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3.2.5 Rk EMF R

R T WG R AL ARUE % HE AR 7 S0 1 R L L
F18 2 [ i 22 118 25 B AR 95 05 98 1 OGRS AR 42
T I F 225 18] g 22 A B~ 51 oA A B 7 B T ) 4
JEXT A BOR B . 18] 8 (a) S 1R T B Bl
R TR AR (SR A1 0T I T AR B A O ) LR B
OGRS AR L 7T 4 I 1 23 ) i 22 14 728 £ i 26
Bl 8(h) M2z 1 10 ps BRI ] T £R BE G 1 X L

1.0
(2
0.8
% | e ——
+
=
S 04
— —hand 0
-- —hand -h
o wwn —fy and +h
- —h and -v
0

0 0.2 0.4 0.6 0.8 1.0
Offset

JEBE TR BT E AR WAL 2. R 8(a)
rh S il AV BR T AH 7 B Y B A Bk 0. 5, PV H N
A2 A 22 1 (Offset ) 8 X0 B S ILAR] a0 i B B
B HOR R 5 HAE B 2R T HEOE 09 IR B2
TEBL Ao AR SR o AR K P Dy 1) 3 B
Io) 1) A B 5+ — DU AR R A B8 O ), 0 AR R T I A%
Kl 8(b) T A 2 (Overlap) & Xy £ B4 # 15
BSEBERTH.

0.80

® y—
0.75 »

=
2
S

Contrast
f=3
f=r]
(514

0.60 ¢ e
== — tilted phase plate
0.55 poear™" ... off-axis ellipsoidal phase plate
=-=- off-axis spiral phase plate
0.50 * :
0.2 04 0.6 0.8 1.0
Overlap

[ 8 2 [] i 25 X5 3R AT AR B SE R . Ca) WO SR A S5 380 AR A7 T 2 B 109 253 T Al 2 X6 350 T 280 0 1) 52 T
(b) F 0 T A B 45 8 32 o o &0 943 280 1 5% )
Fig. 8 Influences of spatial deviation on beam smoothing effect. (a) Influence of spatial deviation on beam smoothing effect
for laser beam incident on phase element; (b) influence of coincidence degree of sub-beam focal spots on beam

smoothing effect

MIEL 8 Cad v R LA M OGRS B A £ o0 1
F14 2 T i 26 68 TR 50 8 A0SR 1) 52 e A/ A T B 3% 1
10T 8 T A B ) O 8 X E R B9 i sl R A R
Tl S AR O A B 2 A AL TT 1 I 25 8] i 22 BN T
0.4 2 PFTT 25 8] i 22 Xt 520 1 80O (9 3 i L
AT LA 2200 3o 2 AR (87 ARUIE % AT D5 SR RO AR A
S AR AL I 1R B R S R i 2E A B R A R A
P 8 by FIHL ., B A 0l o AR B o 5 AR R A U L
T A3 BXE 14 016388 o LG R S I 4 K, O HL 2 i A D
T 0.2 W35 G 0 50 0 S5CR 5 BRARURG D0 D 25 B0

PRI T AL o A A 4 HE A T 56 OE S AU R
R EPEE S RE WA R RAER, & EH ML,
TE ICF R 40— Bk F 0 il 028 8wl e 2 Al o8 5 K
LT R BB E S f I, 56 E S KR
SR TR 8 — 4k 25 Jil 125 B 8 P AT e R 2 RF ] —
Ao B B0 A S5 D6 TR o E BE AT — 5 1 9
b,

4 H i

P T — ol R T AR S ARUGE 2 I A £ i R 50 98

0405003-7



F£49% 5 4 /2022 £ 2 A/HERHE

Jr% . %7 il AR HOEE R P AN F TR A
(7 £ B2 ke e EL A e e Al % B 1) AR 52 A o X A AR —
JE WA 22 09 1 A AT A () B 25 () A A2 94 o) 22 T A
F4 T R AE R W B 3 25T 8 S A B A R
TE 2277 1)\ 20 4 JE W 41 2l o DT 2% 21 7 e A0 s ] R
JENUCE BB SR B, FEBE AT B oHg T
AR 2 8 HE A T 2K PO RO 67 1 A8 A K =5 7] g
ZEER AW RCR B . S5 IR R %07 RALH
(] Hsf i T 22 5 2 OMA T) EL B AT T 7 1 X Pk 1)+ o7
B 6 AR ASE AR IR 2 A AR SR R DA TR R R il e A
TARBLAR B BT I TMERE e Ah 3% 07 SRR A A
HEA 77 2 BOG AT 7 18 A8 DL K = 18] i 22 BAT —
SE R BR S 1k — 20 B AR T X AR S Al A i K R —
BRI EOR A BT R A CLAR TS HE AT R ST T RS
T GE R 2) 1 T SR UK T, BE 8 7 5505 B0 ik 18] 5 6l P B
R R R S AT DU S R GRS T R A
AN TE

2 % x #

[1] LindlJ D, Amendt P, Berger R L, et al. The physics
basis for ignition using indirect-drive targets on the
National Ignition Facility [J]. Physics of Plasmas,
2004, 11(2): 339-491.

[2] Moses E I. Ignition on the National Ignition Facility:
a path towards inertial fusion energy [J]. Nuclear
Fusion, 2009, 49(10): 104022.

[3] Spaeth M L, Manes K R, Kalantar D H, et al.
Description of the NIF laser[]J]. Fusion Science and
Technology, 2016, 69(1): 25-145.

[4] Rose H A, DuBois D F. Statistical properties of laser
hot spots produced by a random phase plate [J].
Physics of Fluids B: Plasma Physics, 1993, 5(2):
590-596.

[5] Marozas J A. Fourier transform-based continuous
phase-plate design technique: a high-pass phase-plate
design as an application for OMEGA and the National
Ignition Facility[J]. Journal of the Optical Society of
America A, 2007, 24(1): 74-83.

[6] Deng X M, Liang X C, Chen Z Z, et al. Uniform
illumination of large targets using a lens array[]].
Applied Optics, 1986, 25(3): 377-381.

[7] Lehmberg R H, Obenschain S P. Use of induced
spatial incoherence for uniform illumination of laser
fusion targets[J]. Optics Communications, 1983, 46
(1): 27-31.

[8] Jiang Y E, Li X C, Zhou S L, et al. Microwave
resonant electro-optic bulk phase modulator for two-

dimensional smoothing by spectral dispersion in SG-11

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

0405003-8

[J]. Chinese Optics Letters, 2013, 11(5): 052301.
Boehly T R, Smalyuk V A, Meyerhofer D D, et al.
Reduction of laser imprinting using polarization
smoothing on a solid-state fusion laser[]J]. Journal of
Applied Physics, 1999, 85(7): 3444-3447.
Munro D H, Dixit S N, Langdon A B,
Polarization smoothing in a convergent beaml[]].
Applied Optics, 2004, 43(36): 6639-6647.

Néauport J, Ribeyre X, Daurios J, et al. Design and

et al.

optical characterization of a large continuous phase
plate for laser integration line and laser megajoule
facilities[J]. Applied Optics, 2003, 42(13): 2377-
2382.

Williams E A. On the control of filamentation of
intense laser beams propagating in underdense plasma
[J]. Physics of Plasmas, 2006, 13(5): 056310.
Desselberger M, Willi O. Measurement and analysis
of Rayleigh-Taylor instability in targets driven by
incoherent laser radiation [J]. Physics of Fluids B:
Plasma Physics, 1993, 5(3): 896-909.

Rothenberg ] E, Auerbach J] M, Moran B D, et al.
Implementation of smoothing by spectral dispersion
on Beamlet and NIF[J]. Proceedings of SPIE, 1999,
3492: 970-979.

Zhong Z Q, Zhang B. Conjugate rotation smoothing
scheme for laser quad based on dual-frequency laser
and spiral phase plate [J]. High Power Laser and
Particle Beams, 2020, 32(1): 71-78.

BRTRR, SRS . T 0O R I8 T8 AH 07 1 HL KM IE i
BRI IR T] . RO SRR, 2020, 32(1):
71-78.

LiFJ, Gao Y Q, Zhao X H, et al. Near-field
character and improvement technology of induced
spatial incoherence []J]. Acta Physica Sinica, 2018,
67(17): 175201.

AR, RUTRE, BBENE, 5. B EAEM T RS
BRI AT DR RBGEBOR 1] B4R, 2018,
67(17): 175201.

Zhou Y Q, Fu W X, Zheng T R, et al. Phase
smoothing and  polarisation-phase  synchronous
smoothing based on liquid crystal Pancharatnam-
Berry phase devices [J]. Liquid Crystals, 2021, 48
(1): 150-156.

Tang Y F. Research on beam smoothing technology
of high power Nd: laser[D] .
Guangdong University of Technology, 2017.

JE— L. R O SO R S AR
[D]. 7 TARTAE R, 2017.

Li X W. Research of beam smoothing on target based

glass Guangzhou:

on multiple phase plates [D]. Chengdu: Southwest
Jiaotong University, 2014.



F£49% 5 4 /2022 £ 2 A/HERHE

[20]

[21]

[22]

[23]

[24]

[26]

[27]

. BT A G AR A AR R TR AT B R B 5T
[D]. JWU#B: PRI SCH R, 2014,

Zhong Z Q, Hou P C, Zhang B. Radial smoothing
for improving laser-beam irradiance uniformity [J].
Optics Letters, 2015, 40(24): 5850-5853.
Zhong Z Q, Yi M Y, Sui Z, et al.

smoothing scheme for

Ultrafast
improving  illumination
uniformities of laser quads[J]. Optics Letters, 2018,
43(14): 3285-3288.

Zhong Z Q, Sui Z, Zhang B, et al. Improvement of
irradiation uniformity by dynamic interference
structures of laser array in inertial-confinement-fusion
facilities [J]. Optics Communications, 2020, 455:
124558.

Zhao X H, Gao Y Q, Li FJ, et al. Beam smoothing
by a diffraction-weakened lens array combining with
induced spatial incoherence[J]. Applied Optics,
2019, 58(8): 2121-2126.

Li T F, Zhong Z Q, Zhang B. Novel dynamic
wavefront control scheme for ultra-fast beam
smoothing[J]. Acta Physica Sinica, 2018, 67 (17):
174206.

BRETE, BhITRE, SR TR RS Y B A AT
FEHOr R U] PR, 2018, 67(17): 174206.
Pan X T. The research on some problems of quality
optimization in femtosecond laser micromachining
[D]. Shanghai: Shanghai University, 2017.

W CRRBOE UM BT G AR 1 2 T R 5
[D]. L. BWRY, 2017.

Haynam C A, Wegner P J, Auerbach ] M, et al.
National Ignition Facility laser performance status
[J]. Applied Optics, 2007, 46(16): 3276-3303.
SuJ Q, Wei X F, Ma C, et al. Simulation on the
model of low frequency distorted wavefront of laser
beam [J]. High Power Laser & Particle Beams,

2000, 12(S2): 163-166.

[28]

[29]

[30]

[31]

[32]

SRR, BRI, ThOth, A O SR I AR U AT AR
RSB T] . SOG S R F I, 2000, 12(S2):
163-166.

Zhang R Z, Yang C L.
phase screen used in high power laser system [J].
High Power Laser and Particle Beams, 2007, 19(8):
1242-1246.

SR, B AR AR RO B G BEALAR 6 B 1) 4 1
WEE [J]. 58 O 5k 7 3, 2007, 19(8): 1242-
1246.

Skupsky S, Short R W, Kessler T, et al. Improved

laser-beam uniformity using the angular dispersion of

Characteristics of random

frequency-modulated light [J]. Journal of Applied
Physics, 1989, 66(8): 3456-3462.

Huang Y, Zhang Y R, Zhong Z Q, et al. Rapid
polarization rotation smoothing scheme based on
interference of circularly polarized vortex beamlets
[J]. Chinese Journal of Lasers, 2020, 47 (9):
0905003.

WOE, SR, BRI, SF. BT RE IR dw IR OG T
A i i TR 3 B e R A1 1 O = T P E O, 2020,
47(9): 0905003.

Wen S L, Yan H, Zhang Y H, et al. Calculation and
experiment of the focal spot caused by continuous
phase plate with incident wavefront distortion [J].
Acta Optica Sinica, 2014, 34(3): 0314001.

TR, B, TRIEAT, S5, AT AR T LA AL AR
BRI 5 [J]. St %M, 2014, 34(3):
0314001.

LeiZ M, Sun XY, Lu X Q. Error analysis of 2X2
beam array focus system with non-off-axis wedged
lenses[J]. Chinese Journal of Lasers, 2017, 44(5):
0505001.

MR, MG, 0. ARERIEIE B 2 X2 4k
WRERG MR Z 4], P EBOL, 2017, 44
(5): 0505001.

Ultrafast Beam Smoothing Scheme Based on Rotation

Arrangement of Phase Plates

Zou Dongyan, Xiong Hao, Zhong Zhegiang, Zhang Bin

Abstract

Objective

In the inertial confinement nuclear fusion (ICF) facility,

College of Electronics and Information Engineering, Sichuan University, Chengdw, Sichuan 610065, China

the non-uniformity of the target plane

irradiation aggravates the instability of various laser plasmas such as magnification into filaments, stimulated Raman

scattering, and stimulated Brillouin scattering, and destroys the target pellet symmetry of compression. In order to

improve the irradiation uniformity of the target plane, researchers have successively developed a variety of beam

0405003-9
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smoothing schemes, such as radial smoothing (RS), azimuthal smoothing (AS), dynamic interference smoothing,
and the combination of induced spatial incoherence (ISI) and lens array(LA) based on broadband light proposed by
Shanghai Institute of Laser Plasma. However, these schemes have some shortcomings. Therefore, there is an
urgent need to further develop a more feasible ultrafast beam smoothing scheme with a picosecond time scale.

Methods Taking the 2 X 2 beam as an example, by establishing a physical model of the ultrafast beam smoothing
scheme based on the rotation arrangement of phase plates, the effects of parameters of phase plates, beam
arrangement, spatial wavefront distortion, and spatial deviation of laser beams on beam smoothing are analyzed.

Results and Discussions  Through calculation and simulation, the effects of parameters of phase plates, beam
arrangement, spatial wavefront distortion, and spatial deviation of laser beams on beam smoothing are first
investigated, the smoothing effect when the scheme is combined with the traditional beam smoothing scheme is then
analyzed, and finally the influence of spatial deviation in the actual system on beam smoothing is studied. The
simulation results show that when the peak valley (PV) value of the phase plate is 2A—3A, it can not only ensure the
beam smoothing effect of the scheme, but also avoid the excessive energy loss caused by wavefront distortion
(Fig. 4). In addition, changing the arrangement of phase plates has little effect on the smoothing effect of the
scheme (Fig. 5). When the PV value of phase distortion does not exceed 3A, the scheme can show a better
smoothing effect, and at the same time, the energy utilization rate of continuous phase plate (CPP) is less reduced
(Fig. 6). Moreover, the combination of beam smoothing schemes based on the rotation arrangement of phase plates
and smoothing by two-dimension spectral dispersion(2D-SSD) can further improve the smoothing effect of the target
plane (Fig. 7). Finally, this scheme also has a large tolerance for spatial deviation (Fig. 8).

Conclusions This paper proposes an ultrafast beam smoothing scheme based on the rotation arrangement of phase
plates. By rotationally arranging the phase plates with a rotational asymmetric distribution in the laser quad,
different spatial phase modulations are first provided for each sub-beam in the laser quad. Then the dynamic
interference of the sub-beams with a certain wavelength difference on the target plane makes the speckles within the
focal spot sweep rapidly in multiple directions and multiple dimensions, so as to achieve the goal of improving the
uniformity of the focal spot in the picosecond time scale. On this basis, the effects of parameters of phase plates,
beam arrangement, spatial wavefront distortion, and spatial deviation of laser beams on beam smoothing are
analyzed. The results show that in the ultrafast beam smoothing scheme based on the rotation arrangement of phase
plates, only the same phase plates with a rotational asymmetric distribution are required to be processed at the same
time, which can lower the design and processing difficulty of phase plates. In addition, this scheme is little affected
by spatial wavefront distortion, beam arrangement, and spatial deviation of laser beams. Combining the beam
smoothing scheme based on the rotation arrangement of phase plates proposed in this paper with the traditional beam
smoothing schemes can significantly improve the uniformity of focal spots within a few picoseconds, which can be an
effective supplement to the traditional beam smoothing schemes.

Key words laser optics; inertial confinement fusion; rotation arrangement of phase plates; beam smoothing;
processing difficulty
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