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Compact focusing properties of radial vector beam with vortex phase encoding

ZHAO Jiehui', WANG Qiang® , ZHU Bowen®, WANG Xiaolei’
(1. College of Science, China University of Petroleum, Qingdao 266580 ,China; 2. Key Laboratory of Optoelectronic Information
Science and Technology of Ministry of Education, Institute of Modern Optics, Nankai University, Tianjin 300071, China)

Abstract: In order to study the focusing properties of radial vector Gaussian beam with vortex phase encoding through
objective mirror with high numerical aperture, the vector integral theory and numerical simulation method proposed by
RICHARDS and WOLF were adopted. After theoretical analysis and simulation verification of the characteristics of focused field,
the relationship between focused field distribution and vortex phase physical parameters was gotten. The results show that, when
radial vector Gaussian beam is encoded by single vortex, 2-D radial and longitudinal components of focused field can be obtained.
When radial vector Gaussian beam is encoded by double vortex phase symmetrically, two optical dark cores are formed in focal

plane. The refractive indexs of two optical dark cores are lower than the indexs of the surrounding environment. The study is

helpful to improve the flexibility of optical micro-manipulation and capture and control the double minute.

Key words: laser technique; tight focus; optical micro-manipulation; vector light polarized radially

51

T

SR TR Al 4 25 1 2 ) S AR 2 2 7 A LR
RADCHRAE R BUEALAE PR RERHER S THRZ A
ROBFE ) i A2 ) iR e A S R AR I O T S
T 1) 7 A A ) 5 A 1 O i 06 1 5 R AR 1
UL e A R S e A .t TR DR
SRAE I 10 33 0 U O, AL T 5
B R B oI E S T
G2 o

AR B 58 0 s WBUE R i sk /N, B

HEWH . EHE B ARRHE LRI H ( 61275133)

YEF T T 2 (1994-) , 2, REARHE, B FE N F
FeHUIEAF AR B A EE SRR E AR

w A THECR A, E-mail :419898543@ qq. com

Wik A 1:2016-03-23 5 L EIME Bk H 1:2016-07-05

ORI A3 Ay T8 BEAR 00 LI 45 ) R A 26 B A0
HSHFTE 1 i BEAR AL 1 R AR ek . WFFE R, i ad 14
BRI ' LS R AR R GG, RS 7L AR S
MERFINADES AR EUE . KRS T B
e T Ry A S I T
UTAIRITTERI, SRR R e A AL , SR AR
Y5 B I3 AiHg S A AR A, F B H BE -5 AR AN [] 1)
Yo BRI 78 A 1 AR OGS 8 e AR £, HAO 45
N N ATE S S T N DN S N E S

TR AR 1) R e o O 2 e AR 37 19 3R
FERFIE AT SE . BT R BT RIS 4T TR K
g TG TR A B 1 R AR I R K IR T
REG AT RE M A2 AL R . FEBE SRR |, oE—
AR T AR 1) KA R ST R A X AR F) A AT o2
AR FR R IR I T RUE B A R . BT AR
JIt JE R B IR AR R X TR i R R 2 A B



188 e

S S

2017 4£ 3 J

BE BSOS PR R
1 BERESSHEE

KENCHRTE S BUEILE Y B T R 23| RICH-
ARDS #l WOLF #£ H; (1) & f Debye F/3BEE" Jir fif
o AR XA PR, X R ARG, S
AR AT LAZRIR A

E(p,0,z) :;if“fA(9,¢)k(p,¢,z,9,¢)ded¢ (1)

k(p,@,2,0,¢) = {[cosfeos(d - @) e, +
[ cos@sin(p — gp)]éw + sin@éz} X
exp| — ik[ zcosf + psinfcos(¢p -

)1 sind/cosddd (2)
A, 0 SE BN R R R ORALAE A, W B B R AL
15 JEMRAKR T I A E;ACO, &) S U Bk ok K5 A
TASPGP b P o = aresing JEE WS , th
0 FITHRAE sp o il 2 /R FE s AL AR B Ak b s e, e,
e, A ARFRP YA A, UMY ETFIR—A R
0 ~2m, ERRUTE MRS —F; 75 —1H0 ~ R
WS o, BRI E R I E . X PSR
S [R] A E X R DT AR S B L
1.1 FmXETHERFDGEAREHELC
AR 1) 2% B 30T 6 AR G A BAAS TR AR 2 B, LR
Yyl LIRAR O
E(r,¢) = exp( _w; )exp(imd)) (3)

FoH, r FER AR T A 1) B S, m 25 R BEAR L 1
PN 10 G TR R ST 8 B

H T B R R A, TR 1 =
fsind™)f REBUEAL R B AR ¥ (3) A
(DI, B R ES e, e, Fle. MM

Eﬂ(p’¢’z) = —Z;ffL P(9) %’ncoseexp(imgo)i’('””) >
J,. (kpsing) + mcosfexp(imgp)i™ """ x
T, (kpsing) | dg (4)
E (p.p.,z) = _szJ; P(0) {mwcosBexp(imgp)i™ ™" x
Jsi (kpsing) - WcosHexp(im¢)i‘<’"‘1> ™
J.._1 (kpsing) | do (5)
— ikf ) .
EZ(P,QD,Z) = oy J;)P(G);Zﬂexp(lmgp>l X
J,, (kpsing) sing | do (6)

A1, P(0) = {exp — (ikzcosh + [ (sinf)*/w*) ]} x
Vcosfsing, J, (x) 5 m Biref 1 DV ZE/R s, 1% —TE
T3 R0 R AR A2 ) 5 B AR B L, ROAN O ~ oo I

— TR RN AST 1 — A IR O AR 5 1 5T
(8

MR (4) X~ (6) 3, WS4 A =632. 8nm, w =
2mm, 0 =0. 9, BT T IR CHR B AR BEA 17
MR ES. B g I 3 M m B0, 1,2 A3 iy
Xt R SR AR SRR P A B JEAR T ¥hdMeT m X T Y
JEBERIRERIRENE . i T A RAR MR IRE, Py
WA m =0 i, fB A — AR, W Ta fros,
B A M RN, 72 R AR Ot BUGS2  A5 BY
2 firps RAEY OF Hh s R 1R B B R,
e Te FE L Jrzse S 1 68X He oA, 4 £ 1
b =03y J7 1 58 B S0 A R BT 2 R BN
WL 7% T 3R A 3 BE 4 0 A BEAR M T m A2 AL B B0
KA B2 Ui, B AT m B3, R o
R CHRIE S5 s 2 m =2 Fllom =3 I, e A 2 4
ha Y I H AP g R B m B30
e SR EIER BRI L, A8 10 R DA
B AN I 14 55 SR AR R g EL A A2 1) e R 1)
BRI TR T W R

Fig.1 Compact focusing field of radial vector Gaussian beam with single

vortex phase encoding
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Fig.2 Intensity distribution of radial polarization component in x =0 plane

along y direction
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Fig.3 Compact focusing field of radial vector Gaussian beam with double

vortex phase encoding
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