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The Effect of Primary Spherical Aberration and Aperture on Focusing of
Radially Polarized High-Order Vector Bessel-Gauss Beams

Chen Jiannong Yu Yongjiang
(Physics Department , Ludong University ., Yantai, Shandong 264025, China)

Abstract Using Richard-Wolf vector diffraction integral formulae, the radial,azimuthal and longitudinal component
expressions of the focused three-dimensional light field of radially polarized high-order vector Bessel-Gauss beams by
an objective with primary spherical aberration and obstructed by an aperture are obtained. The effects of primary
spherical aberration on the focused light field distribution by the objective obstructed with a circular aperture and an
annular aperture are numerically simulated. It is shown that, the influence of spherical aberration on the light
distribution at the focal plane is very small especially for the case of the objective obstructed with an annular
aperture. In the case of an objective with spherical aberration and obstructed with a circular aperture, the focused
light fields before and after the focal plane are not symmetrical. The intensity-distribution change of each point at the
focal plane resulted by spherical aberration does not uniformly increase or decrease. The size of the light spot at the
focal plane focused by an objective obstructed with an annular aperture is much smaller than the one focused by an
objective obstructed with a circular aperture.
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Fig. 1 Transverse intensity contour of radially polarized vector Bessel-Gauss beam
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Fig. 2 Transverse intensity contour at the focal plane of radially polarized vector Bessel-Gauss beam obstructed by

a circular aperture
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Fig. 3 Transverse intensity-difference contour at the focal plane of the objective with spherical aberration and without

spherical aberration of radially polarized vector Bessel-Gauss beam obstructed by a circular aperture
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Fig. 5 Transverse intensity contour at the focal plane of radially polarized vector Bessel-Gauss beam obstructed by

an annular aperture
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Fig. 6 Transverse intensity-difference contour at the focal plane of the objective with spherical aberration and without

spherical aberration of radially polarized vector Bessel-Gauss beam obstructed by an annular aperture

o0 ST L I A BR 25 9 B FJE BR 25 ) B

X /um

REMTE = =1 mm -1 (1)

B 1 i 22 46 e £k T

=1 mm plane of the objective with spherical aberration and

without spherical aberration of radially polarized vector Bessel-Gauss beam obstructed by an annular aperture

10 53
g -15 :L 0
>
-1.0 -1 0
-1
x/pm

B 7 32T AL AR B A AR ) 4 R & DL ZE R

Fig. 7 Transverse intensity-difference contour at z, =

:k N
4 én ®

H B A R —IR R R R AT R A 3RS T
A2 i) D i e B 9 ek DL 9 2R — g 9 't R 5 A ) 4 Bk
25 1 W) B R SR I AE AR A AR R P = A0 =4t
k. BEB T ASHOER Z A fL A AR fLAE
IR 1) 7 1 0 0 R 25 X6 5 03 A O B2 IR . A AL
LR

D) BRIEXN R E 5 3 A5 B R R AR /N T
FORIIEALARBRA D0 BRZE B 20 AT L 52 42 200 5

2) 1E3Z L ALAEBR B BT DR A A B2 W)
B R B m AR TR A 1 6 3 00 A AN P R

3) FEHIFRIE FL A2 I Ol R AR 5 9 O6 B R 2
TG/ T B AL AR IOl SRR AR S B BER T 5
S AR Bl 9 2R AR SCR L T LR 3R AL AR A
SR AT BRI

4) BRIE T BOLE £ T T 45 B0 5 B O3 A A8 A 5

A e — BRI B — BB/ T A T AR R
A T AN



9 i MRAEAR S . WIRER 2% B ALAR X A2 1) i 4% 2 B 2R 4 DL 6 R — i 9T 016 R 2R 4R 19 5 ) 2729
Lﬁgﬁ%xjﬁémﬁ%%m%ﬁm %/J\*r%'}%ﬁ'j\lﬁ Opt. Lett. , 2009, 7(10): 938~940
N . 10 Liu Xiaoyun, Tang Hongliang, Li Qian e al.. Focusing
Eﬁ E(J gé:% ﬁmﬁﬁﬁ ﬁE Eg B/:J *E'b E %’3‘ s q%:‘ %IJ 7% EE el characteristics of partially coherent electromagnetic vortex beams
120 TR R 1) A X ) 22 R M L R SOk A0 AR W 40 I Y O [J]. Chinese J. Lasers, 2009, 36(s1): 199~204 .
N N Xz HEE .2 AF . #8Y 251 HE RERE
R SRR OGS By TG 2 A AR RORAE L,y e I T T b SRR A
11 P. L. Greene, D. G. Hall. Diffraction characteristics of the
. azimuthal Bessel-Gauss beam[J]. J. Opt. Soc. Am. A, 1996,
%j % 3'[ ﬁk 13(5): 962~966
1 B. Richards, E. Wolf. Electromagnetic diffraction in optical 12 L. Greene, D. G. Hall. Properties and diffraction of vector
systems II. Structure of the image field in an aplanatic system Bessel-Gauss beams[J]. J. Opt. Soc. Am. A, 1998, 15(12):
[ J 1. Proc. Royoyal Socociety of London. 1959, 3020~3027
253(1274) . 358~379 13 Zhang Zhiming, Pu Jixiong, Wang Xiqing. Focusing of
2 Q. Zhan, J. R. Leger. Focus shaping using cylindrical vector cylindrically polarized Bessel-Gaussian beams through a high
beams[J]. Opt. Express, 2002, 10(7): 324~331 numerical aperture lens[ J]. Chinese J. Lasers. 2008, 35(3):
3 G. M. Lerman, U. Levy. Tight focusing of spatially variant 401~405
vector optical fields with elliptical symmetry of linear polarization BeGE B LT AR . F R, RIFE IR R D ZE SR -1 BT 0% R 4 BUE L
[J]. Opt. Lett. , 2007, 32(15): 2194~2196 RBEEEREL] P B, 2008, 35(3): 401~405
4 Y. Kozawa, S. Sato. Focusing property of a double-ring-shaped 14 Liu Yong, Chen Jiabi. Effect of primary spherical aberration on
radially polarized beam[J]. Opt. Lett. , 2006, 31(6): 820~822 focusing field of cylindrical-vector Bessel-Gaussian beams [ ] ].
5 M. Dyba., S. W. Hell. Focal spots of size A/23 open up far-field Acta Optica Sinica s 2009, 29(7); 1996~1999
florescence microscopy at 33 nm axial resolution[J]. Phys. Rev. X OB BEFEE. ISR 2E R R AR DL ZE R — B R R
Lett. , 2002, 88(16): 163901 Msgmg[J]. k5 FH. 2009, 29(7): 1996~1999
6 J. W. M. Chon, X. Gan, M. Gu. Splitting of the focal spot of a 15 Shunichi Sato, Yuichi Kozawa. Hollow vortex beams[J]. J.
high numerical-aperture objective in free space[ J]. Appl. Phys. Opt. Soc. Am. A, 2009, 26(1): 142~146
Lett. , 2002, 81(9): 1576~1578 16 R. Kant. An analytical solution of vector diffraction for focusing
7 R. Dorn, S. Quabis, G. Leuchs. Sharper focus for a radially optical systems with Seidel aberrations 1. Spherical aberration,
polarized light beam [J]. Phys. Rev. Lett., 2003, 91 (23): curvature of field, and distortion[J]. J. Mod. Opt., 1993, 40
233901 (11): 2293~2310
8 D. P. Biss, T. G. Brown. Cylindrical vector beam focusing 17 Min Gu, Smitha Kuriakose, Xiaosong Gan. A single beam near-

through a dielectric interface[ J]. Opt. Express, 2001, 9(10):
490~497
Zhou Zhehai,

polarization order axially-symmetric polarized beams[]J]. Chin.

Tan Qiaofeng, Jin Guofan. Focusing of high

field laser trap for optical stretching, folding and rotation of
erythrocytes[ J]. Opt. Express, 2007, 15(3): 1369~1375



