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Holograms in a galaxy far, far 
away…

https://www.gizmodo.com.au/2018/01/inside-the-princess-leia-project-star-wars-holograms-are-real-
now/



Holography here on Earth
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Volume holography

5 Fundamental Processes:

1) Photoionization of 
impurities & generation of 
charge carriers

2) Charge carrier transport

3) Trapping of charge carriers 
leading to formation of 
space-charge density

4) Formation of photo-
induced space charge field

5) Formation of index grating
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Introduction

 Volume holography
◦ Massive data storage capacities

◦ Multiplexing techniques

◦ Nonplanar reference beams (phase-
multiplexing)

 Bessel beams
◦ Diffraction-free propagation and the capacity 
for self-healing

◦ Optical micromanipulation 

opticalengineering.spiedigitallibrary.org



Bessel beam applications
https://www.semanticscholar.org/paper/Optical-micromanipulation.-Dholakia-
Reece/56f3c6c7b990aa96938e1e77825d74f0ee0d2d22/figure/6



Introduction

 A simple holographic element could 
replace the bulky lens-annular slit Bessel 
beam apparatus



Introduction

 Bessel beams have been applied in 
recording volumetric lattices in 
photorefractive materials.



Volume holography in the 
Philippines



Volume holography in the 
Philippines





Volume holography of Bessel 
beams

 We perform holographic storage of a 
Bessel beam as a refractive index 
modulation within a photorefractive 
crystal. 

 Bessel beam

 Refractive index modulation

 Using a readout plane wave 
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Volume holography with a Bessel 
reference beam

 Bragg-matching between a Bessel readout 
beam and the volume hologram 
reconstructs a plane wave and a modified 
Bessel beam.
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Volume holographic system



Multi-wavelength reconstruction 
of Bessel beams



A self-imaging beam (543 nm)

 Our holographically generated beam exhibits 
self-imaging behavior, with periodic 3D intensity 
voids.

 The reconstructed beam may also be considered 
a volumetric optical lattice. 



Experimental results

 Oscillation of the on-axis intensity is clearly seen 
within a propagation distance of 10 to 50 cm.



Self-imaging beam at 594 nm



Periodic propagation



Self-imaging beam at 632.8 nm



ISI-indexed output
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Volume holography with an axicon



Output Bessel beams



Oscillating core diameter



Periodicity
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