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Theory

As early as 1979, it has been observed that the solution of the Schrödinger equation
describing a free particle can have a wave packet that is mathematically defined using
the Airy function [1]. Such a solution is described by the expression:
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Where φ(s,ξ) is a function describing the distribution of the electric field packet, s = x / x0

is the dimensionless transverse coordinate, ξ = z / kx0
2 is the dimensionless coordinate in

the propagation direction, a is the damping constant, Ai() denotes the Airy function. The
Fourier transform of this wave packet gives the following expression [2]:
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Where A0 is the normalization constant. Thus, in order to obtain an Airy beam, it is only
necessary to modulate the Gaussian beam with the cubic phase and perform a Fourier
transform. This transformation can be performed using a lens. The optical system, 2D
Airy beam, and the cubic phase mask are shown in Fig. 1.

Laser micro-processing of transparent materials is the key process in the field of
manufacturing high technology. Unconventional laser beams are increasingly

researched for developing this process. In addition to impulse duration, the beam

structure in the focal zone becomes important. One such unconventional laser beam is

the Airy beam. The main advantage of the Airy beam is that its position can be

controlled both in the axis of propagation and in the cross-sectional plane of the beam.
This feature allows the generation of an Airy beam with certain desired specific

parameters.

Introduction

Results

The following results were modeled using 633 nm wavelength radiation. By adding a
linear term to the cubic phase mask, the Airy beam can be controlled in the transverse
plane. Phase mask expression:

𝑇 = e𝑖 𝑎 𝑥3+𝑦3 +𝑏(𝑥+𝑦) . (3)

Where a is a constant denoting the period of the cubic phase and b is a constant
denoting the slope of the linear phase. We can control the Airy beam by changing the
value of b. The results obtained using a cubic phase mask with a linear term are shown
in Fig 2.

Moreover, the Airy beam can be controlled in the direction of propagation by adding a
parabolic term to the cubic phase mask. Phase mask expression:

𝑇 = e𝑖 𝑎 𝑥3+𝑦3 +𝑐(𝑥2+𝑦2) . (4)

Here c is a constant describing the stability of the parabolic phase. We can control the
Airy beam by changing the value of the coefficient c. The results obtained using a cubic
phase mask with a parabolic term are shown in Fig. 3.

Conclusions

• Using additional linear phase term, we can control a non-diffractive self-
healing Airy beam in the transverse plane.

• Using additional parabolic phase term, we can control a non-diffractive self-
healing Airy beam along the propagation axis.

• Using additional linear and parabolic phase terms, we can control a non-
diffractive self-healing Airy beam in a given volume of 3D space.

We can combine these two methods to control the Airy beam position in a certain
volume of space. Superpositional phase mask expression:

𝑇 = e𝑖 𝑎 𝑥3+𝑦3 +𝑏 𝑥+𝑦 +𝑐(𝑥2+𝑦2) . (5)

We can control the Airy beam by changing the values of the coefficients b, c. The
results obtained using such a phase mask are shown in Fig 4.
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Fig. 1 The optical system (left), the intensity distribution of the 2D Airy beam in the transverse plane 
(a) and the cubic phase mask (b) used to form the beam [4], [3]. 

Fig. 3 c(x2 + y2) term influence on an Airy beam. The results are shown in the XZ plane. Parameters used:
(I) a = 109 π, c = -5 × 106 π; (II) a = 109 π, c = 0; (III) a = 109 π, c = 5 × 106 π.

Fig. 4 b(x+y) and c(x2+y2) terms influence on an Airy beam. The results are shown in the XZ plane. 
Parameters used: (I) a = 109 π, b = -2 × 104 π, c = -106 π; (II) a = 109 π, b = 0, c = 0; (III) a = 109 π, b = 2 × 104 π, 

c = 106 π.

Fig. 2 b(x+y) term influence on an Airy beam. The results are shown in the XY plane. Parameters used:
(I) a = 109 π, b = -2 × 104 π; (II) a = 109 π, b = 0; (III) a = 109 π, b = 2 × 104 π.


