Implementation of general Bessel beam scattering using the discrete dipole approximation
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Among various types of structured light with orbital angular momentum Bessel beams hold leading positions in many fields. One of the most prominent advantages of Bessel beams is their ability to propagate maintaining the profile near the beam axis. These beams are actively used in such areas as optical manipulation (tweezing), material proceeding, imaging, etc. 
In many physical problems, it is crucial to consider the scattering of Bessel beams, which is predominantly studied for spherical particles with the use of the generalized Lorenz-Mie theory (GLMT) than for arbitrary particles. This work aims to classify various types of high-order vector Bessel beams and develop the capability to simulate the scattering of such beams by arbitrary particle using the discrete dipole approximation (DDA).

Thus, a new general classification of all existing Bessel beam types was developed. Next, we implemented these beams in ADDA code – an open-source parallel implementation of the DDA [1]. The code is available for everyone on a separate branch on GitHub [2] and enables easy and efficient simulation of Bessel beams scattering by arbitrary-shaped particles. One of the possible applications includes scattering of the circular symmetric (CS) type of Bessel beam by a red blood cell presented in Figure 1. The results of this work pave the way for the following research related to the Bessel beam scattering by particles near a substrate and optical forces.
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Figure 1. Example of zero-order CS Bessel beam scattering simulation by a red blood cell (cell characteristics are taken from [3]).
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