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Abstract For decades, it has always been a dream of mankind to create self-bending of light in free space and even
a boomerang of light as often seen in science fiction. Recently, Airy beams, along with their generalized self-
accelerating beams, have attracted a great deal of attention due to their novel properties such as non-diffraction, self-
bending, and self-healing. These unconventional optical beams not only have been realized in experiment, but also
have wide application prospects, such as for particle manipulation, plasma channels, surface plasmons, electron
acceleration, super-resolution imaging, transmission in turbulent environment, and guiding electric discharge. These
application prospects make self-accelerating beams an attracting and exciting frontier of research. Here, we present
an overview of the development and recent advances about self-accelerating beams mediated by phase modulation,
including the generation and propagation properties of self-accelerating beams, and their extension and control in both
spatial and temporal domains, with a focus on discussion of their novel applications in several areas.
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Fig. 1 (a) Simulation of the propagation of ideal Airy beam with infinite energy; typical cubic phase patterns used

for generating (b) one and (¢) two dimensional Airy beams, respectively™

1026009-3



ot % % i1

(Do(k):exp(fakz)exp[%(kg*Sazk*ias)}, (5)

H1 (5) 2T LA Y, g5 RO SR Ay A B 30 3% S 7 D7 AR 9 1 A o 30 e B, I R S RO RORT R i
X 7. 7 R R S £ 2 39T 0GB A T R L O A e S B, 4% IR A S S Siviloglou SN TR S5 R
D7 T —4E A 4R 8 S EOEH ARG TR )T O IR RE T 3 T ARG MR R 42 0.
S 50 v R FH 09— 4 R0 48 SE BGRB9S T AR5 S AR 1(h) | (o) iz, AT sk 7 R b 25 1) O 18 i s AR 7
S, HE T Siviloglou Y 52862k ' S LG o A% T AT 5 4% i AR 18] 19 3 R PR AR DR AT 21 56 4IE | 52 56 45
5 TN 45 KA A
22 XEBERXREEAZTEHHEETARNERE

an b i L 7E A s 1) S UG AT DL S AR AL . 7R S LD B S S B 5 AR, Siviloglou
XX A AT S HEAT T IRADESE L ER R DU B i B E O BE x =0z + 27/ (47 x0) PN IR
AP el , b 0 3L HOER IR MG K M. 24 0 =0 B A% i B AR 25 LTS 2 2l o SRS O R
Mt 77 3052 0<<0 Wf AR HERAR R AL T Bzl 2 00 B AR ERAR ST Tz dh, XA, HDLR
TE 25 H B AL B A/ BRTE 50 A5 TR 0 30 G2 Sl A 2 28 0L, (A — 3R 000, TR A BR BE A 1 3L L SR o] Al
FRARAL H , B0 T IR AR B AR F Y 5 A BB IR AR e oE

PR BT IR A b 25 ) rh AT I W08 3 — B VF 2Rk TARH 98 A8, S0 O AU il 9 sl
e A R AR S B — A AR Ok T A B AR TR TR X O A T IR ADESE . 2010 4 i 8 S 7
R LA N S5 o 30 0 SR8 AR NS 7 AT L2 {68 o ke A S O oA i LT %0 T, R 9 O DR AR R AL s B Y
ALE N 2 Pros . 73 HOE AR BB LR 2 Cad T, 24 w5 0 AR 2 AR A R 28 8 kil i, 77 A 9 S OB TR
4012 Bl L SR WA TR = =0 b AN IET 2(b) 35 — 47 BT 75 5 45 8 L 1] 1 P B8 AN T £ 45 w8 30 0 9 A7 B A
AR 7 AR SR B Az B T 55 e L BAE B B R i AR 2 (o) B AT R s A A B AR 6
A ) Tl L [ P b RS R O LR UE P R A A ) A S A A A 45 R AR L, S DB R Y
B B A S A A R OB W A 3 B e A T A BRI R v AL A AT 2Ch) B = AT BT R . B
3 5 3% 07 3 AT T A 20 TR A2 2 3R 05 v ) A i« 24 3 LG AR T4 W 2 B A I S 8 A A0 A AR A
o ST G TR B a7 U R LA A G A A A A B D 3ok X S O T4 i L T N B R AT A 4 Y O
TEGERR S RO AR A A Tk o JE sk 28 T B, O RE B A B RE A8 S8 i R A AT 45 b o B R R A
JER BRI o DA T v R0 o B E H AR b
@

mask lens

20 25 30 35 40 2/cm
1 ] 1 1 | >

2 () SCHDG WS IG ™ 2F Y (R A0 B, 3 B2 0 s () AR 57 981 1 7 /80 30 D' TR AT 8 B o 3 A A
() AT HIG ST 5 30 BT 14 i Sl AL s A =L
Fig. 2 (a) Schematic diagram for experimental generation of Airy beams, where a spatial phase modulated
Gaussian beam is inversely Fourier transformed; (b) propagation trajectories and intensity patterns of

Airy beams under different initial conditions
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auto-focusing accelerating beam during propagation along =z axis''" ; transverse intensity profiles taken at
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Fig. 4 Design of a Bessel-like self-accelerating vortex beam. (a) Propagation of non-diffraction Bessel-like self-accelerating

beam along a curved trajectory in free space; (b) illustration of its spiral phase structure and the beam dynamics!'®
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Fig. 6 (a)-(b) Nonlinear propagation of two time-inversed Airy pulses, and the insets show the shapes of corresponding
input pulse; (c¢) frequency shift controlled by applying an offset to the cubic phase;

(d)-(e) power-dependent control of multicolor Raman soliton generation™"
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Fig. 7 Applications of particle manipulation by self-accelerating beams. (a) Particle cleaning via a two-dimensional Airy beam*” ;

(b) optical trapping via an abruptly auto-focusing beam, where the 1* row shows the particles delivery along the beam
propagation direction and, the 2™ row shows snapshots of particle manipulation at different longitudinal positions "% ;
(¢) three-dimensional particle manipulation via a Bessel-like self-accelerating vortex beam"® ; (d) spiral

movement of particles actuated by a propelling self-accelerating beam!™
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Fig. 9 (a) Curved plasma channel generated by a self-accelerating beam™” ; (b) laser-assisted guiding of electric

discharge by a self-accelerating beam, where different discharge paths associated with Gaussian,

Bessel and Airy beams are illustrated for comparison'”
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Fig. 10 (a) Stochastic optical reconstruction microscopy imaging of microtubules using the standard Gaussian PSF and
Airy-based self-bending PSF®™ ; (b) light sheet imaging of a renal adenocarcinoma cell cluster using

the Gaussian beam and the Airy beam™®
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