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In this paper, we present the experimental generation of Airy beams via computational and photo-
refractive holography. Experimental generation of Airy beams using conventional optical components
presents several difficulties and a practically infeasible. Thus, the optical generation of Airy beams has
been made from the optical reconstruction of a computer generated hologram implemented by a spatial
light modulator. In the photorefractive holography technique, being used for the first time to our
knowledge, the hologram of an Airy beam is constructed (recorded) and reconstructed (read) optically in
a nonlinear photorefractive medium. The Airy beam experimental realization was made by a setup of
computational and photorefractive holography using a photorefractive Bi;;TiO, crystal as holographic
recording medium. Airy beams and Airy beam arrays were obtained experimentally in accordance with
the predicted theory; with excellent prospects for applications in optical trapping and optical commu-

nications systems.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, the study of Airy beams has attracted great
interest in optics and atomic physics due to their unusual features
such as the ability to remain diffraction-free over long distances
while they tend to freely accelerate during propagation. This was
shown theoretically and experimentally by Siviloglou et al. [1,2].
The origin of these strange features, explained by Berry and Balazs
in 1979, is due to a non-trivial solution of the Schrodinger equa-
tion in quantum mechanics for a free particle and the caustic en-
velope overlap by the superposition of a plane wave [3]. These
self-accelerating Airy beams have also inspired prominent re-
search interests and potential applications such as optical micro-
manipulation [4-7], plasma physics [8,9], optical microscopy [10],
and, recently, the growing interest in the influence of optical
vortices on Airy beams [11-13].

On the other hand, the holography, which was proposed by
Dennis Gabor in 1948, enables the information of the amplitude
and the phase of an object or optical wave to be recorded on a
holographic recording medium. Since the development of the laser
in the 1960s, there have been several works of conventional ho-
lography that used a laser as a source of coherent light and ho-
lographic recording materials such as silver halide films, thermo-
plastics, and photosensitive materials. In addition to the
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conventional holographic method (classical holography), compu-
tational (or numerical) holographic methods were proposed:
computer generated holograms, when the recording or construc-
tion of the hologram is numerical (CGH) [14,15]; and, digital ho-
lography, when holograms are recorded with CCD sensors of high
resolution and numerically reconstructed [16-18].

Additionally, the development of computers and electronic
devices that are ever faster and are of higher resolution, such as
CCD cameras and spatial light modulators (SLMs) based on liquid
crystal display (LCD) or micro mirrors (DMDs), new laser sources,
optical systems and opto-mechanical devices which are also of
excellent quality. This has enabled the experimental im-
plementation of holographic systems of numerical (via computer
generated holograms, CGHs), and optical reconstruction (via spa-
tial light modulators, SLMs) of wavefronts of objects and optical
beams, including this nondiffracting beams: Airy beams.

Photorefractive holography (PRH) has been presented as a
promising technique for dynamic processing of record-holo-
graphic reconstruction and holographic interferometry techniques
to analyze surfaces and optical wavefronts [19]. This is based on
the photorefractive effect, consisting in modulation of the re-
fractive index via photoinduction of charge carriers and linear
electro-optic effect in some semiconductor crystals with a parti-
cular features, the so-called photorefractive crystals (LiNbOs3, SBN,
KBT, BaTiOs3, Bi;;TiO»9, among others) [19]. Due to the fact that it is
a process that occurs at the electronic level of semiconductor
crystals with nonlinear optical properties, the holographic net-
works feature high resolution and short response time, making it


www.sciencedirect.com/science/journal/00304018
www.elsevier.com/locate/optcom
http://dx.doi.org/10.1016/j.optcom.2016.01.045
http://dx.doi.org/10.1016/j.optcom.2016.01.045
http://dx.doi.org/10.1016/j.optcom.2016.01.045
http://crossmark.crossref.org/dialog/?doi=10.1016/j.optcom.2016.01.045&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.optcom.2016.01.045&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.optcom.2016.01.045&domain=pdf
mailto:marcos.gesualdi@ufabc.edu.br
http://dx.doi.org/10.1016/j.optcom.2016.01.045

292 R.A.B. Suarez et al. / Optics Communications 366 (2016) 291-300

Blocker

Fig. 1. Experimental holographic setup for Airy beam generation, where Ms are
mirrors, BS is a beam splitter, SF is the spatial filter, Ls are lenses, Pol's are polar-
izers, SLM is spatial light modulator, ID is the mask and CCD camera for image
acquisition.

possible to act as a holographic recording medium that does not
require chemical or computational processing for reconstruction
of the holographic image and presents indefinite reusability in
photorefractive holographic interferometry [17,20-23].

Based on all this, we present the experimental generation of Airy
beams via computational and photorefractive holography. The Airy
beam experimental realization was made by a setup of computational
and photorefractive holography using a photorefractive Bi;>TiOyq
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crystal as holographic recording medium. The Airy beams and Airy
beam arrays obtained experimentally are in accordance with theo-
retical predictions. This presents excellent prospects for applications
in optical trapping [4-7], optical communications systems [8,9], and,
the recent works on photorefractive trapping where the accelerating
beam could open new perspectives if used in combination such
trapping technology [24-27].

2. Airy Beams: theoretical background

The solution for Airy beams propagating with infinite energy
can be obtained by solving the normalized paraxial equation of
diffraction in (1+1)D [1]
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where ¢ is the complex amplitude of the electric field associated
with planar Airy beams; s=x/x; and ¢&=z[kx§ are the di-
mensionless transverse and longitudinal coordinates; xq is an ar-
bitrary transverse scale and k = 2zn/iq is the wavenumber of an
optical wave.

An ideal Airy beam is immune to diffraction effects, but it
possesses infinite energy making its experimental generation im-
possible. However, it is possible to obtain a finite-energy version of
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Fig. 2. Transversal intensity pattern for an Airy beam in (14 1)D via computational holography when x¢ = 50 pm and a=0.07 in (a) z=3 cm, (b) z=7 cm, (c) z=11 cm, (d)

z=15cm.
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