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Defocus and astigmatic aberration of the turbulent
atmosphere and the intensity distribution of a vortex
carrying Gaussian beam”

Zhao Gui-Yan"’ Zhang Yi-Xin'""  Wang Jian-Yu”  Jia Jian-Jun®
1) (School of Science, Jiangnan University, Wuxi 214122, China)
2) (Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)
(Received 13 March 2009 ; revised manuscript received 5 June 2009 )

Abstract

The effects of defocus and astigmatism aberration of the turbulent atmosphere on the intensity distribution of a focused
vortex carrying Gaussian beam are investigated. The integral expression of the intensity distribution on the focal plane in
slant path is derived from the extended Fresnel-Kirchhoff diffraction integral and the quadratic approximation of phase
structure function. And the influences of the three factors, turbulent strength, the propagation distance and the topological
charge of the initial beam, are investigated by numerical calculation. Our results show that in weak turbulent region, the
effects of defocus and astigmatism aberration in turbulent atmosphere on the intensity distribution of a vortex carrying
Gaussian beam are very small and can be ignored. However, in the middle turbulent region, the effects of defocus and
astigmatism are pronounced. As the propagation distance and the turbulent strength increase, both aberrations cause the
decrease of the intensity peak value, the spreading of the beam, and the stretching of the dark core. For the beams with
single topological charge, under the influence of astigmatism, the peak value of the intensity decreases more seriously, the
intensity of the secondary maximum stripe increases much faster, and the focal spot expands more than the effect of defocus
aberration. Compared with single topological charge, the effects of defocus and astigmatism of vortex beam with double
topological charge are more obvious. The focal spots are expanded, and the secondary maximum stripes are more obvious.
However, under the effect of astigmatism, because of the reduction of the coherence and the deflection effect of the beam,

the dark core on the focal plane tends to break into two dark regions separated by a bright region.

Keywords:; turbulent atmosphere, vortex beam, defocus, astigmatism
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