
16

Журнал Белорусского государственного университета. Физика. 2023;2:14–21
Journal of the Belarusian State University. Physics. 2023;2:14–21

especially those requiring high, smooth and continuous on-axis intensities. But determination of the bluntness 
value stays important problem because it needs a complex and expensive equipment.

In the present paper, we study the modifications induced by the bluntness of the conical lens vertex on the 
transverse intensity distribution of the beam. We show in particular that the round-tip axicon causes the oscilla-
tions in transversal intensity distribution. The periodicity of them can be used for estimation of bluntness and, 
as a consequence, optimisation of the transverse size of the incident beam.

Theory: the beam behind axicon
Axicons – conical lenses – are optical elements that have rotational symmetry about the z-axis (fig. 1, a). 

They generate a quasi-Bessel beam throughout their depth of focus (DOF) region. It is known that beyond 
the DOF, the beam gradually transforms into a ring of constant width and increasing the radius as it pro-
pagates. The important parameters that characterise an axicon are its front face radius R, the base angle α 
and the refractive index n (see fig. 1, a). These parameters together determine the length of the DOF of the 
axicon.

Let us consider now the input light beam to be a collection of rays traveling parallel to the z-axis. All these 
rays refract at the conical surface of the axicon towards the axis with the same angle θ. All the rays at one 
radial distance, come to focus at one point on the axis. The rays incident at the extreme of the axicon (i. e. the 
furtherest radial distance) determine the DOF of the axicon, as shown in fig. 1, a. As follows from Snell’s law, 
sin θ = n sin α. Thus, for the small angle α, the DOF is calculated by the formula
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But when the incident beam waist and the axicon radius are approximately equal, the contribution of diffrac-
tion on the edges becomes significant. It displays in oscillatory axial intensity [28]. Owing to this, as a rule, the 
beam waist is chosen smaller than axicon diameter D = 2R, and the length of focal line becomes less:
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where w1 is the half-width of incident beam on the front face of axicon.
Consider now the field formed by axicon with rounded tip (fig. 1, b). It was found that the latter can be 

correctly approximated by hyperbola [31] that yields a very good match between the calculations and ex-
periments. The center of used coordinate system is combined with the tip of the perfect axicon, and z-axis is 
directed from the input surface. 

The axicon surface is approximated by the hyperbola
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where a and b are parameters characterised the curve. From equation (1) it follows
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Fig. 1. Ideal refractive axicon ray tracing for the Gaussian input (a),  
DOF and approximation of its the rounded tip by hyperbola (b)


