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Abstract:  In this research, it has been investigated the self-healing property of 

the non-diffracting parabolic beams via numerical simulation. Also, instead of using 
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been proposed a similarity profile to quantify self-healing with more details. 
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1. Introduction 

Recently, the self-healing property of the beams gets lots of attention due to the wide 

range of applications including micromanipulation [2], microscopy [7], optical 

communication [6] and quantum information processing [8]. This property refers to the 

ability of a beam to recover its amplitude in a propagating distance after entered 

perturbation. Many authors have reported several results about the self-healing property 

of various beams, for example, Bessel [5], Pearcey [12], Airy [4], and Bessel-Gaussian 

beams [13], etc. Also, the self-healing property of parabolic beams has studied 

experimentally by Zhang and his co-authors in 2013 [11]. 

The parabolic non-diffracting beams, which are the exact solution of the Helmholtz 

equation in parabolic cylindrical coordinates, were demonstrated in 2004 and 

experimentally observed in 2005 [3, 8]. These Beams are called non-diffracting since 

their transverse intensity distribution doesn’t change along the propagation direction. 

The generalization of the parabolic beams was introduced with a new parameter that 

affects the rotational symmetry, by Khonina and her co-workers [9]. Generalized non-

diffracting parabolic beams are given by: 

𝑈(𝑥, 𝑦, 𝑧) = exp(−𝑖𝑘𝑧𝑧) ∫ 𝐴𝑚(𝜑; 𝑎)𝑒𝑥𝑝[−𝑖𝑘𝑡(𝑥 cos 𝜑 + 𝑦 sin 𝜑)]

𝜋

−𝜋

𝑑𝜑,                        (1) 

Where 𝑘𝑡 is the radius of a narrow ring in frequency space, 𝑘𝑧 = √𝑘2 − 𝑘𝑡
2
, 𝑘 =

2𝜋

𝜆
 is the 

wavenumber, 𝜆 is the wavelength, and 

𝐴𝑚(𝜑; 𝑎) =
1

2√𝜋|sin(𝑚𝜑)|
𝑒𝑥𝑝 [𝑖𝑎 ln |tan (

𝑚𝜑

2
)|],                                      (2) 

is the generalized spatial spectrum. To discuss the self-healing property of these beams, 

we have applied masks with different shapes on them. The beams' self-healing degree 

after propagation along the z-axis has been analyzed using the following approach. 

2. Similarity profile 

There are different methods to measure the similarity between the obstructed and 

unobstructed fields. Mostly these methods offer a single number that fails to describe 

the self-healing mechanism of the beam in detail. We propose a new approach for 

quantifying the self-healing mechanism of optical beams by considering the beam amplitude 

profile as a 5 × 5 grid. In this approach, we define a similarity profile by which the 
closeness each corresponding region of the obstructed and unobstructed beam after 

propagation is quantified. The difference between pairwise corresponding sub-regions is 

measured using the relative distance which defined as [1]: 

𝑫𝒓(𝑼𝒐, 𝑼𝒎) =  
∥ 𝑼𝒐 − 𝑼𝒎 ∥

∥ 𝑼𝒐 + 𝑼𝒎 ∥
 ,                                                              (𝟑) 

where 𝑼𝒐 and 𝑼𝒎 are the fields of the original and obstructed beams, respectively. We 

express the similarity of fields by  

𝒔𝒊𝒎(𝑼𝒐, 𝑼𝒎) = 𝟏 − 𝑫𝒓(𝑼𝒐, 𝑼𝒎).                                                          (𝟒) 

The difference between original and obstructed beams' similarity amount in the initial 

and restored planes, is considered as the self-healing value. 

 
3. Simulation results 

To examine the mask geometrical shape effect on the beams' self-healing property, 

circular, rectangular, and elliptical masks with the same area, are applied to the 

central part of the beams. In each case, after propagating the beam along the z-axis via 

the angular spectrum method (ASM), the self-healing degree and pertinent distance are 

measured, and so varied by changing the shape of the mask (Fig. 1). 
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Fig. 1, Mask geometrical shape effect on the self-healing 

It can be seen that the central region of the beams is reconstructed better than the 

others. Comparing the similarity matrixes of the beams in different propagation distances 



 
1st Conference on Optoelectronics, Applied Optics and Microelectronics (OAM). Namin, Ardabil, Iran. 

4 
 

could be perceived beams' self-healing behavior better. Whatever the mean intensity 

distribution be higher in the masked area, the self-healing degree will be lower. Because 

of this reason, as you can see, the self-healing degree of the beam with a rectangular 

mask is more than ones with a circular mask. Although at first look, because of the 

radial symmetry of the circle, it is expected the contrast of this. The results obtained 

for the beam with a vertical and horizontal elliptic mask is a clear example of this 

affair (Fig. 2). 

 

Comparing the results of m=1 and m=2, it has been reached by increasing the amount of 

m, the self-healing degree of the beam is improved because the intensity distribution 

of the second-order beam has symmetry to the line y=x. It should be noted that the reason 

for the higher self-healing degree of the first-order beam with an elliptic mask is the 

low-intensity distribution of the masked area. The remarkable note is that in most cases, 

the highest amount of self-healing of the beams occurs in the further distance from the 

initial plane. 
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Fig. 2, Mask rotation effect on the self-healing 

The beams' self-healing degree with diverse masks in every distance of propagation has 

resembled as follows: 
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𝐷𝑆𝐻(𝐵𝐻𝑒𝑚) ≤ 𝐷𝑆𝐻(𝐵𝐶𝑚) ≤ 𝐷𝑆𝐻(𝐵𝑅𝑚) ≤ 𝐷𝑆𝐻(𝐵𝑉𝑒𝑚),                                  (5) 

Where 𝐵𝑉𝑒𝑚, 𝐵𝐻𝑒𝑚, 𝐵𝐶𝑚 and 𝐵𝑅𝑚 are the beam with a vertical elliptic, horizontal elliptic, 

circular and rectangular mask, respectively.  

4. Conclusion 

In this research, the amount of self-healing of generalized parabolic beams was 

investigated by applying masks with different shapes. Also, the symmetry of the beam 

intensity distribution is an effective factor on the beams' self-healing value. In all 

cases, the central region of the beams has the highest self-healing value related to the 

other regions. 
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