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Influence of Laser Non-Uniformity and Thermal Effects in an Inner
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Abstract Although for a real high-power and high-energy laser the propagation distance of lasers in the beam
control system (or called the inner optical system) is much shorter than that in the long-distance atmosphere, the
thermal effect of a high-power-density laser beam passing through the inner optical system remarkably affects the
far-field beam quality. By using a four-dimensional simulation code, detailed numerical calculations are performed for
the high-power laser propagation in the inner optical system, where an annular profile with linear non-uniformity in
the x direction is used to model the high-power laser. The astigmatic parameter, power in the bucket (PIB) and
position of the peak intensity are chosen as the parameters for characterizing beam quality in the far-field. It is found
that the thermal effect in the inner optical system reduces the peak intensity and beam focusability, thus degrades
the far-field beam quality. In addition, the non-uniformity of the initial beam affects the focusability and gives rise to
the astigmatism. It is worth noting that the thermal blooming is a nonlinear effect, which affects the intensity
distribution and results in a shift of the position of peak intensity in the far-field. The physical interpretation is given
and confirmed by numerical results.
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Fig.1 Simulation model for a non-uniform annular beam
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Fig. 2 Intensity distributions of a non-uniform annular beam with s =4 in vacuum

(a) at the input plane; (b) in the far field
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Fig. 3 Intensity distributions of a flat-topped annular beam

(a) at the exit of the inner optical system; (b) in the far field
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Fig. 4 Intensity distributions of a non-uniform annular beam with s =4

(a) at the exit of the inner optical system; (b) in the far field
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Fig.5 Counter lines of non-uniform annular beams

with different values of s
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Fig. 6 PIB curves of annular beams with different
values of s
where the dotted line corresponds to the PIB curve

of a flat-topped annular beam propagating in vacuum
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Table 1 Numerical results for the beam quality

parameters in the far field

s =) 8 4 2

w, /mm 115.81 117.01 119.90 132.17
w, /mm 115.81 118.33 124.78 149.42
w,/w, 1 1.0l 1.05 1.13
Zo1 /mm —28.13 —28.13 —31.25
Z'o1 /mm —28.13 —28.13 —31.25
|x/01—101|/mm 0 0 0

Zop /mMm 0 0 0 0

z'y /mm 0 12.50  25.00  37.50
| ' — oz | /mm 0 12.50  25.00  37.50
| 202 — 201 | /mm 40.63 53.13  68.75

F2 EFEEXBABENRETESER (s=4)
Table 2 Numerical results for the position of peak
intensity in the far field, s=4
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