; (c) included angle of 0.04°;
(d) included angle of —0. 04°

1726001-7



51818 X
P 0 r B, 9 AR A 380 I A TR B B9 5 rm) 4 AiE 2
)X IO 1 ARF Sy 4 F) A E TBR fi FIR d E D' SRR 4 4 1k
R — 4 B 7 T B i 4 T e G R
Pl 12 S A e TR i i e 38 Ol TR 5 A i (68 i 4 169 T
R Z WA — s e iy T A 135 m T
77 i@ 158 i I e 4 16 T 15 7 T TR 4 T8 e D't TR =2 18] 47

F42% F 17 #/2022 £ 9 B/kZFFR
—E T BT EIFE . TR e o £+0.02°
BF LA T 30 4T A T R, T EHR B O R AR R
(B A BORTE ) 5 A B WY 2 5 259 f O £0. 04°HE, T
P RIS S B0 o X A 118 MR T it B 0 A AR A1 O AT 58
A e MR AT LA KA 51 O s A R A > Bl 4
FIMr A DG AF

Intensity

right-handed circularly
polarized beam with l=+4

left-handed circularly

polarized beam with =-4

11 et Ot T8 i I o 497 DI TR 15 (50 O 4 388 O R 1) T 9 PR () (D) BUIELASEABL I 198 PR 5 (o) () S 8 45 13 1 0 TR 4%

Fig. 11 Interference patterns of circularly polarized Gaussian beam and circularly polarized vortex beam with included angle of 0°.

(a)(b) Simulated interference patterns; (c)(d) measured interference patterns
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Fig. 12 Experimental interference patterns of right-handed circularly polarized Gaussian beam and right-handed circularly polarized

vortex beam with included angle not equal to 0°. (a) Included angle of 0. 02°; (b) included angle of —0.02%; (¢) included angle
of 0. 04% (d) included angle of —0. 04"
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Fig. 13 Experimental interference patterns of left-handed circularly polarized Gaussian beam and left-handed circularly polarized vortex

beam with included angle not equal to 0°. (a) Included angle of 0.02°; (b) included angle of —0.02°; (c) included angle of
0.04% (d) included angle of —0. 04"
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