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Study on the properties of abruptly autofocusing beam
propagation in atmospheric turbulence
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Abstract: A light beam can be distorted and experience rapid intensity attenuation, thereby
impairing the transmission of optical signals, during propagation through atmospheric turbulence.
An autofocusing beam demonstrates autofocusing during propagation, producing an extremely
intense spot at its focal point. This property plays a vital role in the study of beam propagation
through atmospheric turbulence or other complex media. The transmission properties of two
abruptly autofocusing beams, circular Airy beams and chirped ring Airyprime beams, were
compared under different turbulence intensities. The Kolmogorov turbulence theory was used to
generate the atmospheric turbulence phase screen, and the subharmonic compensation method was
employed to improve their low-frequency information. Simulation results indicated that under
identical turbulence intensity conditions, the chirped ring Airyprime beam exhibited greater
attenuation in its focal spot intensity peak compared to the circular Airy beam, owing to its more
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complex optical field structure. Furthermore, it exhibited more severe beam distortion than the

circular Airy beam, during propagation through atmospheric turbulence.
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atmospheric turbulence phase screen; Kolmogorov turbulence theory; abruptly

autofocusing beam; subharmonic compensation; beam distortion
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Fig. 1

The initial surface and focal spot intensity distributions of CAB and CRAPB
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Fig.2 The atmospheric turbulence phase screen under different refractive index structure parameters in the Kolmogorov model
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Fig.3 The focal spot intensity distribution of CAB under three different refractive index structure functions
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