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Abstract In this paper, a new theoretical model of Laguerre-Gaussian power-exponent-phase-vortex beams
(PEPVBs) was established, and the theoretical propagation model of the Laguerre-Gaussian PEPVDB under paraxial
approximation condition was established by using the generalized Collins formula. Then, the relationships among
the transmission and focusing characteristics, radial order, topological charge, power index, and transmission
distance of Laguerre-Gaussian PEPVBs in free space are simulated by using MATLAB. Research results show that
the Laguerre-Gaussian PEPVB and its transmission characteristics are not only related to the power exponent and
topological charge, but also related to the radial order of the Laguerre-Gaussian polynomial. And as the
transmission distance increases, the beam energy rotates and gathers around the ring. This lays the groundwork for
optically manipulating particles to make them move along curved paths and avoid obstacles, which has great
significance to the theory and application of new light field control.
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1o ~ exp(ile) WAL, Horh L M8, ¢ AT i fa 1 A
H FER S A I T 2 (0 25 A G TR LA G (v ks
TWE L R — b U A R M GE S LA N T KO BB A B R COAMD L LR

WA BEHEE. 2021-08-16; f&E HEA: 2021-09-05; A HEHHI: 2021-09-23
EETWB . /LHA HRRAREH F 54 (BK20190953) AFVLT I A& TFR)-7= b i s 5 304 S R (GY2020003)
BIEEE . "yyhu@just. edu. cn

0526001-1



MR

E 2% F5H/2022 F£3 B/RFFR

S OAM JEH . TG T DL H ik 45 il 2 v L
Iz MO TGk AR e fE T R S
R TR - SN R a1 b g (= S
B, AEE DL IR G A P K- B (LGB)
AT WS S B A A = 1 Srall 08 3 W Y (28 S e =
by 368 6 BRI 1E A8 3 L 2 H A A O AR A T
FIR 5 R T2 IR e 6 R . ARk, BF 98 A B
XtF LGB RFE © 4 A 1 Jay BR T 1 Ay i 455 25 4
B4 Fr 5 88 22 A BIF 9% 5% 1) AR i B S %, |
T 0T LGB 42 1) B i 4 31 S b 26 R -1 3
T T8 Y TR % SR A A i) A S 7 ol A A Y AR 1
B RO = e eSS Y S SRR A OB

TEFE BN A7 18 e G I (PEPVB) A Sy — Fft i 4
B IR HEYE R, FARAL R expli2nl [@/(27[)]” b H A
i fa ¥, PEPVB B 23 [8] % 35 43 A A AL HR 46 1o
BOR YL E 0 e T8 8, Bl i e e 2 17—
ANEHR A B E. MEiEHCy 1 5L, PEPVB 58
TR e 0 TR — 3805 B 5 8 B 38 K s 40 A 2 T
B MR B T 095 Ki Holk 340 45 6 LT v
LT, TS K PEPVB B 4A £ 55, FOG BRIk
KRB A, B85 R~F & B K. 40k, X F
PEPVBIW AR L., Bl X THRELH
PEPVB 74 ikt i A PEPVB #4914 4 F1 5
FERED g R PEPVB 7E R i
TR E  PEPVB H Tk 74l 47 45 4 18 )2 W
AN, RS, & F 4 a6 K- B PEPVB 1 F 5838 &
UESiER

AR SCHERE 5 PEPVE MG H ¢ 19 L 6t | L & 57
TP /R- W PEPVB 3 A, I 5L F ) AT
I 28 A S T P K- B PEPVB FE 5% il 30
TSRS, R, 5T MATLAB ${H 1t
BT BT P R - i PEPVB 9 A 2 ) 1%
0 o P R R R R A R M R AR e B O
iRy Z A 56 & . W5 45 9 3 W7 55 K-
PEPVB K HAL Hi 5 PE A5 48 O 46 0 17 40
5 0 547 36 IR i 22 1005 A% 1 B RO O, ELTE
et B P OL R B R I 5 IR e A . XN
By ORI S i B AR S ORI R AR AT R T
Bl AR A T AR O R A A S K B BIF 5 AT

2 Prii/R-wi PEPVB 455 450 2L

2.1 HZE/R-SHr PEPVB IEip &R
PEPVB 7& 5 - [ 14 022 455 78 ] DL AR Sk

EGr.@) =A,E(exp {ian(%{) } D

Krar Mo AWATRn HRBEGA, WASOLHE
PRIR AR IA, =1;E () ARG H AR
MRk, Y E G 3 5 BE 5L ok B0 =5 0 ok B0
(1) X 4 9 F£ o L H PEPVB™™ M & iy A
PEPVB"™, A5 A T i85 /K- ek ac L B
2pt /=L T+ p)! ](Q) o

w w

EL(;(r) =

2r? —r
L‘,)” <?) exp( o ) s (2)
X p MR BGw W FRETERE L, (o)
R aE R 2 W, TR IR R
L (2) =
(2 +p!
p—m)! (L 1+m)t m! "
(3)
¥ 2) KA (D, 15 847 55 /8- B PEPVB
TEVEE T A R A N
2pt /= L+ p)Y ](@)“‘.
w

w

L, (i}%) exp(_w’; )exp |:i27tl (%) J . (D

(O LRI, Y p =0 I, 5L 55 /R B
PEPVB i1k N w78 PEPVB, & 1 HiL R i 4 36
/R-5 W PEPVB K38 B RUAR A7 0 A . R 08 T 1 5%
I BN S0 43 50 6 B0 E 4T 4 44 - N RS — AR R 3B 0
G INTBIEE ERFRON S 1 Z03R; DL 23, oK A
A7 L v DX e R A 43 R Sy AR A e DX B RE 4
B B DX, A 43 e Bk O B AR 6 B X, R DL R
W DEMBEHR p BOCHREA p+1 A 5REFIAH
IR (0 B 5 A 30 1) AR JHE 7% T 1) — 38, R {H K
A0 F AR B XA BE /N T AT 808 5 2) Bl 4R B n
ARG K, FE A B DX A EE G K, 25 AR 67 B IX 5 A
Y151 5340 5 3) W FMar £ ¢ S5 AR B XA E— 2, B
FIMAT R £ /N SEBE SR /N s ) RS AR B 0 Xk
S 3 AT TR A B G T A 04 A AL A BT G R Y %
B AEEEENE X,
2.2 HE/R-EHT PEPVB EHEHIE ISR

FEE A LI 25 4T L ) SCRTAR T A Bk 2
T 0F 58 6 3% 38 35 ABCD St 2% & 45 1y 1% i 4%
PSR DR, T AR T SO bR 2 SR 5T
HIR-E T PEPVB it ABCD Y62 £ 45 i 4% i 4
L /N W

)4
2 (=D
m=0

EGr.,) =

0526001-2



E 2% F5H/2022 F£3 B/RFFR

Intensity /arb. units

0
Phase /rad

P

B 1 Frss/R-E 8 PEPVDB BYSREE FMAHAL 0 A, () (=4, p=0, n=1WEIRE DA ;(b) (=4, p=2, n=23 W13 5
(o) (=4, p=2, n=4 WHIBREE 31 (D (=3, p=3, n=4 BB 3T;(e) (=4, p=0, n=1 0F B A {7 43
Fis(D l=4, p=2, n=3 BB Ai () [ =4, p=2, n=4 BMAL M5 (h) (=3, p=3, n="4 BFAHLL A

Fig. 1 Intensity and phase distributions of Laguerre-Gaussian PEPVB. (a) Intensity distribution at /=4, p=0, and n=1;

(b) intensity distribution at /=4, p =2, and n = 3; (c) intensity distribution at / =4, p =2, and n = 4;
(d) intensity distribution at /=3, p =3, and n=4; (e) phase distribution at /=4, p=0, and n=1; (f) phase
distribution at /=4, p=2, and n=3; (g) phase distribution at /=4, p=2, and n=4; (h) phase distribution at
(=3, p=3, and n=4
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