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Fig. 1. (a) Intensity distributions and (b) phase distributions of Gaussian beam array for M =12, n=2, R=0.8 cm, wg=0.2 cm.
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Fig. 2. Experimental setup for the generation of a BG

beam by the coherent combining technology.
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Fig. 3. Comparison of the intensity distributions be-

tween coherently combined BG beam with different z and
second-order BG beam: (a) z = 0.6 m; (b) z = 1 my;
(¢) z =2 m; (d) second-order BG beam.
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Fig. 4. Intensity distributions of coherently combined
BG beam by simulation and experiment for M = 16,
n =2 R=11cm, wpo = 0.2 cm: (a) Simulation
intensity distribution; (b) experimental intensity dis-

tribution.

3.2 A BGJRAIMITWIE

XtFAR M n BRI, T 6 B Tede —
FBHTARRL A n2m 224k, A T-95 B P AOEAT
AL A ZE—A> 2 JE AT 5 I 2 I — AN B B 2R 4L
FH N H 30 Fh 47 9 IR e RS S5 e T, K
T g B n AN IR a0 22 S $R
M =20, n = 2ME KBGO S LS T

S K 5 B, BB S AR, et R 5 S
BTV 2% BUAS 2 22 IS R ) 1 18 B 2 4, T A2
BN KLU EE R 3, BT 5 BRI e
FER AR M n R 2, 5 H bR 6 R I3 4 far 4058 4
—3.

5 M =20, n=2MEHTY
Fig. 5. The near field interference fringes for M = 20,

n=2.
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6 I FOLERITE (M =20, n =1, wo = 0.2 cm)

(a) R=1.7cm; (b) R=1.5cm; (c) R=1.3 cm

Fig. 6. Intensity distributions of coherently combined BG beam with different R for M = 20, n = 1,
wo =0.2 cm: (a) R=1.7cm; (b) R=1.5 cm; (c) R =1.3 cm.
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B7 mafi (n=1) (a) M =6; (b) M =8; (c) M =12
Fig. 7. Intensity distributions of coherently combined BG beam with different M for n = 1: (a) M = 6; (b) M = 8;

(c) M =12.

K8 StunfilEl M=8I,(a)n=1,(b)n=2,(c)n=3
Fig. 8. Intensity distributions of coherently combined BG beam with different topological charges for M = 8:

(ayn=1; (b) n=2; (c) n=3.
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Fig. 9. Intensity distributions of coherently combined BG beam with different topological charges for M = 12:

(a) n=1; (b) n=3; (c) n=5.

El10 St M =200, (a)n=2,(b)n=3,(c)n=>5
Fig. 10. Intensity distributions of coherently combined BG beam with different topological charges for

M =20: (a)n=2; (b) n=3; (c) n=5.
4.3 wo MK NI A BB
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(¢) wo = 0.2 cm

Fig. 11. Intensity distributions of coherently combined BG beam with different wo for M = 16, n = 2,

R=1.1cm, z=10 m: (a) wo = 0.1 cm; (b) wo = 0.15 cm; (c) wo = 0.2 cm.
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Abstract

Bessel beam is an important member of the family of non-diffracting beams and has some unique properties which can
be used in many areas, such as micro particle manipulating, material processing and optical communication. However,
the source of Bessel beam generated by the existing methods can be used only in a short distance due to its low
power. In this paper, according to the coherent combining technology, we propose a method to generate a second-order
Bessel-Gaussian (BG) beam by loading discrete vortex phase on specific spatially distributed Gaussian beam array.
The coherent combining technology can enhance the output power by increasing the number of beams and use the
phase-locking technique to maintain the beam quality. The experimental scheme is described as follows. The expanded
Gaussian beam is first split by an amplitude-based spatial light modulator, then the Gaussian beam array is incident on
a phase-only spatial light modulator to load the discrete vortex phase, and finally the Gaussian beam array loaded with
phase can synthesize BG beam in free space. Due to the diffraction effect of the sub-beams, the optical field distribution
between the adjacent sub-beams which are loaded with phase differences, are superimposed. As a result, the optical
field distribution of the approximate beam can be obtained by coherent synthesis in free space. After that, the degree of
similarity between simulated results and theoretical data is analyzed by correlation coefficient, including the comparison
of light intensity between experiment and simulation, and the power-in-the-bucket is used to evaluate beam quality. In
addition, the topological charge of the synthesized BG beams is verified by the interference method. By studying the
number of beams, the waist radius and the radius of the ring, we find some interesting results which are summarized
as follows. Firstly, the closed arrangement of Gaussian beam arrays can improve the quality of the synthesized BG
beam. Secondly, the smaller the phase difference between the sub-beams, the more easily the discontinuous piston phase
approaches to the vortex phase. Therefore, increasing the number of sub-beams can significantly improve the beam
quality of the synthesized BG beam and obtain a higher order synthetic BG beam. Finally, we define the parameter k
to represent the tightness of a circular array of Gaussian beams. The present study shows that when the parameter k
is close to 1, the best experimental results can be obtained. Therefore, the proposed method has important guidance in

generating various vortex beams or enhancing the vortex beam power.

Keywords: vortex beam, coherent combing technology, power-in-the-bucket, topological charges
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