Chinese Physical Society

YIRS Acta Physica Sinica

€D Institute of Physics, CAS

R ARRE R E P HEAFENS RIS %
WA Z AR B R R
Method of statistically characterizing target plane light field properties in inertial confinement fusion device

Yang Jun-Lan  Zhong Zhe-Qiang  Weng Xiao-Feng  Zhang Bin

5|5 K. Citation: Acta Physica Sinica, 68, 084207 (2019) DOI: 10.7498/aps.68.20182091
TEZE L View online: https://doi.org/10.7498/aps.68.20182091
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

FH TR E LY AR IR AR O C IR B 4% B O “ A HIE N, Y :CaF 2BO L O SR 9 L B 52
Experimental study of diode—pumped Nd, Y:CaF2 amplifier for inertial confinement fusion laser driver

PB4 2016, 65(20): 204206  hitps://doi.org/10.7498/aps.65.204206

TR L AR R AR TR R 1 I SRR SR FRIT Y
Critical value of volume ignition and condition of nonequilibriem burning of DT in inertial confinement fusion

YIHE2EAR. 2015, 64(4): 045205  https:/doi.org/10.7498/aps.64.045205

BT RO A AR DGR A3 B T 5%

A novel radial beam smoothing scheme based on optical Kerr effect

YA 2016, 65(9): 094207  https:/doi.org/10.7498/aps.65.094207

BET A R Ay B PR A 1) BE TR A1 7 3R
Ultrafast azimuthal beam smoothing scheme based on vortex heam

WIFEAEA. 2019, 68(2): 024207  https://doi.org/10.7498/aps.68.20181361

V523 AR T AT R BT DR S s AR
Near—field character and improvement technology of induced spatial incoherence

YIFREH. 2018, 67(17): 175201  hitps://doi.org/10.7498/aps.67.20180533

PR PRA AT Y Sl A B AR T 58
Novel dynamic wavefront control scheme for ultra—fast beam smoothing

YIBR2F4H. 2018, 67(17): 174206  hitps://doi.org/10.7498/aps.67.20172527


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20182091
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.65.204206
https://doi.org/10.7498/aps.64.045205
https://doi.org/10.7498/aps.65.094207
https://doi.org/10.7498/aps.68.20181361
https://doi.org/10.7498/aps.67.20180533
https://doi.org/10.7498/aps.67.20172527

) 32 3R Acta Phys. Sin. Vol. 68, No. 8 (2019)

084207

[RIELARBLRE P ESEIHREFIER
HITRUETTIE

W= R

£ AV

LA

()R 215 B4R, iU 610064)

(2018 4E 11 A 26 HY#; 2019 4£ 1 A 16 HULHIEHH)

TEFOCHR S (4 2 SR AR i rp ) SR 22 MR 20 W T BOX 8 B A I 2 Rk E AT IR . DA i e o
WRDEAIC AR Z | AR B S 2%, TR S BOLE M LA 2%, BLAE 3 AT SHOGT7  70 Mr 2 B0 25 e
AUF FRF T I A 54 5 Bl A PR B, B0 1 ST B A O L T BRI A I R, i 5 SR PR T 1R A5 4 iR
TR MEBE A GETHRAE . A SCHHDE A R B G0 S AE 5 15 X B TG 5 BEAT Ak, SR T [5 284 52 K vy S B AL /A%
ELHEAN IR RL IO A9 GETHRRAE, JF 2 T SR AR BE A 2 RO T 5 622 07 ik M GETH 3R AT J5 1545 31 191 ) £ 5
BEAT TR LE RN 4. S5 RN, SR FIATT SO0 52 7 W A GETH R AR T7 1% 4R A5 1 £ BRE A I3 I AR5 A1 e AR — B, L )
BRI 9 328 37 £ BEAT T AN (8], AELATY R — 455 JH A 5 28 MR 3 A L 2 47 45 BRE 16y 1 1] 22 A ARRAIE

KR G, IR RA, WA, SR
PACS: 42.79.-¢, 42.68.Ay, 42.55.—f

ail¥

1 5

Ot TE) B2 BK 2l i B 29 R AE (inertial
confinement fusion, ICF) % v Hl [y 48 35 2]
PRSI AL SRR O R 1. HETE &k
MRS EOR, W— 40 A RS R P
(1D smoothing by spectral dispersion, 1D-SSD),
i AHM Bl (phase plate, PP) FAlfi#ik 2J 1 ) (pol-
arization smoothing, PS) 5, XJ L [ Y& BE 4 i Jak, |
A AR AR R A TR AR, B TR O
BERRAE A TR 20 T o) 3 R X KA i 45
ATEHE AT AC B, SE TR 25 A PFAN R vt H
HEATERAE, PRI R Y I AT T AN AT /. i,
XTI [a) AR 5, 25 (B SRAEAL N = 1024 AYERIR
JERORS BEAR P, T EE R AF 5200 16 Gbits; X T

DOI: 10.7498/aps.68.20182091

IS, N RERAERL N, = 64 /9 10 FOLXU
JEALT, TR 10 T. SRRz, B
R K& T 2807 A #E DR RGP gk AT
RAE, Hop i BARMENZIEIEEHBOE (laser
mega Joule, LMJ) % & FWF 58 i 7 2L T
FEDERY 28 GETHRFAE, JFXAR RIS 07 =T R 5
A9 RUE | Dk 58 A0 BE B SE T o0 AR HEAT T 43 i 169,
WA, TER AW E AR, W T S AL A R
(continuous phase plate, CPP) 4 #H 43 fii i B
BB Z ARG 10, SRR [R] CPP 153 i #E 5
A AAH ], (EHAS B 2R GETHRAE. A,
BWOLHR 25t CPP BYfE i AT UHOL R 2t BEL R
T AR A e e A T R E AN [R) ) G s
A EATRSRABEALIE, 1 BRI A) 0 XA 210
BT HICAE R AL A ASARTR], {EHRE (A9 A1 206 22—
FERGETHRLEE. R, FEBEANBE T W ALY RS T

* [ S L TN A H (S G2017149, JG2017029, JG2018115) FIRMHEHAH A A k-8 5 4501 357 A BA 551 H

(HEHES: 2014RA4051) ¥ Bh AL
+ lfEVEH . E-mail: zhangbinff@sohu.com
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

084207-1


http://doi.org/10.7498/aps.68.20182091
mailto:zhangbinff@sohu.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 8 (2019) 084207

IR 5 3RAE, MHC AR SR GsR o3 S HL S H
AR, Fa LT RA BRI L. SR 5
THRAE AT USSR X AL B ST AR,
G BRI A XHE S, R L6 Ge iy
P, WEF IR B2 5 0 BUE T, R A 2
—E G TR b 2Rk X E R DG T
IR RAE, HICT O OES 0 R S A T4
AbEE.

TELLE [ B K B UR M ICF R,
AR F O /A 8050 W 32 R (smoothing by
spectral dispersion, SSD), CPP Fl ¥z ¥ il Hx
AR AT I 48 1 12, SSD [ JEAR J B (13 141 2 ]
ST s T AR S 18 i S Y R A T R, RO R
TEIL 7 HE = A2 4930, PTITTE— & R TA] N A
SRR T S BE IR R T S8 BN A IR A R R A
W, PR T B TR RN A ] A ¥ (radial
smoothing, RS) 775, RIA G 7a /- %800 S 80 £ 56
RAFTE ps TR TRAS AL, DA TITHR T £ 56 5 i ]
il 15161 SR, HARBEAYGETHRRE i AN T R . A S
FKHDC R e RAE kX DG R T %
ik, R P 15 28 A 80 v T BB AT LA s %o DGR () B 1
FRIESEATHEAR, IEXT LR AR 510 5 58T (GRS
F P35 T R BRI G RAEEA T 1 53T

2 HEpEA
2.1 TSRS ER

DL NIF H B g ot i, 0GR 4 61
AR, B L i 2 A2 1w 07, aniEl 1(a) By
7. B 1(b) W25 T OGRS 1a) S) 0 O 2R )
i =y

s A 57 Sk HAG i Mg 80 ] R0 457 A i A2
AR E R, OB R e 2s A ik
E (z,y,t) = Ep (t) (14+0random)

2N 2N

X exp {— <:}2N + izzv)] exp (i@initial) »

(1)

K Ey(t) FH B, orandom A Bl ATL iR 15 94

w HIEBOEHRARIE, N a3 B E IS, iniia N
IR AAHIR AR, o F1 y AR pr.

TEH L SSD 213 J7 Z8 7, i B 06 oz A9 (2

TEAECH 1, I IEIEL N, = 108 fE2001E

OB S AARGE S AN AR S, Bt

(a) b Third .
armonic

. . generator
Electro-optic Grating

modulator ; g m
Beam

CPP Lens Target

Laser Grating expander and plane
beam laser amplifier
(b) Third
Las harmonic
aser .
beam P{{lter generator
.\ I
Pump -
laser Beam Lens Target
Optical Kerr expander and CPP plane
medium

laser amplifier

K1 BobRMERFERENRE  (a) SSD+CPP; (b) RS+
CPP

Fig. 1. Transmission and focusing light path of laser beam:
(a) SSD+CPP; (b) RS+CPP.
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Fig. 2. Statistical distribution of the phase of CPP ob-

tained from different random number seeds.

H1 &1 2 T, SR FHAS [ B LD 1~ 1145 31
CPP WGE A 43 A KRBV, T 2 RS540 1Y
GETHREVE. LA B R 5 e £E B 43 A Y OGS4 B
i, RBUS R S WO GAE g | W 72 JB TR T3
Rk, R T 2550 AR R CPP i AH 534 Z (8] 1)
w22, R B I B B (gradient root-mean
square, GRMS) F/iE CPP T JE X} iE 75t 5 ) %
i (221, FR 4f 0 B A&, CPP VR o, y 7 10 LA
FAAS L R g,(2, v), g,(x, y) 70302 CPP ¥

y H I — BB
o (oy) = D) (©
gy (a,y) = 20, ™

N CPP Y B TEIEBR B A

g(z,y) = \/gm(%y)2 + gy (x,y)°, (8)
gz, y) BIDTRYMEN CPP BEDPHAHE GRMS oppl22:
i=1 j=1

z,y)] }
Dm0 - )

K g, y) O ARBREE B g (2, y) HESEL
ST I ST AR BEAEL; m, 0 ) SR S A 6 1 )
PRSI EL.

V153 A /N2 1] JE) S A W) 1 Bl LR A [R] 7
CPP K GRMS i, 53 3 4~ CPP #J GRMS {H4>

W4 0.4540, 0.4480 F1 0.4479, B R H % /)has [a] JH]

SR [R] 7 BEALECRD ARl B9 CPP 45 319 GRMS
HIEAR 2. dt o] W, A BEYLER 7 45 5
AN[F) CPP BYALAH S A 7 — 2 152 22 0 B P ik 2 A [)
PSR, X ULEH T CPP {7 A4 A B B ML 5
Wi PRI AE. X TR AR 58 2 BENL I e 150 A e
fE, AR TRATMF R IBGH A, wiE—2
g CPP EIE MG T HRFIEHE S H R A 1 Gt
FHIE.

CPP WY 73 A & % 22 H AL, P AT LA
W A — A~ 2R TH =1 B Ry B AL PR £ AT S o
231 P, O R CPP L3R 8w A L
SR RIS R 11 AR D E R R, TR SR
TG BRI BRI TS oA

WE 3 fiR, ¥ CPP & BF 2 /N A ITTHI R Y
DiARTTHE, HXTROCH AR A AR 25—k i1t
A3 X AR 43 G BT R % Z B, BT
T A5 50 B Bt AL 8 X Mo s 0 S T A A 5

- —

n m
S lgiy (@) -

GRMScpp =

UT - Y g

D

Far field
coordinates

4 f\

CPP "
Lens Target

plane

Near field
coordinates

Kl 3 2 CPP IS BOG I R 280 i 9 i 72
Fig. 3. The process of the laser beam converged to the tar-
get plane after the modulation of CPP.
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Fig. 4. The statistical characteristics of the laser beam's in-
tensity and phase of the target plane after CPP's shaping:
(a) Intensity distribution of the target plane after CPP's re-
shaping; (b) amplitude distribution of the target plane after
CPP's shaping; (c) statistical distribution of CPP's phase
and far field phase.
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by analytical solution: (a) FOPAI's comparison instantan-
eous focal spot intensity; (b) statistical characteristics of
numerical solution far-field phase and analytical solution

far-field phase.
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Fig. 6. Statistical characteristics of instantaneous and integ-
ral focal spots obtained by different beam smoothing
schemes: (a) Instantaneous, integral focal spots and their
PSD of 1D-SSD+CPP; (b) instantaneous, integral focal
spots and their PSD of RS+CPP.

084207-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 8 (2019) 084207

# 1 B STUMERR PSD -5t l R ST R

Table 1. Statistical relationship between PSD integral and luminous flux contrast of instantaneous and integral focal spots.

PSD integral square value

Instantaneous luminous

PSD integral square value Integrated luminous

Statistics of instantaneous flux contrast of time integral flux contrast
CPP 1.069 1.094 — —
Stj;ﬁz;al 0.979 0.987 — —
SSD+CPP 1.079 1.093 1.067 0.514
RS+CPP 1.077 1.090 1.056 0.478
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Fig. 7. The near-field, far-field temporal and spatial correla-
tion characteristics of different beam smoothing schemes:
(a) Temporal correlation of 1D-SSD+CPP; (b) temporal
correlation of RS+CPP.
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Abstract

In the laser-driven inertial confinement fusion facilities, the irradiation uniformity of the laser beams on the
target is a key factor affecting the effective compression of the target. At present, a variety of beam-smoothing
techniques have been developed to control the spatiotemporal characteristics of the focal spots. However, many
optical components involved in optical transmission links and complex transmission transformations often lead
to complex optical transmission. Moreover, when using the diffraction optical method to analyze the shape and
characteristics of the focal spots, a lot of data are needed to be processed and calculated, resulting in large
calculation and low computational efficiency. It is urgent to find a new and fast method to describe the
statistical properties of the focal spots. In addition, in the beam-smoothing technique, since the phase
distribution of the continuous phase plate is obtained by multiple iterations of random numbers, although the
details of focal spots obtained by different continuous phase plates are not the same, they all have similar
statistical properties. Therefore, the modulation of the laser beam by the continuous phase plate can be
regarded as the transmission process of the laser beam through a random surface. Although the intensities of
the speckle within the focal spot at different locations have the strong randomness, and the random
distributions of the target speckles obtained by different beam-smoothing methods are different, the overall
distribution satisfies a certain statistical law. In this paper, the light-field properties of the focal spot are
described by the statistical characterization method. The circular complex Gaussian random variables are used
to directly describe the statistical properties of the target surface light field, and the far-field focal spots
obtained by the diffractive optical method and those by the statistical characterization method are compared
with each other and analyzed based on the typical focal spot evaluation parameters. The results show that the
instantaneous properties of the focal spots obtained by the diffractive optical method and those obtained by the
statistical characterization method are basically identical, but their time-integrated far-field focal spots are
different. The correlation coefficient can be further used to describe the time-varying properties of the far-field
focal spots. Compared with the diffractive optical method, in the numerical calculation process, the statistical
characterization method of light field properties can directly obtain the analytical expression of the statistical
distribution of the light field according to the statistical properties of the continuous phase plate surface shape.
Secondly, this method can avoid the numerical calculation process from near field to far field. Last but not
least, there is no need to perform data processing on each point of the light field, which makes things simple

and effective and does not require large-scale data storage and processing.
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