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Intensity Distribution and Optical Vortex Wander of Vortex Beams
Propagating in Turbulent Atmosphere
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Abstract The intensity distribution and the wander of optical vortices of Laguerre-Gaussian beams propagating in
turbulent atmosphere are simulated numerically. The results indicate that intensity profiles of vortex beams
experienced successive variation from annular structures to flattened-top profiles and finally to Gaussian profiles with
the propagation. The variation is closely related with the propagation distance, the turbulence strength, the outer
scale of turbulence, the number of topological charge, the width of beam waist and the wavelength of vortex beam.
However, the variation is nothing to do with the inner scale of turbulence. The wandering behavior of optical vortices
in the atmosphere is described by the occurrence number on a transverse plane. The results show that the occurrence
number on the receiver plane follows Gaussian statistics. As the propagation distance, the turbulence strength, or the
topological charge of the vortex beam increases, the Gaussian fitting curves become broader, and the statistics of
vortex position tends to random distribution. In addition, choosing the suitable width of the vortex beam waist can
reduce the wander of optical vortices.
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Fig. 1 Intensity distribution of vortex beams with different propagation parameters

W1 Ca) Bz, Bl 12 i P g 8 10 3 D' R b DI 5 R 2 B RE A A S PR % HOG SR AR 22 T T
AN A R < 20 A B R R S R I S TRATS P A e e A o BRI e S B O 5 A e B R B g L e i
AR B DI 5 8 T 394 0 B B e R T R DI iR A s 2 AR i A R g — 2 I D6 TR R D't 9 5% T B 7 O - T
O3 A I R A A I R A R A . DAL T Ch) R SR D 2 364 @ D' R e 4 Ol R 1) g 3 ' R 1Y 9
it . S50 B 1o A 1D AT RAFR Y i U P9 RUE X 369 JE D' TR 4 D' 5 7 A1 i AR 350 AT 5 W) T i 3 A0 S BE
SRR I8 DG AR DGR 3T o TE— R B9 RUBE R LA i L A RBE AR, of S iR 4 A1 14 5 ) B I, 5 24 i AL Ah
FRUBE 38 R 3 — 8 R BE R (L >>50 m) , X689 20 A LA A 5

2 7R AN TR 2 B AR BE G SR TE i R4S 280 CL =10 1% m *7 jy R AU AL i, e 45 Wi i b
o7 1) B IH — A BDE R AT A . B 2 KO 1.55 pm R SEE Y 0.05 m AN [R5 B LG
e E ARAE i R P AR 2 5 ke AR B8 23 A BEADL T 25 1581 2 (b) M P 1.55 pm FR M BN 2 A8 [F)
I TE BE Y LG 368 e 6 SR AE T 9L KA A% i 2 5 ke Ak A 63 A3 A AL 28 5 1] 2 (o) AR SE 2 0.05 m
WM BN 2 AFEBA A LG e E R AR i R TP 2 1 km 4b R OEE 7 A A i 2

»  LOop—m=0 @] . 1of—etin ®] . pof—r0msu ©
[} n 1]
§HO.8- EQO.S E_,HO.S-
EEo0.6f ZE06 ZS0.6f
S04l g g5
= 5 : 5 5 0.4 = 50.4
E o2 E 02 E o2}
<] 5 S
“ 0 “ 0 Z
006 002 002 006 02 D01 0 01 02 006 —0.02 002 006
Lateral coordinate x /m Lateral coordinate x /m Lateral coordinate x /m

2 ORI 5 B O 3 4 S
Fig. 2 Intensity distribution of vortex beams with different initial beam parameters
MNIEL 2 Cad AT A Ji 3 A A F A2 i BT 08 G ' R ) IS SRR o G O v Y B O 2 BOR 7 A S 1 11 i
JIBER . DB 2(b) AT LA Y 168 JE D' o 1) of I 5 88 B T A i U DK A A% i I O BIR A B2 A% A TR 5 i)

1026015-4



ot % % i1
T LR AR AL A S PR R RE 22 . 53 A, T e D' TR I e 2 B Wi U DR R R e 3 Y Dl o A, ] 2
(O 7R o WA 10 T8 D't AR DR R HEA A 7 S5 A 194 BB 0 B iR 5 e B L L D't R A1 32 DR i U 19 572 ) 8 )
LR 2 RS AL s A

32 RFREERRASPHES

W ESE 5 b B T TR T R U e B i 2 R AR R RS B R . IR 3 4 T UK 1,55 pm P £L
NLRIES S 0.05 m 8 LG i BEE AR AR K S AL B AL L R AR A S8 C) =10 1° m 2P R A& g
25 km Kb By R RO A . NIRRT DU L 52 A 5 A B B2 L D2 B PO OB ) o Bl 65
G- RE 3 > ) ot §: D i IRV & S Y

1o} (@ 2=0km 10
Zosf Z osf
[
o =1
£ o6f £ 06}
E A
T 04} £ 04
S 3
E 02} E 02
s z
G 0
-025 -0.15 -0.05 0.05 0.15 025 -025 -0.15 -0.05 005 015 025
Lateral coordinate x /m Lateral coordinate x /m

Bl 3 e IR e Ca) BRI N (b BRAS ) I8 e 016 3R A S 58 43 76
Fig. 3 Intensity distribution of vortex beams (a) before and (b) after optical vortex wander
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