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Focusing of Cylindrically Polarized Bessel-Gaussian Beams
through a High Numerical-Aperture Lens

Zhang Zhiming' Pu Jixiong® Wang Xiqing'
(1 Department of Physics. Science College s Southwest Jiaotong University, Chengdu, Sichuan 610031, Chz'na)
?Department of Electronic Science & Technology, Huagiao University , Quanzhou, Fujian 362021, China

Abstract The light field expressions of cylindrically polarized Bessel-Gaussian (CPBG) beams focused by a high
numerical-aperture lens are derived using Richards-Wolf vectorial diffraction method. Numerical calculations are
taken to analyze the influences of varying values of the parameters on the light intensity distribution at the focal
plane and in the vicinity of focus. The research results show that both the intensity at the focal plane and its profile
shape depend on the values of parameter 8 corresponding to Bessel function, polarization rotation angle ¢, , beam
waist width w, and the maximal angle o determined by the numerical-aperture. By adjusting the values of
corresponding parameters, the bottle beams and the flat-topped beams which possess the characteristics of vortex are
obtained and will have many significant applications.
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Fig. 1 Polarization pattern of a generalized cylindrically
polarized Bessel-Gaussian beam
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Fig. 2 Evolution of intensity distribution on the focal
plane with varying correlated parameters atn = 1.

The values of correlated parameters except the
varying ones are selected as: § =0.2 mm™', ¢, =

10°, wy, =2 cm, o =57°. (a) parameter f3 relating

to Bessel function; (b) maximal angle «

determined by NA
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Fig. 3 Evolution of intensity of focus with varying
correlated parameters at n = 1. The values of
correlated parameters except the varying ones are
selected as: 3=0.2 mm ', ¢ =10°, w, =2 cm, «
=57°. (a) parameter Brelating to Bessel function;
(b) polarization rotation angle ¢,; (¢) beam waist

width w,
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Fig. 4 Flat-topped intensity distribution at n = 1. The

0.2 mm~

values of correlated parameters are selected as: f
=0.2mm ', a =57, w, =2 cm, ¢, =10°. (a)
intensity distribution on a-z plane; (b) intensity
distribution on the z-axis; (c¢) intensity distribution
on the focal plane
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Fig. 5 Intensity distribution of bottle beams at n = 1.

The values of correlated parameters are selected

as; =0.8 mm™ ', « =57°, w, =2 cm, ¢, =10°.

(a) intensity distribution on the 2~z plane; (b)

intensity distribution on the z-axis; (c¢) transversal

intensity distribution
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Fig. 6 Intensity distribution on a2~z plane at n = 2. The

values of correlated parameters are selected as: f

=0.456 mm ', ¢ =50°, w, =2 cm, ¢, =10°
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Fig. 7 Intensity distribution of superposition of the first

order and the second order CPBG beams. The

values of correlated parameters are selected as:

=0.8mm ', B =0.456 mm ', @ =57°, w, =2

cm, ¢, =10°. (a) intensity distribution on the =z

plane; (b) intensity distribution on the z-axis; (c)

transversal intensity distribution
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