Generation of zeroth- and first-order long range nondiffracting Gauss-Bessel beams by annihilating multiple-charged optical vortices
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One of the main necessities when working with laser beams is keeping their parameters stable in time and space. Focusing a laser beam in order to achieve high intensity and/or spatial resolution belongs to the most abundant processes in optics. However, due to diffraction the focal length is finite, i.e. the intensity of the light drops after the focus. Tighter focus corresponds to faster intensity decrease with increasing the propagation distances. Because of this, other beam profiles than Gaussian are analyzed theoretically and created experimentally. The so-called Bessel beams offer a solution, at least in theory, since they belong to a special class of non-diffracting, self-healing optical beams [1]. Bessel beam is a field of electromagnetic radiation whose amplitude is described by a Bessel function and is an exact solution of the Helmholtz equation. Unfortunately ideal Bessel beams are infinitely wide and carry infinite power therefore, it is not possible to be exactly generated in practice. Reasonably good approximation to Bessel beams is made with Gauss-Bessel beams [2, 3]. 
Here we will demonstrate a novel approach to generate Gauss-Bessel beams with unprecedented extended foci. The idea originates in mathematics, namely in the Fourier transformation of bright ring-shaped beam. It is shown both theoretically and experimentally that the topological charge (TC) of an optical vortex (OV) could be set to zero [4]. As a result, a well-formed Gaussian beam is observed in the Fourier plane. However if the TC of the OV is higher than 10 (e.g. of the order of 30 – 50) and is subsequently erased, the obtained profile of the beam in the far-field is close to a Bessel function, more precisely – to a Gauss-Bessel function. Based on the study in [5], we developed an analytical model in which a relation between the radius of the vortex ring and the width of the ring arc is shown. If the radius of the ring is much larger than the ring width, then with setting the vortex TC equal to zero, one can expect a Gauss-Bessel beam to be formed in the focus of a lens (artificial far-field). These initial analytical studies were confirmed by series of experimental measurements. The results showed that highly-charged optical vortices (with a TC>10) generated by spatial light modulator (SLM) and then reflected from a second SLM encoded with spiral phase profile of a suitable topological charge, can produce zero-order and first-order non-diffracting Gauss-Bessel optical beams with an extremely extended focal range. Using this approach we will report detailed results of measurements obtained by varying the TCs of the OVs on the two SLMs from 10 to 50. 
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