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Super-resolution light needle achieved by tightly
focusing azimuthally polarized airy beam

LIU Jiawei"*, NIE Zhongquan'”
(1.Key Laboratory of Advanced Transducers and Intelligent Control System of Ministry of Education and Shanxi Province,
Taiyuan University of Technology, Taiyuan 030619, China; 2. College of Physics and Optoelectronics, Taiyuan University of
Technology, Taiyuan 030619, China)

Abstract: To study the tight focusing characteristics of azimuthally polarized Airy beams, the Richards-Wolf vector
diffraction theory was adopt. The influences of the exponential attenuation factor, the radius of the main ring, and the proportional
factor of the airy beams on the incident field patterns were respectively studied. The focal field distributions of the azimuthally
polarized airy beams and the azimuthally polarized airy beams modulated by a vortex phase filter were studied, from which a sub-
wavelength azimuthally polarized doughnut field and a transversally polarized bright field were garnered. The experimental results
are basically consistent with the theoretical simulations. Furthermore, the multi-ring vortex phase filter was designed to modulate
the azimuthally polarized airy beams according to the particle swarm algorithm, and an ultra-long and non-diffracting super-
resolution transversally polarized light needle was produced on tight focusing. It turns out that the full width at half maximum and
the depth of focus of the light needle are 0. 395A and 37.432)\ respectively, which corresponds to an aspect ratio of 94. 788. The
polarization patterns of the focal fields are analyzed by calculating the Stokes polarization parameters. It is found that the focal
field alternates between the radial polarization and azimuthal polarization and the singularity at the center of the beam disappears,
which testify that the transversally polarized bright field distribution is realized. The research holds broad applications in high-
density magneto-optical storage, super-resolution optical imaging, nanolithography and particle manipulation.
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Fig.2 Experimental method to generate an azimuthally polarized Airy beam



392 e

e R

2021 4F5 H

i 3 HOEAE o  BE A LAR Y B R A R AR T
A R TR 0 B AR 1 D

2 FE&R
2.1 HEHRBEF a)EHRFE r) FLLGIEF w Xt
NS B SR R0

NSO & T 2 1, P 5 R R BG4
PR R EAT AR B PR g OB, 4R
FEAGRCEINA T~ a  FEIRPAE ry FICHIE T w XA
FHOGHR A E B L, H, REREYE
AUFERE f = 3mm, FIRPAE vy =2. 8mm, LB H T w =
0. 03mm , FEECEW A T a, 235712 0.01,0.1,1, &K 3a ~
Kl 3¢ s o s AR R ECEA 1 a0 TR HY AL
e A Lo 1E ap =0. 01 I, SLHOERAYRE R
B TEH TS 255 5T ap = 1IN, SCHDERAY
AE i AR T A TE M b, i Ry R AR 5
ap =0. 1 I, CHDCH I RE i F S e Fm E, b
OYARTESSIE bR A, e R R

VIA

VIA

yIA

—-6000 6000 —6000

FERE f = 3mm, 8 B T @y =0. 25, EHI N Fw =
0.03mm, EH2FE4% ry 435120 2mm, 2. 5mm, 3mm, [
3d ~ & 3f o AN [ BT vy XS I A )
TR AT EDL . A 3d ~ [ 3 AT, 3 L 3
TN 55 R 1L 43040 LU BT JC A2 Ak, EMRA BAZ M 2mm
AEE] 3mm,, S5, BCE RV AR £ =3mm, 45
BOEWH T ap =0.25, EHEA2E 1 =2. 8mm, LA+
w 43512 0. 05mm,0. 1mm ,0. 5mm, 401K 3g ~ & 3i fif
N, SCHDGHY IR 55 A RE 540 A e 0T ARk,
e ELAR LR — 25, T 3238 0% 9 B2 M 0. 05mm AR fh
#] 0. 5mm,

25 ER T RO, S8 HOE I T e, 0
ot Re i e AN S5 e o AT LU, IR AR
M) HE AR BLAR, BB w S R SERE . A
TIRTFE RS A 2 BEOCER Y DOF Jf 48 H
FWHM , 722 J5 (147 52 50 v, 38 SR AR W i 0 £ iR
S=3mm FEHCE WK T a, = 0. 03, EHELR 0 =
2. 8mm, LA T w=0.03mm,

6000
—6000
6000
-6000
6000
-6000

6000 —6000
x//l x/?L

6000

Fig.3 a~ c—the normalized intensity patterns of input Airy beams for given input parameters r, =2. 8mm, w =0.03mm and ¢, =0.01,0.1 and 1, respective-

ly in the x-y plane d ~f—the normalized intensity patterns of input airy beams for given input parameters ¢, =0.25, w =0.03mm and r, =2mm,

2.5mm and 3mm, respectively in the x-y plane g ~ i—the normalized intensity patterns of input Airy beams for given input parameters a, =0.25,r, =

2.8mm and w =0.05mm,0. Imm and 0. 5mm, respectively in the x-y plane
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Fig.4 a~c—the normalized intensity profiles, normalized intensity patterns in the x-y planes and experimental results of unmodulated azimuthally polarized

beam by tightly focusing, respectively d ~f—the normalized intensity profiles, normalized intensity patterns in the x-y planes and experimental results

of modulated azimuthally polarized beam by tightly focusing, respectively
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Table I  The essential parameters of the multi-loop vortex phase filter and

properties of airy light needle

N=1 N=4 N=5

. . 0.9667,0.9754,  0.9555,0.9711,

0.9936,1 0.9867,0.9990, 1

(o) 1 1,0,1,1 1,1,1,0,1

¢(0) ™2 7;//22’, _—Tfrr//zz’ WZ/,Z_’ ;/1;/217/2
DOF/A 10.238 37.743 37.432
FWHM/A 0.395 0.398 0.395
DOF/FWHM  25.918 94.760 94.788
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Fig.5 a~c—the normalized intensity patterns of the light needle in the y-z planes for N=1,4 and 5, respectively d ~e—the depth of focus and full width

at half maximum of transversally polarized Airy light needle for N=1,4 and 5, respectively
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