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Abstract: An experimental setup to generate a superposition of higher-order Bessel beams by
means of a spatial light modulator and ring aperture is presented. The experimentally produced
fields are in good agreement with those calculated theoretically.
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1. Introduction

There is an extensive body of literature on generating either zero order or higher-order Bessel beams. Visually, the
zero order Bessel beam possesses a bright central maximum, while the higher-orders have a dark central vortex,
which propagates over an extended distance in a diffraction-free manner. Zero order Bessel beams can be generated
by illuminating a ring slit aperture, placed in the back focal plane of a lens, with a plane wave!'l. Diffractive optical
elements, such as axicons””!, and computer generated holograms'), can be used to generate both zero and higher-
order Bessel beams. However, in this report we have developed a mechanism for the generation of the superposition
of higher-order Bessel beams'®, which implements the previously mentioned technologies, namely a ring slit
aperture and computer generated holograms.

2. Theoretical Background

In our optical setup a spatial light modulator (SLM) is used to generate a superposition of two higher-order Bessel
beams. The incident Gaussian beam is transformed to a ring field, with radius R and width 2A, by a ring slit aperture.
This ring field is projected onto an SLM, where an azimuthally varying phase is imparted to the angular spectrum of

the final beam:
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This angular spectrum is then transformed into a superposition of two Bessel beams of order m and n by a Fourier-
transforming lens.

The resulting superposition is calculated numerically by the use of the Kirchoff-Huygens diffraction integral
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3. Experimental Results

The experimentally produced fields (depicted in figure 1) are compared with the calculated fields.
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Fig. 1. The columns from left to right represent the phase pattern applied to the SLM, the observed intensity
distribution of the superposition, the theoretical prediction, and interference pattern of the superposition field and a
plane wave, respectively. Data is shown for (a) — (d): 4,4, (e) — (h): 4,4, and (i) — (1): A,_,. The illuminated ring

slit is shown as a red overlay on the phase patterns.

It is known that higher-order Bessel beams can be generated by the illumination of a ring slit aperture or axicon'
with a beam which has an azimuthal phase dependence, exp(ime), such as a Laguerre-Gauss beam. In this work, we
have adapted this concept so that the light illuminating the ring slit aperture possesses two separable azimuthal phase
components, namely exp(im¢) and exp(ing), producing a superposition of an m™ order and n" order Bessel beam.
This is achieved by applying a phase pattern which consists of two separate parts (such as those represented in figure
1) to the liquid crystal display. The number of ‘petals’, present in the field, surrounding the vortex core is
determined by the order of the two superimposed Bessel beams and is given as follows: |m| + |n].

Due to the azimuthally varying phase which is imparted to the angular spectrum of the beam, the resulting fields
possess vortices. The vortex structure of these fields is investigated by interfering these fields with a plane wave. It
is known that fork-like patterns can be observed when a wavefront containing a screw dislocation is interfered with
a plane wave. Some of our obtained experimental images, illustrating the fork-like patterns, are given in figure 1.
From the images it is evident that two fork-like patterns are present in the interference pattern due to the two
superimposed Bessel fields. The number of spaces between the fork ‘prongs’ is related to the number of screw
dislocations present in the field and hence to the order of the Bessel beams present in the superposition.

Apart from investigating the field produced at the Fourier plane, the propagation of these fields was also
investigated. It was noted that the intensity profile of the field rotates during the beams propagation which is in
accordance with predicted results”).
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