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Fig. 1. (color online) Normalized intensity of stochastic electromagnetic Bessel-Gaussian beams with different

topological charge at several propagation distances passing in the oceanic turbulence: (a) z = 100 m;

(b) z =500 m; (¢) z=1 km; (d) z =10 km.
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Fig. 2. (color online) Normalized intensity of stochastic electromagnetic high-order Bessel-Gaussian beams

with n = 1 at z = 100 m passing in the oceanic turbulence with different parameters.
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Fig. 3. (color online) Changes of the polarization of stochastic electromagnetic high-order Bessel-Gaussian
beams with n = 1 at z = 1 km passing in the oceanic turbulence. The other parameters are the same except
that dzz = 0.02 m, I, =1, I, = 0.5.
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Fig. 4. (color online) Changes of the polarization of stochastic electromagnetic high-order Bessel-Gaussian
beams with n = 1 at z = 1 km passing in the oceanic turbulence with different parameters. The other

parameters are the same except that 6z = 0.02 m, dyy = 0.03m, I, = 1,1, = 0.5.
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Bessel-Gaussian beams with n = 1 at z plane passing in oceanic turbulence with different parameters:
(a) z=500 m; (b) z=1 km.
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Abstract

Recently, the laser beam propagation in the oceanic turbulence has become a hot research topic. In addition to the
characteristics of free diffraction and self-reconstruction, the high-order Bessel-Gaussian beam is a kind of typical vortex
beam because of the existence of a spiral phase factor with orbital angular momentum. Researchers have investigated
the self-reconstruction property of the high-order Bessel-Gaussian beams in the free space, also carried out intensive
researches on the transmission characteristics of high-order Bessel-Gaussian beam in the ABCD optical system and in
the atmospheric turbulence. However, to the best of our knowledge, to date there has been no investigation on the
propagation of this laser beam in the oceanic turbulence. In this paper, we will study the propagation characteristics of
the random electromagnetic high-order Bessel-Gaussian beams in the oceanic turbulence, and discuss the variation of the
normalized spectrum intensity, the spectral degree of polarization, and the spectral degree of coherence. By using the
extended Huygens-Fresnel diffraction integral formula, the general expression for the cross spectral density matrix of the
stochastic electromagnetic high-order Bessel-Gaussian beams propagating in the oceanic turbulence is obtained, and the
statistical properties of the random electromagnetic high-order Bessel-Gaussian beams propagating in the seawater are
investigated by numerical calculation. The numerical results show that the oceanic turbulence can affect the normalized
spectral intensity distribution of the random electromagnetic beam. With the increase of the transmission distance, the
center of the zero-order Bessel-Gaussian beam becomes depressed, and the center of the higher-order Bessel-Gaussian
beam will become flat and then depressed. As the transmission distance increases far enough, regardless of the zero-
order or higher-order, the intensity distribution will eventually evolve into the quasi Gaussian shaped distribution. The
variation of the degree of polarization of each point on the z axis is related to the coherence length (dzz,dyy) and the
oceanic turbulence parameters. The spectral coherence of the origin and any point on the z axis also changes with
the increase of x, and the rate of dissipation of mean-square temperature xr has influence on the spectral coherence.
This research is of great value for applying the high-order Bessel-Gaussian beam to the optical communication, optical

imaging and underwater exploration in the ocean.

Keywords: oceanic turbulence, stochastic electromagnetic beam, high order Bessel-Gaussian beam,
propagation
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