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Study on the mechanical properties of fractional-order
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Abstract: We theoretically investigate the mechanical properties of propagating fractional-order
vector vortex beams. The superposition of the phase singularity from optical vortices and the
polarization singularity from vector vortex beam plays a crucial role in the generation of
propagating fractional-order vector vortex beams. Utilizing this characteristic and based on the
Richards-Wolf vector diffraction integral, we analyze the variations in both the direction and
magnitude of the optical gradient force for fractional-order vector vortex beam under different

polarization angles. Furthermore, we study the influence of the vector vortex beam with a constant
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topological charge but varying orders on the mechanical properties of the fractional vector vortex

beam. We compare the changes in optical gradient forces for these beams under ordinary focusing

and tightly focusing focused conditions. The results indicate that as the order of the vector vortex

beam increases, the gradient force trap gradually expands outward and varies with the polarization

angle. The investigation into the mechanical properties of fractional-order vector vortex beams has

significant applications in optical manipulation and particle trapping.
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Fig. 1 Geometry of a propagating fractional vector

vortex beam

BT )62 R G BRI DL T R I ER 221
R AP A IE L 55 r = fsing, FFHIESEAL
Fz=04b, EXFRG T, SFHT B
)37 {ifi Fi] Richards-Wolf 4 AT 5 L4312
B2 0 TR B B RN 1 S A
P53 A (R AE TGRS A S e, i
5 DX B L 3 A s Y

2t «

E| A . 1297,
[H] =—— Of Of sinfcos'/*0T ¢ly (6)
exp (—iks - ) dody 4)

Kb ENWIY; HOAWY; of ¢ 53l h %
ARG T i A MA—EEG o
FfLRf, HBEME, H o=arcsin(An/n),
Horbn HRES BRI IER, Ay W EUE AL
1y W k=2m/a, 220 EZS o ARG Y O
K Tr=exply), AOCMEEESAR; Ve Fl vy
53 A AR A -1 Y HEL 3 ARG D Bk R
s lo(0) AASDEHR B IIRE, T LUE
eV

VE
Vi |

lo(6) = exp [—(ﬂ siné/ sin a)2] 5)

A, gL SRIER LR, TR,
BB a1, e, BA D BR M e A Al 1%
A6 K IR HE R AR BT B i (Ve Ve V1T I
(Vi Viy Vi 1T AT LAIE

cos+ (1 —cosB)sin’p

Vi =cos[(m+0.5)¢]| — (1 —cosf)sinpcos g
sinfcos @

+

— (1 —cos@)sinpcosg
sin[(m+0.5)p]| 1-(1-cos6)sin’p (6)
sinfsing

VH =§X VE (7)
Ja, FIH I1=EP, W LS8 EA 55500
F s A AT ALK O 2 T ' B A 5 BE AT
X I A o505 B 43 A B BE 7 AT AR R

1y 2rm> (T2 -1

Forad = 2
gd =\ 22

A o IR AR my SRR A I A 47 55
Fy ZHCT HAIXHTHR, & TR TR
np SGRE AN BT 3 e Z W5 VIE(r2)?

)WMMW (8)



5 2 3]

RULIE, % MBI RO J AR TS © 91 ¢

GyaS (BB o AN ROk BT S AR T A LA B Y
PR, Bnp > ny, WIBEIE ST Fara 48 0 658 2
BEIERTT ), Sase i B AT Ld i 308 ) i
FIwrse.

2 TESEREWE

TE TR, S8 p 1, ARk
FERAL R A, JERIIH— LR BAME, AT
AT BT B R IR AR Y ) 2R,
— ST AN [R] Z BRO Ok e R G AR A A Y
FFMaECh 0.5 Brivtesimig. e T HAEA
3 ELY R AR IR e G AR A AR N 1) 37 51 1T L e B
O3 AR BOCHEEE Sy, S5RANE 2 R, X—id R
KECHR A R o i b, Ay =
0.1, 5B R B IRTEC R ECH m+0.5, b
“EIRBERIFRNITECN 0.5, BEBE MBI K, B6
B T R B WS G R IT R AR AS . Y m= 0.5 B,
S S BN R SO EBREIR, SEREEE
] FHOGBES TS 0] N O CoRER A B 1R
B 4m AN, M m=1.5, 2.5 8 3.50F, LR
EPREORE, HE m K, IR b
I XA R, B3GR B T N RS NS S
IX [ 48 M PRARTEEE,  FEICBE PN HIE L RIE G R
B BEE AR ARG, AR BE 7 B B2
AN RE, SR E T HR A G LG DX 48 1) 46
N G g

[l 3 Bt AN R 43 B 80 O i et o 7E T
AT P SRR B A1 KA [ O A 71 32 1) 588 B8 0T
FEFF AL, R IR e G A B BRI 2 I e 1Y)
AT 20 5 R m+0.5 A1 0.5, 24 0.5 By % 2 i
FECHHETT 0.5 Fhmr i, LI /A R S0
JCBE, 38 I IR A I G BE R AL IR AR R A 5]
MR, BEIRIR A B RSk, YRR ) AR IR
EIIR. M m=1.5, 2.58(3.50F, SRS
2R, BEE m B, FIROGHRER e X
BB, W mIRETS, FIENBES SR 2 m
ANAERE, EINES) A, IFREE R A EE ek
AR, AEIR 2 e o YRR T R B AR L
DX 48 [ AL O 5 e KX

&l 4 B AN A 3 B0 s R IR TIE S RAE Ay =
0.1 B, FE-FTH b 6HE BE 4341 KA TRl i 4 £

(al)

(b1) (b2) w2
: 2
4’» -
0
1
(c1) (c2) g
; b -
1 L r »‘\& "M
: 2
(dr) )

(d2 3),
¥ ]
‘ 0
4

(al)~(d1) Zr s A BE RN ECH 0.5, /38R ki

FEERE m= 0.5, 1.5, 258K 3.5 0, M1 L6k E 5

S, BERAR A EREE S Uy ) (a2)~(d2) Ron R E 4

fiis (23)~(d3)FR A FIm Fis I3 s o0

B2 ARASEMARERELREETE LAEESHR
KEHE N

Fig. 2 Intensity distribution and optical gradient force of

different fractional-order vector vortex beams in the focal plane
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