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Evaluation on Pulse- and Phase-Front Distortions of a Large-Scale Fundamental
Laser Used in Second-Harmonic Generation with Tiling KDP Crystals
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A high-power laser system with a large-scale beam used for fast ignition is developing on the basis
of the FIREX program. Short-wavelength generation of the laser with large-scale nonlinear
optical crystals may be necessary in the near future. Numerical calculations of near- and far-field
patterns of second-harmonic wave have been carried out for fundamental waves without any
phase- and pulse-front distortions. In this paper, we present numerical results of the far-field
pattern of the second-harmonic wave with type-I tiling KDP crystals, in which the phase- and
pulse-front distortions are involved in the fundamental wave. For the laser system of the FIREX
program with a beam diameter of 1 m, a central wavelength of 1053 nm, a peak intensity of 30
GW/cm?, and a pulse duration of 1 ps, an allowable maximum time delay due to the pulse-front
distortion of the fundamental wave should be less than 1.1 ps for the maximum phase-front
distortion of z/3 under quadric approximation to ensure that the energy included in the Airy spot
is larger than 809§ of the energy without any pulse- and phase-front distortions. The far-field
pattern is almost unchanged with the phase-front distortion if the pulse-front distortion becomes
large.
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Fig. 1 Schematic diagram of second-harmonic generation consisting of 4 pieces of type-I
KDP crystals and a concave mirror. The KDP crystals are denoted as «, b, ¢, and d. 4t and
A®, are the time delay and phase difference between peak and edge positions of fundamen-
tal wave. 4@, is the phase-front distortion of second-harmonic wave, and 490,;(i=a, b, c,
and d) is the phase shift due to the KDP crystals, in which « is used as a standard crystal.
1, is the intensity of second-harmonic wave in front of the concave mirror, and 1, is the
corresponding intensity at the focal point. Pulse front and phase front of initial fundamental
wave are plotted using a lot of pulse shapes and curve lines, respectively. The dashed line
is the reference line. Description frames are numerical models used in numerical calcula-

tions.
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Fig. 2 Image plots of far-field pattern of second-harmonic
wave for (i) 40,=40,=0, 4t,=0, and (ii)) 40,=0, di;=3
ps, 40,,=0, AQ,,=7/2, @.=n/3, and ADQ,y,=n/4. The
center of the image plot is overexposed by a factor of 5 to
increase the visibility of the high-order diffraction portions.
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Fig. 3 Energy distribution of far-field pattern of second-
harmonic wave as a fuction of the Airy spot radius. Draw-
ing (i) is for 4t =0 under conditions of (a) 4®,=0, (b)
A0, =7/3, (c) AO,=7/2, and (d) 4®,=z. Drawing (ii) is
for 4@, =0 under conditions of (a) 44,=0, (b) 44 =1ps, (c)
Aty=2ps, and (d) di;=3 ps.
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Fig. 5 Temporal profiles of second-harmonic wave at the
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Fig. 6 Temporospatial distribution of second-harmonic
wave at the focal point (y,=0) for (i) 4@, =0, 4t,=0, (ii)
A0, =0, Ai=3ps, and (iii)) 40,=0, At=3ps, AD,;=0,
A0y,=7/2, AQy.=n/3, AD,,= = /4. The intensity is normal-
ized using the peak intensity of second-harmonic wave at
A®, =0 and 4t;=0.
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