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Abstract In order to improve the operation security of Shenguang II 5 PW (SGII-5 PW) ultrashort pulse laser
system, the near-field distribution uniformity of large energy optical parametric chirped pulse amplification
(OPCPA) beam is numerically simulated, and the simulation results are compared with experimental results. In the
1 PW amplifier, based on the measurement data of the preamplifier and the SGII high energy pump pulse, the
evolution of the near field fill factor and the fluence beam contrast in optical parametric amplification process are
presented by numerical simulation of parametric coupling wave equations. The conversion efficiency and the
amplification stability are also discussed. The optimal range of nonlinear crystal length, in which high beam quality,
high conversion efficiency and high stability can be achieved simultaneously, is obtained. The results also indicate
that the pump light greatly affects the amplified beam uniformity. Enhancement of the SGII 7™ beam quality is a
practical way to improve the beam uniformity of second stage OPCPA.

Key words nonlinear optics; optical parametric chirped pulse amplification; non-collinear phase matching; fill
factor; fluence beam contrast

OCIS codes 190.4410; 190.4970; 140.4480

YR B 2017-02-15; WRAEKTWBEE: 2017-04-01
EE&WB.: EXARBEES (11304332)  FF EE2EBEXT AMAMEE ST H
TEEE AN A S11991—) B B Ao A, 32 2 R Bk o R B R 5 T F9E . E-mail: zhoujian1613@163.com
SUmE A W4T (1968 B A WS B, W AR U, 32 NS K 5 s O B R O A AE Y
E-mail: xiexl329@ mail.shenc.ac.cn

* BISEBK & A . E-mail: eric913@siom.ac.cn

0801007-1



1 5] =

S w2 WK ok COPCPAY H AR A 20 48 90 4R ARBE R ) FIE S8 2 5 B 28 Bl ok S 8048 J6 bk ool K
MEZEAE EEPMEEESYRECRSE S B EIREOER G P, OPCPA HA T 41 /i i
R m) EE R E BRI K R 808 nm 5 910 nm A9 & i —py ok XY, B L R R
15 YRGS B AT TR R TR 10 PW s g OGS R R HLIE ZE 8 i HF . 754 OPCPA 0Ot R 4¢
AR A i B IR TAR 253K B 300 mm 5 G s AH R b, 7 20 6 2R AR LR AR R 4 A8 RO
ot — K2 400 mm i 9% DARR AR %30 5 %5 5 5 78 LARR 2 A R B 0T OB RSE i ok g =
R R & 1202 A il TR IR A T EL A A B B 5 A 0 A IR B0 D IS T B s T R, 24P
Y138 9% B — I, A R 3 e R I R R K WA S R B DX A A i LA RS AT R X 4
R A K I n B G| &R S e 2E e R 4040 . TRIL, 4 T AR S35 A M i 29 1 e ok o 4 25 46 04 i o B
I AR EIBAT I R R

HAETARZ KT OPCPA REMWHIE FISL I BF 5, A 36 R GG e 30% Rtk E &0 S
SRR R A T S G DA R RS A A 2 (8] 58 B 43 A 5 U A A7 W AR 0 A A 3 6 R e R A
SR RIS R AR R SCER[16-17 0T I W AR AR = PR A P A B R AT TS ke B I R AR Y
VB FRAE 6 A A% i et R o 32 9 15 Sk 3 138 90 o o (EL T 405 1 A 32 Y6 3 88 43 A o 0 KR 6 SR8 50 0 R o ) 2
R . A SCEF XK 42 OPCPA £ %0, DL OE TTCSGID) %5 8 45 7 8% % tb ik b 19 4355 95056 7 S iz . LU
SGII-5 PW Z G v OPCPA % th Bk vh B A R 455 06 R RS G i 7 BR A AT B 0L, P T4 i 3 A
18 AL BB AR T2 B B AN X 50 30 3 58 B 4 AT Y B8 Y AE S i R B o R R R S ORI S
g, N T Fe S 80 HE Fuo WA S50 OPCPA o 2 o (948 16 , -85 58 15 3 5 40 A 1B 400 45
R ERL S R R TS LG 256 RGN R0 ARE R IR 4T . A SCHESE 25 X SGIT-5 PW
WOt R 5 KRt OPCPA AL B A SEhris 5 75 L,

2 KfeE OPCPA IS 552540 H7
2.1 EFEEWHESH

R A EBEIETERF Fe SBEXEE Foo kiR, ¥ Fe 2 XNCHRA BRI N 3
BRI T, G RHRIE 1,2 FE7 5 F o BRI L 26 B0 O shOIIT 0 55 e 30 1 I 47 7 R 110 2R 06 7122 1 R 1 5 2
TC B 5 VR TR o 5 e T 30 32098 Jeh A S 5 T SO B8 0 4 AT I TR SRS AR 2 —  F o S
Wi+ 1, FerlRmh

Fe =1,/ (D
G Y B X L ] R R

1 & o
FBC: %22{[1:‘(1,93)])*}7]/1:}‘9 (2)
=1 ;=1

X F ey y ) BRE K N AT B BORE 5 (s sy DA OGE L E O IURE IX I8N A SE 38068 . p 5 g 390K
Ao A TP JBOARE DX 358 PN R 1) L A o) BBORE R B, Foe RO T30 35 40 A 1 42 R GE T T RRAE AT DL AT b 3 3R 3 30k
FI S HBUE N R IR S G TRt B R T 510 Fuc 85 A Fro 0T DUECAR H0FA0 5% 30 3 58 B 43
Aii FEAE
2.2 KEEE OPCPA ENESHXESHIEN

SGII-5 PW 3t R G 45 M n W 1 B R, & K8k 8% 3 20 OPCPA 4l i, %5 1 2% OPCPA
(OPCPA- T ) A > w7 s P50 K 4R A3t 5 08 35 (6 < 10% 4 40 » 28 3k 191 1 48 7 J% 2 1] JE 0k % SF3 R 97 R I AER 2
¢ OPCPA(OPCPA-IL ) Bk vhfig it 24 80 mJ, g4 58 (FWHM) 24 60 nm, X W /Y Bk #h 98 B R 1.5 ns.
OPCPA-II Fiyc A SGIT #6555 7 B B A WOGAE Rz Je IR, LL OPCPA-T Ay 4 th AR S U5, 15 1 55 30 WA Bk
ik e K i S B A 40 T Zead AR 2 0 i AR B AR B 30 T, Bk eR BERE R 30 s, IE(HYIEAE 1 PW =%, M4
HI A OPCPA-TI % H ik v 28 5 45 i 7T 55230 5 400 3R 45, 45 20 09 TR 46 ik op g 5224 30 T, Bk vh S8 FE R 27 fs, IE{E D)

0801007-2



H = # ot

RIKF 1 PW B, B8 R E RIS . SGIL A 9 3k B o8 2 I RE i BE IO R 50, B4 2 ikooh 5 B Bk
(4 B 23 3T 68 7, FL H bk o ) 9% BT B A A T SGIT 8 28 5, Wl 6 HH 10 435 471 Jik o B it B 2 3000 020, 4
3 %% OPCPACOPCPA-TID HITH LASE 9 B A ASATOGEAE iz SE U, LASE L 250 T A Wa Wk bk o ke K i i B 4t
gy kb 22 PR 46 T 0 BE R bk b B BE 3 AR T 150 J AN30 fs IE(E IR AF] 5 PW, X B L OPCPA-II #.50
RWFSE B R, LS I R S AL A ERIE EBFSE OPCPA v By ) o 3T 37 3 Ak . 3% B0 70 A K b % 19 18 40
SN 1 FiR . OPCPA SR FH =W 2 & (LBO) JE LR 250 19 5 — 2R DL i oy =X . 22 1 v a, kb iy
LI E Bk RE S m B 43 50 A Tk o 0 B sl R 23S a4 R T B R, 70 A Bk R BE B Ax RO Y
FWHM,® hE A&, C bk i W ok ke 1 S 8k

SGII facility

stretcher/OPCPA-I

compressor

g

adaptive optics
J

Kl 1 SGI5 PW #0t R G 45 M 7R 7L A
Fig. 1 Structural diagram of SGII-5 PW laser system
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Table 1 Parameters of incident signal light and pump light

Parameter Ao /nm E /] m n 7, /ns AA /nm  Size /mm C
Signal light in experiment 808.0 0.08 — — 1.5 About 60 Q77 173557
Pump light in experiment 526.5 110.00 — — 2.5 — 55X 55 0
Ideal signal light 808.0 0.08 6 8 1.5 — o7 173557
Ideal pump light 526.5 110.00 6 8 2.5 — 55X 55 0
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Fig. 2 (a) Near-field light spot and (b) near-field profile of OPCPA output signal light from SGII-5 PW front end;
(¢) near-field light spot and (d) near-field profile of the second harmonic generation

light from the 7™ output beam of SGII system
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Fig. 3 Normalized waveforms of injection for OPCPA-II. (a) Signal light; (b) pump light
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LBO crystal in XOY principal plane
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Fig. 5 (a) Variation in energy of output signal light with length of crystal under different energy of pump light;

(b) variation in energy stability of amplification signal light with length of crystal
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Fig. 8 Variations in Fy and Fpe with length of crystal for OPCPA-II amplified signal light.
(a) Interaction of ideal spatial-temporal super-Gaussian pump light and actual signal light;

(b) interaction of ideal spatial-temporal super-Gaussian signal light and actual pump light
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