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Objective

 To perform finite-element simulation to study effect of compound axicon parameters 
and beam waist radius on the propagation distance of the Bessel-Gauss in comparison 
to normal Gaussian beam.
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Equation of Gaussian beam
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Amplitude factor
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Equation of Bessel beam

“Diffracting-free beam”

𝐸𝐵 𝑥, 𝑦 = 𝐸𝐵0𝐽𝜈 𝑘𝑥𝑥 𝑒−𝑖𝑘𝑦𝑦

where 𝐽𝜐 𝑘𝑥𝑥 is Bessel function of the first kind

For 𝜐 = 0 𝐸𝐵 𝑥, 𝑦 = 𝐽0 𝑘𝑥𝑥 𝑒−𝑖𝑘𝑦𝑦

Eric W. and Weisstein

7

Bessel function Bessel beam



𝐸𝐵𝐺 𝑥, 𝑦 = 𝐸0𝐽0 𝑘𝑥𝑥
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Equation of Bessel-Gauss beam



CROSS SECTION
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Gaussian beam profile Bessel-Gauss beam profile

Thibon, Louis



Axicon
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Axicons How axicon work

CPG Optics



COMSOL MULTIPHYSICS
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Choose the module

Optics

Wave Optics

EMW BEAM ENVELOPES
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Finite element method (FEM)



Variable Expression Description

wl 0.532 µm Wavelength 

w0 25 mm Beam waist

Ep 0.150 J Laser Pulse energy 

tp 6 ns Laser pulse duration

Define parameters
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parameters of YAG laser



Create
Geometry

Include
material

Inject the
beam

𝑛𝐵𝐾7 = 1.520

𝑛𝑓𝑢𝑠𝑒𝑑𝑠𝑖𝑙𝑖𝑐𝑎 = 1.461

𝑛𝑔𝑙𝑢𝑒 = 1.573 − 1.580
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𝛾1 = 1.0° 𝛾2 = 0.5°



𝜸𝟏 𝜸𝟏
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Section I
-Sweep the parameter n3 (the interlayer refractive index) from 1.573-1.580 and find the optimum n3. 

Effect of 𝑛3 on longitudinal intensity of Bessel-Gauss 
beam with 𝑤0 = 25 mm

Result I

n3 = 1.577
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Section II
-Using the result from sec.I to contribute a Bessel-Gauss beam and compare to normal Gaussian beam 
with the same beam waist.

Results II

Longitudinal beam intensity for 𝑤0 = 25 mmComparison of intensity profile

n3 = 1.5775
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Section III
-Sweep the waist diameter input of the beam from 10-25 mm.

Results III

Effect of input beam waist on longitudinal beam intensity 
of a produced Bessel-Gauss beam 



Conclusions

 It is possible to generate a Bessel-Gauss beam by using numerical method from COMSOL® program. 

 For an input beam waist 25 mm , a compound axicon can generate a beam output that can be delivered over 
a distance at least 2 km.

 Need to compare the results with the experiment.

Future work
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FOR 𝜸𝟏 = 𝟏. 𝟎°

𝜸𝟐 = 𝟎. 𝟓°

𝒏𝒈 = 𝟏. 𝟒

𝒏𝒈 = 𝟏. 𝟔

𝒏𝒈 = 𝟏. 𝟓

𝒏𝒈 = 𝟏. 𝟕
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𝒏𝒈 = 𝟏. 𝟒

𝒏𝒈 = 𝟏. 𝟔

𝒏𝒈 = 𝟏. 𝟓

𝒏𝒈 = 𝟏. 𝟕

27

FOR 𝜸𝟏 = 𝟎. 𝟓°

𝜸𝟐 = 𝟏. 𝟎°




