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Abstract: The tightly focusing property of vector beams with off-axial polarization singularities are
numerically investigated, according to the Richard-Wolf vector diffraction intergation theory. A method
for designing speical focal field is proposed, based on the tightly focusing of vector field with generalized
polarization distribution, after analyzing the tightly focusing of radially and azimuthally polarized beams.
Moreover, the modulation effect of symmetric broken of off-axial polarization singularites on the focused
field, especially the modulation effect on the Spin Angular Momentum (SAM) density, are discussed by
analyzing the variation of SAM distributions arising from spin-orbital coupling. The results not only rich
the tightly focusing property of vector beam, but also provide reference for improving the distribution of
focal field.
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Fig.2 Intensity and polarization distributions of input Bessel-Gaussian beam with r, =0.4w, off-aixal
polarization singularity and intensity distributions in the y-z plane for the incidences of radially
polarized beams with different off-axial distances
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Fig.3 Intensity and phase distributions in the focal plane generated from the tightly focusing of radially polarized
beams with different off-axial distances. Insets: intensity distributions in the y-z plane
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Fig.4 Spin Angular Momentum (SAM) density distributions in different transverse planes

0426002-5



b/ R

PG, Ho A A TE B I 108 5 43 1 70 SR AR b B v, o A T HL i A B MR A 62 AH DG 19 62 A TR FE P AL
A1 T (B A 41 8 JE 73 55 4 AF L AT A T 300 B B O 1) TE B /2, T 2 T (R R 8 T S i 04 FE 5 AT U TS B 5 1)
R w0/ 2, B M BOA AT T A3 09 HC UL B O 1 A B RS T /2, A5 R AN A(b) S 4y 6 S AT T
7 BVl ) B BE Ff sl A T I KT T 4 S SR E R G 1Y 43 B AR B RR 22 R ol B R RO LR 4
(o) AT 4Cd) 430 2 B 2 A5 SF-THT 0.54 R A RY-F-THT L 9 [ € £ 3l £ 28 15 20 A0 1% . i 11T 00, Bl o 2 8 B s 1Y) 3
Ko B BE 3£ 00 A8 1) 30 < 0 AN BT G K, 1 e R 3l i [l Bl 2 ke A T B el A e 3 ) R RS S W R ML A
JHE £ By AR ] 3 12k T4 DKL B A 5 A B 8 A 48 K, 06 3% 9 X R e Bk, 5 B0 TR B R [ 1 T8 A B
A T S B X R A e
2.2 faERIRER

AN TR T 48 1) g A ' oA BT 2 0 Bl ) e S ORI A A ) e RO R R R AR S R SR BB DR R IR A 1Y D
PR PE L B AR 3 60 B i) FAR 1] 43 KI5 (a) ~ 5 (d) g M IR A7 A5 ES h BE B 0 145 T 0.0, 2w, L 0. 4w, Fll

1.0

1.0

Intensity
= =)
N o]
Intensity
o =)
(=)} ]

=
~

e
172}
=1
Q
p=1
=1

—_

Intensity

A
(d) r,=0.6w,

" :

(e) 7=0.4w, H =0 (&) 7=0.4w,

H5 FREHERH  AMRIKRLEKNEREGE L EBREDTREH I N ARM TR FHE.
XN R JE A y-x T A
Fig.5 Intensity and phase distributions in the focal plane generated from the tightly focusing of azimuthally polarized
beams with different off-axial distances, and spin-dependent splitting induced by off-axial polarization

singularity. Insets: intensity distributions in the y-z plane

0426002-6



2, 45 B A % ORI R R AR R

0.6w, B, 1 ] i = O o 5 3R A2 3 1) 50 B R 4% 0 o 98 B T A8 [ 9 0 A G R NIRRT DL EDULHE A Y, B A 25
TR B G K, A a3 T o BB T e T A T 3 D) b G R S, DA R RE 0 286 KT il 4 (i 4O T
VA R E T A e A a4 1) 43 i S B AL — A Se BEAS AL, B BE i S T 7E =0 FRFIE. (W) B, B 5 2 il B 2 1 1
R gl ) 43 0 2 W 4G R AH LI o SRR A LA B A S N 2 B B Y <0 4w B A Y
TS A A K W] A8 Ak AR o i — 2038 K, F5 37 o0 5 B8 80T 3 K, T A ) I A 3 W 2%

B 5Ce) N ro=0.4w, B, A ] 4 06 50 585 £ 37 1) 6o 3 0 A ) 0 d A 1) 0 A AR Bl v P THT 1Y
SR A 6 LG 3 TR g SR AT LU Y T O IR AT s Bl T T ' 4 5 R N e I 45 R 1 T B R R S B
=8 R s (TR VN Dl e Lo i 1| B 7 O A1 e 21 B 1 s o - N 2 I R o
5 Ce) Tz o £ [l 43k 5 52 PR vh B T AN DG BENT = b 5 1) 77 A8 T — e LA, S0 R 43 A1 A 5 R S [ A S .
SR L BT R AT S B 5 T O 5 R Rl 4R S 40 A T T e X B R L i — 2D OAE TR B RE R T ]
WA 2(b) ~2Ce). Fifi 35 2 il M0 125 %) 166 K, A 1] R U 2% W7 185 K L4 1o i 41 27 250, 76 oy AR5 R 1 - AT 20 i, ixX b
HE 16 £ I OB AT A 1) 43t ) At 5L AT AR ) At TR S CH AT (@) 4353 R o =0 1 0. 4w, 1) £ 16 i 41 D' R A2 5 T
(4l ) 19 € £ 2l 9 B A A AT LAt T A ) D R O R B RN R B R AR T A ARG BE R T
PN e 43 B 548 ) i B ' 5 P 1 4 ek A ) %) 0 e DRI 7 A 1€ 43 it I S O [l 5 BT 4 25 LA
(). H T O A1 A DR/ S A e i, LR 3 W R B 2 e A R O S BRI T A S S S 0 6 6 3 e PR
A S (A B, S G R R AR ) A
23 TUHEXREXR

J7 SR SR G AT LLSE A A% ) R A i R O PR R AR T S 0 AR AR L 3k 5K B S e A A 7 R kR i
He5 19 el 6 &R G HL B 56 R I FRIA AL 25 600 o T LSZELXT SRR 3 = > 40 1 10 o 4, 08 i 52 B Xl
U B R A AR RS A BT 6 XF T ¢ =24"r, =0 F 0. 4w, FIFIIE BT ) UMK &
R B R R R 8 6 ()2 o =0 B, £E - T P A A ] RS [ 58 B2 23 A1 5 181 6 (o) A £ 1) 43 Sk ) A L
Sy AR AT DVE RS OO L 537 0 AR 1] A AR [ o3 i ARAR PR R T IR IE S50 B ) O3 B B — A B LB,
B 10 i 41 7 1) a0 R Sk TR R 5 A A R B IR R A2 o = 0.4 I L R IR AT R R B3 T Y
A2 1] 1A [0 3 2k B8R 38 235 ) T A o R A B 461 1 6 (b)) kg 5 57 1T PN A T RTRE [ 43 et 19 5 B 43 A L 16 (D S A

| T
- < A t

/ v ) =

[ - El?

(a) =0 (©) =0

(b) 7=0.4w, (d) r,=0.4w,

0426002-7



1.0 1.0
F— e — |ep
08 [ =—=|EJ 081 ==I|E!
| *<|E)J ee|ES
b >
£ 0.6 I g 06 |EJ?
g g
= 04| = 04
02 0.2
0 0 -
-2 2 -2 -1 0 1 2
¥lA ¥/
(C) ru:O (ﬂ rn:O~4wn

E6 FREBWER g,=24"S AHEXEXLRNEREFS

Fig.6 Tightly focusing properites of generally polarized beams with ¢,=24° but different off-axial polarization singularities
1] 7345k B RH AL 23 A el AT R 5 1) i 9 O SR B0 R 1) 5iRRE A S A AR AR T SORE SR i LSRRG A 1] e 5
HH AR TR) B 568 B2 S A AHR eSS T 4o

T FEAR X LA AT B R 25 St SR L 1] 6 Ce) AL 6. (D 2t T BRI IS (o =0 1 0.4, ) BLIRE
AR ) A T Al i R AR T B DB A1 G R A R AR T D R A R Bl 7 SORE O O R A A2 1] i i 2
TR R AT AR T ) AR ) e B O IR AT S I A R e AR e i i 2 e A A Bl 2 O
/1N o [ A 1 P e AR T A 1 o (AT A 1 A 0 O T A 1] i 2 e i IR A
SECT A 1) oy A% ) 23 A B A L QTR 5 (o) B IR TET 6 (D rp X R Y AR 18] 23 B AR - = 0 AR SR EES N
L LR, Tl T SORE % O oA i R R P O AR Al i ) o R kR A% i 2 ]
AL T LS B BR f 7 ) BT
3 EMBEMXENR

7o B Ok O R R AR AR L (AR S L R 2 R A PR L AR e LR R S R R (B R
B WMIRN A 5 AR mIRI AL W2 =1— D R, A3 2B S B BERE AR B T 4 h
ro=0.0.2w, M0.4w, 5 B0 T ZHrAE 5 63 10 55 58 £ 7 B 56 B R 4% 70 o0 5 38 70 Ay P AT DL O, BRAELTS

-1

(@) r=0

(b) r,=0.2w,

0426002- 8



2, 45 B A % ORI R R AR R

(¢) r,=0.4w,

W7 FRBHER _—_MEXEBELRU=DWEFEEL 4
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