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Abstract This paper studies the superposition characteristics of singularity beams, theoretically analyzes the phase
distribution and polarization distribution after superposition of singularity beams, and experimentally verifies the
correctness of the theoretical derivation. The polarization state of superimposed same-order non-coherent vortex
beams is analyzed, and it is found that the superimposed beam maintains the original orbital angular momentum and
the polarization state of the beam changes periodically with the azimuth. The change period is determined by the
vortex topological charges. The variation of the polarization state of the light field after superposition of the
cylindrical vector beams with different polarization topological charges is analyzed. The superposition characteristics
of the cylindrical vector vortex beams with both phase singularities and polarization singularities are investigated,
and it is found that the polarization state of the superposed beam varies periodically with the azimuth, where the
change period is determined by the vortex topological charges. The polarization state of each point of the light field
is determined by the vortex topological charge, polarization topological charge, and initial phase angle.

Key words physical optics; singularity beam; vortex beam; cylindrical vector beam; polarization

OCIS codes 260.6042; 050.4865; 310.5448

11

T S A T N . CVB B A il % Fr

P P A i P RE S S b X Bk 0 A AR KRBT BT
FH O O T S AR TR BT S X R A BV R 9 R AR RE L AR WO i TR T

KA (CVBY , IRHENEH LA Rk IR e e 5k (AL AR AR AR T AR SRR S HOR L AT ROk

AP g E 73 A1 1] LAATE S 6 B8 9 DG T, DA T 52 B 7

WFE HER: 2020-01-03; 1EE HEA: 2020-01-14; A BH. 2020-01-17
HEEWAH: | AE AAR¥HE4 (2018A030313062)
* E-mail: laser120@163. com

192601-1

AR FE A B A O T A Al R T

W B T M e S S TR R TR A
WL~ 4 A28 A 3 A i S B T B 7 % BBk B L g 56T, 2013 4E, Bozinovic



Wt 5ot T o R

SEDHGE T AN (TCO) Sy £ 1 1Y 0L 38 %38 £
g COAM) 75 19 74 #2015 4F, Milione % i ¥
T @ s ) P e ) CVB Y 5 4 1 52017
4E, Qiao & SEI T LT v dh M AR 4 X5 AR 25 1Y)
VU CVB B S5 MR S, &S0 CRHE S
JInBsE 7= A O AR ROk ) B — RS B R A R K
A Z NG A6 W6 0 A B & S v SRR R
AT RAEREAR AL AR B e R A AR AL 43 A
R I ISR o S AT R A% 0E — A BF 5 A
TR FE R A7 OG5 5 B4 K ROk 17
ARG Ty 1 B Ty .
AKILETANART A RO EAMTT, Z )5 N
PRIE E X R B B AH T i HE G B L R B AH T i HE G R
AERIE R FMEE R CVB AR BIRE RS G
S5 AL S A AW R 53 A5 2R AT 43 A, IF F SR 0 R 58
THWHESWIERM M. g R A SO RTEGE
15 A5 BAL S35 4 5 N AR T —E

2 RO AL E

2.1 GREENIEK
T € Y6 TR B RH AL 23 A RO & A 507 A R E
FER I exp(ilg) o T = Bl A% 45 19 I 2O W 10 L 3 T
RN
E(r,p.2) =E,(r,z)explile), (D
< 2 i DG TR A I (L -t BY 35 e D' TR B A

R BNE BT DUBUE SRR L=0 I OB
N HOEHD s HITREM . AR - =0 B TT A
o BOA 0 E (B P o0 Ak B R (B T 12 i, PR G o
O AL 3 . B UL A T e O'G R i K-
A R DL ZE AR AR A A S 3 DL S R
e 30T 8L £ R e D' TR 491
2.2 HEXREER

O 5 It RS T A 4 22 B 0T R o0 AL R A
SO O AR AR M L AT B A SR O Y U AR
IV EES ]

hy

cos(me + ¢,)
- sinGme + ¢,)

Cimg+ig,) —(imgtig,)
I:e 0 + e 0 ]

Cimgtig ) —Cimg+ig )
[e —e ]

1 itmgtgy 1 1 —itmgtgy 1
5 e { } + 5 ¢ L (2)

A e SRR SR 8 G T i AR #0 P AT 65 60 M B0 BR
T ff o mr (20 AT L AR SR B OL AL B A e R 7
T A S #) [58]  9% b B DI A T AR R S AN A BEA
(IRAIVE=3) 118

3 TmBELHRAYAEAE T B

P58 - e 0 G RO LAY R DG TR . i S K-
0 0T R i i A T R R

[ p! S|t
AL(‘../)/ - n(P _|_| [ ‘)l Xw(z) w(z)

. 2
korz

[7] 772 77_2
: LU\ { } l
J X exp {sz(z)} P |t ey | CXPUle) X

exp [:W} X exp {1(2p +‘ [ |+1)arctan§} . (3)

R

by AWEG 2 MEFIEE; Cp+ 1] +D X
arctanfﬂ\j Gouy ML) [« T A PIEIRZE

B p MM E T 0 () MIEREER, MRS
AR T L DT (A AR S B R R 5 R - Ok
FALE N o A i 1 PR .

BT Sk et 4l 245 A B3R L 4R D i (8 48 X (Ol 2
(14 35 7R - e 0 TRl & AR e AR . L 1(a3) T
LA WA G T4 S0 A A 25 R ) 45 500 i Bk
SWHEZ o, A PIHOCIAAL 2 R Ap= (1, —
[De=2l,¢. =0 K, ;2K 0, KV 4k 5
B AR A IR A5 Rk s o =n/8 B AN 22

/2, KV Pk 5 T O AR 1 G O i A A e (B i AR
e=mn/4 B A0 2R o KT e IR 5 16 4 I IR 19 &
TR~ — 45 LM IR s o = 37/8 B L AL 250 =, K F-
s 41 5 1 L O B 10 5 s A Sy A E B D 5 > o S I
b 7B 250 i S 496 [ O A

ST SE R ANE 1(h2)  (b3) fi s, & 1(h2) M H
R s i E AT A5° 5 1) A g 11 52 565 181 PR I o7 £
o=mn/4,31/4,51/4,Tn/4 kb B 1(b3) K 47 iE
(52 i 41 0 O » 28 3 A M 2R 2 U S A T A AR 2 Ak
SRAEMCIHG, HITE A ¢ =3n/8,7n/8,
117/8.15%/8 Abii 6. Ak H T 9 B 3 e Ot & 1E
SEI W Z [ A TERS G 03 5E 43 12 BE DR 55 90 F T

192601-2



1 RBEE A AR A T B S 6 3 HIE i 3R 4 A A1 SR AG I B1R . Cal) ACOE A IR 5 (a2) B8 B AR R 5 (a3) & R OGHE 5
(b1 SZEA HOEHE ; (b2) 45K fht s (b3) 5 4% I

Fig. 1 Theoretical polarization distributions of light field and experimental bias images after incoherent superposition of

vortex beams. (al) Horizontally polarization;

(a2 ) vertically polarization; (a3 ) combined beam spot;

(b1) experimental combined beam spot; (b2) polarization state at 45°; (b3) circle polarization state
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Fig. 2 Theoretical polarization distributions of light field and experimental bias images after superposition of cylindrical
vector beams. (a) CVBI1; (b) CVB2; (c) theoretical combined beam spot; (d) experimental combined beam spot;

(e) polarization state at 0°; (f) polarization state at 45°
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Fig. 3 Theoretical polarization distribution of light field and experimental bias images after superposition of vector vortex

my, =

beams. (al) [, =2, m; =1, ¢,=0; (a2) {,=—2, m,=1, ¢,=n/2; (a3) combined beam spot; (bl) experimental
combined beam spot; (b2) polarization state at 45 °; (b3) circle polarization state
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