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Fig. 1. (a) Intensity and polarization distributions of the
beam at the focal plane with { =1; (b) calculation results

of Stokes parameters S; at the focal plane with [ = 1.

Ty T Ao R AR LT, TR A R A
AT B o t:
e, +ie,
N
€, \;ﬁley’ (8)
Horp By Fl Eg 43 53R 20 FA e w4 G ) 4R . 1
PPN

E, =FEe =EL

(7)

ER = ERé\R = ER

E,—iE,

B = TWP (_190)’ (9)
Er = EPEE*’ exp (i) (10)

B (2) 2R (3) SATA (9) 2UA (10) X, BAEHY
AR N

EL(p,¢,z) = V2Ailt T, exp[il—1)¢], (11)

Er(p,g,2) = V2AI Iy expli(l+1)¢].  (12)

Hr (1) SR (12) AT, Y0 =18f, B A
Er (3R AN 500 0 R 2, DR 3 4 v 3 1 2
T A3 TCAH L 27 41, AT 2238 TRk, T s 45 5.
T A ES 3 AR A, ToR 2B T,
17T B h S R B, S AE B - B A R 1 i
AR ARG, S92 E, B (11) 20 (12) 50
AP, HEE A OB, By Er (40 MO 4o %)

HR B EA 22 2, 30 EL Al Br 0 A E AT T 1Y
ANTFILE, A5 20 e AAT e i) 20 i o B, KA
SAM Rk 4, i 2(a) Bz, HA 41 = 0 R,
EL R Er W30 FMa B0 45 XHE N 1, B Rl Eg 43
RO E, ITTREEILR 1) 1]
TRRAAE, WE 2(b) fis.

1.0
0.5 F
< o
S @
/
---- IsL /
—05p T , {05
— 1, Y
- -5 S
—1.0 L L L L —1.0
0 0.3 0.6 0.9 1.2 1.5
p(A)
’:’ Id
= 0

p(A)
K2 (a) I=2%(b) I =0nf, BFim A IS T F
JiE 53t Ter  SOGIR To LA R THE 58 i 43 ik S5 43 A1
Fig. 2. Intensity of the left-handed component, intensity of
the right-handed component, total intensity and the Stokes

parameters 93 at the focal plane with (a) { =2 and (b)
l=0.
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Fig. 3. Calculation results of coherent superposition and in-
coherent superposition of the transverse components of Fyp
and FEoyr with [ =1.
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Table 1.

n = A/n is the wavelength in the medium.

Calculation results of FWHM of the focal spot by using Eqgs. (30) and (31) under different conditions. Here,
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Fig. 4. Calculation results of Ip and Ir under different conditions: (a) n =1, NA=1; (b) n=1, NA=0.95; (c) n=1.52,

NA = 1.4. The second terms of Ip and Ir are also shown here for the convenience of comparing.
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Abstract

The tight focusing characteristics of azimuthally polarized vortex beams are systematically investigated in
this work. The azimuthally polarized vortex beam can be decomposed into left-handed circularly polarized
(LHCP) wave and right-handed circularly polarized ( RHCP) wave. It is found that the longitudinal component
of LHCP and RHCP at the focal plane are equal in magnitude but opposite in phase. Thus, the total
longitudinal field disappears because of the completely destructive interference. In contrast, there is almost no
interference between the transverse component of LHCP and RHCP. Thus, the total transverse field is the
incoherent superposition of them. Since the absolute value of the topological charge of LHCP component and
RHCP component are not equal, the transverse component of LHCP and RHCP will be concentrated in the
different areas on the focal plane. It is the reason for the orbit-induced SAM to be localized on the focal plane.
Then, we compare the focal spot characteristics of the radially polarized beam and the azimuthally polarized
beam with a first-order vortex. The advantages and disadvantages of them are discussed in detail, respectively.

For the radially polarized beam, the central focal spot is mainly longitudinal component, and the sidelobe is
mainly transverse component. For the azimuthally polarized vortex beam with [ =1, the central focal spot is
mainly LHCP component, and the sidelobe is mainly RHCP component. In both cases, the field distributions of
the central spots are the same, and both show a distribution similar to the zero-order Bessel function. The
situation of the sidelobe is different. The sidelobe of the radially polarized beam shows a distribution similar to
the first-order Bessel function and the sidelobe of the azimuthally polarized vortex beam indicates a distribution
similar to the second-order Bessel function. Therefore, the sidelobe of the radially polarized beam is closer to
that of the optical axis, resulting in a larger central focal spot size. On the other hand, the sidelobe of the
radially polarized beam accounts for a much smaller proportion of the total energy than that of the azimuthally
polarized vortex beam. So the sidelobe peak intensity of the radially polarized beam is lower. Finally, an
optimal binary phase element is designed to obtain an ultra-long super-resolution optical needle. The transverse
full weight of half maximum (FWHM) can achieve 0.391\ and the longitudinal FWHM can reach to 25.5\ by
using only 6 belts.

Keywords: vector beam, vortex beam, super-resolution needle
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