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M factor of disturbed Bessel-Gaussian beam propagating
in turbulent atmosphere

BAO Xunwang, YUAN Yangsheng, CUI Zhifeng, QU Jun
(Anhui Province Key Laboratory of Optoelectric Materials Science and Technology, College of Physics and Electronic Informa-
tion, Anhui Normal University, Wuhu 241000, China)

Abstract: In order to study the propagation properties of the disturbed Bessel-Gaussian beam in turbulent atmosphere,
based on the extended Huygens-Fresnel principle and the second-order moments of the Wigner distribution function, the formulas
of M’ factor for the disturbed Bessel-Gaussian beam were derived by theoretical calculation analysis, and the corresponding
numerical calculation was carried out. The results show that, when the size of obstruction is not more than 0.4 times of beam
width, the propagation factor of Bessel-Gaussian beam in turbulent atmosphere would increase with the increasing of the
propagation distance and atmospheric structure constant, and decrease with the increasing of the inner scale of turbulence and
topological charge indexes. Under the same condition, the propagation factor of Bessel-Gaussian beam in turbulent atmosphere
increases with the increase of the size of obstruction. These results have certain reference value in free space optical
communication and actual laser transmission.
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Fig. 1 The normalized M? factor of Bessel-Gaussian beam with different to-

pological charges and obstacle parameters
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Fig.2 The normalized M* factor of Bessel-Gaussian beam with different

waist widths and obstacle parameters
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Fig.3 The normalized M? factor of Bessel-Gaussian beam with different in-

ner scales and obstacle parameters
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Fig.4 The normalized M*factor of Bessel-Gaussian beam with different

structure constants and obstacle parameters
VEI TG IR A A DAt 5 R [ ) A A AL
EREE ER ) RS O3S R, DL 28R - DR 5 28 A
BRSSO , 7R R A B, AR R I Tl
HR

& % X #

[1] NIUH H, HAN Y P. Performance analysis of Bessel-Gaussian vortex
beam propagation in atmospheric turbulence[ J]. Laser Technology,
2017, 41(3) : 451455 (in Chinese).

[2] ZHUY, CHEN M Y, ZHANG Y X, et al. Propagation of the OAM
mode carried by partially coherent modified Bessel-Gaussian beams in
an anisotropic non-Kolmogorov marine atmosphere[ J]. Journal of the
Optical Society of America, 2016, A33(12) . 2277-2283.



432

T

2018 4£ 5 J

(3]

[4]

[5]

(6]

[10]

(1]

[12]

ZHU K C, LIS X, TANG Y, et al. Study on the propagation parame-
ters of Bessel-Gaussian beams carrying Optical vortices through atmos-
pheric turbulence [ J]. Journal of the Optical Society of America,
2012, A29(3): 251-257.
NELSON W, PALASTRO J P, DAVIS C C. Propagation of Bessel
and Airy beams through atmospheric turbulence[ J]. Journal of the
Optical Society of America, 2014, A 31(3) : 603-609.
WANG X Y, YAO M W, QIU Z L, et al. Evolution properties of
Bessel-Gaussian Schell-model beams in non-Kolmogorov turbulence
[J]. Optics Express, 2015, 23(10) ; 12508-12523.
XUK T, YUAN Y H, FENG X, et al. Propagation properties of par-
tially coherent flat-topped beam array in oceanic turbulence[ J]. Laser
Technology, 2015, 39(6) : 877-884 (in Chinese).
WU Y Q, ZHANG Y X, LI Y. Beam wander of Gaussian-Schell mod-
el beams propagating through oceanic turbulence[ J]. Optics Commu-
nications, 2016, 371 59-66.
DAN Y Q , ZHANG B. Second moments of partially coherent beams
in atmospheric turbulence [ J]. Optics Letters, 2009, 34 (5): 563-
565.
ZHAO Q, ZHONG M, LU B D. Experimental study about laser beam
wander in atmosphere[ J]. Laser Technology, 2010, 34 (4) . 532-
534 (in Chinese) .
DAN Y Q, ZHANG B. Beam propagation factor of partially coherent
flat-topped beams in a turbulent atmosphere[ ] ].
2008, 16(20) ; 15563-15575 .
BIRCH P, ITUEN I. Long-distance Bessel beam propagation through

Optics Express,

Kolmogorov turbulence[ J]. Journal of the Optical Society of Ameri-
ca, 2015, A32(11) . 2066-2073.
YANG G C, HAN S C, LIU X C, et al. Scintillation and dancing of

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

laser beam propagation in marine atmosphere[ J]. Laser Technology,
1991, 15(2); 104-107 (in Chinese).

WU J. Propagation of a Gaussian-Schell beam through turbulent
media[ J]. Journal of Modern Optics, 1990, 37(4) : 671-684.
CHENG W, HAUS J] W, ZHAN Q W. Propagation of vector vortex
beams through a turbulent atmosphere [ J]. Optics Express, 2009,
17(20) : 17829-17836.

DURNIN J, MICELI J, EBERLY J. Diffraction-free beams [ J].
Physical Review Letters, 1987, 58(15) . 1499-1501.

QIAO C H, FENG X X, CHU X X. Propagation and self-healing a-
bility of a Bessel-Gaussian beam modulated by Bessel gratings[ J].
Optics Communications, 2016, 365 24-28.

CHU X X, WEN W. Quantitative description of the self-healing a-
bility of a beam[J]. Optics Express, 2014, 22(6) : 6899-6904.
CHENG M J, GUO L X, LIJT. Propagation properties of an optical
vortex carried by a Bessel-Gaussian beam in anisotropic turbulence
[J]. Journal of the Optical Society of America, 2016, A33(8):
1442-1450.

LI SH, WANG J. Adaptive free-space optical communications
through turbulence using self-healing Bessel beams[ J]. Scientific
Reports, 2017(7) . 43233.

YUAN Y S, LEIT, LI Z H, et al. Beam wander relieved orbital an-
gular momentum communication in turbulent atmosphere using Bessel
beams[ J]. Scientific Reports, 2017(7) ; 42276.

SERNA J, MARTINEZ-HERRERO R, MEJIAS P M. Parametric
characterization of general partially coherent beams propagating
through ABCD optical systems[ J]. Journal of the Optical Society of
America, 1991, A8(8): 1094-1098.



