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Fig. 1. Transversal intensity distribution of Bessel
beam: (a) Oth Bessel beam; (b) 1th Bessel beam.
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Fig. 3. Normalized axial intensity of the holographi-
cally generated Bessel beam as a function of the prop-

agation distance (12,
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Fig. 4. Binary-amplitude-coded transmission functions of
holograms generating Bessel beams: (a) On-axis hologram
for Jo(a1p) beam; (b) off-axis version of the hologram
in (a); (c) off-axis hologram for J1 (1 p) beam; (d) off-axis
hologram for Jg(a1p) beam; (e) on-axis hologram gener-
ating a J1 (a1 p) cos ¢ beam; (f) off-axis version of the holo-

gram in (e) 12,
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Fig. 5. Diagram of the apparatus used in Bessel beam from Fabry-Perot resonator, consisting of spatial filter
(SF), étalon mirrors (M; and Mz), annular spatial filter (ASF) [15].
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Fig. 10. Microscopy images of the fabricated meta-
surfaces: (a) Meta-axicon 21]; (b) transmission-type

coding metasurface [22],
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Numerical calculations (upper rows) and experimental measurements (lower rows) of intensity

distributions of Mathieu beams (ellipticity parameter ¢ = 27) (231,
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Fig. 13. Schematic of the experiment for the genera-

tion of Mathieu beams using an axicon (271,
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Fig. 14. Schematic of experiment for the generation of

Mathieu beams using a spatial light modulator (291,
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Fig. 15. Intensity distributions of Mathieu beams: (a) Nu-
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Fig. 16. Transversal intensity distribution of cos-
Gaussian-beam: (a) z = 0; (b) z = 0.6Zmax; (¢) z =
1.2Zmax.
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Fig. 17. Transversal intensity distribution of parabolic beam (M,
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Fig. 18. Experimental transverse intensity profiles of
parabolic beam: (a) even a = 0; (b) odd a = 0; (a) even
a=1.5; (b) odd a = 1.5 [36],
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Fig. 19. Transversal intensity distribution of Airy beam
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Fig. 20. Generation setup of Airy beams using a spa-

tial light modulator (391,
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Fig. 21. Airy beam-laser [44].
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Fig. 22. Self-healing properties of the Airy beam with blocked the partial main lobe: (a) £€=0.1; (b) £=0.5; (c) £=1; (d) £=1.5.
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Fig. 23. Self-healing properties of the Airy beam with blocked the whole main lobe: (a) £ = 0.1; (b) £ = 1;

(c) £=2;(d) £=3.
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(a) Transversal intensity distribution of Airy

tribution of Airy beam along propagating axis z, and a is

acceleration direction [76].
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Fig. 25. Experimental results for accelerating parabolic
beams [77].
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Fig. 26. Numerical and experimental demonstrations of

a self-accelerating Bessel-like beam along a parabolic tra-
jectory: (a) Computer generated hologram; (b) numeri-
cally simulated side-view propagation of the generated beam;
(c)—(f) snapshots of the transverse intensity patterns taken
at the planes marked by the dashed lines in Fig. (b); (g) ex-
perimentally recorded transverse beam patterns at differ-
ent positions marked in the predesigned parabolic trajectory

(dashed curve) corresponding to Fig. (b) 801,
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Fig. 27. Particles manipulation using self-bending of

Airy beam [107],
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Fig. 28. Focused longitudinal field intensity distribu-

tion: (a) Gauusian beam; (b) Bessel beam 1151,
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Abstract

In recent years, with the development of laser technology, various non-diffraction beams each with a central spot
unchanged after a long distance propagation, have been generated, they being the Bessel beam, higher Bessel beam,
Mathieu beam, higher Mathieu beam, cosine beam, parabolic beam, and Airy beam. Diffraction-free beams are widely
used in laser drilling, laser precision alignment, optical precision control, optical micromanipulation, optical communi-
cation, plasma guidance, light bullet, synthesis of autofocusing beam, nonlinear optics, etc.

In this paper, the expressions, generation methods and corresponding experimental results of the various non-
diffraction beams are presented. There are many ways to generate the Bessel beam, they being circular slit, computed
hologram, spherical aberration lens, resonant cavity, axicon, and metasurface. The main methods of generating the non-
diffraction beams are summarized, and each method is analyzed in depth from the cost of the system, and then some
suggestions for improving and perfecting are made. For the generation of non-diffraction beams, the passive methods
are used most to convert other beams into corresponding non-diffraction beams by optical components. Due to the low
damage threshold and high cost of optical components, the power, energy and beam quality of a non-diffracting beam
will be limited. How to generate a high-power, high-beam quality non-diffracting beam will be a hot research spot.

Diffractionless beams have attracted a great deal of interest due to their unique non-diffraction, transverse-
accelerating (or self-bending) and self-healing property. Transverse-accelerating property refers to that non-diffraction
beams propagate along a parabola trajectory. The diffractionless beams’ propagation trajectory control method imple-
mented by changing system parameters is simple and easily successful, but cannot reverse acceleration direction, and
its controlling range is limited. The self-healing property means that the non-diffraction beam tends to reform during
propagation in spite of severe perturbations imposed. Both the Airy beam and the Bessel beam exhibit self-healing
properties during propagation. And non-diffraction beams have potential applications in many fields. In atmosphere,
such as in optical communication, non-diffracting beam exhibits more resilience against perturbations.

Finally, brief summary and outlook of non-diffraction beams playing important roles in future study, and their
application prospects are presented. In addition to Airy beam and Bessel beam, for other non-diffraction beams due to
the complexity of the beams themselves, by comparison, their applications are investigated very little, so the applications

in Mathieu beam, cosine beam, and parabolic beam will be a hot research spot.
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