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Abstract Laser coherent synthesis is an effective technique for enhancing laser power and maintaining beam quality in
fields such as remote sensing and communication. The filling factor affects laser coherent synthesis and plays a critical role
in assessing coherent synthesis arrays. However, it is not a comprehensive factor. Accordingly, this study introduces
plane wavefront distortion (PWD) as an integrated parameter for evaluating the performance of laser coherent synthesis.
PWD simultaneously considers factors such as beam quality, array alignment, and component manufacturing errors.
Based on the theoretical derivation of the expression for PWD and analysis of its effect on the efficiency of the system,
simulations and experimental measurements demonstrate that PWD can be used to reflect the overall efficiency of laser
coherent synthesis, exhibiting a negative correlation with it. The findings offer scientific value for the practical application
of wavefront modulation techniques in coherent beam combinations in multi-aperture laser array coherent combination
systems.
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Fig. 2 Simulation results of number of sub-beams in laser array is 2X 2, 3X 3, 4 X4, respectively. (al)—(a3) Near-field simulation patterns of

laser arrays, and circle represents circumscribed circle of array; (b1)-(b3) diffraction patterns of laser arrays at z===z,, and z, is position

where adjacent beams of laser arrays meet; (c1)-(c3) diffraction patterns of laser arrays at 1 km, and circle represents round barrel
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Fig. 3

Relationship between P, and S. (a) Number of sub-beams is 2X2, 3X 3, 4X4, respectively; (b) multiple situations with

different numbers of sub-beams, points represent simulation results and curves represent fitting results
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Fig. 4 S versus beam quality factor M* and atmospheric coherence length r,. (a) Simulation results of S varying with different beam

quality factors M” for Gaussian beam with waist radius of 0.3, 0.5, and 0.7 mm, respectively. (b) simulation results of S

varying with different atmospheric coherence lengths r, with waist radius of 0. 3 mm, and points represent simulation results and

curves represent fitting result
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