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Fig. 3 Intensity distributions of laser quad at laser entrance hole (LEH) with different incident angles. (a) 23.5°;
(b) 30%; (c) 44.5%; (d) 50°
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(a) FOPAI curves; (b) PSD curves
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(a) 6X6; (b) 5X5; (¢) 4X4; (d) 3X3
ME 9 Al LUE & 2 b 7 i A H R AR, AR, Y i B H i D i e b 3
5X5) B, B BRI i BE O B A 4% OG5 38 A M AR 4 AR 3X3BF GHEH I BT A AR a0, B S R
BhF . XRVIE YWD &R, B K7 &5 K. X2 W T DLA & 5 F O R 7E I BE [ A7 5 Rl A
() AR A AE — i TR R % A AT SR A Ok 1Y BE OIG 3R (AN S P AT 4 3 58 40 K7 [l i P B 8 H K

0405002-6



F£49% 5 4 /2022 £ 2 A/HERHE

AR FAME IR TR AN A . B 10 iF— MEBGEEERN 4 m, FEGEHE R 5X5 6, B+
H 5T ERESEBER FOPAT Al PSD i1k . EREKM d, =70 mm, G5 d, =49 mm B}, 7] 7E
M 10Ca) AT LUF 3% 5L 80 H A A B, 4R PRAR I BE Sl B 34 59 P B AT B2 R L A RO TR A
WO BE OB BE BB ICBE B B B AR M WL 4 b JIT 5 09 B 1)
K 10Ch) AT 1, Y P B8 H g 5 X5 W),y &5 [A] 43 (O ZAT AT, 4 0 B K R i 2 e, AT DL
= ORI N R NS U = N R R S B AE v 7 e CH AR TR B 8 R 5 1) i R
FEAR. Heoh. FE B A H & e 7R A oo sl Bl 11 Sk 3 45 A< e Bl L 1) 43 3l ok 102 7,10 8,
B EE B DA 52 ) s B 5] 3 ) ), 2R A B R, 109,10 10 B 82 38 4 Jis BE S8 431

10° 10°
@
——6x6
- 55 9
o )
——3x3
o 2 ! a 1071
10 i E
H
i
i
! \
ﬁ
10 o :
0 0.5 1.0 1.5 2.0 107 107 102 10"

/1

mean

Spacial frequency /um™

10 A[E B4 H T BT R FOPAT liZk#0 PSD ik, () FOPAT il £k ; (b)PSD i £k
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sub-lens and the focal length of principal lens
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Table 2 Duty ratio and contrast of laser spots on

hohlraum wall

No. Duty ratio Contrast
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Abstract
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In the indirectly driven inertial confinement fusion facility, the high X-ray irradiation uniformity on the
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target pellet is the key to the success of the implosion. The uniformity of X-ray irradiation on the target pellet is
primarily determined using the uniformity of laser irradiation on the hohlraum wall in the initial stage of laser
irradiation on the hohlraum wall; the uniformity of irradiation on the hohlraum wall is determined using the
symmetry of the distribution of laser spots on the hohlraum wall and the uniformity of the intensity of a single laser
spot on the hohlraum, Therefore, it is necessary to analyze the irradiation uniformity of the laser quads on the
hohlraum wall. Many researchers are currently studying the irradiation characteristics of the laser beam on the
hohlraum wall, but the majority of them are discussing the beam smoothing scheme of the SSD, CPP, and PCP
combination. Recently, the Shanghai Laser Plasma Research Institute proposed a broadband laser beam smoothing
scheme based on induced spatial incoherence (ISI) and de-diffraction lens array (DLA). However, no research has
been conducted on the irradiation characteristics of the laser beam on the hohlraum wall using this smoothing
scheme. Therefore, this study analyzes and optimizes the irradiation characteristics of broadband laser quads on the
hohlraum wall using DLA combined with ISI.

Methods Aiming at laser quads configuration and cylindrical hohlraum structure in inertial confinement fusion
(ICF) facility, the propagation model for the laser quads in the hohlraum based on broadband laser beam smoothed by
IST and de-DLA has been built up. The parameters of the broadband laser beam smoothing scheme have been
optimized in this study via analyzing the influence of the focal length of the principal lens and DLA parameters on the
irradiation characteristics on the hohlraum wall.

Results and Discussions In the broadband laser beam smoothing scheme based on the combination of ISI and
DLA, the mismatch between the focal length of the primary lens and the parameters of the hohlraum will deform the
intensity envelope of laser spots on the hohlraum wall (Fig. 4), resulting in laser spot overlap and irradiation
nonuniformity (Fig. 6). Increasing the focal length of the principal lens can effectively suppress the envelope
distortion of laser spots on the hohlraum wall (Fig.7), thereby reducing the overlap of the laser spots and improving
the irradiation uniformity on the hohlraum wall (Fig.12). Furthermore, by appropriately adjusting the number of
DLA sub-lens and the long and short axes ratio of the sub-lens, the duty ratio of laser spots on the hohlraum wall
increases, and irradiation uniformity of the laser quads on the hohlraum wall improves (Fig.14 and Table 2).

Conclusions The propagation model for the laser quads in the hohlraum based on broadband laser beam smoothed
using ISI and de-DLA has been built in this study, aiming at the optical path arrangement scheme and cylindrical
target hohlraum structure of the NIF, and then the irradiation characteristics of the laser quads on the hohlraum wall
have been analyzed and optimized. The results show that the mismatch between the focal length of the primary lens
and parameters of the cylindrical target hohlraum will cause varying degrees of damage to the envelope of the laser
spots on the hohlraum wall for beams with different incident angles, as a result of the laser spots overlapping on the
hohlraum wall, the irradiation uniformity on the hohlraum wall greatly diminishes. The effect of the principal lens
focal length, the number of DLA sub-lens, and the long and short axes ratio of the sub-lens on the intensity
distribution of the laser quads on the hohlraum wall are discussed on this basis. The optimization of these
parameters, such as the principal lens focal length, number of DLA sub-lens, the long and short axes ratio of the sub-
lens, and incident angle of the laser quads, achieves the improvement of the irradiation uniformity on the hohlraum
wall. The results show that increasing the focal length of the primary lens appropriately can effectively retain the
envelope of the laser spots on the hohlraum wall for beams with different incident angles, minimizing the overlap of
the laser spots on the hohlraum wall. Besides, the duty ratio of laser spots on the hohlraum wall increases, and the
time required for beam smoothing reduces when the number of DLA sub-lens and the long and short axes ratio of the
sub-lens are optimized. Furthermore, after optimizing the incident angle of the inner cone laser quads, the overlap of
the inner and outer cones laser quads on the hohlraum wall is eliminated.

Key words laser optics; inertial confinement fusion; cylindrical hohlraum; induced spatial incoherence; de-
diffraction lens array; irradiation characteristics on hohlraum wall
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