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Bessel beam has been gaining strong attention from various applications. In this study, a new concept for 
generating zero-order Bessel beams was studied theoretically and experimentally. The principle of the generation of a 
Bessel-like beam is discussed based on Fourier optics. A preliminary model is proposed that accounts for heat 
conduction and diffraction effect. Analytical modeling results indicated that Bessel beam can be generated by using a 
thermal lens and a convergent lens. A simple and flexible method to convert a Gaussian laser beam into a Bessel-like 
beam with a long and narrow focal line by using a thermal lens effect is demonstrated experimentally. Experimental and 
calculated results show a good agreement for generation and characteristics of Bessel-like beam. Experimental results 
also show that the focal depth of the Bessel beam can be controlled by adjusting some parameters in the thermal lens 
system. The paper concludes with suggestions for further research and potential applications for the work. 
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Fig. 1 Schematic illustration of experimental set up for generating a Bessel beam by using an annular aperture and convergent lens 
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Table 1 Calculation conditions 

Wave length, nm  1070 

Power, W 7 

Focal length, mm 114 

M2 value <1.1 

Beam waist, mm 5 

Absorption coefficient, cm-1 0.23 

Distance from cuvette to lens, mm 450 

Thermal conductivity, W/(m·K) 0.167 

Density, kg/m3 789 

Specific heat, J/(kg·K) 2460 

Refractive index change, dn/dT - 3.97 × 10-4 

 
 

� �

����Schematic illustration of the experimental set up ����Image picture of cuvette 
�

Fig. 2 Schematic illustration of the experimental set up and calculation model. The beam from a CW fiber laser is focused with a 
converging lens after passing through a cuvette. 
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Table 2 Experimental conditions 

Wave length, nm  1070 ± 10 

Power, W 1~100 

Focal length, mm 114 

M2 value < 1.1 

Beam waist, mm 4.5 ~ 5.5 

Absorption coefficient, cm-1 0.23 

Distance from cuvette to lens, mm 450 

 
 

� �

����Without thermal lens ����With thermal lens 
Fig. 3 Spatial intensity distribution of the probe laser without thermal lens (a) and with thermal lens (b). Along propagation, 
transverse profile changes from annular to Bessel and Gaussian beam. 
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(a) Annular beam, z = 110 mm 

 

 
(b) Bessel beam, z = 121 mm 

 

 
(c) Gaussian beam, z = 130 mm 

 
Fig. 4 Transverse profile of the probe laser at the different distance from the lens. The vertical and horizontal axes show intensity 
and distance from laser axis respectively. 
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(a) Annular beam, z = 113 mm 
�

�

(b) Bessel beam, z = 122 mm�
�

�

 (c) Gaussian beam, z = 128 mm 

�

Fig. 5 Experimental results. Pump power: 7W. Transverse profile of the probe laser changes from annular to Bessel and Gaussian 
beam along propagation direction. The vertical and horizontal axes show intensity and distance from laser axis respectively. The 
solid-line and dots are the calculated and experimental results. 

�

−0.5 0 0.50

0.2

0.4

0.6

0.8

1

1.2

Distance from laser axis, mm

In
te

ns
ity

, [
au

]

−0.2 −0.1 0 0.1 0.20

0.4

0.8

1.2

Distance from laser axis, mm 

In
te

ns
ity

, [
au

]

−0.4 −0.2 0 0.2 0.40

0.2

0.4

0.6

0.8

1

1.2

Distance from laser axis, mm

In
te

ns
ity

, [
au

]

1360

― 175 ―



ᾲߩࡓࡆ࡞࠶ࡌࠆࠃߦ࠭ࡦ↢ᚑ

©2013 The Japan Society of Mechanical Engineers

�
�

Fig. 6 On-axis intensity of the probe laser. The vertical and horizontal axes show intensity and distance from laser axis respectively. 
Squares and circles show the on-axis intensity of the probe laser without and with thermal lens effect (pump power: 7W). 

�

�

�

�

Fig. 7 Relationship between the pump power and the focal depth. The horizontal and vertical axes show pump power and focal 
depth respectively. Pump power is changed from 3 to 7 mW. 
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