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Fig. 1. Intensity (al-a3) and phase (b1-b3) of single-mode subbeams and a dual-mode vortex beams.
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Fig. 2. Beam intensity and energy flow distributions at cross section at [} = 1 and }, = 3: (a) Source plane; (b) free space; (c) in the

atmosphere.
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Fig. 3. OAM of dual-mode vortex beams versus 6: (a) Different wind speeds at §; = 1 and ,, = 3; (b) different modes at v = 3 m/s.

Wi 4 A . B FE 0 < 0 < 50°RE, XU,
PN AR, OAM BI(EAR KR, A e ik T
OAM 8K, {HIE, 24 50° < 0 < 180°AF, KLt
/N, OAM (R BR 7N, #2550 45 OAM FE I .
Kl 3(b) 7ERILE OAM MIFIWIE LT, R T BUE
WATEG A AR TIE SR ) OAM B 6 1784k, 7]
PIE 78 0 HU— 2 (HI, BUEIRHEE R OAM H
ALK FHBDER A, b =1/ L =3
WIS MBS HE R OAM AE 0 < 6 <
50°0 TR, [ = -1 L, = 5 #ERFB NG, 78
60° 1) JE % Jil 1 BL, OBURE I8 T S R 1) OAM BR T

10° < 0 < 25°LUAARMAR R T AR BOG R Y. i DL B 5y
BrrT UL, 72— KU B, SUBSIRE LR OAM
T RN, E R K IR AR OAM LLK
FUREHY, B A TFORE .

BT ERAST ER OAM 3 K 5 W8N Y 5
I, K 44517 0 = 20°01 6 = 150°H9 OAM % ¥
(Il 4(a)—(d)) FiRemisHi (B 4(e)—(h)). HIE 3(a)
FIE 3(b) ATHL 7E 0 = 20°H RSP HY OAM %
IE X o R A S 3 f5 2, Fik, &
OAM KiK. MBET A T 43 BT #4002 F 80
F R ROy (22 fmdT, BDRERA ) 42 i sh i

164202-4



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 16 (2023)

164202

0 = 20°

0 = 20°

in free space in the atmosphere

X10° 4

[l 4

X106

w

[ V)

—

6 = 150°
in free space

6 =150°
in the atmosphere

4 X107 X106
(c) 1
8
6 0
2
-2
0
—4 —4 T
—4 0 4 —4 4
4 4

L=1,L=3,v=3m/s Iif, OAM % ¥ (a)—(d) LW/ (e)—(h)

Fig. 4. OAM density (a)-(d) and energy flow distribution (e)—(h) at §, =1, L = 3 and v =3 m/s.
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Abstract

The effects of thermal blooming on orbital angular momentum (OAM) and phase singularity of dual-mode
vortex beams under different wind directions and wind speeds are studied in this paper. Owing to the different
symmetries of dual-mode vortex beams superimposed by different modes, the effects of thermal blooming on
them depend on not only wind speed, but also wind direction. Based on the scalar wave equation and the
hydrodynamic equation, a four-dimensional (4D) computer code to simulate the time-dependent propagation of
dual-mode vortex beams in the atmosphere is devised by using the multiphase screen method and finite
difference method. It is found that for a certain wind direction, the value of OAM increases with the wind speed
decreasing because the thermal blooming becomes more serious, i.e. the thermal blooming effect promotes the
OAM of dual-mode vortex beam to grow. For example, when the angle between the wind direction and the
beam is 0 < 6 < 50°, the OAM of the dual-mode vortex beams with a topological charge difference of 2
increases with wind speed decreasing, and there is an optimal angle (0 ~ 20°) to maximize OAM. Therefore, for
a certain wind direction and wind speed, the OAM of dual-mode vortex beam propagating in the atmosphere
can be larger than that in free space, and can be larger than the OAM of single-mode vortex beam. The dual-
mode vortex beam with higher modes requires smaller wind speed to make its OAM larger than the OAM in
free space. In addition, the larger the difference in topological charge between the two element beams of a dual-
mode vortex beam, the more stable the OAM of the dual-mode vortex beam is. On the other hand, the
evolution of linear edge dislocation singularity under atmospheric thermal blooming is also investigated in this
paper. When the wind direction is perpendicular to the dislocation line, the linear edge dislocation singularity
disappears. If the wind direction is parallel to the dislocation line, the linear edge dislocation singularity always
exists. At other angles, the linear edge dislocation singularity will evolve into optical vortex pairs. The results
obtained in this paper have a certain reference value for the propagation of lasers in the atmosphere and optical

communication.

Keywords: dual-mode vortex beam, wind-dominated thermal blooming, orbital angular momentum, linear

edge dislocation singularity
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