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Abstract As a large-scale high-power and sophisticated laser facility, Shenguang-Il (SG-1l ) is a milestone in the
history of laser driver development in China. SG-[I laser facility has evoked comprehensive and essential leap-style
improvements in laser engineering, laser technologies, fusion researches and fundamental physics researches. We
provide brief introductions on the great innovative developments of engineering solutions and technologies during the
project implementation, and we also list some of the numerous researches of international influence, which have

been achieved based on the high-quality operation of SG-1I laser facility in the past 20 years. With the continuous
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great progresses of last decade and thanks to the support from leadership departments, facilities with delivery

capacity of 10" J-level in nanoseconds, 10® J-level and petawatt-level in picoseconds, as well as 10% J-level and multi-

petawatt-level in femtoseconds have been established, and will surely continue to operate as one of the key platforms

on the researches of inertial confined fusion, strong field physics and high energy intensity physics in China.
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Table 1 Partial design specifications of SG-1I laser facility

Parameter Diameter/Beam

Energy/Duration

Waveform Irradiance uniformity

8 beams, 2 combined

2X2 array; $200 mm

lwogs 1 ns,
100 ps/ 800 J; 20 ps/
160 J; 3wos 7=>50%

Design specification .
for master amplifier;

$240 mm for FOA

6 kJ;

Leading edge <300 ps;
+ 10%

$500 pum target surface

(F/3) for

quasi-square for 750 ]

per beam

Parameter Energy fluctuation Contrast Angular drift Divergence for 70% energy
Design specification +15% for lw, 10° for 1w, <5" RMS <C0.05 mrad

Parameter Pointing accuracy

Target chambers

Positional accuracy Duration fluctuation

Design specification +10 pm at target

For ICF and XRL

+8 pum for target +15%

Parameter 3w, requirement for experiment

Line focusing

) ) Success rate
Operation capacity .
for target shooting

1 ns, 3w,,45° injected Focal line

) o into ping hole of <80 pm;
Design specification

380 pm, total energy + 10%,
=2000 J

width
50% for initial; 70%

for future; 90% for

uniformity

300 shots per year

focal line

special experiment

length 10-30 mm

w, : fundamental frequency; 7: conversion efficiency; FOA: final optics assembly; XRL: X-ray laser; RMS: root-mean-square
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Fig. 3 (a) High-contrast pre-shaping pulse from front end; (b) overlay square waves of 11 measurements for amplified pulses

PR A 70 A GEHY 32 22 AR $R (LA AN TR i
B B R 23 1 i S B S BK e BE R 10° A IO
KM R MM MOPA 4545, %5 RGUHHH T 5
T T A IR (LA TS A ) e B0 R 0 2 O PR
FS5 i 5 TAE A& 4 BT 7R 5 BN 1 OO 2 i il

(®)

o

N&

TR R T el R P A P ) R A L R B AR R O T
106 By E B Se it K F- 5 B SEF ] 22 B 0 JEE A 1 [) 20
fih 5 45 BE IR AR S8 B TR i 70 R R O o A o
R T 8 B A SRR A 0] 1 £ 73 B () R, 280 = Uk
AT SCBE 8 IR — ki e AN IR 5 TR

-r"j::

ﬂ‘ birefringence _ |binary optlcal soft edge | spati
lens shaping unit dlaphrag filter

master
amphfler

Pl 4 Ca) B 05 R0 6 B 5 (b O AL i 48 5 i [

Fig. 4 (a) Toothed soft-edge diaphragm; (b) operating principle of laser transmission
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Fig. 7 (a) Operating principle diagram and (b) physical view of coaxial double-pass amplifier

(a) 0.60 ‘ : ——100
» 0.54 : : i—2 (90
£ 048 b ©3 8o
2042 i—5 |70 &
3036 ;(75 60 g
G030 [ b e :aMS 50 S
S 0.24 : - 3 40 3
E 018 [ fr . ——
S 0.12}) -~ . B % : 20
0.06 / : : _ 10
0 - 0
500 1000 1500 2000 2500 3000

Time /ps

&8 A AVM T F M55 8 e ZE M0 4y B ik v A9 Ca) TR L T (b) i 4 1A
Fig. 8 (a) Waveforms and (b) energy histogram of 1w, pulses from eight beams of
SG- 1l after power rebalance with AVM

TE2E B TR A Wh i T >R A2 51 R L AF A 0B 22 N3
R Eh BB B HOL TAE Y IR REIL B, i ok T 3|l
LB IRT e A 7 1) 7 e R A A B A R

(@
<

PR A 7 RE T B 5 AN AL 9 Ca) i 7S 5 JC H) 40 il

T HE A H 2K (3300 mm) 1R SCHOE RE R T, B8

BEEEIAF 6 J/cm®, WE 9D PR,

9 (@) KPR IS TAEY B s (b) K D AR R IR0 e 7 it

Fig. 9 (a) Large aperture Nd:glass; (b) large aperture bulk absorption calorimeter

LimFn A%
Rumotor oy RE AT R G WR AR
GERAL i R AR AL A FE RN RE R OT & YT

2.1.3

OGRSl A D REAH R O TR B AR N E
THIF 2R A UL 25 kg LA P 10 Fir s L4 ICF #2
%5 XRL 2, Sy H s 0F 6 64 9% 3l 2 28 3 #0 3 Br

0100002-5



th i

i ot

3 >R AT . ICF #8342 1600 mm YA 45 4
BRAK L FG R 2 A L i WAL O SR AL LR RS
b 125 % 0, XRLHEE NN 1200 mm,
KER2770 mm i B A TE &5 1), &2 — > 2 g il

W -

LUE - Fo R NEID A 2 WERLI B A DS § s
AT XRL B H N HT A a] RLIE A 4 K 4 e Twr AR
Y T 8 20 BB, DT R s TROIR AR R AR Y
oz,

B 10 (a) ICF #1% ; (b) XRL #IE
Fig. 10 (a) Target chamber for ICF; (b) target chamber for XRL

1o AR IO | T SOERBE D L AR E HLR ] 2 R
7 B D1 A AR e 2R G R = AR UIR Bl B A% 0 BT 2
— o MO LAY IR AR AR e AR G TR H 4R KDP
fr A I 4 172 S = A5 005 5K, 52 3 = A 0
POCHMNE AR =60 06 5 38 2 14 35 MR AL 4 R GE A

AT R AR AR AL DT C AR L R A A A 6 DT IRE AR 5 O iR
VCHC 1 — > TSR, SR = A5 00 R AN O 1
EF) 1.2% RMS, W& D) B A4 3k 2.1% RMS,
IR AT N 10%~13.2% RMS, WA 11
FiR .

@ 0.50 — (®) 300~

5 045 : : fg

£ 040 : S

2 0.35 b = 2007

S 030 . 5

2 025 5

£ 020 8 100k

£ 015

S 0.10[

0.05 , S '
0 ' ' ; — 0 0
500 1000 1500 2000 2500 3000 1 2345 6738
Time /ps Beam No.

11 LIRIHFf )G 8 3 =5k vk (0 WM RERE H A

Fig. 11 (a) Waveforms and (b) energy histogram of 3w, pulses from eight beams after power rebalance

LE o RGP R D AR 62 F e AL
F1BE B BE | B W A AR 25 3 3 oo R LA e KDP (B iR —
SR A SRR TR . AE Bl I R = RO
WA LR E A EFR TIRREER AR E
FR G T2 7R DB RO ) R F 22 Tk
BUAN T PN SR IO 52 AR A 23 . AR = A A
ToRMES T, BN L RT KO&EE TR KDP &
(UNEER S E TR b s NNY I S RN S [Ty
BT 1128 Y SR T 4R35 8] 6270 mm.,

PO T2 R B A S A i 1 Bl T
R IK A . FE TR GRS A 5 DL Bl
B AR B2k, T T A e 0 10 2 245 (B T 3% L X
BRI /N AR R B IX A0 B B A 2 R S 4
YERGe Al 3 1 & o) RO 2 BRI B R kA T
JEARAL B RO T 25 8 4 8 A SO VR I ) 45 4 2=

30 min LI, AR E 4 &R G0 0 ERS
22 HWHXIREFHEKE

2004 A 5 AR TT 2% B ORE % fL T 72 L 78 L 2 A
EPr B RA NOVA 385 OMEGA % 8 H &K%
R = A5 WE AT RE ). 786 AR 0T iy T, S0 B 3 A
FB A T0% e (3.5D L, D, AR EM S LB . = 4%
BRAE 95 Y HEE (8D ) L F OMEGA %% 8 — {54l
R 950 He (9D ) F8 b 5 16 B B e e i 00 A 1 g
177 TS A 1124 PR i BB Ok 882 T, 7E AH TR
WG AAMET . 5 OMEGA %5 % 4 1000 ] MER 4
HRE AL T [ — K s 7 S I - (FF) J7 1
POG I35 FF 353 50% ~60% . 5 241 0 A
Gekko-X 11 %% B M 2. % OMEGA %% B A3 221 ;
FE = AR IE AT 5 1 L O T 25 8 W R 60%
(B 67%) , M3t it Gekko-X I %% B % 30 % ~

0100002-6



th i

i ot

50% .5 OMEGA %% 8 /K -1 24 5 00 1T = 4545 °F
TR BB 0.66 GW/em? s e K 1 GW/em?, 3
FME OMEGA 381 1.28 4%, K% 1k w6 11 2%

B 5% OMEGA % & M aexT b in k& 2 iR,
KB HOE T 2% 82 Y i [ by bR At % Was 1T
BE )1 B 585 B4k = A5 WK sh 2% 2 —

® 2 OHEAROL R E SR % OMEGA 2B EREXS L

Table 2 Performance comparison between precision SG- 1| and precision OMEGA laser facilities

Power Laser shooting accuracy Front end specification
Parameter Power Target Pointing Angular Reshaping
) o o Stability ) Front edge
unbalance mirror position deviation duration
Precision SG- [I 5% RMS F/3.3 14.1 pum RMS 3.7" RMS 2% RMS 108 ps, 1-3 ns 94 ps
Precision OMEGA 5% RMS F/6.2 30 pm RMS 3.5" RMS 2% RMS 1-5 ns 100 ps
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Table 3 Statistics shots of SG- I laser facility for physical experiments over year

Year 2017 2016 2015 2014 2013 2011 2010 2009 2008 2006 2005 2004
Total No. 868 503 545 530 525 540 492 425 254 351 430 340
Success No. 839 486 527 512 503 495 439 396 230 270 372 256
Ratio /% 96.7 96.6 96.7 95.8 95.8 91.7 89.2 93.2 90.2 77.0 86.5 75.3
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