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Propagation Characteristics of Lommel-Gaussian Beams in a
Gradient-Index Medium

Su Yanli', Wang Yuanbo', Ji Lincong, Zhang Cun', Jiang Qichang"”

'Department of Physics and Electronic Engineering, Yuncheng University, Yuncheng 044000, Shanxi, China;

‘Laboratory of Optoelectronic Information Science and Technology of Shanxi Province,
Yuncheng 044000, Shanxi, China

Abstract  The intensity envelopes and propagation characteristics of Lommel-Gaussian beams are investigated

numerically based on gradient-index medium. The intensity expression of Lommel-Gaussian beams is provided. The zero-

free region of Lommel-Gaussian beams decreases with decreasing spot of Gaussian beams, that is, the truncation effect of

beams is more obvious. The spatial scale decreases with increasing half-cone angles and the hollow region of beam center

increases with increasing topological charges. The spatial distribution and symmetry can be modulated by changing the

asymmetric parameters. The intensity distribution of beams gradually changes from circular symmetry to axial-symmetry

double-crescent pattern with increasing amplitude of asymmetric parameters and the symmetric axis of double-crescent

pattern is rotated clockwise with increasing argument of asymmetric parameters. When the Lommel-Gaussian beams are

propagating in a gradient-index medium, within a transmission cycle, the relative intensity distribution of beams has no

change, only the beam scale has a periodic focus change. But in free space, the beam quickly evolves into two light spots.

All

results are helpful to study the application of Lommel-Gaussian beams.

Key words physical optics; light field modulation; Lommel-Gaussian beams; gradient-index medium
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Fig. 1 Three-dimensional intensity envelopes of Lommel-Gaussian beams and corresponding two-dimensional projection drawing.
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Fig. 2 Two-dimensional projection drawing of Lommel-Gaussian beams with different half-cone angles. (a) 8= 5% (b) 2 = 10°; (c) # = 15°
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Fig. 3 Two-dimensional projection drawing of Lommel-Gaussian beams with different topological charges. (a) m = 1; (b) m = 3; (c) m = 4
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Fig.4 Two-dimensional projection drawing of Lommel-Gaussian beams with different asymmetric parameters. (a) ¢ = 0.3; (b) ¢ = 0.6;
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Fig. 5 Schematic representation of beam propagation

x jum x /pum

(bad) 2=0.4L

(b6) z=L

0

x jum x /um

K16 T [IAL 46 BE B b, 9% SRR s G R AR T S B 3 A (m =2, f=15° , w,= 20 pm) o (al)~(a6) ¢=0.6;(b1)~(b6) ¢=0.9exp(in/4)
Fig. 6 Tansverse intensity distribution of the Lommel-Gaussian beams at different propagations (m =2, #=5°, w,= 20 pm). (al)-(a6) c=0.6;
(b1)-(b6) c=0.9 exp(in/4)
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Fig. 7 Propagation characteristics of the Lommel-Gaussian beams in free space [m =2, 8= 75°, w,= 20 pm, ¢ = 0.9exp( in/2)].

(a)~(c) Two-dimentional projection drawing; (d)—(f) corresponding phase distribution map
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Fig. 8 Propagation characteristics of the Lommel-Gaussian beams in free space (m =2, =15, w,= 20 pm, ¢=0.6). (a)—(c) Two-

dimentional projection drawing; (d)-(f) corresponding phase distribution map
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